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Abstract
Background: Pericardiocentesis	 is	 undertaken	 in	 patients	 with	 cancer	 for	 di-
agnostic	 and	 therapeutic	 purposes.	 However,	 there	 are	 limited	 data	 on	 the	
frequency,	characteristics	and	mortality	of	patients	with	different	cancers	under-
going	pericardiocentesis.
Methods: All	 hospitalisations	 of	 adult	 cancer	 patients	 (≥18	years)	 in	 the	 US	
National	Inpatient	Sample	between	January	2004	and	December	2017	were	in-
cluded.	 The	 cohort	 was	 stratified	 by	 discharge	 code	 of	 pericardiocentesis	 and	
cancer,	 using	 the	 International	 Classification	 of	 Diseases.	 The	 prevalence	 of	
pericardiocentesis,	patient	characteristics,	cancer	types	and	in-	hospital	all-	cause	
mortality	were	analysed	between	cancer	patients	undergoing	pericardiocentesis	
versus	not.
Results: A	total	of	19,773,597	weighted	cancer	discharges	were	analysed,	out	of	
which	 18,847	 (0.1%)	 underwent	 pericardiocentesis.	 The	 most	 common	 cancer	
types	amongst	the	patients	receiving	pericardiocentesis	were	lung	(51.3%),	hae-
matological	(15.9%),	breast	(5.4%),	mediastinum/heart	(3.2%),	gastroesophageal	
(2.2%)	and	female	genital	cancer	(1.8%),	whilst	‘other’	cancer	types	were	present	
in	20.2%	patients.	Patients	undergoing	pericardiocentesis	had	significantly	higher	
mortality	 (15.6%	 vs.	 4.2%,	 p	<	0.001)	 compared	 to	 their	 counterparts.	 The	 pres-
ence	of	metastatic	disease	 (aOR	2.67	95%	CI	1.79–	3.97),	weight	 loss	 (aOR	1.48	
95%	 CI	 1.33–	1.65)	 and	 coagulopathy	 (aOR	 3.22	 95%	 CI	 1.63–	6.37)	 were	 each	
independently	 associated	 with	 higher	 mortality	 in	 patients	 who	 underwent	
pericardiocentesis.
Conclusion: Pericardiocentesis	is	an	infrequent	procedure	in	cancer	patients	and	
is	most	commonly	performed	in	patients	with	 lung,	haematological	and	breast	
cancer.	Cancer	patients	undergoing	pericardiocentesis	have	increased	mortality,	
irrespective	of	the	underlying	cancer	type.

 20457634, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5373 by U
niversity O

f A
berdeen, W

iley O
nline L

ibrary on [22/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0001-9272-6906
mailto:
http://creativecommons.org/licenses/by/4.0/
mailto:mamasmamas1@yahoo.co.uk


5472 |   MATETIC et al.

1 	 | 	 INTRODUCTION

Pericardial	 effusion	 is	 a	 common	 occurrence	 in	 patients	
with	known	or	suspected	cancer	with	diagnostic	and	ther-
apeutic	implications.	It	is	estimated	that	25%–	46%	of	over-
all	patients	undergoing	pericardiocentesis	have	malignant	
pericardial	effusion.1–	3	Pericardial	effusion	can	also	com-
plicate	active	cancer	treatment.4	Pericardial	effusion	varies	
in	clinical	presentation,	prevalence	and	effusion	volume	
amongst	different	cancer	diagnoses,	which	may	drive	de-
cision	making	around	the	need	for	pericardiocentesis.

Pericardiocentesis	 is	 more	 complex	 in	 patients	 with	
cancer,	 and	 some	 patient	 characteristics	 such	 as	 meta-
static	 status,	 cancer	 type	 and	 comorbidities	 have	 an	 im-
pact	on	the	procedural	complications.5	There	are	limited	
data	 around	 differences	 in	 the	 utilisation	 of	 pericardio-
centesis	amongst	real-	world	cancer	populations,	particu-
larly	when	comparing	across	different	cancer	 types,	and	
whether	 there	 are	 differences	 in	 patient	 characteristics	
and	clinical	outcomes.	Few	studies	reported	overall	worse	
outcomes	 in	 cancer	 patients	 undergoing	 pericardiocen-
tesis	 compared	 to	 their	 non-	cancer	 counterparts.2,6	 It	
was	also	suggested	that	lung	cancer	patients	undergoing	
pericardiocentesis	have	the	worst	outcomes,1,5	whilst	pa-
tients	with	haematological	diseases	have	better	outcomes	
compared	to	those	with	non-	haematologic	malignancy.5,7	
However,	existing	literature	includes	single-	centre	or	sub-	
analyses	with	small	sample	sizes	warranting	further	large-	
scale	studies.1,2,5–	8

This	 study,	 therefore,	 aimed	 to	 determine	 the	 overall	
utilisation	 of	 pericardiocentesis	 in	 a	 real-	world	 national	
cancer	 population	 over	 time.	 It	 aimed	 to	 determine	 the	
most	prevalent	cancer	types	undergoing	pericardiocente-
sis,	 including	their	characteristics	and	mortality.	Finally,	
it	aimed	to	determine	the	predictors	of	mortality	amongst	
cancer	patients	undergoing	pericardiocentesis.

2 	 | 	 METHODS

The	National	Inpatient	Sample	(NIS)	database	represents	
the	largest	healthcare	database	of	routinely	collected	data	
in	 the	 United	 States	 (US)	 comprising	 anonymised	 dis-
charge	 data	 from	 >7	 million	 hospitalisations	 yearly.	 It	
includes	 data	 from	 approximately	 20%	 of	 inpatient	 hos-
pital	 stays	 (excluding	 rehabilitation	 or	 long-	term	 acute	
care	hospitals)	from	all	US	regions.9	It	was	created	by	the	
Agency	 for	 Healthcare	 Research	 and	 Quality	 (AHRQ)	

under	the	Healthcare	Cost	and	Utilisation	Project	(HCUP)	
to	produce	the	US	nationally	representative	estimates	of	
healthcare	 resource	 utilisation,	 access,	 quality,	 and	 out-
comes.9	It	 is	 fully	based	on	retrospective	data,	and	start-
ing	from	1988,	it	obtains	data	through	hospital	discharge	
records	 from	 all	 hospitals	 participating	 in	 the	 HCUP.	
Collected	data	are	being	aggregated	to	form	a	national	da-
tabase	from	which	retrospective	research	analyses	can	be	
performed.

The	NIS	database	has	several	advantages	for	large	ob-
servational	 analyses,	 including	 anonymised	 data,	 suffi-
ciently	 powered	 population	 samples,	 coverage	 of	 a	 long	
period	of	time,	and	a	very	broad	capture	of	comorbidities.	
Furthermore,	due	to	its	reliance	on	the	International clas-
sification of Diseases	system,	including	the	ninth	revision	
(ICD-	9)	and	10th	 revision	 (ICD-	10),	means	 that	 there	 is	
a	possibility	of	external	validation	of	the	study	findings.9

3 	 | 	 STUDY SAMPLE

This	study	 included	all	adult	hospitalisations	(≥18	years)	
with	 a	 cancer	 diagnosis	 between	 January	 2004	 and	
December	2017.	The	study	sample	was	derived	using	the	
discharge	 diagnostic	 codes	 for	 ‘cancer’	 (any	 diagnostic	
priority).	The	ICD-	9	codes	were	used	for	the	initial	study	
period	(January	2004–	September	2015),	whilst	the	ICD-	10	
codes	were	used	for	the	remaining	study	period	(October	
2015–	December	2017),	as	described	in	Table S1.

The	 study	 sample	 was	 further	 stratified	 according	
to	 the	 discharge	 procedure	 codes	 for	 ‘pericardiocente-
sis’	and	discharge	diagnostic	codes	for	different	cancer	
types	(any	diagnostic	priority	 for	both)	(Table S1).	The	
most	 common	 cancer	 types	 undergoing	 pericardiocen-
tesis	 were	 of	 particular	 interest	 (lung	 cancer,	 haema-
tological	 cancer,	 breast	 cancer,	 mediastinal	 and	 heart	
cancer,	gastroesophageal	cancer,	 female	genital	cancer,	
and	 ‘other’	 cancer)	 and	 were	 additionally	 investigated	
including	their	characteristics	and	outcomes	(Table S1).	
The	 ICD-	9	 and	 ICD-	10	 coding	 systems	 were	 carefully	
used	 to	 detect	 the	 diagnoses,	 conditions	 or	 procedures	
of	interest.	Other	variables	that	could	be	relevant	to	the	
outcomes	 were	 also	 captured	 from	 the	 NIS,	 including	
‘weekend	admission’	and	hospital-	related	factors	(‘hos-
pital	 bed	 size,’	 ‘hospital	 region’	 and	 ‘hospital	 location/
teaching	status’).	‘Weekend	admission’	variable	is	an	in-
dicator	of	whether	the	admission	day	is	on	the	weekend	
and	is	calculated	from	the	admission	date.	‘Hospital	bed	

K E Y W O R D S

cancer,	characteristics,	outcomes,	pericardiocentesis,	prevalence
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size’	 variable	 refers	 to	 the	 number	 of	 short-	term	 acute	
hospital	 beds	 and	 is	 specific	 to	 the	 hospital's	 location	
and	 teaching	 status.9	 Economic	 analysis	 was	 not	 the	
focus	of	the	study	which	is	why	hospitalisation	charges	
were	not	adjusted	for	inflation.

Cases	excluded	due	 to	missing	data	 represented	2.3%	
(n  =  469,296)	 of	 the	 original	 dataset	 (Figure  S1).	 This	
observational	 study	 was	 appraised	 according	 to	 the	
Strengthening The Reporting of OBservational Studies in 
Epidemiology (STROBE)	(Appendix A).

4 	 | 	 OBJECTIVES/AIMS

We	aimed	to	evaluate	 the	prevalence	of	pericardiocen-
tesis	and	patient	characteristics	amongst	cancer	cohorts	
and	 different	 cancer	 types.	 We	 also	 aimed	 to	 examine	
the	 in-	hospital	all-	cause	mortality	stratified	by	 the	uti-
lisation	 of	 pericardiocentesis	 and	 cancer	 type,	 as	 well	
as	 the	 predictors	 of	 mortality	 in	 the	 pericardiocentesis	
cohort.

4.1	 |	 Statistical analysis

Data	 were	 expressed	 as	 numbers	 (percentages)	 for	 cate-
gorical	data	and	as	median	(interquartile	range)	for	con-
tinuous	data.	Categorical	variables	were	analysed	using	a	
Chi-	square	test,	whilst	continuous	variables	were	analysed	
with	 the	Kruskal–	Wallis	 test.	Binomial	multivariable	 lo-
gistic	regression	analysis	was	conducted	to	determine	the	
association	of	different	variables	with	all-	cause	mortality	
and	was	expressed	as	adjusted	odds	ratios	(aOR)	with	95%	
confidence	 intervals	 (95%	 CI).	 The	 following	 variables	
were	assessed	due	to	their	potential	association	with	all-	
cause	 mortality:	 Age,	 sex,	 metastatic	 status,	 weight	 loss,	
anaemias,	 coagulopathy,	 thrombocytopenia,	 congestive	
heart	failure,	atrial	fibrillation,	diabetes,	arterial	hyperten-
sion	and	chronic	renal	failure.	All	analyses	were	weighted	
using	 the	 provided	 discharge	 weights,	 and	 hierarchical	
multilevel	modelling	was	used	to	account	for	the	cluster-
ing/nesting	of	observations,	as	 recommended	by	HCUP.	
Statistical	 significance	 was	 defined	 at	 a	 level	 of	 p	<	0.05.	
SPSS	25	software	(IBM	Corp)	and	Stata	MP	version	16.0	
(StataCorp)	were	used	for	statistical	analysis.

5 	 | 	 RESULTS

5.1	 |	 Baseline characteristics

A	 total	 of	 19,773,597	 weighted	 hospitalisations	 with	 a	
cancer	 diagnosis	 were	 included,	 out	 of	 which	 18,847	

(0.1%)	underwent	pericardiocentesis	(Figure S1).	Patients	
undergoing	 pericardiocentesis	 were	 more	 often	 admit-
ted	during	 the	weekend	 (19.0%	vs.	10.3%,	p	<	0.001)	and	
had	a	higher	proportion	of	metastatic	disease	 (20.9%	vs.	
11.1%,	 p	<	0.001),	 as	 well	 as	 comorbidities	 such	 as	 anae-
mias	(32.0%	vs.	22.4%,	p	<	0.001),	atrial	fibrillation	(29.5%	
vs.	 8.8%,	 p	<	0.001),	 congestive	 heart	 failure	 (11.6%	 vs.	
5.6%,	p	<	0.001),	coagulopathy	(11.2%	vs.	6.1%,	p	<	0.001),	
thrombocytopenia	 (6.9%	 vs.	 4.9%,	 p	<	0.001),	 electrolyte	
disorders	 (43.2%	 vs.	 23.0%,	 p	<	0.001)	 and	 weight	 loss	
(19.7%	vs.	10.2%,	p	<	0.001)	(Table 1).

5.2	 |	 Prevalence and characteristics of 
different cancer types

The	 most	 common	 cancer	 types	 amongst	 the	 patients	
receiving	 pericardiocentesis	 were	 lung	 cancer	 (51.3%),	
haematological	cancer	(15.9%),	breast	cancer	(5.4%),	me-
diastinum	and	heart	cancer	(3.2%),	gastroesophageal	can-
cer	(2.2%)	and	female	genital	cancer	(1.8%),	whilst	‘other’	
cancer	types	were	present	in	20.2%	patients	(Figure 1A).	
These	findings	were	consistent	when	looking	at	the	yearly	
distribution	 of	 different	 cancer	 types	 across	 the	 study	
period	 (Figure  S2A).	 When	 looking	 at	 the	 proportion	 of	
patients	 undergoing	 pericardiocentesis	 within	 each	 can-
cer	type,	the	highest	proportion	was	observed	in	the	me-
diastinum	and	heart	cancer	(1.6%),	followed	by	lung	and	
bronchus	cancer	(0.4%)	and	haematological	cancer	(0.2%),	
whilst	pericardiocentesis	was	undertaken	in	<0.1%	of	pa-
tients	in	other	cancer	types	(Figure 1B).

When	comparing	groups	based	on	the	receipt	of	peri-
cardiocentesis	in	the	most	common	cancer	types,	patients	
undergoing	 pericardiocentesis	 were	 overall	 younger	 and	
had	 a	 higher	 proportion	 of	 metastatic	 disease	 (p	<	0.05)	
(Table  2).	 The	 differences	 in	 major	 comorbidities	 were	
generally	consistent	with	the	findings	in	the	overall	cohort	
(Table 2).

5.3	 |	 All- cause mortality and other 
clinical outcomes

Patients	undergoing	pericardiocentesis	had	a	significantly	
higher	 all-	cause	 mortality	 (15.6%	 vs.	 4.2%,	 p	<	0.001),	
longer	 length	 of	 stay	 (median	 of	 9	 vs.	 4	days,	 p	<	0.001)	
and	increased	total	charges	(median	of	71,489	vs.	33,469	
United	States	Dollars,	p	<	0.001)	compared	to	their	coun-
terparts	 (Table 3).	These	 findings	were	consistently	pre-
sent	across	the	most	common	cancer	types	(Table 4	and	
Figure 2).	When	looking	at	the	absolute	rates	of	mortality	
in	patients	undergoing	pericardiocentesis,	it	was	the	high-
est	in	patients	with	gastroesophageal	cancer	(25.0%),	and	
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T A B L E  1 	 Baseline	characteristics	of	cancer	patients	based	on	the	utilisation	of	pericardiocentesis

Characteristics

Cancer patients

p- Value
Not undergoing 
pericardiocentesis (99.9%)

Undergoing 
pericardiocentesis (0.1%)

Number	of	hospitalisations 19,754,751 18,847

Age	(years),	median	(IQR) 62	(50,	73) 59	(50,	69) <0.001

Female	sex,	% 53.6 52.3 <0.001

Race/ethnicity,	% <0.001

White 69.6 68.4

Black 14.2 14.3

Hispanic 9.2 9.2

Asian	or	Pacific	Islander 3.2 5.2

Native	American 0.4 0.5

Other 3.4 2.5

Weekend	admission,	% 10.3 19.0 <0.001

Primary	expected	payer,	% <0.001

Medicare 44.8 37.3

Medicaid 11.2 15.8

Private	Insurance 37.5 38.4

Self-	pay 3.0 4.9

No	charge 0.4 0.4

Other 3.1 3.2

Median	household	income	(percentile),	% <0.001

0–	25th 26.4 26.6

26th–	50th 24.9 24.9

51st–	75th 24.6 25.0

76th–	100th 24.1 23.4

Diabetes	Mellitus 19.8 15.1 <0.001

Arterial	hypertension 44.8 38.3 <0.001

Anaemias 22.4 32.0 <0.001

Atrial	fibrillation 8.8 29.5 <0.001

Rheumatoid	arthritis/Collagen	disease 1.9 2.2 0.014

Congestive	heart	failure 5.6 11.6 <0.001

Valvular	disease 3.3 3.7 <0.001

Peripheral	vascular	disorders 3.7 4.2 <0.001

Hypothyroidism 10.3 9.4 <0.001

Chronic	pulmonary	disease 18.1 31.1 <0.001

Coagulopathy 6.1 11.2 <0.001

Thrombocytopenia 4.9 6.9 <0.001

Depression 9.3 8.8 <0.001

Liver	disease 3.6 3.6 0.434

Chronic	renal	failure 7.6 8.7 <0.001

Alcohol	abuse 2.5 2.8 <0.001

Drug	abuse 1.4 2.6 <0.001

Fluid	and	electrolyte	disorders 23.0 43.2 <0.001

Weight	loss 10.2 19.7 <0.001
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Characteristics

Cancer patients

p- Value
Not undergoing 
pericardiocentesis (99.9%)

Undergoing 
pericardiocentesis (0.1%)

Obesity 10.9 7.3 <0.001

Metastatic	cancer 11.1 20.9 <0.001

Bed	size	of	hospital,	% <0.001

Small 12.3 10.7

Medium 24.0 19.2

Large 63.7 70.0

Hospital	Region,	% <0.001

Northeast 21.7 19.4

Midwest 21.7 25.0

South 38.2 35.7

West 18.5 19.8

Location/teaching	status	of	hospital,	% <0.001

Rural 5.7 2.6

Urban	non-	teaching 24.4 20.9

Urban	teaching 69.9 76.5

Abbreviation:	IQR,	interquartile	range.

T A B L E  1 	 (Continued)

F I G U R E  1  Prevalence	of	different	cancer	types	in	the	study	cohort:	(A)	Patients	undergoing	pericardiocentesis;	(B)	Patients	not	
undergoing	pericardiocentesis.
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T A B L E  2 	 Baseline	characteristics	of	cancer	patients	based	on	the	utilisation	of	pericardiocentesis	across	the	most	common	cancer	types		
(requiring	pericardiocentesis)

Characteristics

Lung cancer Haematological cancer Breast cancer

Mediastinal and  

heart cancer Gastroesophageal cancer Female genital cancer ‘Other’ cancer

No 

pericardiocentesis 

(99.60%)

Pericardiocentesis 

(0.40%) p- Value

No 

pericardiocentesis 

(99.81%)

Pericardiocentesis 

(0.19%) p- Value

No 

pericardiocentesis 

(99.91%)

Pericardiocentesis  

(0.09%)

p- 

Value

No  

pericardiocentesis  

(98.42%)

Pericardiocentesis 

(1.58%) p- Value

No 

pericardiocentesis 

(99.92%)

Pericardiocentesis 

(0.08%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

Number	of	

hospitalizations

2,335,650 9488 1,568,973 3005 1,102,239 999 34,695 557 510,364 414 1,157,306 332 13,045,524 4051

Age	(years),	median	

(IQR)

68	(60,	76) 62	(54,	70) <0.001 64	(50,	75) 45	(25,	64) <0.001 60	(49,	71) 56	(47,	65) <0.001 58	(41,	70) 55	(30,	67) 0.002 66	(57,	76) 59	(52,	66) <0.001 62	(52,	71) 59	(51,	68) <0.001 61	(48,	72) 59	(48,	70) <0.001

Female	sex,	% 48.3 49.4 0.057 43.0 43.1 0.141 99.1 100.0 0.033 40.9 42.9 0.506 31.0 20.8 <0.001 / / / 49.1 51.0 <0.001

Race/ethnicity,	%

White 77.1 69.8 <0.001 69.2 64.3 <0.001 67.1 62.8 <0.001 65.3 72.5 0.001 63.8 65.2 <0.001 69.6 63.0 <0.001 68.7 70.0 <0.001

Black 12.7 15.4 12.7 5.1 16.3 16.3 14.0 15.0 14.9 8.7 13.0 18.5 14.7 9.3

Hispanic 4.7 5.8 14.1 14.1 9.1 12.8 10.8 10.0 11.6 21.7 9.9 11.1 9.6 11.9

Asian	or	Pacific	

Islander

2.8 6.1 2.9 3.0 3.6 4.7 4.9 <0.1 5.5 4.4 3.7 3.7 3.2 5.7

Native	American 0.4 0.3 0.4 1.0 0.4 <0.1 0.6 2.5 0.5 <0.1 0.5 <0.1 0.5 0.5

Other 2.3 2.5 3.9 2.5 3.5 3.5 4.3 <0.1 3.7 <0.1 3.4 3.7 3.5 2.6

Weekend	

admission,	%

14.8 19.8 <0.001 16.1 17.3 <0.001 7.3 15.7 <0.001 12.4 14.3 <0.001 14.2 29.2 <0.001 8.7 21.4 <0.001 8.9 19.1 <0.001

Primary	expected	payer,	%

Medicare 60.1 42.4 <0.001 46.4 23.1 <0.001 36.0 28.1 <0.001 35.7 28.6 <0.001 51.1 32.7 <0.001 43.3 35.7 <0.001 42.4 41.0 <0.001

Medicaid 10.2 15.9 12.9 21.8 13.1 16.9 16.4 16.7 11.9 12.8 12.9 21.4 10.7 9.2

Private	

Insurance

23.6 33.6 34.0 45.3 46.1 51.7 40.0 38.1 30.1 42.6 36.8 25.0 40.3 42.2

Self-	pay 2.7 4.8 3.0 4.0 2.0 2.3 4.2 14.3 3.5 4.6 3.6 14.3 3.1 4.8

No	charge 0.3 0.6 0.3 0.1 0.3 <0.1 0.3 <0.1 0.4 <0.1 0.6 <0.1 0.4 0.4

Other 3.1 2.7 3.4 5.8 2.5 1.1 3.3 2.4 2.9 7.3 2.8 3.6 3.2 2.4

Median	household	income	(percentile),	%

0–	25th 29.7 31.0 <0.001 25.6 21.4 <0.001 23.5 21.0 0.693 26.4 38.1 0.006 28.1 30.4 0.003 26.4 28.6 0.007 26.1 19.2 <0.001

26th–	50th 26.5 22.9 24.7 26.8 23.0 32.2 23.5 23.8 24.8 23.9 24.7 28.6 24.9 24.9

51st–	75th 23.7 24.9 25.1 27.3 25.0 23.0 24.1 19.1 24.1 16.8 24.9 28.6 24.8 25.7

76th–	100th 21.0 21.2 24.6 24.5 28.6 24.1 26.0 19.1 23.0 29.0 24.0 14.3 24.4 30.2

Diabetes	Mellitus 21.1 15.0 <0.001 19.6 13.8 <0.001 15.8 12.4 0.001 13.1 7.1 <0.001 20.3 10.4 <0.001 18.6 18.1 0.808 17.0 13.7 <0.001

Arterial	

hypertension

52.1 42.6 <0.001 43.2 31.7 <0.001 40.6 36.7 0.013 39.1 28.7 <0.001 48.8 33.5 <0.001 46,4 38.5 0.004 43.8 35.2 <0.001

Anaemias 22.3 31.1 <0.001 37.8 32.0 0.619 14.0 21.4 <0.001 20.8 42.9 <0.001 32.6 33.1 0.819 20.6 41.0 <0.001 18.8 27.5 <0.001

Rheumatoid	

arthritis/

Collagen	

disease

2.8 2.6 0.001 2.3 1.4 0.637 1.8 1.2 0.876 2.3 0.3 0.098 1.3 2.2 0.125 2.0 1.6 0.573 1.4 1.8 0.009

Obesity 5.0 3.9 <0.001 6.0 7.3 0.003 7.6 4.8 0.001 6.4 3.5 0.005 5.2 3.7 0.163 16.2 9.0 <0.001 8.0 5.8 <0.001

Congestive	heart	

failure

8.6 11.1 <0.001 8.7 13.7 <0.001 3.8 9.9 <0.001 5.6 2.5 0.034 6.9 19.8 <0.001 4.1 12.1 <0.001 4.6 12.6 <0.001

Atrial	fibrillation 15.9 33.0 <0.001 11.1 19.1 <0.0011 4.4 18.0 <0.001 13.7 26.2 <0.001 12.6 25.1 <0.001 5.2 16.0 <0.001 6.4 27.0 <0.001

Valvular	disease 4.0 4.4 0.128 4.1 3.8 0.094 2.6 2.6 0.543 3.5 <0.1 0.001 3.7 3.4 0.752 3.1 <0.1 0.001 3.1 3.5 0.230

Peripheral	vascular	

disorders

8.2 6.1 <0.001 3.4 1.4 0.027 1.3 1.2 0.239 4.2 2.5 0.035 4.4 2.4 0.056 1.6 <0.1 0.021 2.6 3.0 0.122

Hypothyroidism 10.8 9.1 <0.001 11.3 6.1 <0.001 12.1 4.9 0.021 8.1 15.0 0.068 7.4 15.6 <0.001 12.7 10.8 0.314 8.1 9.0 0.044

Chronic	pulmonary	

disease

49.7 44.0 <0.001 13.9 13.2 0.059 12.3 17.3 <0.001 25.4 22.5 0.003 17.6 18.1 0.813 11.1 12.1 0.569 12.9 19.5 <0.001

Coagulopathy 5.2 7.6 <0.001 22.9 25.0 0.332 3.5 4.9 <0.001 6.7 10.0 <0.001 5.4 10.5 <0.001 2.9 11.8 <0.001 3.4 10.2 <0.001

Thrombocytopenia 4.4 5.0 <0.001 19.6 16.0 <0.001 2.9 2.3 <0.001 4.9 7.1 0.006 3.7 4.6 0.349 1.9 1.5 0.633 2.3 5.0 <0.001
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T A B L E  2 	 Baseline	characteristics	of	cancer	patients	based	on	the	utilisation	of	pericardiocentesis	across	the	most	common	cancer	types		
(requiring	pericardiocentesis)

Characteristics

Lung cancer Haematological cancer Breast cancer

Mediastinal and  

heart cancer Gastroesophageal cancer Female genital cancer ‘Other’ cancer

No 

pericardiocentesis 

(99.60%)

Pericardiocentesis 

(0.40%) p- Value

No 

pericardiocentesis 

(99.81%)

Pericardiocentesis 

(0.19%) p- Value

No 

pericardiocentesis 

(99.91%)

Pericardiocentesis  

(0.09%)

p- 

Value

No  

pericardiocentesis  

(98.42%)

Pericardiocentesis 

(1.58%) p- Value

No 

pericardiocentesis 

(99.92%)

Pericardiocentesis 

(0.08%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

Number	of	

hospitalizations

2,335,650 9488 1,568,973 3005 1,102,239 999 34,695 557 510,364 414 1,157,306 332 13,045,524 4051

Age	(years),	median	

(IQR)

68	(60,	76) 62	(54,	70) <0.001 64	(50,	75) 45	(25,	64) <0.001 60	(49,	71) 56	(47,	65) <0.001 58	(41,	70) 55	(30,	67) 0.002 66	(57,	76) 59	(52,	66) <0.001 62	(52,	71) 59	(51,	68) <0.001 61	(48,	72) 59	(48,	70) <0.001

Female	sex,	% 48.3 49.4 0.057 43.0 43.1 0.141 99.1 100.0 0.033 40.9 42.9 0.506 31.0 20.8 <0.001 / / / 49.1 51.0 <0.001

Race/ethnicity,	%

White 77.1 69.8 <0.001 69.2 64.3 <0.001 67.1 62.8 <0.001 65.3 72.5 0.001 63.8 65.2 <0.001 69.6 63.0 <0.001 68.7 70.0 <0.001

Black 12.7 15.4 12.7 5.1 16.3 16.3 14.0 15.0 14.9 8.7 13.0 18.5 14.7 9.3

Hispanic 4.7 5.8 14.1 14.1 9.1 12.8 10.8 10.0 11.6 21.7 9.9 11.1 9.6 11.9

Asian	or	Pacific	

Islander

2.8 6.1 2.9 3.0 3.6 4.7 4.9 <0.1 5.5 4.4 3.7 3.7 3.2 5.7

Native	American 0.4 0.3 0.4 1.0 0.4 <0.1 0.6 2.5 0.5 <0.1 0.5 <0.1 0.5 0.5

Other 2.3 2.5 3.9 2.5 3.5 3.5 4.3 <0.1 3.7 <0.1 3.4 3.7 3.5 2.6

Weekend	

admission,	%

14.8 19.8 <0.001 16.1 17.3 <0.001 7.3 15.7 <0.001 12.4 14.3 <0.001 14.2 29.2 <0.001 8.7 21.4 <0.001 8.9 19.1 <0.001

Primary	expected	payer,	%

Medicare 60.1 42.4 <0.001 46.4 23.1 <0.001 36.0 28.1 <0.001 35.7 28.6 <0.001 51.1 32.7 <0.001 43.3 35.7 <0.001 42.4 41.0 <0.001

Medicaid 10.2 15.9 12.9 21.8 13.1 16.9 16.4 16.7 11.9 12.8 12.9 21.4 10.7 9.2

Private	

Insurance

23.6 33.6 34.0 45.3 46.1 51.7 40.0 38.1 30.1 42.6 36.8 25.0 40.3 42.2

Self-	pay 2.7 4.8 3.0 4.0 2.0 2.3 4.2 14.3 3.5 4.6 3.6 14.3 3.1 4.8

No	charge 0.3 0.6 0.3 0.1 0.3 <0.1 0.3 <0.1 0.4 <0.1 0.6 <0.1 0.4 0.4

Other 3.1 2.7 3.4 5.8 2.5 1.1 3.3 2.4 2.9 7.3 2.8 3.6 3.2 2.4

Median	household	income	(percentile),	%

0–	25th 29.7 31.0 <0.001 25.6 21.4 <0.001 23.5 21.0 0.693 26.4 38.1 0.006 28.1 30.4 0.003 26.4 28.6 0.007 26.1 19.2 <0.001

26th–	50th 26.5 22.9 24.7 26.8 23.0 32.2 23.5 23.8 24.8 23.9 24.7 28.6 24.9 24.9

51st–	75th 23.7 24.9 25.1 27.3 25.0 23.0 24.1 19.1 24.1 16.8 24.9 28.6 24.8 25.7

76th–	100th 21.0 21.2 24.6 24.5 28.6 24.1 26.0 19.1 23.0 29.0 24.0 14.3 24.4 30.2

Diabetes	Mellitus 21.1 15.0 <0.001 19.6 13.8 <0.001 15.8 12.4 0.001 13.1 7.1 <0.001 20.3 10.4 <0.001 18.6 18.1 0.808 17.0 13.7 <0.001

Arterial	

hypertension

52.1 42.6 <0.001 43.2 31.7 <0.001 40.6 36.7 0.013 39.1 28.7 <0.001 48.8 33.5 <0.001 46,4 38.5 0.004 43.8 35.2 <0.001

Anaemias 22.3 31.1 <0.001 37.8 32.0 0.619 14.0 21.4 <0.001 20.8 42.9 <0.001 32.6 33.1 0.819 20.6 41.0 <0.001 18.8 27.5 <0.001

Rheumatoid	

arthritis/

Collagen	

disease

2.8 2.6 0.001 2.3 1.4 0.637 1.8 1.2 0.876 2.3 0.3 0.098 1.3 2.2 0.125 2.0 1.6 0.573 1.4 1.8 0.009

Obesity 5.0 3.9 <0.001 6.0 7.3 0.003 7.6 4.8 0.001 6.4 3.5 0.005 5.2 3.7 0.163 16.2 9.0 <0.001 8.0 5.8 <0.001

Congestive	heart	

failure

8.6 11.1 <0.001 8.7 13.7 <0.001 3.8 9.9 <0.001 5.6 2.5 0.034 6.9 19.8 <0.001 4.1 12.1 <0.001 4.6 12.6 <0.001

Atrial	fibrillation 15.9 33.0 <0.001 11.1 19.1 <0.0011 4.4 18.0 <0.001 13.7 26.2 <0.001 12.6 25.1 <0.001 5.2 16.0 <0.001 6.4 27.0 <0.001

Valvular	disease 4.0 4.4 0.128 4.1 3.8 0.094 2.6 2.6 0.543 3.5 <0.1 0.001 3.7 3.4 0.752 3.1 <0.1 0.001 3.1 3.5 0.230

Peripheral	vascular	

disorders

8.2 6.1 <0.001 3.4 1.4 0.027 1.3 1.2 0.239 4.2 2.5 0.035 4.4 2.4 0.056 1.6 <0.1 0.021 2.6 3.0 0.122

Hypothyroidism 10.8 9.1 <0.001 11.3 6.1 <0.001 12.1 4.9 0.021 8.1 15.0 0.068 7.4 15.6 <0.001 12.7 10.8 0.314 8.1 9.0 0.044

Chronic	pulmonary	

disease

49.7 44.0 <0.001 13.9 13.2 0.059 12.3 17.3 <0.001 25.4 22.5 0.003 17.6 18.1 0.813 11.1 12.1 0.569 12.9 19.5 <0.001

Coagulopathy 5.2 7.6 <0.001 22.9 25.0 0.332 3.5 4.9 <0.001 6.7 10.0 <0.001 5.4 10.5 <0.001 2.9 11.8 <0.001 3.4 10.2 <0.001

Thrombocytopenia 4.4 5.0 <0.001 19.6 16.0 <0.001 2.9 2.3 <0.001 4.9 7.1 0.006 3.7 4.6 0.349 1.9 1.5 0.633 2.3 5.0 <0.001
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the	lowest	in	patients	with	heart	and	mediastinum	cancer	
(9.5%)	(Table 4	and	Figure 2).

5.4	 |	 Sensitivity analysis based on 
cardiac tamponade

Cardiac	 tamponade	 was	 present	 in	 patients	 undergo-
ing	 pericardiocentesis	 across	 all	 cancer	 types,	 with	

the	 highest	 prevalence	 in	 breast	 cancer	 (66.3%)	 and	
lowest	 prevalence	 in	 female	 genital	 cancer	 (42.9%)	
(Figure S3).	All-	cause	mortality	was	lower	in	patients	
with	 cardiac	 tamponade	 undergoing	 pericardiocente-
sis	across	all	cancer	types,	except	in	those	with	breast	
cancer	 (11.9%	 vs.	 10.0%)	 and	 lung/bronchus	 cancer	
(17.1%	vs.	13.0%)	when	compared	with	patients	under-
going	 pericardiocentesis	 without	 cardiac	 tamponade	
(Figure 2).

Characteristics

Lung cancer Haematological cancer Breast cancer

Mediastinal and  

heart cancer Gastroesophageal cancer Female genital cancer ‘Other’ cancer

No 

pericardiocentesis 

(99.60%)

Pericardiocentesis 

(0.40%) p- Value

No 

pericardiocentesis 

(99.81%)

Pericardiocentesis 

(0.19%) p- Value

No 

pericardiocentesis 

(99.91%)

Pericardiocentesis  

(0.09%)

p- 

Value

No  

pericardiocentesis  

(98.42%)

Pericardiocentesis 

(1.58%) p- Value

No 

pericardiocentesis 

(99.92%)

Pericardiocentesis 

(0.08%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

Depression 11.4 11.2 0.014 10.4 3.3 <0.001 10.9 11.1 0.416 8.3 5.0 0.030 7.0 8.6 0.213 8.9 3.1 <0.001 6.9 7.1 0.604

Liver	disease 2.6 4.0 <0.001 4.0 4.3 <0.001 1.9 2.5 0.002 2.6 <0.1 0.107 3.7 1.2 0.007 1.6 4.3 <0.001 3.0 2.2 0.001

Chronic	renal	

failure

8.3 7.7 0.011 13.0 13.2 <0.001 3.7 3.6 0.084 4.5 5.0 0.148 6.5 8.6 0.090 4.4 4.6 0.798 5.1 8.3 <0.001

Alcohol	abuse 4.1 4.0 0.001 1.6 0.9 0.086 0.7 1.2 0.916 2.4 0.9 0.023 4.6 3.4 0.245 0.6 1.6 0.033 2.0 2.3 0.170

Drug	abuse 2.0 2.6 0.792 1.7 3.3 0.001 0.8 2.5 0.036 1.8 6.4 <0.001 1.2 2.4 0.033 0.7 <0.1 0.129 0.9 1.5 <0.001

Fluid	and	

electrolyte	

disorders

28.2 41.0 <0.001 38.5 42.9 <0.001 13.3 46.9 <0.001 21.4 33.1 <0.001 35.1 56.5 <0.001 19.1 37.6 <0.001 16.7 41.1 <0.001

Weight	loss 14.0 19.4 <0.0011 13.4 15.1 0.082 4.7 19.8 <0.001 9.0 10.0 0.405 24.9 31.3 0.003 6.1 10.6 0.001 6.2 13.1 <0.001

Metastatic	cancer 14.1 29.0 <0.001 3.4 2.4 0.719 13.4 17.3 <0.001 13.8 19.9 <0.001 17.2 23.7 0.001 8.8 16.8 <0.001 10.8 19.4 <0.001

Bed	size	of	hospital,	%

Small 12.4 10.2 <0.001 12.3 9.9 <0.001 15.8 11.7 <0.001 8.5 8.3 0.274 10.3 5.7 0.022 9.0 4.8 <0.001 10.6 8.8 <0.001

Medium 25.0 19.6 20.7 19.9 26.2 21.6 20.9 18.0 22.1 23.4 20.2 11.5 22.4 18.0

Large 62.7 70.3 67.0 70.2 57.9 66.7 70.6 73.8 67.6 70.9 70.8 83.7 67.0 73.2

Hospital	region,	%

Northeast 21.5 19.0 <0.001 21.7 22.4 <0.001 25.1 25.5 <0.001 21.9 17.2 0.014 24.1 23.3 0.002 22.1 16.3 0.114 21.8 20.5 <0.001

Midwest 23.2 25.3 22.9 25.1 19.3 23.5 20.7 22.0 21.4 16.2 23.0 27.0 22.0 25.6

South 41.3 35.9 37.3 31.4 36.5 29.4 38.5 37.4 35.9 34.5 35.7 36.1 37.5 30.7

West 14.0 19.8 18.1 21.1 19.2 21.6 18.9 23.4 18.5 26.0 19.2 20.6 18.7 23.2

Location/teaching	status	of	hospital,	%

Rural 7.5 3.5 <0.001 4.5 1.9 <0.001 6.5 7.8 <0.001 4.5 <0.1 <0.001 7.1 7.5 0.954 5.2 <0.1 0.001 7.4 3.5 <0.001

Urban	non-	

teaching

29.2 24.4 19.9 10.6 28.2 23.5 27.9 23.3 32.0 31.4 26.1 26.1 32.6 29.0

Urban	teaching 63.3 72.2 75.6 87.6 65.2 68.6 67.6 76.7 60.9 61.1 68.7 73.9 60.0 67.5

Abbreviation:	IQR,	interquartile	range.

T A B L E  2 	 (Continued)

T A B L E  3 	 Clinical	outcomes	of	cancer	patients	based	on	the	utilisation	of	pericardiocentesis

Characteristics

Cancer patients

p- value
Not undergoing 
pericardiocentesis (99.9%)

Undergoing pericardiocentesis 
(0.1%)

All-	cause	mortality 4.2 15.6 <0.001

Length	of	stay	(days),	median	(IQR) 4	(2,	7) 9	(5,	14) <0.001

Total	charges	(USD),	median	(IQR) 33,459	(18,069,	62,938) 71,489	(40,692,	133,669) <0.001

Abbreviations:	IQR,	interquartile	range;	USD,	United	States	Dollar.
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5.5	 |	 Predictors of all- cause mortality

The	 presence	 of	 metastatic	 disease	 (aOR	 2.67	 95%	 CI	
1.79–	3.97),	 weight	 loss	 (aOR	 1.48	 95%	 CI	 1.33–	1.65)	
and	coagulopathy	(aOR	3.22	95%	CI	1.63–	6.37)	was	in-
dependently	 associated	 with	 all-	cause	 mortality	 in	 the	
pericardiocentesis	cohort,	whilst	 there	was	no	associa-
tion	of	age,	sex,	anaemias,	thrombocytopenia,	heart	fail-
ure,	 atrial	 fibrillation,	 diabetes	 mellitus,	 hypertension	
and	 chronic	 renal	 failure	 with	 mortality	 in	 this	 group	
(p	>	0.05)	(Figure 3).

6 	 | 	 DISCUSSION

To	the	best	of	our	knowledge,	this	is	the	largest	cancer-	
specific	 study	 to	 this	 date	 evaluating	 the	 prevalence,	
characteristics	 and	 outcomes	 of	 cancer	 patients	 under-
going	pericardiocentesis.	Its	strengths	further	include	a	
national-	level	analysis	and	a	comprehensive	evaluation	
of	 the	 different	 cancer	 types.	 Several	 previous	 cohort	

studies	 evaluated	 cancer	 patients	 undergoing	 pericar-
diocentesis	 but	 included	 single-	centre	 analyses	 over	 a	
shorter	period	with	substantially	lower	sample	size.1,2,5–	8	
This	study	offers	several	important	findings.	First,	it	re-
vealed	 that	 pericardiocentesis	 is	 infrequently	 utilised	
in	 cancer	 cohorts	 covering	 only	 a	 minority	 of	 patients	
(~0.1%).	Second,	 it	 is	distinctively	used	amongst	differ-
ent	cancer	types,	with	the	highest	utilisation	in	the	lung,	
haematological	 and	 breast	 cancer,	 followed	 by	 heart/
mediastinum,	 gastroesophageal	 and	 female	 genital	
cancer.	 Third,	 this	 cohort	 has	 an	 increased	 prevalence	
of	 comorbidities	 that	 are	 considered	 to	 be	 higher	 risk	
in	 pericardiocentesis,	 such	 as	 anaemias,	 atrial	 fibrilla-
tion	(due	to	anticoagulation),	coagulopathy	and	throm-
bocytopenia.5,10,11	 Fourth,	 cancer	 patients	 undergoing	
pericardiocentesis	 have	 increased	 mortality	 compared	
to	other	cancer	patients	admitted	 to	hospitals	and	 that	
overall	mortality	rates	are	dependent	on	the	underlying	
cancer	 type.	Finally,	we	 identified	 independent	predic-
tors	of	increased	mortality	with	metastatic	status,	weight	
loss	and	coagulopathy.

Characteristics

Lung cancer Haematological cancer Breast cancer

Mediastinal and  

heart cancer Gastroesophageal cancer Female genital cancer ‘Other’ cancer

No 

pericardiocentesis 

(99.60%)

Pericardiocentesis 

(0.40%) p- Value

No 

pericardiocentesis 

(99.81%)

Pericardiocentesis 

(0.19%) p- Value

No 

pericardiocentesis 

(99.91%)

Pericardiocentesis  

(0.09%)

p- 

Value

No  

pericardiocentesis  

(98.42%)

Pericardiocentesis 

(1.58%) p- Value

No 

pericardiocentesis 

(99.92%)

Pericardiocentesis 

(0.08%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

Depression 11.4 11.2 0.014 10.4 3.3 <0.001 10.9 11.1 0.416 8.3 5.0 0.030 7.0 8.6 0.213 8.9 3.1 <0.001 6.9 7.1 0.604

Liver	disease 2.6 4.0 <0.001 4.0 4.3 <0.001 1.9 2.5 0.002 2.6 <0.1 0.107 3.7 1.2 0.007 1.6 4.3 <0.001 3.0 2.2 0.001

Chronic	renal	

failure

8.3 7.7 0.011 13.0 13.2 <0.001 3.7 3.6 0.084 4.5 5.0 0.148 6.5 8.6 0.090 4.4 4.6 0.798 5.1 8.3 <0.001

Alcohol	abuse 4.1 4.0 0.001 1.6 0.9 0.086 0.7 1.2 0.916 2.4 0.9 0.023 4.6 3.4 0.245 0.6 1.6 0.033 2.0 2.3 0.170

Drug	abuse 2.0 2.6 0.792 1.7 3.3 0.001 0.8 2.5 0.036 1.8 6.4 <0.001 1.2 2.4 0.033 0.7 <0.1 0.129 0.9 1.5 <0.001

Fluid	and	

electrolyte	

disorders

28.2 41.0 <0.001 38.5 42.9 <0.001 13.3 46.9 <0.001 21.4 33.1 <0.001 35.1 56.5 <0.001 19.1 37.6 <0.001 16.7 41.1 <0.001

Weight	loss 14.0 19.4 <0.0011 13.4 15.1 0.082 4.7 19.8 <0.001 9.0 10.0 0.405 24.9 31.3 0.003 6.1 10.6 0.001 6.2 13.1 <0.001

Metastatic	cancer 14.1 29.0 <0.001 3.4 2.4 0.719 13.4 17.3 <0.001 13.8 19.9 <0.001 17.2 23.7 0.001 8.8 16.8 <0.001 10.8 19.4 <0.001

Bed	size	of	hospital,	%

Small 12.4 10.2 <0.001 12.3 9.9 <0.001 15.8 11.7 <0.001 8.5 8.3 0.274 10.3 5.7 0.022 9.0 4.8 <0.001 10.6 8.8 <0.001

Medium 25.0 19.6 20.7 19.9 26.2 21.6 20.9 18.0 22.1 23.4 20.2 11.5 22.4 18.0

Large 62.7 70.3 67.0 70.2 57.9 66.7 70.6 73.8 67.6 70.9 70.8 83.7 67.0 73.2

Hospital	region,	%

Northeast 21.5 19.0 <0.001 21.7 22.4 <0.001 25.1 25.5 <0.001 21.9 17.2 0.014 24.1 23.3 0.002 22.1 16.3 0.114 21.8 20.5 <0.001

Midwest 23.2 25.3 22.9 25.1 19.3 23.5 20.7 22.0 21.4 16.2 23.0 27.0 22.0 25.6

South 41.3 35.9 37.3 31.4 36.5 29.4 38.5 37.4 35.9 34.5 35.7 36.1 37.5 30.7

West 14.0 19.8 18.1 21.1 19.2 21.6 18.9 23.4 18.5 26.0 19.2 20.6 18.7 23.2

Location/teaching	status	of	hospital,	%

Rural 7.5 3.5 <0.001 4.5 1.9 <0.001 6.5 7.8 <0.001 4.5 <0.1 <0.001 7.1 7.5 0.954 5.2 <0.1 0.001 7.4 3.5 <0.001

Urban	non-	

teaching

29.2 24.4 19.9 10.6 28.2 23.5 27.9 23.3 32.0 31.4 26.1 26.1 32.6 29.0

Urban	teaching 63.3 72.2 75.6 87.6 65.2 68.6 67.6 76.7 60.9 61.1 68.7 73.9 60.0 67.5

Abbreviation:	IQR,	interquartile	range.

T A B L E  2 	 (Continued)
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Pericardiocentesis	is	indicated	for	different	diagnostic	
and	therapeutic	indications	in	the	cancer	population.	Due	
to	a	strong	association	between	cancer	and	pericardial	ef-
fusion,	it	is	more	often	undertaken	than	the	general	pop-
ulation	and	requires	strict	protocols	to	minimise	the	risk	
associated	 with	 the	 procedure.11	 Previous	 studies	 have	
shown	that	cancer	is	an	underlying	cause	of	pericardial	ef-
fusion	in	up	to	46%	of	patients	undergoing	pericardiocen-
tesis.1–	3	Pericardial	effusion	may	be	associated	with	cancer	
metastases,	 but	 also	 with	 systemic	 cancer	 effects	 (hypo-
albuminemia,	 impaired	 lymphatic	 drainage)	 or	 cancer	
treatments	 (i.e.,	 immune	 checkpoint	 inhibitor	 therapy).	
The	 occurrence	 of	 pericardial	 effusion	 and	 subsequent	

utilisation	 of	 pericardiocentesis	 differs	 across	 cancer	
types.	 The	 present	 study	 showed	 that	 pericardiocentesis	
is	 most	 utilised	 in	 lung,	 haematological	 and	 breast	 can-
cer,	 followed	 by	 heart/mediastinum,	 gastroesophageal	
and	female	genital	cancer.	This	is	consistent	with	previous	
reports.2,5,12	All	aforementioned	cancer	types	could	poten-
tiate	 the	development	of	pericardial	effusion	with	direct	
or	indirect	mechanisms,	such	as	serosal	involvement,13	di-
rect	extensions	with	local	inflammation	and	cellular	tox-
icity,14	cancer-	induced	cachexia	and	hypoalbuminemia,15	
as	 well	 as	 lymphatic	 involvement	 with	 lymphedema.14	
Furthermore,	other	determinants	could	additionally	pro-
voke	 pericardial	 effusion	 and	 increase	 the	 utilisation	 of	

F I G U R E  2  All-	cause	mortality	across	the	most	common	cancer	types.

T A B L E  4 	 Clinical	outcomes	of	cancer	patients	based	on	the	utilisation	of	pericardiocentesis	across	the	most	common	cancer	types		
(requiring	pericardiocentesis)

Characteristics

Lung cancer Haematological cancer Breast cancer

Mediastinal and  

heart cancer Gastroesophageal cancer Female genital cancer ‘Other’ cancer

No 

pericardiocentesis 

(99.60%)

Pericardiocentesis 

(0.40%)

p- 

Value

No 

pericardiocentesis 

(99.81%)

Pericardiocentesis 

(0.19%)

p- 

Value

No 

pericardiocentesis 

(99.91%)

Pericardiocentesis 

(0.09%)

p- 

Value

No  

pericardiocentesis  

(98.42%)

Pericardiocentesis 

(1.58%) p- Value

No 

pericardiocentesis 

(99.92%)

Pericardiocentesis 

(0.08%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

All-	cause	

mortality

8.3 15.4 <0.001 7.8 16.0 <0.001 3.5 11.2 <0.001 5.7 9.5 0.001 7.3 25.0 <0.001 3.0 10.7 <0.001 3.0 17.9 <0.001

Length	of	stay	

(days),	

median	

(IQR)

5	(3,	9) 8	(5,	13) <0.001 7	(3,	16) 12	(7,	22) <0.001 2	(1,	4) 6	(4,	11) <0.001 5	(3,	9) 11	(6,	15) <0.001 7	(4,	11) 9	(5,	17) <0.001 4	(2,	6) 8	(5,	14) <0.001 3	(2,	7) 8	(5,14) <0.001

Total	charges	

(USD),	

median	

(IQR)

37,333	(19,208,	

67,247)

66,859	(39,720,	

115,214)

<0.001 52,908	(23,448,	

128,475)

122,355	(61,738,	

242,	687)

<0.001 26,328	(14,926,	

48,633)

54,219	(32,388,	

103,481)

<0.001 46,847	(25,729,		

89,905)

88,121	(46,954,	

192,221)

<0.001 45,171	(21,736,	

90,823)

86,103	(36,707,	

145,260)

<0.001 32,789	(18,886,	

56,720)

62,768	(46,012,	

121,681)

<0.001 31,953	(17,675,	

58,686)

64,123	(36,517,	

123,344)

<0.001

Abbreviation:	IQR,	interquartile	range.
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pericardiocentesis,	such	as	cancer	treatment	toxicity	and	
opportunistic	infections.14	High	utilisation	of	pericardio-
centesis	in	these	cancer	types	is,	therefore,	not	surprising.

One	 NIS-	based	 study	 investigated	 temporal	 trends	
and	in-	hospital	mortality	of	all-	comers	undergoing	peri-
cardiocentesis	over	a	period	from	2007	to	2015.16	In	this	
study,	 around	 25%	 of	 patients	 had	 active	 cancer,	 and	
this	was	associated	with	increased	in-	hospital	mortality	
(OR	 1.72;	 95%	 CI	 1.6–	1.85).16	 Importantly,	 the	 number	
of	 pericardiocentesis	 procedures	 increased	 over	 time,	
although	 there	 was	 no	 cancer-	focused	 analysis	 to	 eval-
uate	 specific	 trends.16	 Another	 focused	 analysis	 of	 212	
cancer	patients	undergoing	pericardiocentesis	at	the	MD 
Anderson Cancer Center	described	the	feasibility	of	per-
cutaneous	pericardiocentesis	with	no	procedure-	related	
deaths.5	 However,	 1-	month	 (18%)	 and	 2-	year	 mortality	

rates	(61%)	were	substantially	high	and	were	associated	
with	 lung	 cancer,	 older	 age	 and	 severe	 grade	 4	 throm-
bocytopenia.5	Lung	cancer	patients	undergoing	pericar-
diocentesis	 were	 previously	 shown	 to	 have	 the	 highest	
mortality	compared	to	other	cancer	types,1,5,17,18	although	
this	 was	 not	 confirmed	 in	 the	 present	 study	 which	 re-
vealed	the	highest	mortality	with	gastroesophageal	can-
cer.	 High	 recurrence	 (~25%)	 and	 1-	year	 mortality	 rates	
(~55%)	in	cancer	patients	undergoing	pericardiocentesis	
were	 also	 previously	 reported	 in	 a	 small	 Asian	 cohort	
study.1	 Compared	 to	 non-	cancer	 patients	 undergoing	
pericardiocentesis,	 cancer	 patients	 undergoing	 pericar-
diocentesis	 were	 shown	 to	 have	 significantly	 increased	
in-	hospital	 and	 1-	year	 mortality.2,6	 These	 findings	 are	
consistent	with	the	present	study,	suggesting	poor	prog-
nosis	of	cancer	patients	undergoing	pericardiocentesis.

T A B L E  4 	 Clinical	outcomes	of	cancer	patients	based	on	the	utilisation	of	pericardiocentesis	across	the	most	common	cancer	types		
(requiring	pericardiocentesis)

Characteristics

Lung cancer Haematological cancer Breast cancer

Mediastinal and  

heart cancer Gastroesophageal cancer Female genital cancer ‘Other’ cancer

No 

pericardiocentesis 

(99.60%)

Pericardiocentesis 

(0.40%)

p- 

Value

No 

pericardiocentesis 

(99.81%)

Pericardiocentesis 

(0.19%)

p- 

Value

No 

pericardiocentesis 

(99.91%)

Pericardiocentesis 

(0.09%)

p- 

Value

No  

pericardiocentesis  

(98.42%)

Pericardiocentesis 

(1.58%) p- Value

No 

pericardiocentesis 

(99.92%)

Pericardiocentesis 

(0.08%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

No 

pericardiocentesis 

(99.97%)

Pericardiocentesis 

(0.03%) p- Value

All-	cause	

mortality

8.3 15.4 <0.001 7.8 16.0 <0.001 3.5 11.2 <0.001 5.7 9.5 0.001 7.3 25.0 <0.001 3.0 10.7 <0.001 3.0 17.9 <0.001

Length	of	stay	

(days),	

median	

(IQR)

5	(3,	9) 8	(5,	13) <0.001 7	(3,	16) 12	(7,	22) <0.001 2	(1,	4) 6	(4,	11) <0.001 5	(3,	9) 11	(6,	15) <0.001 7	(4,	11) 9	(5,	17) <0.001 4	(2,	6) 8	(5,	14) <0.001 3	(2,	7) 8	(5,14) <0.001

Total	charges	

(USD),	

median	

(IQR)

37,333	(19,208,	

67,247)

66,859	(39,720,	

115,214)

<0.001 52,908	(23,448,	

128,475)

122,355	(61,738,	

242,	687)

<0.001 26,328	(14,926,	

48,633)

54,219	(32,388,	

103,481)

<0.001 46,847	(25,729,		

89,905)

88,121	(46,954,	

192,221)

<0.001 45,171	(21,736,	

90,823)

86,103	(36,707,	

145,260)

<0.001 32,789	(18,886,	

56,720)

62,768	(46,012,	

121,681)

<0.001 31,953	(17,675,	

58,686)

64,123	(36,517,	

123,344)

<0.001

Abbreviation:	IQR,	interquartile	range.

F I G U R E  3  Predictors	of	all-	cause	mortality	in	patients	undergoing	pericardiocentesis.
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The	high	mortality	rate	of	cancer	patients	undergoing	
pericardiocentesis	 could	 have	 several	 potential	 explana-
tions.	 First,	 pericardiocentesis	 is	 often	 performed	 in	 the	
sicker	cancer	population.	For	example,	cardiac	tamponade	
is	 a	 strong	 indication	 for	 therapeutic	 pericardiocentesis	
but	is	more	often	present	in	sicker	patients	with	the	higher	
risk	 profile.3	 Similarly,	 patients	 undergoing	 diagnostic	
pericardiocentesis	 such	 as	 those	 with	 undiagnosed	 pre-	
existent	 cancer	 or	 those	 with	 ambiguous	 cancer	 disease	
(uncertain	 primary	 site)	 are	 commonly	 late	 presenters	
with	advanced	cancer	stage	with	metastasis.19	Therefore,	
it	 is	 possible	 that	 pericardiocentesis	 in	 cancer	 patients	
simply	indicates	sicker	patients	with	a	higher	risk	profile.	
Second,	pericardiocentesis	could	be	associated	with	seri-
ous	complications	such	as	arterial	and	cardiac	injury,	solid	
organ	injury,	hydropneumothorax,	arrhythmias,	infection	
and	bleeding,	even	when	performed	by	experts	in	a	con-
trolled	 environment.7	 For	 example,	 El	 Haddad	 et	 al.	 re-
ported	major	procedural	complications	in	five	patients	and	
minor	procedural	complications	in	72	patients	out	of	212	
cancer	patients	undergoing	pericardiocentesis.5	Although	
usually	reversible	and	not	associated	with	a	fatal	outcome,	
these	complications	represent	a	substantial	burden	to	this	
high-	risk	 population.5	 Nevertheless,	 pericardiocentesis	
was	shown	to	be	a	safe	procedure	in	cancer	patients	in	the	
hospital	setting,	even	in	those	with	thrombocytopenia.5,8	
It	 is,	 therefore,	most	 likely	 that	other	cancer-	related	and	
patient-	related	 factors	 affect	 the	 mortality	 outcome,	 and	
not	the	procedure	itself.

This	 study	 distinguished	 different	 predictors	 of	 in-
creased	mortality	with	pericardiocentesis.	Interestingly,	
there	was	no	association	between	age	and	mortality	 in	
this	setting,	highlighting	the	importance	of	other	patient	
risk	factors	such	as	metastatic	status,	frailty	(weight	loss)	
and	 haemostatic	 capacity.	 Metastatic	 status	 is	 a	 well-	
known	 unfavourable	 prognostic	 factor	 in	 cancer	 pa-
tients	undergoing	pericardiocentesis.6,8	Weight	loss	is	an	
important	indicator	of	more	advanced	disease,	as	well	as	
a	strong	measure	of	patient	frailty.	Previous	studies	have	
shown	that	weight	loss	is	associated	with	a	worse	prog-
nosis	in	cancer	patients.20	The	present	analysis	detected	
a	 significant	 association	 between	 weight	 loss	 and	 all-	
cause	mortality	which	is	consistent	with	the	findings	in	
the	overall	cancer	cohort.20	Coagulopathy	was	also	asso-
ciated	with	increased	mortality	in	this	study,	highlight-
ing	 the	 importance	 of	 secondary	 haemostasis	 for	 the	
safe	 performance	 of	 invasive	 procedures	 such	 as	 peri-
cardiocentesis.	 Previous	 studies	 suggested	 that	 throm-
bocytopenia	was	associated	with	worse	outcomes,5	and	
it	was	even	considered	a	contraindication	for	pericardio-
centesis,10	 but	 other	 studies	 have	 not	 shown	 any	 asso-
ciation	 with	 mortality	 after	 multivariable	 adjustment.8	
Similarly,	 our	 study	 shows	 thrombocytopenia	 is	 not	 a	

predictor	of	increased	mortality	in	cancer	patients	who	
underwent	pericardiocentesis.

Interestingly,	 patients	 undergoing	 pericardiocentesis	
without	cardiac	tamponade	had	even	worse	mortality	 in	
most	cancer	types.	This	could	be	potentially	explained	by	
lower	effusion	volume	and	a	probably	higher	proportion	
of	 diagnostic	 indications	 for	 pericardiocentesis	 in	 this	
subpopulation.	Additionally,	due	to	low	effusion	volume	
in	 patients	 without	 cardiac	 tamponade	 the	 risk	 of	 car-
diac,	surrounding	vascular	and	lung	injury	is	high	due	to	
technical	difficulty	leading	to	higher	mortality.	This	could	
highlight	 the	 importance	 of	 proper	 non-	invasive	 cancer	
assessment	and	utilisation	of	invasive	procedures	only	in	
selected	cases.	However,	the	design	of	this	study	does	not	
allow	for	such	detailed	analysis	and	further	studies	should	
re-	assure	these	speculations.

Clinical	implications	of	the	study	include	the	delinea-
tion	of	 the	most	common	cancer	 types	undergoing	peri-
cardiocentesis	and	predictors	of	increased	mortality.	This	
study	could	potentially	 support	usual	echocardiographic	
assessment	and	cardiology	follow-	up	in	patients	with	spe-
cific	cancer	types.	Bearing	in	mind	the	observed	increased	
mortality	in	the	cohort	undergoing	pericardiocentesis,	our	
data	support	increased	utilisation	of	preventive	measures	
(ultrasound-	guided	 puncture,	 careful	 preparation	 and	
planning,	 performance	 by	 experienced	 team	 members	
and	close	follow-	up).

There	 are	 several	 limitations	 of	 this	 study.	 Potential	
coding	 issues	associated	with	databases	 such	as	 the	NIS	
represent	an	inherent	limitation	of	this	study.	It	was	not	
possible	 to	 differentiate	 if	 the	 pericardiocentesis	 proce-
dure	was	done	for	diagnostic	or	therapeutic	purposes,	as	
well	as	the	timing	of	cancer	diagnosis	(known	cancer	vs.	
newly	diagnosed	cancer).	Furthermore,	the	transition	be-
tween	ICD-	9	and	ICD-	10	systems	could	have	affected	the	
captured	 estimates.	 Similarly,	 an	 inadequate	 granularity	
of	 the	 ICD-	9	 coding	 system	 did	 not	 allow	 for	 the	 detec-
tion	of	important	subpopulations	such	as	overall	patients	
with	 pericardial	 effusion,	 or	 those	 undergoing	 pericar-
dial	window	procedure.	The	observational	nature	of	 the	
study	allows	for	the	determination	of	association,	but	not	
a	causal	relationship.	The	study	results	are	limited	to	the	
in-	hospital	period	and	longer-	term	outcomes	were	not	as-
sessed.	 NIS	 does	 not	 track	 recurrent	 procedures	 and	 re-
admissions	which	could	be	important	for	this	population.	
The	study	was	unable	to	assess	direct	procedural	outcomes	
such	are	procedure-	related	bleeding	or	other	inadvertent	
events.	The	NIS	does	not	contain	data	on	the	 laboratory	
and	detailed	clinical	parameters	which	precludes	further	
analyses.	Similarly,	it	was	not	possible	to	include	detailed	
data	on	cancer	treatment	or	grading	some	patient	factors	
such	as	thrombocytopenia	and	anaemia	(mild	to	severe),	
as	well	as	renal	failure	(Stages	1–	5).	Finally,	cancer-	related	
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factors	 such	 as	 cancer	 activity,	 cancer	 staging,	 cancer	
duration	 or	 performance	 status	 measures	 (e.g.,	 Eastern	
Cooperative	Oncology	Group	Performance	Status)	are	not	
available	with	the	NIS.

In	 conclusion,	 pericardiocentesis	 is	 an	 infrequent	
procedure	in	cancer	patients	that	is	most	commonly	per-
formed	in	patients	with	lung	and	bronchus,	haematologi-
cal,	breast,	heart	and	mediastinum,	gastroesophageal	and	
female	 genital	 cancer.	 When	 performed,	 it	 is	 associated	
with	substantially	increased	all-	cause	mortality,	irrespec-
tively	of	the	underlying	cancer	type.	Further	longitudinal	
studies	 are	 necessary	 to	 delineate	 particular	 differences	
amongst	cancer	types	and	long-	term	outcomes	associated	
with	pericardiocentesis.

AUTHOR CONTRIBUTIONS
Andrija Matetic:	 Conceptualization	 (equal);	 formal	
analysis	 (lead);	 methodology	 (equal);	 software	 (lead);	
visualization	(lead);	writing	–		original	draft	(lead);	writing	
–		 review	 and	 editing	 (equal).	 Bonnie Ky:	 Methodology	
(supporting);	 supervision	 (supporting);	 writing	 –		 review	
and	editing	(equal).	Eric H. Yang:	Methodology	(support-
ing);	supervision	(supporting);	writing	–		review	and	edit-
ing	(equal).	Phyo K. Myint:	Methodology	(supporting);	
supervision	 (supporting);	 writing	 –		 review	 and	 editing	
(equal).	Muhammad Rashid:	Methodology	(supporting);	
resources	(equal);	supervision	(supporting);	writing	–		re-
view	and	editing	(equal).	Shelley Zieroth:	Methodology	
(supporting);	 supervision	 (supporting);	 writing	 –		 review	
and	 editing	 (equal).	 Timir K. Paul:	 Methodology	 (sup-
porting);	 supervision	 (supporting);	 writing	 –		 review	 and	
editing	 (equal).	 Ayman Elbadawi:	 Methodology	 (sup-
porting);	 supervision	 (supporting);	 writing	 –		 review	 and	
editing	 (equal).	 Mamas A. Mamas:	 Conceptualization	
(lead);	methodology	 (lead);	 resources	 (lead);	 supervision	
(lead);	 writing	 –		 original	 draft	 (equal);	 writing	 –		 review	
and	editing	(lead).

ACKNOWLEDGMENTS
None.

FUNDING INFORMATION
None.

CONFLICT OF INTEREST
The	authors	declare	that	there	is	no	conflict	of	interest.

DATA AVAILABILITY STATEMENT
The	data	underlying	this	article	will	be	shared	on	reason-
able	request	to	the	corresponding	author.

ORCID
Andrija Matetic  	https://orcid.org/0000-0001-9272-6906	

REFERENCES
	 1.	 Cheong	XP,	Law	LKP,	Seow	SC,	et	al.	Causes	and	prognosis	of	

symptomatic	 pericardial	 effusions	 treated	 by	 pericardiocen-
tesis	 in	an	Asian	Academic	Medical	Centre.	Singapore Med J.	
2020;61(3):137-	141.

	 2.	 Strobbe	A,	Adriaenssens	T,	Bennett	J,	et	al.	Etiology	and	long-	
term	outcome	of	patients	undergoing	pericardiocentesis.	J Am 
Heart Assoc.	2017;6(12):e007598.

	 3.	 Sánchez-	Enrique	C,	Nuñez-	Gil	IJ,	Viana-	Tejedor	A,	et	al.	Cause	
and	 long-	term	 outcome	 of	 cardiac	 tamponade.	 Am J Cardiol.	
2016;117(4):664-	669.

	 4.	 Posner	 MR,	 Cohen	 GI,	 Skarin	 AT.	 Pericardial	 disease	 in	 pa-
tients	 with	 cancer.	 The	 differentiation	 of	 malignant	 from	
idiopathic	 and	 radiation-	induced	 pericarditis.	 Am J Med.	
1981;71(3):407-	413.

	 5.	 El	Haddad	D,	 Iliescu	C,	Yusuf	SW,	et	al.	Outcomes	of	cancer	
patients	undergoing	percutaneous	pericardiocentesis	 for	peri-
cardial	effusion.	J Am Coll Cardiol.	2015;66(10):1119-	1128.

	 6.	 Shih	 CT,	 Lee	 WC,	 Fang	 HY,	 Wu	 PJ,	 Fang	 YN,	 Chong	 SZ.	
Outcomes	of	patients	with	and	without	malignancy	undergo-
ing	percutaneous	pericardiocentesis	 for	pericardial	effusion.	J 
Cardiovasc Dev Dis.	2021;8(11):150.

	 7.	 Lekhakul	 A,	 Assawakawintip	 C,	 Fenstad	 ER,	 et	 al.	 Safety	
and	 outcome	 of	 percutaneous	 drainage	 of	 pericar-
dial	 effusions	 in	 patients	 with	 cancer.	 Am J Cardiol.	
2018;122(6):1091-	1094.

	 8.	 Wilson	NR,	Lee	MT,	Gill	CD,	et	al.	Prognostic	factors	and	over-
all	survival	after	pericardiocentesis	in	patients	with	cancer	and	
thrombocytopenia.	Front Cardiovasc Med.	2021;8:638943.

	 9.	 HCUP	 National	 Inpatient	 Sample	 (NIS).	 Healthcare cost and 
utilization project (HCUP).	Agency	for	Healthcare	Research	and	
Quality;	2012.

	10.	 Maisch	 B,	 Seferović	 PM,	 Ristić	 AD,	 et	 al.	 Guidelines	 on	 the	
diagnosis	 and	 management	 of	 pericardial	 diseases	 executive	
summary;	the	task	force	on	the	diagnosis	and	management	of	
pericardial	diseases	of	the	European	Society	of	Cardiology.	Eur 
Heart J.	2004;25(7):587-	610.

	11.	 Jacob	 R,	 Palaskas	 NL,	 Lopez-	Mattei	 J,	 et	 al.	 How	 to	 perform	
pericardiocentesis	in	cancer	patients	with	thrombocytopenia:	a	
single-	center	experience.	JACC CardioOncol.	2021;3(3):452-	456.

	12.	 Dragoescu	 EA,	 Liu	 L.	 Pericardial	 fluid	 cytology:	 an	 analy-
sis	of	128	specimens	over	a	6-	year	period.	Cancer Cytopathol.	
2013;121(5):242-	251.

	13.	 Ludeman	L,	Shepherd	NA.	Serosal	involvement	in	gastrointes-
tinal	 cancer:	 its	 assessment	 and	 significance.	 Histopathology.	
2005;47(2):123-	131.

	14.	 Refaat	 MM,	 Katz	 WE.	 Neoplastic	 pericardial	 effusion.	 Clin 
Cardiol.	2011;34(10):593-	598.

	15.	 Liu	XY,	Zhang	X,	Ruan	GT,	et	al.	One-	year	mortality	in	patients	
with	cancer	cachexia:	association	with	albumin	and	Total	pro-
tein.	Cancer Manag Res.	2021;13:6775-	6783.

	16.	 Gad	 MM,	 Elgendy	 IY,	 Mahmoud	 AN,	 et	 al.	Temporal	 trends,	
outcomes,	 and	 predictors	 of	 mortality	 after	 pericardio-
centesis	 in	 the	 United	 States.	 Catheter Cardiovasc Interv.	
2020;95(3):375-	386.

	17.	 Numico	 G,	 Cristofano	 A,	 Occelli	 M,	 et	 al.	 Prolonged	 drain-
age	and	intrapericardial	bleomycin	administration	for	cardiac	
tamponade	 secondary	 to	 cancer-	related	 pericardial	 effusion.	
Medicine.	2016;95(15):e3273.

 20457634, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5373 by U
niversity O

f A
berdeen, W

iley O
nline L

ibrary on [22/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-9272-6906
https://orcid.org/0000-0001-9272-6906


5484 |   MATETIC et al.

	18.	 Kim	 SH,	 Kwak	 MH,	 Park	 S,	 et	 al.	 Clinical	 characteristics	 of	
malignant	pericardial	effusion	associated	with	recurrence	and	
survival.	Cancer Res Treat.	2010;42(4):210-	216.

	19.	 Søgaard	 KK,	 Farkas	 DK,	 Ehrenstein	 V,	 Bhaskaran	 K,	 Bøtker	
HE,	 Sørensen	 HT.	 Pericarditis	 as	 a	 marker	 of	 occult	 can-
cer	 and	 a	 prognostic	 factor	 for	 cancer	 mortality.	 Circulation.	
2017;136(11):996-	1006.

	20.	 Gannavarapu	BS,	Lau	SKM,	Carter	K,	et	al.	Prevalence	and	sur-
vival	 impact	 of	 pretreatment	 cancer-	associated	 weight	 loss:	 a	
tool	for	guiding	early	palliative	care.	J Oncol Pract.	2018;14(4):e2
38-	e250.

SUPPORTING INFORMATION
Additional	 supporting	 information	 can	 be	 found	 online	
in	 the	Supporting	Information	section	at	 the	end	of	 this	
article.

How to cite this article: Matetic	A,	Ky	B,	Yang	
EH,	et	al.	Prevalence,	characteristics	and	mortality	
of	cancer	patients	undergoing	pericardiocentesis	in	
the	United	States	between	2004	and	2017.	Cancer 
Med.	2023;12:-5471-5484.	doi:	10.1002/cam4.5373

Appendix A

APPENDICES
STrengthening	the	Reporting	of	OBservational	studies	in	
Epidemiology	(STROBE)	statement	(attached	separately).

 20457634, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5373 by U
niversity O

f A
berdeen, W

iley O
nline L

ibrary on [22/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/cam4.5373

	Prevalence, characteristics and mortality of cancer patients undergoing pericardiocentesis in the United States between 2004 and 2017
	Abstract
	1|INTRODUCTION
	2|METHODS
	3|STUDY SAMPLE
	4|OBJECTIVES/AIMS
	4.1|Statistical analysis

	5|RESULTS
	5.1|Baseline characteristics
	5.2|Prevalence and characteristics of different cancer types
	5.3|All-cause mortality and other clinical outcomes
	5.4|Sensitivity analysis based on cardiac tamponade
	5.5|Predictors of all-cause mortality

	6|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


