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Abstract

pericardiocentesis.

with challenging anatomies.

Background Pericardiocentesis offers a definitive diagnostic and a life-saving therapeutic modality through removal
of pericardial fluid and relief of high intrapericardial pressure. Percutaneous pericardiocentesis has been per-

formed via different approaches depending on different institutional experiences. In this paper, we present our
institutional experience and review the current literature of the different approaches for performing percutaneous

Materials and methods We evaluated consecutive patients who underwent echocardiographic-guided pericar-
diocentesis via the apical approach for pericardial effusion between the period of April 1st, 2022, and April 1st, 2023,
at University of Arkansas for Medical Sciences (UAMS). Health records were reviewed for clinical presentations, avail-
able imaging findings, procedural outcomes, and short-term follow up.

Results A total of eight consecutive cases of pericardiocentesis via the apical approach were found. Seven were suc-
cessful. No complications were reported. Six patients had evidence of tamponade physiology on echocardiogram.

Conclusion Historically, pericardiocentesis has been most performed via the subxiphoid approach. However,
an ultrasound-guided apical approach offers a safe and effective alternative and may be preferable in patients
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Background

The occurrence of a pericardial effusion has a wide vari-
ation in clinical presentation, ranging from an incidental
finding on imaging to hemodynamic collapse. Pericar-
diocentesis offers a definitive diagnostic and therapeutic
modality through removal of the pericardial fluid and
relief of elevated intrapericardial pressure [1].

Many techniques have evolved to improve percuta-
neous pericardiocentesis safety and outcomes since it
was first described by Frank Schuh in 1840 [2—4]. In the
early 1980s, two-dimensional echocardiography-assisted
pericardiocentesis was first described [5]. Numerous
studies have demonstrated the efficacy and safety of
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echocardiography-guided pericardiocentesis [6, 7]. Tra-
ditionally, percutaneous pericardiocentesis is performed
via a subxiphoid approach as it has been considered the
safest approach in the absence of imaging guidance [8, 9].
With the increasing use of echocardiography, the practice
patterns have evolved into relying mainly on echocardio-
graphic findings in choosing the procedural approach,
although many institutions still use the subxiphoid
approach as their default approach [7-9, 11, 12]. In our
institution we choose pericardiocentesis approach mainly
based on echocardiographic and other imaging findings,
where the apical approach is commonly the optimal site
to use. In this article, we present our institutional expe-
rience with echocardiography and fluoroscopy-guided
pericardiocentesis via the apical approach, along with
a literature review on the safety, efficacy, and potential
advantages of this approach.

Main text

Material and methods

We evaluated consecutive patients who underwent
echocardiographic-guided pericardiocentesis via the api-
cal approach for pericardial effusion between the period
of April 1st, 2022, and April 1st, 2023, at University of
Arkansas for Medical Sciences (UAMS). No patients
were excluded. Electronic health records were reviewed
for clinical profiles, available imaging, echocardiography
findings, procedural details, outcomes, and short-term
follow-up. The procedure was determined to be success-
ful if there was no or trivial pericardial effusion noted
on repeat transthoracic echocardiography (TTE) done
within 24 h of the index procedure. A complication was
defined as the occurrence of one of the following events:
myocardial puncture requiring emergent surgery, liver
injury, hematoma, pneumothorax, tension pneumoperi-
cardium, arrhythmia, or peri-procedural death.

Procedural details

1. Echocardiography images were obtained prior to the
procedure. Other available imaging modalities were
reviewed to evaluate for the optimal percutaneous
approach, based on distance between skin entry and
largest fluid pocket as along with intervening struc-
tures.

2. The optimal entry site was identified usually 1-2 cm
lateral to the apex beat within the 5-7th intercostal
spaces. Then, the area was anesthetized with lido-
caine.

3. Under continuous ultrasound (US) guidance, a
micro-puncture needle was advanced with negative
pressure superior to the upper border of the corre-
sponding rib, to avoid injury to the intercostal neu-
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rovascular bundle. As the needle enters the pericar-
dium, a “giveaway” sensation is typically felt. After
needle position was confirmed in the pericardial sac
both with echocardiography and fluoroscopy, the
micro-puncture wire was advanced followed by the
4-Fr micro-puncture sheath. Intra-pericardial posi-
tion was confirmed using agitated saline seen on
bedside echocardiography.

4. A J-tip 0.035” x 145 cm Amplatz Super Stiff (Boston
Scientific, Marlborough, MA) wire was advanced
into the pericardium under fluoroscopic guidance
and a dilator was used to dilate the track.

5. An 8-Fr High Flow Straight Catheter (Boston Sci-
entific, Marlborough, MA) was then advanced, and
drain was connected to a collecting bag and was
sutured in place.

6. All effusions were attempted to be drained com-
pletely. Post-procedure echocardiography was done
to assess for the presence of a residual pericardial
effusion.

7. The drain was left in situ in almost all therapeutic
cases and was later removed once drain output was
less than 25 cc over 24 h, with no recurrence of peri-
cardial effusion noted on echocardiography.

Results

Patient and procedural characteristics are described
in Table 1, and details of two of cases of the series are
described in Tables 2 and 3. In total, there were eight
consecutive cases of pericardiocentesis via the apical
approach. The median age for patients was 54 years old
(interquartile range 38-71). Four patients were male,
and four were female. Six cases had echocardiographic
evidence of tamponade physiology, and the other two
cases were done for symptomatic large pericardial
effusions. Four patients were fully anticoagulated on
presentation for various indications (three patients
for pulmonary embolus (PE) and one for history of
deep vein thrombosis). Seven patients had circum-
ferential pericardial effusions. The pericardial drain
was left in place in six cases. The longest duration of
pericardial drain retention was 144 h, which occurred
in a patient with end stage renal disease (ESRD). The
aforementioned patient was considered for pericardial
window, but eventually was transitioned to comfort
care. There were no immediate or late complications
in any of the patients. The procedure was successful in
seven cases. In one case with a large loculated pericar-
dial effusion, multiple attempts to drain the effusion
only resulted in 120 ml output. Subxiphoid approach
was not attempted due to small fluid pocket. Due to
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Table 1 Patient and procedural characteristics

Patient and procedural characteristics:

Number of patients 8
Age; median (interquartile range in years) 53.5(38-71)
Male; n (%) 4 (50%)
Pericardial effusion location
Circumferential effusion; n (%) 7 (88%)
Loculated effusion; n (%) 1 (12%)
Pericardial effusion characteristics
Serous; n (%) 3(38%)
Sanguineous; n (%) 3 (38%)
Serosanguinous; n (%) 2 (25%)
Etiologies:
Uremia; n (%) 4 (50%)
Malignancy; n (%) 2 (25%)
Viral: n (%) 1(12%)
Idiopathic or indeterminate; n (%) 1 (12%)
Therapeutic anticoagulation; n (%) 4 (50%)
Amount of drained pericardial fluid; median (interquartile range) 955 (660-1755) ml
Drain placement duration; median (interquartile range) 32 (13-46.5) hours
Success rate %; (n) 88% (7)
Complication rate; (n) 0% (0)

n number, IQR interquartile range

Table 2 Case number 1

Case #1

Brief history and physical examination

Indication

Pericardial effusion size and location
on transthoracic echo

Anticoagulation use

Type of pericardial effusion
Amount drained

Etiology

Duration of drain placement
Complications

Outcomes

Comments

A 29-year-old female with neurofibromatosis, who presented with worsening shortness of breath, and hypoxia
requiring supplemental oxygen. She underwent a computed tomography (CT) scan of the chest and was found
to have a pulmonary embolus, along with a large pericardial effusion and a large mass along the right heart
border. The patient was started on anticoagulation for PE. TTE confirmed large circumferential pericardial effu-
sion with evidence of tamponade physiology

Therapeutic and diagnostic
Large circumferential

Therapeutic heparin
Sanguineous. Figure 1
700 ml

Malignant

38h

None

No reaccumulating of the pericardial effusion was noted on repeat TTE, 2 days after the index procedure
the pericardial drain was removed

This patient had a metastatic sarcoma with a large mass along the right heart border that was engulfed
within the large pericardial effusion, making subxiphoid approach for pericardiocentesis risky, especially
while on therapeutic anticoagulation. In this case using available CT chest and echocardiography images
was useful, which helped in making the determination that the apical approach was the safest site for skin
entry. Figures 1,2 and 4

multiple loculations and inability to drain most of the the patient underwent a pericardial window the fol-
pericardial effusion, the procedure was aborted, and lowing day.
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Fig. 1 Case #1; A: Serosanguinous pericardial fluid B: Axial section from CT scan of the chest showing a large mass (orange arrow) in the anterior

mediastinum along the right heart border

Discussion
Percutaneous pericardiocentesis is associated with sig-
nificant risks, especially when performed in emergency
situations [4]. The rates of complications cited in the lit-
erature range from 1.2 to 1.6% and include myocardial
puncture, pneumothorax, tension pneumopericardium,
and arrhythmia [3, 6, 13, 14]. Using imaging guidance
improved significantly procedural outcomes. Echocardi-
ography is the most used modality in assisting pericardi-
ocentesis, in part due to its wide availability, ease of use,
and association with good outcomes as demonstrated by
multiple investigations [3-5, 7].

Three main puncture sites can be used in echocardi-
ography-guided pericardiocentesis: apical or para-apical,

Fig. 2 Case #1;TTE parasternal short-axis view before (left image) and after (right image) pericardiocentesis

subxiphoid, and parasternal approach (Fig. 5) [10]. The
subxiphoid approach has been the standard route used
before the emergence of echocardiography and remains
the most used site in many institutions because it has
historically been considered the safest approach [7-9,
11]. The ideal approach should be selected based on the
largest pericardial effusion pocket along with the short-
est distance between the skin and pericardial space with
no vital structures in between [6]. There are two methods
of utilizing echocardiography in pericardiocentesis: the
echocardiography-assisted method, where the operator
memorizes the needle entry site and trajectory without
continuous echocardiography monitoring. The other
approach is the echocardiography-guided method, where



Alaiwah et al. The Egyptian Heart Journal

Table 3 Case number 2

(2024) 76:106

Page 5 of 7

Case #2

Brief history and physical examination

Indication

Pericardial Effusion size and location on transthoracic
echo

Anticoagulation use

Type of pericardial effusion
Amount drained

Etiology

Duration of drain placement
Complications

Outcomes

Comments

A 78-year-old female with hypertension presented with shortness of breath. Patient

was hemodynamically stable but hypoxic requiring supplemental oxygen. The patient had
received one dose of therapeutic enoxaparin the morning of the procedure for presumed
PE.TTE showed large circumferential pericardial effusion with echocardiographic evidence
of tamponade physiology

Therapeutic and diagnostic
Large circumferential

Therapeutic enoxaparin

Serosanguinous

620 ml

Viral

26h

None

Trivial pericardial effusion was noted on repeat TTE, 2 days after pericardial drain was removed
OnTTE, a substantial portion of the liver was noted to be between the skin and the pericar-

dium, which made using the subcostal approach risky in terms of liver injury and bleeding
complications (Fig. 3). The apical view showed a large pocket of pericardial effusion with-
out overlying lung tissue (Fig. 4)

the operator uses echocardiography for continuous mon-
itoring to ensure needle entry to the pericardial space [4].
Using an apical approach offers several potential advan-
tages. Usually, the apical approach is the shortest path
between skin and pericardial space, with no or very mini-
mal lung tissue laying in between. And with echocardi-
ography guidance, the operator can confidently choose
the optimal entry site, as ultrasound waves will not pass
through air easily as is reflected on the images obtained
[6, 10]. Additionally, it is not uncommon to encounter
an enlarged liver or a tumor obscuring the subxiphoid
window as we highlight in the two cases described in
Tables 2 and 3. The first patient had metastatic sarcoma
with a large mass attached to the right ventricle (RV), and
the second patient had hepatomegaly. In both cases, it
would be challenging to maneuver the needle away from
these structures safely. These considerations become
important when patients are anticoagulated, or have cer-
tain coagulopathies, as observed in four patients in our
series. Also, given that left ventricle (LV) is thicker than
the right ventricular (RV) wall, LV injury is more likely to
self-seal after accidental puncture [4, 6, 7, 10].
Nevertheless, using the apical approach can be imprac-
tical in certain situations. First, loculated pericardial effu-
sions away from the apex may not be accessible via the
apical approach, as was the case in one of our patients
(case #4 in index A). Also, the absence of good apical
windows due to body habitus, musculoskeletal deformi-
ties, or previous thoracic surgeries would preclude using
the apical entry site. A comparison of the advantages and
disadvantages of each approach is listed in Table 4.

123 bpm

Fig. 3 Case 2; TTE showing a subxiphoid view; a substantial portion
of the liver (orange arrow) noted between the skin and the pericardial
sac

Several large case series of echocardiography-guided
pericardiocentesis have been published, which provide
an insight into the variable institution-specific considera-
tions and outcomes as it relates to the apical approach
for percutaneous pericardiocentesis, [6] versus the sub-
xiphoid approach [7, 12]. In a large echocardiography-
guided pericardiocentesis series, published in 2002,
Tsang et al. [6] presented 1127 cases they encountered
over 21 years. Almost 65% of these cases were done using
the apical approach versus 19% using subxiphoid. The
success rate reached 97% in this series and the rate of
major complications was 1.2% (1 death due to RV punc-
ture, 5 patients had non-fatal myocardial injury requiring
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Fig. 5 Percutaneous pericardiocentesis approaches; (D parasternal
approach, @ subxiphoid approach and @) apical approach [10]

surgery, 5 had pneumothorax, and 1 had intercostal ves-
sel injury requiring surgery). In another series published
in 2014 by Akyuz et al. [7] that included 301 patients over
a 10-year span, a subxiphoid approach was used in 85% of
cases and an apical approach in 15%. The overall success
rate was 97%, and the major complications rate was 1.3%
(3 patients had myocardial injury and 1 had pneumotho-
rax). Finally, in a series by Haddad et al. [12] published
in 2015 that included 212 patients with cancer requiring
percutaneous pericardiocentesis, a subxiphoid approach
was used in 63% of cases and an apical approach in 37%.
The overall success rate was 99%, and the major compli-
cations rate was 2% (1 patient had liver laceration requir-
ing surgical repair, 1 had intercostal artery laceration
requiring surgery, and 1 had pneumothorax). In none of
these studies was there a breakdown of success or com-
plications rates of one approach versus the other. Upon
reviewing percutaneous pericardiocentesis procedures

Table 4 Percutaneous pericardiocentesis approaches, advantages and disadvantages

Approach

Description

Advantages

Disadvantages/Challenges

Apical or para-apical

Subxiphoid

Parasternal

Needle insertion site is within the 5th,
6th or 7th intercostal space, usually
lateral to the apex by 1-2 cm

Needle insertion site is between xiphi-
sternum and left costal margin

Needle insertion site is in the left 5th
intercostal space, next to the sternal
margin

Usually is the shortest pathway
between skin and pericardial space
Minimal intervening structures
between skin and pericardial space

LV wall is thicker compared to RV which
makes it more likely to seal after an acci-
dental puncture

Away from lung tissue (lower risk
of pneumothorax)

Can use regular cardiac or high fre-
quency linear probe to guide the pro-
cedure

Poor apical echocardiography windows
in some individuals

higher risk of LV injury

Theoretically a higher risk of pneumotho-
rax (although no numbers are published
in the literature)

Longer path to reach the pericardial space
High risk of liver injury or entering the peri-
toneal cavity

Potential risk of right atrial injury

Risk of pneumothorax and damage
to the internal thoracic vasculature
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that were done via the subxiphoid approach at UAMS,
between the period between April 1st, 2022, until April
1st, 2023, we found total of 7 patients. Success and com-
plications rate were comparable to the apical approach
pericardiocentesis that were done at UAMS during the
same period. The high success rates in the aforemen-
tioned series, as well as ours, and the absence of guideline
statements [1] on an “optimal” approach for percutane-
ous pericardiocentesis further emphasize the importance
of individualizing the approach for each patient.

Conclusion

Pericardiocentesis via the apical approach has its potential
benefits and limitations. Each case should be evaluated indi-
vidually based on their clinical and anatomical characteris-
tics, while also accounting for the operator’s and institutional
experience. Using available images modalities, including
echocardiography, computed tomography and fluoroscopy,
can aid in achieving optimal success and safety outcomes
within the realm of percutaneous pericardiocentesis.

Abbreviations
UAMS  University of Arkansas for Medical Sciences
TTE Transthoracic echocardiography

us Ultrasound

IQR Interquartile range

n Number

RV Right ventricle

Lv Left ventricle

cT Computed tomography

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/543044-024-00537-8.

[ Supplementary Material 1. }

Acknowledgements
Not applicable

Author contributions

MA and AH contributed to data curation, project administration, methodol-
ogy, and writing (original draft). DA and HR contributed to resources and
writing (original draft). ZH performed data curation and writing (original draft).
MA performed data curation and writing (review and editing). MM performed
investigation and writing (review and editing). SD and SV performed valida-
tion and writing (review and editing). TT contributed to validation, resources,
and writing (review and editing). JM was involved in supervision, validation,
and writing (review and editing). SA contributed to supervision, validation,
project administration, resources, and writing (review and editing).

Funding
No funding was used for this manuscript.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Page 7 of 7

Consent for publication
Not applicable. University of Arkansas for Medical Sciences IRB office approval.

Competing interests
The authors declare that they have no competing interests.

Received: 20 May 2024 Accepted: 4 August 2024
Published online: 16 August 2024

References

1. AdlerY, Charron P, Imazio M, et al: ESC Scientific Document Group.
2015 ESC Guidelines for the diagnosis and management of pericardial
diseases: The Task Force for the Diagnosis and Management of Pericardial
Diseases of the European Society of Cardiology (ESC)Endorsed by: The
European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J.
2015;36(42):2921-2964. https://doi.org/10.1093/eurheartj/ehv318

2. Kilpatrick ZM, Chapman CB (1965) On pericardiocentesis. Am J Cardiol
16(5):722-728. https://doi.org/10.1016/0002-9149(65)90057-3

3. Tsang TS, Freeman WK, Sinak LJ et al (1998) Echocardiographically guided
pericardiocentesis: evolution and state-of-the-art technique. Mayo Clin
Proc 73(7):647-652. https://doi.org/10.1016/50025-6196(11)64888-X

4. Maggiolini S, Gentile G, Farina A et al (2016) Safety, efficacy, and complica-
tions of pericardiocentesis by real-time echo-monitored procedure. Am J
Cardiol 117(8):1369-1374. https://doi.org/10.1016/j.amjcard.2016.01.043

5. Callahan JA, Seward JB, Nishimura RA et al (1985) Two-dimensional
echocardiographically guided pericardiocentesis: experience in 117 con-
secutive patients. Am J Cardiol 55(4):476-479. https://doi.org/10.1016/
0002-9149(85)90397-2

6. Tsang TS, Enriquez-Sarano M, Freeman WK et al (2002) Consecutive 1127
therapeutic echocardiographically guided pericardiocenteses: clinical
profile, practice patterns, and outcomes spanning 21 years. Mayo Clin
Proc 77(5):429-436. https://doi.org/10.4065/77.5.429

7. AkyuzS, Zengin A, Arugaslan E et al (2015) Echo-guided pericardiocen-
tesis in patients with clinically significant pericardial effusion. Outcomes
over a 10-year period. Herz 40(Suppl 2):153-159. https://doi.org/10.1007/
500059-014-4187-x

8. Spodick DH (2003) Acute cardiac tamponade. New Engl J Med
349:684-690

9. Maisch B, Seferovi¢ PM, Risti¢ AD et al (2004) 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 25:587-610

10. De Carlini CC, Maggiolini S (2017) Pericardiocentesis in cardiac tampon-
ade: indications and practical aspects. e-J Cardiol Pract. 15:19. https://rb.
gy/0yrom3

11. Vayre F, Lardoux H, Pezzano M et al (2000) Subxiphoid pericardiocente-
sis guided by contrast two-dimensional echocardiography in cardiac
tamponade: experience of 110 consecutive patients. Eur J Echocardiogr
1(1):66-71. https://doi.org/10.1053/euje.1999.0003

12. Haddad D, lliescu C, Yusuf S et al (2015) Outcomes of cancer patients
undergoing percutaneous pericardiocentesis for pericardial effusion. J
Am Coll Cardiol 66(10):1119-1128

13. Tsang TS, Barnes ME, Hayes SN et al (1999) Clinical and echocardiographic
characteristics of significant pericardial effusions following cardiothoracic
surgery and outcomes of echo-guided pericardiocentesis for manage-
ment: Mayo Clinic experience, 1979-1998. Chest 116(2):322-331. https.//
doi.org/10.1378/chest.116.2.322

14. Tsang TS, Freeman WK, Barnes ME et al (1998) Rescue echocardiographi-
cally guided pericardiocentesis for cardiac perforation complicating
catheter-based procedures. The Mayo Clinic experience. J Am Coll Cardiol
32(5):1345-1350. https://doi.org/10.1016/50735-1097(98)00390-8

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s43044-024-00537-8
https://doi.org/10.1186/s43044-024-00537-8
https://doi.org/10.1093/eurheartj/ehv318
https://doi.org/10.1016/0002-9149(65)90057-3
https://doi.org/10.1016/S0025-6196(11)64888-X
https://doi.org/10.1016/j.amjcard.2016.01.043
https://doi.org/10.1016/0002-9149(85)90397-2
https://doi.org/10.1016/0002-9149(85)90397-2
https://doi.org/10.4065/77.5.429
https://doi.org/10.1007/s00059-014-4187-x
https://doi.org/10.1007/s00059-014-4187-x
https://rb.gy/0yr9m3
https://rb.gy/0yr9m3
https://doi.org/10.1053/euje.1999.0003
https://doi.org/10.1378/chest.116.2.322
https://doi.org/10.1378/chest.116.2.322
https://doi.org/10.1016/s0735-1097(98)00390-8

	Percutaneous pericardiocentesis using the apical approach: case series and review of the literature
	Abstract 
	Background 
	Materials and methods 
	Results 
	Conclusion 

	Background
	Main text
	Material and methods
	Procedural details
	Results
	Discussion

	Conclusion
	Acknowledgements
	References


