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INTRODUCTION

The use of extracorporeal membrane oxygenation 
(ECMO) in the treatment of acute respiratory distress syn-
drome (ARDS) has been described as early as 1972 [Hill 
1972]. Though a subsequent randomized trial showed no 
survival benefit over conventional mechanical ventilation 
[Zapol 1979], protective ventilation strategies and evolving 
extracorporeal technology improvements have led to a resur-
gence in the use of ECMO for patients with ARDS. The most 
recent randomized clinical trial, Conventional Ventilation 
or ECMO for Severe Adult Respiratory Failure (CESAR), 
showed a significant mortality reduction in ARDS patients 
who were treated with ECMO [Peek 2009]. The results of the 
trial have led some to believe that the widespread adoption of 
ECMO as a feasible treatment for severe respiratory failure is 
forthcoming [MacLaren 2012; Del Sorbo 2014]. As the use of 
ECMO continues to increase, clinicians must be aware of the 
extremes in patient characteristics for which therapy might 
be considered reasonable. For example, many studies focus 
on the limited benefit of advanced therapies, such as ECMO, 
in the elderly [Salna 2014]. However, there is a paucity of 
literature on using veno-venous extracorporeal membrane 
oxygenation (VV ECMO) to treat ARDS in patients with 
extremity obesity [Ull 2015; Belliato 2016; Kadakia 2017]—a 
population that is often inherently discriminated against with 
regards to advanced medical and surgical therapies because 
of the practical challenges of treating someone of great size 
as well as the inherent social (and professional) biases against 
such patients. This case demonstrates application of ECMO 
in a patient with an extreme body mass index (BMI) and 
confirms the successful use of ECMO in this BMI patient 
population. 

CASE REPORT

A 38-year-old female with a BMI of 82 (228.8 kg, 167 
cm) presented to an outside hospital with a chief complaint
of abdominal pain and shortness of breath. Her past medical

history was significant for depression, hypertension, hypo-
thyroidism, anxiety, and obstructive sleep apnea. Shortly 
after presentation, she developed respiratory distress and 
required mechanical ventilation and initiation of broad-
spectrum antibiotics. The CT scanner at the outside facility 
could not accommodate her body habitus, so she was trans-
ferred to Summa Health, Akron City Hospital. CT scanning 
at our institution demonstrated small bilateral pleural effu-
sions with diffuse bilateral consolidation of bilateral lower 
lobes and right middle lobe. No intra-abdominal abnormal-
ity or pulmonary thrombolic disease was identified. Despite 
maximal ventilation therapies including fraction of inspired 
oxygen (FiO2) of 100%, bilevel ventilation 40/16 (high/low 
pressures), and a rate of 16, the patient’s condition contin-
ued to rapidly deteriorate with a Murray core of 3.75 [Murray 
1988]. Arterial blood gas indicated a pH = 7.43, PCO2 = 50.4,  
PO2 = 55, base excess of +10, with a saturation of 89%; and 
chest x-ray was worrisome for severe ARDS (Figure 1). 

Several hours earlier, her PCO2 was 51.1, and her PO2 was 
136 mmHg. This prompted immediate discussions regard-
ing the appropriateness for ECMO. Despite her size, and 
in light of her rapid deterioration (with the hope that she 
had a reversible problem) and her few baseline comorbidi-
ties, it was felt that she might benefit from ECMO. Written 
informed consent was obtained for ECMO cannulation and 
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Figure 1. Chest x-ray before ECMO cannulation.
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support—and for the use of her clinical information, findings, 
and images for educational purposes. She was subsequently 
taken to the operating room for cannulation for VV ECMO. 
The presumed diagnosis was ARDS secondary to aspiration 
pneumonia. 

Prior to taking her to the operating room, as the operating 
team (ie, surgeon, anesthesia, nursing, perfusionist) was being 
mobilized, the following was performed. For the purpose of 
facilitating safe cannulation, ultrasound guidance was used to 
place a right internal jugular central line. Proper position-
ing of the line was confirmed with a portable chest x-ray. 
In the operating room, the patient was left on her hospital/
ICU bed. Because of her extreme size and potentially chroni-
cally infected groins, it was felt that cannulation with a dual-
lumen ECMO cannula was the optimal approach. Following 
heparinization (10,000 units, IV heparin that was allowed to 
circulate for 3 minutes), the tract was then dilated by using 
the Seldinger technique to accommodate a 27-F Avalon 
dual-lumen ECMO cannula (Maquet Cardiovascular LLC, 
Wayne, NJ, USA). The circuit was de-aired and connected 
to the ECMO circuit (Cardiohelp, Maquet Cardiovascular 
LLC). The cannula was positioned by using transesophageal 
ultrasound guidance to direct inflow over across the tricuspid 
valve [Javidfar 2011]. Once positioned properly, the line was 
sutured in place to limit potential migration in cranial, caudal, 
or malrotation ways (Figure 2).

Initial ECMO flows were 3.2 liters/minute, 3460 rpm, 
100% oxygen, and a gas sweep of 2.5. This led to a significant 
improvement in overall oxygenation and ventilation and in 
the ability to adjust the ventilator to achieve a lung-protective 
strategy. Following successful cannulation, bronchoscopy 
with bronchoalveolar lavage was performed. She tolerated 
the procedure and returned back to the ICU. Anticoagulation 
management consisted of intravenous heparin, titrated to a 
PTT of 40-60 seconds. Subsequent respiratory cultures grew 
Staphylococcus aureus antibiotics that were tailored according 
to sensitivities. Despite significant improvement in her oxy-
genation and ventilation with minimal ventilator settings, it 

was felt that her chest wall mechanics and abdominal obesity 
would preclude a safe and timely extubation. Hence, on post-
operative day 7 the patient underwent open tracheostomy for 
respiratory support in anticipation of decannulation, which 
occurred 2 days later. Decannulation was performed at the 
bedside, in the ICU, and consisted of discontinuing anti-
coagulation for several hours, placing a purse-string suture 
around the cannula as it entered into her neck, pulling the 
cannula, tying the suture, holding pressure for several min-
utes, and applying a sterile dressing. The procedure was per-
formed with the patient sedated and in the upright position 
with careful attention to limit the risk of an air embolism; and 
after removal, a weighted sandbag was placed against her neck 
and supported by her shoulder to apply pressure on the can-
nulation site to limit potential bleeding. The reminder of her 
hospital stay was uneventful as she completed a 14-day course 
of antibiotics. The patient was discharged to a long-term care 
facility on hospital day 16 with minimal respiratory support. 
A percutaneous endoscopic feeding tube (PEG) was placed 
for nutritional support. At 6-months follow-up, she was suc-
cessfully weaned from her chronic tracheostomy, she had pre-
served end-organ and intact neurologic function and was able 
to return to her community and pre-illness living conditions.

DISCUSSION

Obesity has been identified as a risk factor for the devel-
opment of ARDS that manifests as a weight-dependent rela-
tionship, the greater a patient’s weight the higher the risk for 
developing ARDS [Gong 2010]. Though VV ECMO has 
been shown to be effective in the treatment of ARDS [Peek 
2009; Lancet 2012; Del Sorbo 2014], few studies and case 
reports have investigated its use in patients whose BMI sur-
passes 80 [Ull 2015; Kadakia2017].

Mongero et al were first to report the successful use of 
VV ECMO to treat ARDS in 2 patients with BMIs of 52 
and 58 [Mongero 2006]. In their report, the authors recom-
mended gaining access by using a groin incision for venous 
exposure and cannulating through a separate stab wound to 
allow wound closure and percutaneous removal. They also 
recommended using pressure control ventilation and permis-
sive hypercapnia while using ECMO. In their analysis of the 
Extracorporeal Life Support Organization (ELSO) database, 
Al-Soufi et al found that increased body weight was not a risk 
factor for hospital mortality in patients requiring VV ECMO. 
Because body height was not recorded in the database, the 
authors used body weight to conclude that high body weight 
was not a contraindication to VV ECMO [Al-Soufi 2013]. 
However, the range of body weights in the study of Al-Soufi 
et al was 25-251 kg. This claim was further substantiated by 
studies that showed that BMI >30 [Lazzeri 2017] and BMI 
>40 [Kon 2015] are not associated with poorer outcomes in 
patients on VV ECMO. Another small, single-center retro-
spective study sought to define whether obese patients experi-
ence worse outcomes following extracorporeal device (ECD) 
support, consisting of either VV ECMO or pump-less extra-
corporeal lung assist (pECLA). No significant association was 
found between obesity and ICU length of stay, hospital length 

Figure 2. Picture demonstrating ECMO cannula coming from right neck.
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of stay, ECD run time, or in-hospital mortality. Because the 
majority of patients had traumatic etiology and the median 
patient BMI was 30, the application to the extremely obese 
population is limited [Swol 2017].

CHALLENGES OF VV ECMO IN THE OBESE 
PATIENT

Obesity is associated with increased pulmonary resistance 
and increased cardiac output, which may surpass ECMO’s 
oxygenation capability [Schmidt 2013]. Additionally, morbid 
obesity is associated with increased oxygen consumption 
for respiratory work [Kress 1999],upper airway resistance, 
chronic ventilation–perfusion mismatch, and hypoxemia 
[Shashaty 2014]. Obese patients are often also at risk for 
chronic hypoventilation, obstructive sleep apnea, pulmonary 
hypertension, and right ventricular dysfunction—all charac-
teristics that predispose them to both acute and chronic respi-
ratory management challenges. Patients who are extremely 
obese with BMI >80 present with a variety of challenges to 
be considered during the initiation and maintenance of VV 
ECMO. Because of alterations in patient anatomy and dif-
ficulty visualizing anatomic landmarks (even with ultrasound 
guidance), vascular cannulation may be technically challeng-
ing—regardless of the cannulation strategy—and inherently 
dangerous. Additionally, bulky soft tissue may cause kinking 
of lines and increases the risk of bleeding if multiple attempts 
at cannulation are performed. Although initial experiences 
with dual-lumen cannulation were described as having a sig-
nificant risk for catastrophic vascular access complications 
(such as great vessel and cardiac structure injuries resulting in 
tamponade and death), other than operator experience, little 
is known about patient risks for vascular complications during 
dual-lumen catheter placement. Such well-described injuries 
and difficulties in cannula positioning and management are 
often used as justification for the use of alternative vascular 
cannulation sites and technologies—such as femoral cannula-
tion with 2 opposite single-lumen cannulas—which, as a func-
tion of their size can often provide great flows with smaller 
individual lumen sizes [Camboni 2012]. Obese patients also 
often require cannulation of the groin because of inadequate 
visualization of cervical vessels with ultrasound. Single-lumen 
cannulas are often used (ie, bilateral femoral vein cannula-
tion) because they are believed to allow for increased ECMO 
circuit flows—a theoretical advantage in patients who might 
be septic and need increased oxygenation of their blood. This 
may place patients at increased risk of line infection, skin 
break-down, ulceration, and possible sepsis—especially if the 
groin regions have existing baseline skin integrity compro-
mise or chronic infectious colonization as is typically encoun-
tered with morbidly obese patients. In addition, these patients 
can be inherently difficult to manage from a nursing or 
wound care perspective, independently of the use of ECMO, 
and may predispose to a worsening of existing chronic prob-
lems during times of acute illness, especially during periods 
of impaired tissue perfusion and oxygenation as is encoun-
tered during respiratory failure [Yaegashi 2005]. Mechanical 
complications may also occur, such as difficulty or failure to 

maintain adequate flow and minute volume because of com-
pression of the inferior vena cava (IVC) by intra-abdominal 
adipose tissue [Fischer 2016].

Our patient underwent successful cannulation by use of a 
27-F dual-lumen catheter that was placed in the internal jug-
ular vein under transesophageal ultrasound. Based upon the 
design of these cannulas,  the tip of the catheter was angled by 
using transesophageal ultrasound to maintain flow through 
the tricuspid valve. Though cannulation may be technically 
challenging, BMI >80 is not a contraindication to using VV 
ECMO in this patient population. Once recovery occurs, 
decannulation can be successfully performed at the bedside, 
but long-term weaning from the ventilator should be antici-
pated in this inherently chronically pulmonary–compromised 
patient population. With growing widespread use and success 
of ECMO, hopefully cases such as ours, and further stud-
ies, can help define the limits in which this advanced therapy 
might be considered appropriate.
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