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BACKGROUND: As the severe acute respiratory syndrome coronavirus 
2 demonstrates greater sickness in people with obesity, extracorporeal 
membrane oxygenation rescue is increasingly being used in this patient 
population. An appropriate body mass index threshold where the use of 
extracorporeal membrane oxygenation for this viral syndrome would not be 
a useful therapy remains unknown and matter of ongoing debate.

CASE: We describe a case of acute respiratory distress syndrome sec-
ondary to coronavirus disease 2019 infection in setting of super morbid 
obesity (body mass index 73.9 kg/m2) with the successful use of extracor-
poreal membrane oxygenation. To our knowledge, this is the heaviest pa-
tient to survive coronavirus disease 2019 with venovenous extracorporeal 
membrane oxygenation so far.

CONCLUSIONS: While extracorporeal membrane oxygenation in obese 
patients must be carefully considered in coronavirus disease 2019 acute 
respiratory distress syndrome, a multidisciplinary care team effort is a req-
uisite for a successful outcome in case like ours.

KEY WORDS: extracorporeal membrane oxygenation cannulation; novel 
coronavirus; super morbid obese

The World Health Organization interim guidelines recommend offer-
ing extracorporeal membrane oxygenation (ECMO) to eligible patients 
with acute respiratory distress syndrome (ARDS) related to coronavirus 

disease 2019 (COVID-19) (1). Obesity increases the risk of severe illness from 
COVID-19 (2). ECMO may still be used in the obese, although appropriate 
body mass index (BMI) cutoffs for beneficial intervention are unknown and 
several challenges remain (3, 4). Most literature suggests that, in general, obe-
sity may not be a determinant of poor outcome for venovenous ECMO (5, 6). 
However, the use of a precious resource in the setting of the pandemic surge is 
somewhat controversial.

We describe a case of ARDS secondary to COVID-19 infection complicated 
by a possible acute coronary syndrome (ACS) in the setting of super morbid 
obesity (BMI 73.9 kg/m2) where we used venovenous ECMO and a collabora-
tion of multidisciplinary critical care and ancillary services to achieve a com-
plete recovery for this 18-year-old patient. This remains the heaviest reported 
survivor of COVID-19 on venovenous ECMO to date.
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HIPAA authorization was obtained from patient’s 
mother for writing this article.

CASE PRESENTATION

An 18-year-old patient weighing 512 lbs (BMI 73.9 kg/m2)  
was admitted to the medical ICU (MICU), where he 
presented after 3 days of worsening dyspnea and chest 
pain. The clinical picture was also complicated by 
possible ACS with an initial troponin of 0.294 ng/mL 
(normal < 0.025 ng/mL), which peaked to 66.450 ng/
mL 18 hours later (other pertinent laboratory tests in 
Table S1, http://links.lww.com/CCX/A496). Chest ra-
diograph showed multifocal opacities throughout the 
lungs. Electrocardiography showed evidence of ST ele-
vations in inferior leads with ST depressions in a video 
laryngoscope (VL) as well as V2 (Fig. S1, http://links.
lww.com/CCX/A496). Transthoracic echocardiogram 
was unremarkable with a calculated ejection frac-
tion of 40%. Given the patient’s body habitus, cardiac 
catheterization was deferred. Tissue plasminogen ac-
tivator was administered for diagnosis of ST-segment 
elevation myocardial infarction. Nasopharyngeal swab 
for severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) later returned positive on a real-time 
reverse transcriptase–polymerase chain reaction assay. 
While in the MICU, he developed increasing tach-
ypnea and a decision was made to intubate him for 
clinically increased work of breathing and mixed hy-
poxic hypercapnic respiratory failure.

We reviewed departmental guidelines and followed 
established expert opinion for safe airway manage-
ment of patients with SARS-CoV-2 infection (7). To 
minimize exposure, only an anesthesiologist, ICU 
nurse, and respiratory therapist entered the patient’s 
room. Despite patient position optimization and a 
grade 1 Cormack-Lehane view with a hyperangulated 
VL blade, intubation was not successful on the first 
attempt, necessitating the insertion of a Bougie Coudé 
tip endotracheal tube (ETT) introducer via VL fol-
lowed by ETT insertion.

Post intubation, he continued to have persistent 
hypoxemia despite optimization of ventilator settings 
on sedation and paralysis. He was deemed not to be 
suitable for prone positioning due to his large body 
habitus. Our ECMO team was hence consulted. After 
careful consideration of risk versus benefit and a dis-
cussion of the same with his mother, the patient was 

transferred to our cardiovascular ICU and cannulated 
via right internal jugular vein using a 32F crescent 
venovenous double-lumen bicaval ECMO cannula 
under fluoroscopic guidance (Fig. 1A).

Post cannulation, he continued to have refractory hy-
poxemia, which was largely due to an intrinsic total car-
diac output (CO) of up to 20 L/min (LPM) and a large 
shunt fraction bypassing the ECMO circuit. He was 
started on deep sedation and continuous IV esmolol 
drip with an improvement in hypoxia concomitant with 
a drop in heart rate and CO. In addition, he received 
mesenchymal stem cell therapy as part of an ongoing 
institutional trial (under Institutional Review Board 
approval), broad-spectrum antibiotics, and anticoagu-
lation with heparin using standard ECMO protocols. 
With ongoing clinical and radiological improvement, 

Figure 1. Chest radiographs (CXRs). A, CXR on extracorporeal 
membrane oxygenation day 1. B, CXR on day 20 immediate 
post-decannulation.
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the ECMO circuit was capped on day 20. After approx-
imately 30 hours without support, he was then decan-
nulated on day 21 (Fig. 1B). Throughout the patient’s 
course, specific inflammatory markers trend correlated 
well with the degree of illness as shown in Figure 2.

Shortly after decannulation, he developed hypox-
emia and hypotension along with high-grade fever. 
This required aggressive resuscitation including reiniti-
ation of vasopressors and an addition of angiotensin II. 
Blood and sputum cultures grew methicillin-sensitive 
Staphylococcus aureus (MSSA) at that time, for which 
patient received IV cefazolin. Serum renin obtained 
at this time was 41 ng/ml/hr (normal range with so-
dium replete: ≤ 0.6–4.3 ng/mL/hr). There was a good 
response to exogenous angiotensin II along with other 
therapeutic interventions, and he had stable vitals be-
fore transfer back to MICU for further management, 
including ventilator weaning.

During MICU stay, the course of illness was com-
plicated by high positive end-expiratory pressure 
requirements (16–24 cm of support), recurrent venti-
lator-associated pneumonia, repeated failure to wean 
from the ventilator, marked delirium, and critical ill-
ness myopathy. With persistent ventilator dependence 
and the need for aggressive pulmonary toilet, acute 
care surgery team placed a surgical tracheostomy suc-
cessfully on day 57. A pertinent timeline of events dur-
ing his clinical course are depicted in Figure 3. After 
being gradually weaned to tracheostomy collar trials, 
he was subsequently transferred to the general care 
floor under the care of the hospital medicine service. 
He was ultimately discharged home with a capped tra-
cheostomy tube after 96 days of hospital care and is 
currently being followed closely as an outpatient with 
subspecialty clinics. Supplementary Appendix (http://
links.lww.com/CCX/A496) contains additional details 
of the clinical perspective of this patient’s care and cur-
rent clinical status, who to the best of our knowledge is 
back to baseline functionality.

DISCUSSION

Although a common factor with COVID-19 patients 
and poor outcomes, obesity is not associated with worse 
outcomes for patients requiring venovenous ECMO in 
general (8, 9). However, no identified cutoff value is es-
tablished for a safe BMI for effective clinical use of an 
extracorporeal oxygenation circuit. In their analysis of 

the Extracorporeal Life Support Organization (ELSO) 
database, Al-Soufi et al (9) found that increased body 
weight was not a risk factor for hospital mortality 
in patients requiring venovenous ECMO. Similarly, 
Galvagno et al (5) did not show an association of obe-
sity with mortality in a retrospective analysis of 194 
ECMO patients with a median BMI of 35 kg/m2.

Selection of COVID-19 patients with respiratory 
failure and allocation of ECMO resources is also a mat-
ter of local institutional supply-demand balance and ad-
herence to established guidelines set forth by ELSO and 
the Centers for Disease Control and Prevention (10, 11). 
Our decision to offer venovenous ECMO for our patient 
stemmed from a combination of adequacy of under-
lying cardiac function (good LV function with high CO 
as confirmed by formal echocardiography and device-
based measurements), no other irreversible organ system 
failure, less than 24 hours on mechanical ventilation, and 
the age of this patient. In addition, our calculated respi-
ratory ECMO survival prediction score showed upwards 
of 75% survivability (12).

One challenge is that obese patients can have higher 
CO than nonobese patients (13). With most ECMO cir-
cuits having a maximum flow of around 6 LPM, this 
will often not match CO of the patient and leads to on-
going hypoxia due to a large shunt fraction bypassing 
the ECMO circuit. Use of two oxygenators in parallel in 
circuits under these circumstances, an extra drainage 
cannula, or even use of two separate circuits to match 
the tremendous needs of the obese patient have all been 
described (14). Our patient’s habitus made additional 
access a challenging prospect, and it was not felt that an 
additional oxygenator would provide significant benefit 
with a flow of 6 LPM. We used gradual reduction of 
CO for the treatment of refractory hypoxemia as found 
helpful in patients with high-flow ECMO and high en-
dogenous CO using ultra-short-acting β-blockers (15).

COVID-19 patients are at risk for superimposed 
septic shock with secondary infections. Our patient 
developed MSSA septicemia that required aggressive 
resuscitation, along with the use of angiotensin II as a 
vasopressor when he reached a stage of high dose cat-
echolamine nonresponsiveness. Serum renin was high, 
and this retrospectively justified the use of exogenous 
angiotensin II rescue along with the immediate response 
to the agent. In addition, his inflammatory markers 
peaked 24 hours later, likely secondary to septic shock or 
a manifestation of the COVID-associated inflammatory 
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cascade. Interestingly, an overall look at inflammatory 
marker profile for this patient showed a brief period of 
elevation during the initial course of illness, and hence 
his highest inflammatory state did not coincide with the 
most marked respiratory failure, rather the period of 
superimposed septic shock. Also, our patient was first 

admitted in April 2020 when there was minimal, if any 
data on the utility of steroids or remdesivir, thus negat-
ing any thoughts of the use of these drugs.

As of December 5, 2020, 3,547 confirmed COVID-19  
patients had used ECMO in the ELSO registry. Of 
these, 1,288 (49%) had obesity reported with a median 

Figure 2. Trend of inflammatory markers. Day of admission marked as day 0 on April 13, 2020. Patient was cannulated on same day 
of admission and decannulated on day 21. Red vertical line is drawn reflecting markers during extracorporeal membrane oxygenation 
initiation (day 0), while black vertical line is drawn showing an upsurge associated with septic shock at time of decannulation (day 23). 
CRP = C-reactive protein.

Figure 3. Timeline of events during hospitalization. APRV = airway pressure release ventilation, BP = blood pressure, CMV = continuous 
mechanical ventilation, ECMO = extracorporeal membrane oxygenation, MSC = mesenchymal stem cell, MSSA = methicillin-sensitive 
Staphylococcus aureus, VV = venovenous.
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BMI of 32 kg/m2 (10). With some careful consider-
ation, we used this valuable resource to good effect 
and had a 512 lbs COVID-19 survivor on venovenous 
ECMO who spent 96 days in the hospital and is the 
heaviest reported such patient in the history of the 
pandemic so far. The value of a collaborative multidis-
ciplinary effort to achieve a successful outcome for this 
super morbidly obese patient with COVID-19 pneu-
monia cannot be understated.
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