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Clinical diagnosis of cardiac tamponade can be difficult in patients with continuous

flow left ventricle assist devices (cf-LVADs). This is even more so because of the

lack of adequate bedside echocardiographic windows. Previous studies on monitoring

sublingual microcirculation showed deterioration of end-organ perfusion in patient with

cardiogenic shock. In this paper we report alterations in the sublingual microcirculation in

a cf-LVAD patient prior to clinical manifestation of tamponade. Our case report suggests

that such real-time monitoring of the microcirculation may provide a new diagnostic

modality for early recognition of cardiac tamponade.
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INTRODUCTION

The identification of (sub)acute cardiac tamponade following cardiac surgery is difficult to assess at
the bedside. Patients may be (relatively) asymptomatic early in the course, but once intrapericardial
pressure reaches a critical value limiting the cardiac output, the clinical course can be dramatic.
In continuous flow left ventricle assist device (cf-LVAD) patients this is especially the case,
due to the lack of pulsatility as a diagnostic indication. Recent studies observing sublingual
microcirculatory alterations using incident dark-field (IDF) imaging may potentially provide a
new bedside imaging modality for clinical assessment of shock (1, 2). IDF imaging consists of a
hand-held device with a pen-like image guide probe (Braedius Medical, Huizen, the Netherlands)
incorporating concentrically placed light emitting diodes incorporating IDF illumination with a set
of high-resolution lenses projecting images on to a computer-controlled high-density image sensor
synchronized to an illumination unit (3).

In this paper we report the presence of microcirculatory alterations in a cf-LVAD patient with
cardiac tamponade before its clinical presentation.
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FIGURE 1 | (A) The day prior to LVAD implantation. The microcirculation is typical as seen in heart failure characterized by slow, sludging flow (red arrows), stasis of

red blood cells, and low capillary density. (B) The day after LVAD implantation with improved microcirculatory flow with a high red blood cell (RBC) velocity, concordant

blood flow in all quadrants, and increased capillary density (red arrows). (C) The day of event, 10 days post-surgery, showing severe deterioration of microcirculation

with severe stasis of red blood cells (red arrows) and severe congestion and distention of the venules (*). (D) Prior to discharge, quietly normalized microcirculatory

flow (red arrows) after revealing cardiac tamponade.

CASE DESCRIPTION

A 39-year-old man, with a history of resection of the subvalvular
aortic membrane and myectomy (30 years ago), was referred to
our hospital because of progressive heart failure as a result of
severe left ventricular (LV) systolic dysfunction with concomitant
severe aortic regurgitation (AR). Conservative surgery with
correction of AR was considered inappropriate due the severity
of LV dysfunction. His exercise capacity appeared to be severely
limited with a VO2 max of 13 kg/min (38% of predicted value).
Due to further deterioration, a HeartMate II (Abbott, Chicago,
USA) LVADwas implanted as a bridge-to-transplantation (BTT).
His recovery was complicated by postoperative bleeding on
day 5 requiring rethoracotomy. As part of a clinical research
project, intermittent sublingually microcirculation measured
using Cytocam-IDF imaging was initiated (4). The day before
LVAD implantation, the sublingual microcirculation was typical
as seen in the state of severe heart failure, characterized by
slow, sludging movement of the red blood cells (Figure 1A and
Supplementary Video 1). The day after LVAD implantation, the
microcirculation improved significantly, with high red blood

cell (RBC) velocity (Figure 1B and Supplementary Video 2). On
day 10 after the LVAD implantation, the patient was apparently
clinical stable with a heart rate of 90 beats/min, blood pressure
of 99/73 mmHg, and normal diuresis. Also, his LVAD parameters
were within the normal range: 8,600 rpm, flow 4.8 L/min (N =

3–10 L/min), pulsability index (PI) 7.0 ([(power max − power
min)/power average] × 10), and power 4.7 Watt (N < 8 Watt).
However, during this phase, microcirculatory imaging revealed a
severe failure of microcirculatory function, reflected by a clear
stasis of blood cells (Figure 1C and Supplementary Video 3).
Later that evening the clinical condition of the patient
deteriorated and clinical investigations were initiated. There
was a situation with near collapse, followed by low flow
alarms of the LVAD. The patient complained of dizziness and
decreased PI of the HeartMate II. His blood pressure was
84/70 mmHg and his heart rate 90 beats/min. The transthoracic
echocardiography showed pericardial thrombus formation at the
posterior site without evident signs of tamponade. Given the
unclear clinical status, an additional CT scan was performed
showing evident signs of cardiac tamponade with thrombus
formation around the right ventricle and posterior to LV.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 2 March 2022 | Volume 9 | Article 818063

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Akin et al. Artificial Circulations Need Customized Monitoring

FIGURE 2 | Space-time diagram analysis of red blood cell (RBC) velocity

measured in five representative capillary video sequences at each time point in

individual vessels from the day before LVAD to discharge. The RBC values are

shown with bars giving the standard deviation.

Subsequently a resternotomy was performed to relieve the
cardiac tamponade. This surgical intervention resulted in a
quick clinical recovery with restoration of microcirculatory blood
flow as shown by sublingual measurements (Figure 1D and
Supplementary Video 4). Additionally, off-line analysis of the
microcirculatory movies using Automated Vascular Analyses

software (AVA; MicroVision Medical©) allowed a quantitative
analysis of the sublingual microcirculation and the velocity
distributions to be made (5). Space-time diagram analysis
showed that the velocity of red blood cell flow was significantly
reduced during the event, and slowly recovered in the following
days following treatment of cardiac tamponade until discharge
(Figure 2). Further clinical recovery was uneventful.

DISCUSSION

(Sub)acute cardiac tamponade is a cardiac complication after
open heart surgery, potentially lethal if diagnosed late (6). It
usually results from accumulation of pericardial fluid, blood,
and thrombus formation, leading to impaired cardiac filling and
hemodynamic compromise. In this report, we present unique
images of microcirculatory alterations in a cf-LVAD patient
before the clinical manifestation of cardiac tamponade.

Postoperative bleeding and tamponade are considered
major complications after implantation of cf-LVADs. Common
hemodynamic characteristics of cardiac tamponade, including
tachycardia, shock, or pulsus paradoxus, may be masked by the
set values of the cf-LVAD (7). Transthoracic echocardiography
is the first-line bedside cardiac imaging modality. However,
due to blurred echo windows in LVAD patients, the diagnosis
of pericardial effusion and resulting cardiac tamponade can be
very challenging. However, echocardiography is readily available
and portable, lacks ionizing radiation, and is highly sensitive
for pericardial effusion. It is also very specific for diagnosis of
pericardial tamponade in acute settings. If it does not result

in feasible windows, computed tomography with additional
information with assessment of the entire chest including
associated abnormalities in the mediastinum, lungs, and adjacent
structures is possible due to the larger field of view compared
with that of echocardiography. IDF imaging is implemented in a
hand-held device with a pen-like image guide (Braedius Medical,
Huizen, the Netherlands) incorporating concentrically placed
light emitting diode illumination when a set of high-resolution
lenses projects images on to a computer-controlled high-density
image sensor synchronized to an illumination unit (3). The
patient-friendly and portable characteristics are comparable
with that of echocardiography. Recently, IDF imaging has been
validated for clinical assessment of microcirculatory alterations
in critically ill patients (4). Further use of microcirculatory
off-line analysis using Semi-Automated Vascular Analyses
software (5) allows for quantitative analysis of sublingual
microcirculation and the velocity distributions to be made (5).
Using the method for space-time diagram analysis, significant
alterations in the velocity of red blood cell flow were found.
The images captured by echocardiography and a CT scan (8 h
after sublingual microcirculatory alterations were present) after
clinical deterioration during this cardiac tamponade are shown
in Figure 3.

The study identified significant evidence for loss of
hemodynamic coherence between the macrocirculation and
microcirculation (8). Microcirculatory shock is the failure of
microcirculation to support tissue perfusion and oxygenation,
despite a normal restoration of systemic hemodynamics. A
severely disrupted microcirculation might coexist with a restored
systemic hemodynamic. Variables may not necessarily result in a
correction of tissue andmicrocirculatory perfusion (9). Although
this is to our knowledge the first description of microcirculatory
IDF analysis in a patient with a continuous flow left ventricular
assist device, there are limitations. This technique is not new and
has to be implemented on larger populations with cf-LVADs.
There are studies in the past that have described continuous
flow circulatory support devices for temporary use (10–15).
Furthermore, a limitation of our study is that we did not prove
a direct causal effect between microcirculatory alterations and
tamponade. Such alterations could also have been caused by
acute right-sided heart failure, a pulmonary embolism causing
severe obstructive shock, or in some cases, the condition of the
pump itself, like pump thrombosis. Further technical limitations
have to be taken into consideration as recently described (16).
The assessment of red blood cell displacement as a measure of
the microcirculatory convection capacity using current tools
represents an even bigger challenge. Although measurement of
the absolute red blood cell velocity of selected capillaries has been
realized using manual space–time diagram analysis, applying
this manual method to all capillaries rendered in an IDF image
sequence for accurate and unbiased representation of red blood
cell velocity within the field of view is not feasible (17).

In conclusion, in this case report we described the presence
of microcirculatory alterations in a cf-LVAD patient in advance
of the clinical manifestation of pericardial tamponade. Our
study suggests that microcirculatory imaging may add a new
modality in the arsenal of hemodynamic monitoring devices
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FIGURE 3 | (A) Echocardiography images in parasternal long and short axis views showing thrombus formation (red arrows) in the pericardial space at the posterior

area. (B) CT images of the whole thorax from transversal and anterior views showing thrombus formation (red arrows) around the left ventricle, and the atria images

collected with echocardiography which are voluminous and more detailed and also show the HeartMate II outflow graft very clearly (blue arrow).

for identification of the early presence of tamponade in LVAD
patients. This could probably add a new dimension in the
early diagnosis and bedside monitoring of post-cardiac surgery
patients, especially in patients with cf-LVADs.

PATIENT PERSPECTIVE

I am happy that doctors all over the world are learning from
my case and I do not mind my condition being discussed. I
do not want anyone to go through what I had to after an
LVAD implantation.

As a young man with end-stage heart failure I have been given
an LVAD implantation as a bridge to heart transplant. There
were bleeding problems a couple of days after the operation
in the ICU. There was a need for re-operation during my
stay in the normal ward as well. Due to the LVAD in my
thorax, echocardiography views were difficult to assess leading
to CT scans. Dr. Akin asked me, as part of a clinical research
project, to look under my tongue before the operation for

intermittent microcirculation measurement using a camera.
There were alterations seen in the microcirculation during my
stay in the hospital before and after the LVAD implantation. For
further optimizing the circulation after a LVAD implantation,
such a technique could be useful in the future. Therefore, I
give my consent for follow-up, during my out-patient clinical
visits as well. It was very easy to measure this sublingually
microcirculation by holding the camera with my hand and
helping with the acquisition of the videos. I am very pleased
with all the attention and care I received in the hospital. The
doctors and nurses were nice to me. In the end, I hope that
doctors all over the world have learnt something from reading
my case.
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Supplementary Video 1 | The day prior to LVAD implantation. The

microcirculation is typical as seen in heart failure characterized by slow, sludging

flow (red arrows), stasis of red blood cells, and low capillary density.

Supplementary Video 2 | The day after LVAD implantation with improved

microcirculatory flow with a high red blood cell (RBC) velocity, concordant blood

flow in all quadrants, and increased capillary density (red arrows).

Supplementary Video 3 | The day of event, 10 days post-surgery, showing

severe deterioration of microcirculation with severe stasis of red blood cells (red

arrows) and severe congestion and distention of the venules (∗).

Supplementary Video 4 | Prior to discharge, quietly normalized microcirculatory

flow (red arrows) after revealing cardiac tamponade.

REFERENCES

1. Greenwood JC, Jang DH, Hallisey SD, Gutsche JT, Horak J, Acker MA, et al.

Severe impairment of microcirculatory perfused vessel density is associated

with postoperative lactate and acute organ injury after cardiac surgery. J

Cardiothorac Vasc Anesth. (2021) 35:106–15. doi: 10.1053/j.jvca.2020.04.045

2. Slovinski AP, Hajjar LA, Ince C. Microcirculation in cardiovascular diseases. J

Cardiothorac Vasc Anesth. (2019) 33:3458–68. doi: 10.1053/j.jvca.2019.08.008

3. Sherman H, Klausner S, Cook WA. Incident dark-field illumination:

a new method for microcirculatory study. Angiology. (1971) 22:295–

303. doi: 10.1177/000331977102200507

4. Aykut GVG, Scorcella C, Ince C, Boerma C. Cytocam-IDF (incident dark

field illumination) imaging for bedside monitoring of the microcirculation.

Intensive Care Med. (2015) 3:10. doi: 10.1186/s40635-015-0040-7

5. Dobbe JG, Streekstra GJ, Atasever B, van Zijderveld R, Ince C.

Measurement of functional microcirculatory geometry and velocity

distributions using automated image analysis. Med Biol Eng Comput.

(2008) 46:659–70. doi: 10.1007/s11517-008-0349-4

6. Merrill W, Donahoo JS, Brawley RK, Taylor D. Late cardiac tamponade: a

potentially lethal complication of open-heart surgery. J Thorac Cardiovasc

Surg. (1976) 72:929–32. doi: 10.1016/S0022-5223(19)40013-5

7. Topilsky Y, Price TN, Atchison FW, Joyce LD. Atypical

tamponade hemodynamic in a patient with temporary left

ventricular assist device. Interact Cardiovasc Thorac Surg. (2011)

12:832–4. doi: 10.1510/icvts.2010.265066

8. Ince C. Hemodynamic coherence and the rationale for monitoring the

microcirculation. Crit Care. (2015) 19(Suppl 3):S8. doi: 10.1186/cc14726

9. Kanoore Edul VS, Ince C, Dubin A. What is microcirculatory shock? Curr

Opin Crit Care. (2015) 21:245–52. doi: 10.1097/MCC.0000000000000196

10. Yeh YC, Lee CT, Wang CH, Tu YK, Lai CH, Wang YC, et al.

Investigation of microcirculation in patients with venoarterial

extracorporeal membrane oxygenation life support. Crit Care. (2018)

22:200. doi: 10.1186/s13054-018-2081-2

11. Kara A, Akin S, Dos Reis Miranda D, Struijs A, Caliskan K, van Thiel RJ, et al.

Microcirculatory assessment of patients under VA-ECMO. Crit Care. (2016)

20:344. doi: 10.1186/s13054-016-1519-7

12. den Uil CA, Maat AP, Lagrand WK, van der Ent M, Jewbali LS, van

Thiel RJ, et al. Mechanical circulatory support devices improve tissue

perfusion in patients with end-stage heart failure or cardiogenic shock.

J Heart Lung Transplant. (2009) 28:906–11.doi: 10.1016/j.healun.2009.

05.010

13. Chommeloux J, Montero S, Franchineau G, Brechot N, Hekimian G, Lebreton

G, et al. Microcirculation evolution in patients on venoarterial extracorporeal

membrane oxygenation for refractory cardiogenic shock. Crit Care Med.

(2020) 48:e9–17. doi: 10.1097/CCM.0000000000004072

14. Akin S, Dos Reis Miranda D, Caliskan K, Soliman OI, Guven G, Struijs

A, et al. Functional evaluation of sublingual microcirculation indicates

successful weaning from VA-ECMO in cardiogenic shock. Crit Care. (2017)

21:265. doi: 10.1186/s13054-017-1855-2

15. Lam K, Sjauw KD, Henriques JP, Ince C, de Mol BA. Improved

microcirculation in patients with an acute ST-elevation myocardial infarction

treated with the Impella LP2.5 percutaneous left ventricular assist device. Clin

Res Cardiol. (2009) 98:311–8. doi: 10.1007/s00392-009-0006-4

16. Ince C, Boerma EC, Cecconi M, De Backer D, Shapiro NI, Duranteau J,

et al. Second consensus on the assessment of sublingual microcirculation

in critically ill patients: results from a task force of the European

Society of Intensive Care Medicine. Intensive Care Med. (2018) 44:281–

99. doi: 10.1007/s00134-018-5070-7

17. Edul VS, Enrico C, Laviolle B, Vazquez AR, Ince C, Dubin

A. Quantitative assessment of the microcirculation in healthy

volunteers and in patients with septic shock. Crit Care Med. (2012)

40:1443–8. doi: 10.1097/CCM.0b013e31823dae59

Conflict of Interest: CI has developed SDF imaging and is listed as an inventor on

related patents that were commercialized by Micro Vision Medical (MVM) under

a license from the Academic Medical Center (AMC). He receives no royalties

or benefits from this license. He has been a consultant for MVM in the past

but has not been involved with this company for more than 5 years and holds

no shares or stock. Braedius Medical, which is a company that is owned by a

relative of CI, has developed and designed a handheld microscope, namely, the

CytoCam-IDF imaging microscope. The images used in the present study were

obtained using this technology. CI has no financial relationship with Braedius

Medical of any sort. Currently he is C.S.O. and holds shares in a company called

Active Medical BV whose business is providing services and products related to

clinical microcirculation.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Akin, Ince, Struijs and Caliskan. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 5 March 2022 | Volume 9 | Article 818063

https://www.frontiersin.org/articles/10.3389/fcvm.2022.818063/full#supplementary-material
https://doi.org/10.1053/j.jvca.2020.04.045
https://doi.org/10.1053/j.jvca.2019.08.008
https://doi.org/10.1177/000331977102200507
https://doi.org/10.1186/s40635-015-0040-7
https://doi.org/10.1007/s11517-008-0349-4
https://doi.org/10.1016/S0022-5223(19)40013-5
https://doi.org/10.1510/icvts.2010.265066
https://doi.org/10.1186/cc14726
https://doi.org/10.1097/MCC.0000000000000196
https://doi.org/10.1186/s13054-018-2081-2
https://doi.org/10.1186/s13054-016-1519-7
https://doi.org/10.1016/j.healun.2009.05.010
https://doi.org/10.1097/CCM.0000000000004072
https://doi.org/10.1186/s13054-017-1855-2
https://doi.org/10.1007/s00392-009-0006-4
https://doi.org/10.1007/s00134-018-5070-7
https://doi.org/10.1097/CCM.0b013e31823dae59
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Case Report: Early Identification of Subclinical Cardiac Tamponade in a Patient With a Left Ventricular Assist Device by the Use of Sublingual Microcirculatory Imaging: A New Diagnostic Imaging Tool?
	Introduction
	Case Description
	Discussion
	Patient Perspective
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


