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Abstract
Veno-venous extracorporeal membrane oxygenation (VV-ECMO) cannulation is a potential cause of
episodic bradycardia during an intensive care course because of the proximal cannula insertion site being in
the vicinity of the carotid sinus. Herein, we report the case of episodic bradycardia throughout a multi-week
intensive care stay of a VV-ECMO recipient due to a severe coronavirus disease 2019 (COVID-19) infection
that did not emerge for the rest of the patient's hospitalization after decannulation.
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Introduction
The need for extracorporeal membrane oxygenation (ECMO) in coronavirus disease 2019 (COVID-19)
patients has been well-characterized as an important bridge to recovery in individuals with severe
respiratory distress [1]. Complications associated with ECMO in the intensive care setting in these patients
can range from benign to severe and thus are recommended to be vigilantly observed during their hospital
course [2,3]. Herein we discuss the case of an ECMO recipient that continued to have episodic bradycardia
during maneuvers and at times, no movement scenarios. Understanding that this can be a potential
complication of ECMO can aid clinicians in triaging these concerns appropriately in the context of the
patient’s hospital stay. This case was previously presented as a case presentation at the 2023 American
College of Cardiology Annual Scientific Meeting on March 5, 2023.

Case Presentation
History of presentation
A 26-year-old female patient with no significant past medical history presented with worsening shortness of
breath that began at the start of her day at another hospital. The patient was found to be COVID-19 positive
and initially treated with an outpatient course of prednisone. Five days later, the patient returned to that
same hospital due to worsening symptoms, with accompanying desaturations requiring a high-flow nasal
cannula. The patient continued to be hypoxic, being recorded in the lower to mid 80% oxygen saturation
(SpO2). Eventually, a decision to initiate mechanical intubation with vasopressor support was made. Despite
the aggressive measures, the patient continued to desaturate, and a decision was made to initiate veno-
venous (VV)-ECMO. She was then transferred to our facility to undergo the procedure due to her admitting
facility not having ECMO capabilities. She arrived intubated with a blood pressure of 106/75 mm Hg and a
heart rate of 104 beats/min. She was afebrile at 36.7°. 21-French and 29-French venous cannulas were
inserted into the right internal jugular and right femoral veins, respectively. She tolerated the procedure
with no cardiac complications. The patient remained under VV-ECMO support for a total of 33 days.
Throughout her VV-ECMO course, the patient developed multiple episodes of sinus bradycardic pauses,
lasting for approximately 3-3.5 seconds, beginning on day six since VV-ECMO support began. 

An electrocardiogram (EKG) obtained during one of these events is shown in Figure 1, which had similar
results to EKGs in all other instances throughout her course. Each of these events was accompanied by the
VV-ECMO cannula making a “chugging” sound around the lateral right side of the neck, right at the cannula
insertion site. A chest x-ray demonstrated the VV-ECMO cannula insertion in the right lateral aspect of the
cervical neck (Figure 2) and was thereby determined to be in an adequate position. In addition, the
bradycardic pauses would also occur with the mechanical manipulation of the tracheostomy tube, commonly
during secretion suctioning. Lastly, the bradycardic pauses would also occur with vagal stimulation, such as
the palpation of the VV-ECMO cannula insertion point, or with simple positional manipulation of the patient
for decubitus ulcer prevention. After the occurrence of a bradycardic pause, the sinus rhythm would restore
to a baseline rate of 55 beats per minute. Due to the benign nature of such pauses and the complications
associated with cannula surgical repositioning, no intervention was conducted. The patient had no other
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incidence of cardiac complications throughout her stay. After 33 days of VV-ECMO support, the patient was
eventually decannulated and the bradycardic pauses ceased to recur during the rest of the hospital stay. A
carotid sinus massage performed three weeks after decannulation led to a slight bradycardic response, albeit
no pauses or presyncope. The patient otherwise did not have any bradycardiac episodes during the rest of
the hospitalization stay. 

FIGURE 1: EKG during bradycardic pauses
An electrocardiogram (EKG) during the described episode was done, demonstrating a sinus bradycardic pause
lasting for 3.5 seconds, after which the patient returned to their baseline rhythm. A similar pattern of pauses was
recorded from EKGs taken during subsequent bradycardic pause incidents throughout the patient’s intensive care
stay.  
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FIGURE 2: Chest x-ray taken after EKG
A chest x-ray was taken during suspicion of possible extracorporeal membrane oxygenation (ECMO) machine
issue, following a “chugging” noise near the cannulation site. Read revealed that the veno-venous (VV)-ECMO
cannula location in the right, lateral aspect of the cervical neck was correct, and no major adjustments were
needed, but the insertion site was noted to be close to the anatomical site of the right carotid sinus.

Differential diagnosis
The differential diagnosis for recurrent bradycardia can be broad. Due to our patient’s admission
presentation, and need for intensive care, we narrowed down the likely cause to the following: metabolic
source from electrolyte abnormalities including most commonly hyperkalemia, COVID-19 infection-
associated bradycardia, induced carotid sinus hypersensitivity from an event occurring during manipulation
of cannulation site.

Investigations
We performed an EKG during one of the events, which showed an elongated P-R interval (Figure 1). At this
point, the inpatient team also checked for abnormal vitals or electrolyte abnormalities, but no deviations
from the patient’s baseline were found. Due to the “chugging” noise heard by the care team, a chest x-ray
was also obtained to assess for potential complications from cannulation that may affect device activity and
subsequent positioning (Figure 2). The image indicated proper positioning of the VV-ECMO cannula in the
right internal jugular vein, and within notable proximity of the anatomical location of the carotid sinus.

Management
Due to the episodic nature of the bradycardic pauses and its benign nature, the care team continued to
observe the patient carefully. No medication was necessitated as pauses did not persist to cause any evident
clinical deterioration. With the proximity of the internal jugular cannula tip to the sino-atrial node and the
insertion site being close to the carotid sinus nervous body, stimulation of these regions by the cannula
tubing was the surmised cause for the bradycardic episodes. Minor manipulation of the cannula was
attempted to adjust the angle and depth of insertion. This maneuver had limited effect and was not
performed routinely due to the risk of stitch collapse and potential unwanted vascular complications.
Thereby a conservative approach was concluded by the team, which consisted of observation on telemetry
throughout the VV-ECMO course.
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Follow-up
Immediately after transfer from the intensive care unit (ICU), the patient recovered in an inpatient
rehabilitation unit. The patient tolerated VV-ECMO decannulation and did not require any intensive
intervention for the rest of her hospital stay. The patient did not return for any other hospital admission per
EMR review since discharge nine months ago.

Discussion
Many complications are associated with VV-ECMO including bleeding, infection, acute kidney injury,
intracerebral hemorrhage, seizure, and stroke. To the best of our knowledge from a review of the literature,
the patient we described is the first case of VV-ECMO cannula-induced sinus bradycardia, but similar
findings have been reported with other forms of mechanical manipulation around the carotid sinus. While
syncope is not a concern for sedated patients, bradyarrhythmia has been shown to increase the risk of
thromboembolic complications [4]. Several cases of episodic sinus bradycardia have been observed in
laryngoscopic procedures, laryngeal mask airway placements, and invasive squamous cell carcinoma
including cases of reproducible bradycardic pauses [5]. In 349 patients who underwent right heart
catheterization via the internal jugular vein, two patients experienced episodic sinus bradycardia upon
insertion [6]. In a randomized, controlled trial of 240 patients, researchers varied the positive airway
pressure while patients had a right internal jugular vein catheter, and the study found a significant increase
in hypotension and sinus bradycardia as the pressure increased [7].

In all these cases, the bradycardic episodes were attributed to the mechanical manipulation of the carotid
sinus, which lies between the larynx and the internal jugular vein. Sedating medications are believed to
increase the risk of reflex bradycardia by lowering the sympathetic tone, and patients can be more
susceptible to reflex bradycardia if their sympathetic tone is increased at baseline [8]. In the case of our
patient, VV-ECMO cannula placement near the carotid sinus, sedating medications, and positive pressure
from the tracheostomy tube likely provoked carotid sinus hypersensitivity. The carotid baroceptors at the
bifurcation of the common carotid artery begin the arterial baroreflex with highly sensitive responses to
changes in blood pressure to maintain perfusion to the brain. An increase in pressure to the carotid sinus
sends an afferent signal to the brainstem, which then sends an efferent signal via the vagus nerve to the SA
node to control heart rate [9].

Another possible cause for the patient’s bradycardia is sinus node dysfunction (SND). The most common
associations with SND include age, hypertension, diabetes, as well as cardiac defects including right and left
bundle branch blocks [10]. COVID-19, however, has emerged as a new association with sinus bradycardia
and sinus node dysfunction [11]. While it is plausible that our patient may have been suffering from a
previously undiagnosed SND, this cause would not explain the bradycardia and sinus pauses elicited during
the movement of the VV-ECMO cannula. 

In addition, there have been reports of central catheter-inducing arrhythmias, as well as cases of insertion
leading to sinus arrest or sustained bradycardia [12]. Furthermore, COVID-19 itself has been linked to
producing conduction defects, including bradyarrhythmias but the primary mechanism behind this is not
well characterized [13]. COVID-19-associated bradycardia is also found to not increase the chance of
mortality in a meta-analysis by Umeh et al., which favors prognosis but the relationship between COVID-19
and bradyarrhythmias analyzed in this analysis cannot be ignored and thereby must be considered as a
possible cause in diagnostic evaluation [14]. Yet given the patient's clinical course after explanation, with no
bradycardic episodes occurring - we determined that the likeliness of primary COVID-induced conduction
abnormality is minimal, but worth considering given the growing body of evidence suggesting this
relationship. The proposed mechanism in these cases is the mechanical stimulation of the catheter tip into
the right atrium in the vicinity of the sinus node, disrupting conduction. In our case, based on x-ray
confirmation, the VV-ECMO cannula was near the carotid sinus, while maintaining a reasonable distance
from the endocardium. Thereby any relationship with the cardiac conduction system directly was not likely.
The only other source remaining was the region near cannulation where carotid sinus anatomy is typically
present.

Conclusions
The case presents an interesting phenomenon of potential VV-ECMO cannula stimulation of the carotid
sinus leading to bradycardia and asystole that was suggested after all other pathological causes were ruled
out. Although relatively benign in this patient, carotid sinus hypersensitivity due to cannula placement can
be a possible etiology of bradycardia in the intensive care unit. Such events may be avoided by optimizing
the placement of the VV-ECMO cannula by confirming appropriate landmarks and positioning through
imaging. In the absence of other likelier causes, such an event also provides an opportunity for outpatient
monitoring and testing to properly evaluate for carotid sinus hypersensitivity, if previously undiagnosed.

Additional Information
Disclosures
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Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Bertini P, Guarracino F, Falcone M, Nardelli P, Landoni G, Nocci M, Paternoster G: ECMO in COVID-19

patients: a systematic review and meta-analysis. J Cardiothorac Vasc Anesth. 2022, 36:2700-6.
10.1053/j.jvca.2021.11.006

2. Kannapadi NV, Jami M, Premraj L, et al.: Neurological complications in COVID-19 patients with ECMO
support: a systematic review and meta-analysis. Heart Lung Circ. 2022, 31:292-8. 10.1016/j.hlc.2021.10.007

3. Abramov A, Su I, Agerstrand C, et al.: Extracorporeal membrane oxygenation support in COVID-19 patients:
a propensity score snalysis. ASAIO J. 2022, 68:e224-9. 10.1097/MAT.0000000000001829

4. Sathnur N, Ebin E, Benditt DG: Sinus node dysfunction. Card Electrophysiol Clin. 2021, 13:641-59.
10.1016/j.ccep.2021.06.006

5. Latuska RF, Kuhl NO, Garrett CG, Berry JM, Gelbard A: Severe bradycardia associated with suspension
laryngoscopy. Laryngoscope. 2016, 126:949-50. 10.1002/lary.25590

6. Ranu H, Smith K, Nimako K, Sheth A, Madden BP: A retrospective review to evaluate the safety of right
heart catheterization via the internal jugular vein in the assessment of pulmonary hypertension. Clin
Cardiol. 2010, 33:303-6. 10.1002/clc.20770

7. Zhou Q, Xiao W, An E, Zhou H, Yan M: Effects of four different positive airway pressures on right internal
jugular vein catheterisation. Eur J Anaesthesiol. 2012, 29:223-8. 10.1097/EJA.0b013e32834f23a3

8. Mizuno J, Mizuno S, Ono N, Yajima C, Arita H, Hanaoka K: [Sinus arrest during laryngoscopy for induction
of general anesthesia with intravenous fentanyl and propofol]. Masui. 2005, 54:1030-3.

9. Wieling W, Krediet CT, Solari D, et al.: At the heart of the arterial baroreflex: a physiological basis for a new
classification of carotid sinus hypersensitivity. J Intern Med. 2013, 273:345-58. 10.1111/joim.12042

10. Jensen PN, Gronroos NN, Chen LY, Folsom AR, deFilippi C, Heckbert SR, Alonso A: Incidence of and risk
factors for sick sinus syndrome in the general population. J Am Coll Cardiol. 2014, 64:531-8.
10.1016/j.jacc.2014.03.056

11. Peigh G, Leya MV, Baman JR, Cantey EP, Knight BP, Flaherty JD: Novel coronavirus 19 (COVID-19)
associated sinus node dysfunction: a case series. Eur Heart J Case Rep. 2020, 4:1-6. 10.1093/ehjcr/ytaa132

12. Gapp J, Krishnan M, Ratnaraj F, Schroell RP, Moore D: Cardiac arrhythmias resulting from a peripherally
inserted central catheter: two cases and a review of the literature. Cureus. 2017, 9:e1308.
10.7759/cureus.1308

13. Douedi S, Mararenko A, Alshami A, et al.: COVID-19 induced bradyarrhythmia and relative bradycardia: an
overview. J Arrhythm. 2021, 37:888-92. 10.1002/joa3.12578

14. Umeh CA, Kumar S, Wassel E, Barve P: Meta-analysis and systematic literature review of COVID-19
associated bradycardia as a predictor of mortality. Egypt Heart J. 2022, 74:47. 10.1186/s43044-022-00284-8

2023 Dayco et al. Cureus 15(4): e37652. DOI 10.7759/cureus.37652 5 of 5

https://dx.doi.org/10.1053/j.jvca.2021.11.006
https://dx.doi.org/10.1053/j.jvca.2021.11.006
https://dx.doi.org/10.1016/j.hlc.2021.10.007
https://dx.doi.org/10.1016/j.hlc.2021.10.007
https://dx.doi.org/10.1097/MAT.0000000000001829
https://dx.doi.org/10.1097/MAT.0000000000001829
https://dx.doi.org/10.1016/j.ccep.2021.06.006
https://dx.doi.org/10.1016/j.ccep.2021.06.006
https://dx.doi.org/10.1002/lary.25590
https://dx.doi.org/10.1002/lary.25590
https://dx.doi.org/10.1002/clc.20770
https://dx.doi.org/10.1002/clc.20770
https://dx.doi.org/10.1097/EJA.0b013e32834f23a3
https://dx.doi.org/10.1097/EJA.0b013e32834f23a3
https://europepmc.org/article/med/16167799
https://dx.doi.org/10.1111/joim.12042
https://dx.doi.org/10.1111/joim.12042
https://dx.doi.org/10.1016/j.jacc.2014.03.056
https://dx.doi.org/10.1016/j.jacc.2014.03.056
https://dx.doi.org/10.1093/ehjcr/ytaa132
https://dx.doi.org/10.1093/ehjcr/ytaa132
https://dx.doi.org/10.7759/cureus.1308
https://dx.doi.org/10.7759/cureus.1308
https://dx.doi.org/10.1002/joa3.12578
https://dx.doi.org/10.1002/joa3.12578
https://dx.doi.org/10.1186/s43044-022-00284-8
https://dx.doi.org/10.1186/s43044-022-00284-8

	Extracorporeal Membrane Oxygenation (ECMO) Cannula Stimulation of the Carotid Sinus Causing Bradycardic Pauses in a Patient With COVID-19
	Abstract
	Introduction
	Case Presentation
	History of presentation
	FIGURE 1: EKG during bradycardic pauses
	FIGURE 2: Chest x-ray taken after EKG

	Differential diagnosis
	Investigations
	Management
	Follow-up

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


