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Abstract

Cardiac tamponade is a rare complication that occurs during hemihepatectomy. This particular

complication has a high degree of mortality and morbidity. A 51-year-old woman was admitted to

our hospital for surgical treatment of a malignant liver tumor. During surgery, she developed

sudden hemodynamic instability and signs suggesting cardiac tamponade, which was confirmed via

transthoracic echocardiogram. Cardiac compression and creation of a pericardial window

resulted in immediate hemodynamic improvement. At completion of surgery, a repeated trans-

thoracic echocardiogram showed no pericardial effusion. Early ultrasound-assisted diagnosis and

treatment of cardiac tamponade are crucial. Although cardiac tamponade rarely occurs during

hemihepatectomy, medics should be aware of this possibility to ensure prompt diagnosis. Our

findings strongly support the use of early cardiac compression in cardiac arrest during surgery

with echocardiography for prompt and accurate diagnosis of cardiac tamponade. Additionally, our

findings will hopefully make anesthesiologists aware of the need to maintain a high index of

suspicion for cardiac tamponade with sudden hypotension and a large reduction in differential

pressure, and encourage early use of echocardiography and timely cardiac compression.
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Introduction

Cardiac tamponade is a rare complication

that can occur during hemihepatectomy.

This complication has a high degree of mor-

tality and morbidity. Only a few reports of

intraoperative cardiac tamponade have

been previously published.1,2 We report

here the first case of intraoperative cardiac

tamponade during hemihepatectomy, with

prompt diagnosis and treatment with the

assistance of echocardiography.

Case report

A 51-year-old woman was admitted to our

hospital for treatment of a liver lesion,

which was found on a routine exam. The

patient did not have any medical history,

except for hypertension, and she did not

take any medicine routinely. Vital signs,

laboratory values, a physical exam, and car-

diovascular evaluation were normal. Liver

function tests, the platelet count, and

coagulation studies were within normal
limits. A preoperative electrocardiogram
and chest X-ray were unremarkable.
Echocardiography showed a normal heart
size with mild dilation of the aortic sinus,
ascending aorta, and pulmonary artery.
The estimated ejection fraction was 70%.

After induction of general anesthesia, the
patient was ventilated with 100% oxygen at
a tidal volume of 450 mL. Cannulation of
the right internal jugular vein showed that
the central venous pressure ranged from 5
to 7 mmHg. Exploration showed that the
tumor was primarily located in Couinaud’s
segment IV and involved the post-hepatic
inferior vena cava (IVC). The IVC was par-
tially occluded with a clamp. Left hemihepa-
tectomy was performed, including the
junction between the anterior wall of the
IVC and the middle and left hepatic veins.
The right hepatic vein was preserved.
Shortly after the IVC was opened, the
patient’s blood pressure and differential
pressure rapidly decreased (Figure 1), while

Figure 1. Graph of differential pressure. There was a large decrease in differential pressure during cardiac
tamponade.
SP, systolic pressure; DP, diastolic pressure; IVC, inferior vena cava; IV, intravenously.

2 Journal of International Medical Research



her central venous pressure markedly

increased (Figure 2).
Continuous electrocardiographic moni-

toring showed sinus tachycardia. A total of

2 mg of norepinephrine was administered in

separate doses. However, the patient’s

blood pressure did not respond to vasopres-

sors and continued to decrease.

Cardiopulmonary resuscitation was initiat-

ed with emergency cardiac compression and

administration of 2 mg epinephrine for a

total of three times. After hemodynamic

improvement, a transthoracic echocardio-

gram showed an approximately normal ven-

tricular size and motion (Figure 3).

However, circulatory collapse recurred

shortly thereafter. Echocardiography

showed pericardial effusion (Figure 4).

Incorrect suture placement between the

pericardium and the IVC had caused cardi-

ac tamponade, which was treated by crea-

tion of a pericardial window. The large

hemopericardium was evacuated. After

rechecking cardiac ultrasound (Figure 5),

the patient was transferred to the intensive

care unit, where she remained for 6 days.
The patient continued to improve and

was discharged home soon after leaving

the intensive care unit. At a postoperative

follow-up examination 1 month after dis-

charge, a transthoracic echocardiogram

showed good ventricular function and a

stable hemodynamic status.

Discussion

Cardiac tamponade is a medical emergency

that results when sufficient fluid accumulates

in the pericardial sac to compress the heart,

resulting in decreased cardiac output and

shock.3 However, a recent study showed

that iatrogenic complications were the most

prevalent etiology for cardiac tamponade

(36%).4 Presentation may be rapid after

chest wall trauma, aortic or cardiac rupture,

or as a complication of cardiac procedures,

necessitating prompt diagnosis and treat-

ment.4 Most reported cases of iatrogenic

Figure 2. Graph of CVP. An abrupt increase in CVP occurred during cardiac tamponade.
CVP, central venous pressure; IVC, inferior vena cava; IV, intravenously.
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Figure 3. Transthoracic echocardiogram showing an approximately normal size and motion of the ventricle
after the second cardiac compression. Mild pericardial effusion can be noted behind the inferior–lateral left
ventricular wall.
RV, right ventricle; LV, left ventricle; MV, mitral valve; LA, left atrium.

Figure 4. Large hemorrhagic PE causing tamponade is seen on ultrasound with circulatory collapse.
PE, pericardial effusion; RV, right ventricle; LV, left ventricle; LA, left atrium.
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cardiac tamponade resulted from interven-

tional procedures (e.g., percutaneous coro-

nary intervention, transcatheter aortic

valve implantation, pacemaker/implantable

cardioverter-defibrillator implantation,

arrhythmia ablation, and endomyocardial

biopsy).5,6 To the best of our knowledge,

we report the first case of intraoperative car-

diac tamponade during hemihepatectomy.
Cardiac tamponade in our case rapidly

occurred Surgery in patients with hepatic

tumors involving the intrapericardial IVC

has an increased risk of cardiac tamponade

because of the distorted anatomy and mul-

tiple severe tissue adhesions. Our patient’s

tumor was located near the proximal supe-

rior IVC and pericardium. Because of

incomplete suture of the IVC after radical

resection, the unsutured part slipped into

the pericardium. This caused blood influx

into the pericardial cavity.
The three classical signs of cardiac tam-

ponade are known as Beck’s triad as fol-

lows: low blood pressure resulting from

decreased stroke volume, jugular vein dis-

tension resulting from impaired venous

return, and muffled heart sounds resulting

from fluid build-up inside the pericardium.3

Other signs of tamponade include pulsus

paradoxus (a drop of at least 10 mmHg in

arterial blood pressure with inspiration)

and ST segment changes on an electrocar-

diogram, which may also show low-voltage

QRS complexes. General signs and symp-

toms of shock may also be present, such

as tachycardia, shortness of breath, and

decreased consciousness. The clinical diag-

nosis of cardiac tamponade is supported by

the presence of breathlessness with clear

lungs, tachycardia (>100 beats/minute),

and pulsus paradoxus.7 However, these

manifestations are difficult to recognize

during general anesthesia. For surgical

patients, the most common manifestations

of cardiac tamponade are hypotension,

tachycardia, a sudden increase in central

venous pressure, and a rapid decrease in

differential pressure.8

Figure 5. Ultrasound shows that pericardial effusion has disappeared after creation of a pericardial window.
RV, right ventricle; LV, left ventricle; MV, mitral valve; LA, left atrium.
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Echocardiography is essential for assist-
ing the diagnosis of cardiac tamponade and
can also guide treatment. Echocardiography
performed by emergency physicians or anes-
thesiologists is reliable in diagnosing peri-
cardial effusion and should be used
routinely in critically ill patients with hemo-
dynamic instability.9 Echocardiography can
not only confirm the presence of pericardial
effusion, but can determine its size and
whether it compromises cardiac function
(e.g., right ventricular diastolic collapse,
right atrial systolic collapse, and a plethoric
IVC).3,10 The earliest echocardiographic
indicator of hemodynamic compromise is
diastolic compression of the right heart
chambers. This compression appears on an
echocardiogram as flattening of the normal-
ly anteriorly oriented curvature of the free
wall or as curvature reversal as the compres-
sion becomes more severe. Collapse of the
right atrium occurs in late diastole when this
chamber is maximally emptied. As intraper-
icardial pressure increases further, the right
heart chamber volume becomes markedly
reduced. Ultimately, chamber volume in
the left atrium and ventricle will also be
reduced. In some cases, the compressible
left atrium may show signs of collapse, but
the left ventricle rarely does. The thicker and
less compliant walls of the left ventricle
show signs of preload reduction, but not
free wall compression. The sudden accumu-
lation of even a relatively modest volume of
effusion may result in severe diastolic cham-
ber compression and hemodynamic com-
promise.11 IVC plethora with a blunted
respiratory response is the most sensitive
echocardiographic sign of cardiac
tamponade.

Cardiac tamponade can lead to fatal
hemodynamic collapse with hypotension
and tachycardia. Other emergencies that
may cause this drastic hemodynamic col-
lapse, including acute myocardial infarc-
tion, pulmonary embolism, anaphylactic
shock, and tension pneumothorax, should

be ruled out without delay, as described
below. The diagnosis of intraoperative
acute myocardial infarction relies on an
ST-T segment change and elevated serum
myocardial enzymes. In our patient, an
electrocardiogram and postoperative labo-
ratory tests (normal troponin and creatine
phosphokinase levels) ruled out acute myo-
cardial ischemia. In patients with intraoper-
ative pulmonary embolism, a pulse
oximeter usually stops detecting a signal
at the fingertip, and end-tidal CO2 rapidly
decreases. Severe tachycardia (>120 beats/
minute), high central venous pressure,
hypotension, and hypocapnia are usually
observed during acute pulmonary embo-
lism. Hypotension is usually difficult to cor-
rect with vasoactive drugs. Transesophageal
and transthoracic echocardiography is
important in diagnosing massive pulmo-
nary thromboembolism. A close correlation
has been demonstrated between the size of
the right pulmonary artery and mean pul-
monary artery pressure in patients with pul-
monary thromboembolism who do not
have prior cardiopulmonary disease.12

Echocardiograms offer direct views of cen-
tral thromboemboli. Echocardiograms also
provide indirect evidence of pulmonary
artery obstruction and right ventricular
pressure overload, such as right ventricular
dysfunction, tricuspid regurgitation, left-
ward bowing of the interatrial septum,
and systolic flattening of the interventricu-
lar septum.12 The early cutaneous signs of
anaphylaxis are often unrecognized in anes-
thetized patients, meaning that broncho-
spasm and cardiovascular collapse are the
first recognized signs.13 Intraoperative ana-
phylaxis typically causes more than one of
the following: rash, periorbital edema,
throat or tongue swelling, high airway resis-
tance, hypotension, and tachycardia.
Epinephrine is the first-line medical therapy
for anaphylaxis and is more effective than
other vasopressors. The distance between
the superior liver border and the diaphragm
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is only 1.15� 0.29 cm. Therefore, tension

pneumothorax is possible. Progressive, oth-

erwise unexplained hypoxemia and hemo-

dynamic instability that are unresponsive

to therapy and disproportionate to intrao-

perative blood loss are the main indicators

of tension pneumothorax. Identification of

the following four sonographic signs is

required to diagnose pneumothorax: the

absence of lung sliding, B-lines, and lung

pulse, and the presence of lung point.14

Urgent drainage of pericardial effusion is

usually the most effective management for

iatrogenic cardiac tamponade, either by

pericardiocentesis or surgical pericardiot-

omy.15 Autologous blood reinfusion from

the pericardial space to a femoral vein can

also be a life-saving procedure.16

Conclusion

Findings in our case indicate the impor-

tance of early cardiac compression in intra-

operative cardiac arrest and the usefulness

of echocardiography in prompt and accu-

rate diagnosis of cardiac tamponade. We

hope that this case will raise awareness in

anesthesiologists to maintain a high index

of suspicion for cardiac tamponade when

patients experience sudden hypotension

and a large reduction in differential

pressure.

Acknowledgements

We are grateful to Dr. Ling-Yun Kong for her

contribution, including analysis of ultrasound

images, and to staff members of the

Department of Hepatobiliary Surgery for their

collaboration.

Author contributions

Jia-Wan Wang was the patient’s anesthesiolo-

gist, reviewed the literature, and contributed to

drafting the manuscript; Ying-Qi Chen was

responsible for revision of the manuscript for

important intellectual content; and all authors

issued final approval for the version to be

submitted.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Ethics and informed consent

The study protocol was approved by the Ethics

Committee of Beijing Chao-Yang Hospital.

Informed written consent was obtained from

the patient for publication of this report and

accompanying images.

Funding

This work was supported by the National

Natural Science Foundation of China (No.

81500199).

ORCID iDs

Jia-Wan Wang https://orcid.org/0000-0002-

2199-0483
Ying-Qi Chen https://orcid.org/0000-0003-

0588-2623

References

1. Spodick DH. Acute cardiac tamponade. N

Engl J Med 2003; 349: 684–690. DOI:

10.1056/NEJMra022643.
2. O’Connor CJ, Tuman KJ. The intraopera-

tive management of patients with pericardial

tamponade. Anesthesiol Clin 2010; 28:

87–96. DOI: 10.1016/j. anclin. 2010.01.011.
3. Pursley P. Acute cardiac tamponade. Am J

Nurs 1983; 83: 1414–1418. DOI:10.1097/

00000446-198383100-00024.
4. Orbach A, Schliamser JE, Flugelman MY,

et al. Contemporary evaluation of the

causes of cardiac tamponade: acute and

long-term outcomes. Cardiol J 2016; 23:

57–63. DOI: 10.5603/CJ.a2015.0041.
5. Sánchez-Enrique C, Nu~nez-Gil IJ, Viana-

Tejedor A, et al. Cause and long-term out-

come of cardiac tamponade. Am J Cardiol

2016; 117: 664–669. DOI: 10.1016/j.

amjcard.2015.11.023.
6. Adamczyk M, Wasilewski J, Niedziela J,

et al. Pericardial tamponade as a

Wang and Chen 7

https://orcid.org/0000-0002-2199-0483
https://orcid.org/0000-0002-2199-0483
https://orcid.org/0000-0002-2199-0483
https://orcid.org/0000-0003-0588-2623
https://orcid.org/0000-0003-0588-2623
https://orcid.org/0000-0003-0588-2623


complication of invasive cardiac procedures:
a review of the literature. Postepy Kardiol

Interwencyjnej 2019; 15: 394–403.
DOI:10.5114/aic.2019.90213.

7. Kapoor PM. Echocardiography for cardiac
tamponade. Ann Card Anaesth 2016; 19: 338.

8. Pawlak Cieslik A, Szturmowicz M,
Fijalkowska A, et al. Diagnosis of malignant
pericarditis: a single centre experience.
Kardiol Pol 2012; 70: 1147–1153.

9. Beaulieu Y. Bedside echocardiography in
the assessment of the critically ill. Crit Care
Med 2007; 35: S235–S249. DOI:10.1097/01.
CCM.0000260673.66681.AF.

10. Perez-Casares A, Cesar S, Brunet-Garcia L,
et al. Echocardiographic evaluation of peri-
cardial effusion and cardiac tamponade.
Front Pediatr 2017; 5: 79. DOI:10.3389/
fped.2017.00079.

11. Goldstein JA. Cardiac tamponade, constric-
tive pericarditis, and restrictive cardiomyop-
athy. Curr Probl Cardiol 2004; 29: 503–567.
DOI: 10.1016/j.cpcardiol.2004.03.002.

12. Torbicki A, Perrier A, Konstantinides S,
et al. Guidelines on the diagnosis and man-
agement of acute pulmonary embolism: the

Task Force for the Diagnosis and
Management of Acute Pulmonary
Embolism of the European Society of
Cardiology (ESC). Eur Heart J 2008; 29:
2276–315. DOI: 10.1093/eurheartj/ehn310.

13. Hepner DL and Castells MC. Anaphylaxis
during the perioperative period. Anesth

Analg 2003; 97: 1381–1395.
14. Mittal AK and Gupta N. Intraoperative

lung ultrasound: a clinicodynamic perspec-
tive. J Anaesthesiol Clin Pharmacol 2016;
32: 288–297. DOI: 10.4103/0970-
9185.188824.

15. Risti AD, Imazio M, Adler Y, et al. Triage
strategy for urgent management of cardiac
tamponade: a position statement of the
European Society of Cardiology Working
Group on Myocardial and Pericardial
Diseases. Eur Heart J 2014; 35: 2279–2284.
DOI: 10.1093/eurheartj/ehu217.

16. Fiocca L, Cereda AF, Bernelli C, et al.
Autologous blood reinfusion during iatro-
genic acute hemorrhagic cardiac tamponade:
safety and feasibility in a cohort of 30
patients. Catheter Cardiovasc Interv 2019;
93: E56–E62. DOI: 10.1002/ccd.27784.

8 Journal of International Medical Research


