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Abstract The aims of the present investigation, performed

in 118 consecutive patients with refractory ARDS treated

with veno-venous extracorporeal membrane oxygenation

(VV-ECMO), were as follows: (a) to assess ICU mortality

in overweight, obese and morbid obese patients in respect

to normal weight; (b) to evaluate echocardiographic find-

ings according to BMI subgroups. Echocardiography was

performed before VV-ECMO implantation. Forty-five

patients (38.1%) showed normal BMI, 37 patients (31.4%)

were overweight and the remaining were obese (21.2%), or

morbid obese (9.3%). Morbid obese showed the lowest

ICU mortality rate (p = 0.003). No differences were

detectable among BMI subgroups in echocardiographic

findings apart from the fact that obese patients showed the

lowest incidence of LV dysfunction (p = 0.015). At step-

wise regression analysis the following variables were

independent predictor of ICU mortality (when adjusted for

age): RV dilatation (OR 4.361, 95% CI 1.809–10.512,

p\ 0.001), BMI (OR 0.884, 95% CI 0.821–0.951,

p\ 0.001). In other terms, the presence of RV dilatation is

an independent predictor of ICU mortality. In refractory

ARDS treated with VV-ECMO, BMI[ 30 kg/m2 is com-

mon (accounting for one-third of the entire population) but

it is not associated with a worse outcome, so that it cannot

be considered per se a contraindication to ECMO implan-

tation. The incidence of RV dilatation and failure, which

are known to negatively affect prognosis in ARDS patients,

were comparable among BMI subgroups.
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Abbreviations

ARDS Acute respiratory distress syndrome

BMI Body mass index

LV Left ventricle

RV Right ventricle

sPAP Systolic pulmonary arterial hypertension

TAPSE Tricuspid annular plane excursion

TTE Transthoracic echocardiography

TEE Transesophageal echocardiography

VV-ECMO Veno-venous extracorporeal membrane

oxygenation

Introduction

Obesity shows an increasing incidence featuring as a glo-

bal-health problem and obese patients are at higher risk of

developing ARDS [1, 2]. In a cohort of critically ill

patients, BMI was associated with increased risk of ARDS

in a weight dependent manner and with increased length of

stay [1]. Moreover, obesity is known to increase cardiac

workload, with the development of left ventricle dilatation

and/or hypertrophy [3] and increasing BMI has been shown

to be associated with increasing severity of right ventricle

dysfunction in overweight and obese subjects, without over

heart disease [4].

Veno-venous extracorporeal membrane oxygenation

(VV-ECMO) is widely applied as supportive treatment in

ARDS refractory to conventional therapy [5–7] but few
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papers investigated the prognostic impact of increased BMI

in patients supported by VV-ECMO [8, 9]. Mongero et al.

[10] described 2 patients with a BMI greater than 50 kg/m2

who were successfully supported with VV-ECMO, while

Swol et al. [11], in their single-center experience, reported

that 12 patients with a BMI greater than 35 kg/m2 (7 of

whom had a BMI[ 40 kg/m2) showed a similar survival

to discharge than a cohort of patients with a BMI less than

35 kg/m2 (50 and 51%, respectively). Kon et al. [12], in

single-center cohort of 55 patients with ARDS supported

with ECMO, found that class III obesity (BMI[ 40 kg/m2,

12 patients) was not associated with worse outcome.

Echocardiography has recently proved to be an useful

clinical tool in risk stratifying ARDS submitted to VV-

ECMO [8, 13, 14]. In 21 patients with refractory ARDS

and pulmonary hypertension, survival was associated with

LVEF and lower systolic pulmonary arterial pressure [15].

The aims of the present investigation, performed in 118

consecutive patients with refractory ARDS treated with

VV-ECMO, were therefore as follows: (a) to assess ICU

mortality in overweight, obese and morbid obese patients

in respect to normal weight; (b) to evaluate echocardio-

graphic findings according to BMI subgroups.

Materials and methods

In our retrospective observational study we enrolled all

patients with refractory ARDS [16] requiring VV-ECMO

consecutively admitted to our intensive care unit, which is

an ECMO referral center from October 10, 2009 to

February 28, 2015. According to our clinical standard

operating procedure [15, 17, 18] an echocardiographic

exam is performed just before ECMO implantation (Echo

ECMO Florence Registry). Data were prospectively

recorded and retrospectively analyzed.

Baseline characteristics were collected for all patients

and the simplified acute physiology score (SAPS II) score

was calculated [19].

Echocardiographic assessment

Echocardiography is performed routinely before ECMO

implantation at our ICU by the cardiologist (CL and PB)

who is part of our ECMO team which also includes an

intensivist, a cardiac surgeon and a perfusionist, all trained

on ECMO technique and management. The cardiologist’s

main task is to evaluate cardiac function in the pre-ECMO

phase and guides the correct positioning of ECMO can-

nulas by transesophageal/transthoracic ultrasonography

[5, 13–15].

According to our protocol [13–15, 17, 18] the echocar-

diographic examination is transthoracic (TTE),

transesophageal (TEE) or both, according to the best

acoustic window (Esaote MyLabTM30Gold Cardiovascular,

Esaote S.p.A, Genoa, Italy) [15]. The LV ejection fraction

(LVEF) was estimated by eyeball examination on short-

axis views [15, 20, 21]. LV systolic dysfunction was

defined as LV ejection fraction less than 45% [15, 22]. The

right ventricle size was assessed by the RV end-diastolic

area (EDA) (four-chamber view) and the ratio between

EDAs of the right and left ventricles was calculated

(RVEDA/LVEDA). RV dilatation was defined as RVEDA/

LVEDA[ 0.6 [15, 23].

Systolic pulmonary artery pressure (sPAP] was obtained

using the simplified Bernouilli’s equation: 4 � (Vmax tri-

cuspid regurgitation)2 ? central venous pressure (CVP).

To reduce the lack of precision of CVP estimation based on

the size of the inferior vena cava, CVP was invasively

measured through central venous catheters [15, 20].

Tricuspid annular plane excursion (TAPSE) was also

measured, as the difference of displacement during diastole

and systole. A TAPSE\ 16 mm is known to indicate RV

dysfunction [15, 24, 25].

The requirement of ECMO implantation was decided on

the basis of the Italian Ministry of Health criteria, as pre-

viously described [17, 18]. Conditions of severe hypoxia or

hypercapnia, where the limits of a protective ventilation

strategy could not be maintained (tidal volume less than

6 ml/kg of predictive body weight and plateau pressure of

30 cm H2O), were the indication for starting extracorporeal

circulation [17, 18].

Body mass index

Body mass index (BMI) was calculated from height and

weight recorded on admission to the ICU (BMI = -

weight (kg)/ht(m)2). According BMI, in our study

population, the following subgroups were considered

[26]:

(a) Normal (BMI\ 25 kg/m2);

(b) Overweight (BMI[ 25 kg/m2\ 30 kg/m2);

(c) Obese (BMI[ 30 kg/m2\40 kg/m2.

(d) Morbid obese (BMI[ 40 kg/m2).

The subgroup of patients with normal BMI included also

4 patients who were underweight (that is with a

BMI\ 18.5 kg/m2).

Outcome

Mortality during ICU stay was the outcome.

All Participants (or their kins) signed a written informed

consent for storing their clinical data. The study is a ret-

rospective analysis of data and the study design was

approved by our Institutional Board.
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Statistical analysis

Statistical analysis has been conducted with SPSS 13.0 for

Windows software (SPSS Inc, Chicago, IL, USA) A two-

tailed p value\0.05 was considered statistically signifi-

cant. Categorical variables are reported as frequencies and

percentages; continuous variables are reported as

mean ± standard deviation (SD). For continuous variables,

between-groups comparisons have been performed with

Student’s t test or ANOVA (followed by Bonferroni post-

tests if overall p was significant) or by means of Kruskal–

Wallis H test. Categorical variables have been compared

with Chi-square.

Univariate analysis (Chi-squared or Fisher’s exact test

for categorical data; Student’s t test or Mann–Whitney

U test for continuous data) was used to identify candidate

variables (age, gender, BMI, SAP II, pO2, pCo2, pH,

LVEF, RV dilatation (RVEDA/LVEDA ration[0.6),

TAPSE, sPAP) for multivariate analysis which included

those variables that resulted significant at univariate anal-

ysis (BMI and RV dilatation). Backward stepwise logistic

regression was performed to identify predictors of ICU

mortality. Hosmer–Lemeshow goodness-of-fit test and

Nagelkerke pseudo-R2 are reported.

Results

Our population comprises 118 consecutive patients, among

whom 69 patients (58.4%) were transferred by peripheral

hospitals. All the ECMO transportation were carried out by

ambulance and no adverse event was observed. The aver-

age distance from the local hospital to our ECMO-center

was 77 km (median, range 5–456 km).

As depicted in Table 1, 45 patients (38.1%) showed

normal BMI, 37 patients (31.4%) were overweight and the

remaining were obese (21.2%), or morbid obese (9.3%)

(Fig. 1). Overweight patients were significantly older than

normal weight and morbid obese patients (p\ 0.001, and

p\ 0.001, respectively). Normal weight patients showed

higher values of SAPS II in respect to morbid obese

(p\ 0.01) and to overweight patients (p\ 0.05). Morbid

obese patients showed the lower ICU mortality rate

(p = 0.003). No other difference was detectable among

BMI subgroups in baseline characteristics nor in ICU

length of stay.

As shown in Table 2, no difference was observed in

sPAP and in the incidence of RV dysfunction (as expressed

by TAPSE) and RV dilatation among BMI subgroups.

Obese patients showed a lower incidence of LV dysfunc-

tion than normal weight patients (p = 0.005, Chi square).

At stepwise regression analysis (Table 3) the following

variables were independent predictor for ICU mortality

(when adjusted for age): RV dilatation (OR 4.361, 95% CI

1.809–10.512, p\ 0.001), BMI (OR 0.884, 95% CI

0.821–0.951, p\ 0.001). Hosmer–Lemeshow v2 8.49,

p = 0.387; Nagelkerke pseudo-R2 0.297. 8.

Discussion

The main findings of the present investigation, performed

in 118 consecutive patients with refractory ARDS treated

with VV-ECMO, were as follows: (a) increased BMI

([30 kg/m2) account for one-third (30.5%) of the entire

population; (b) no difference in echocardiographic findings

were detectable among BMI subgroups except for a lower

incidence of LV dysfunction in obese patients; (c) BMI

was related with ICU mortality, since increased BMI was

associated with a better outcome.

In our series, overweight and obese patients represent

the majority of the study population (61.9%), in agreement

with previous reports which found a high prevalence of

overweight and obesity in ARDS requiring VV-ECMO

[27, 28].

Few reports specifically addressed the relationship

between BMI and outcome for patients supported with VV-

ECMO [9, 10], mainly performed in small series of patients

and all documenting that increased BMI was not associated

with a worse outcome. Al-Soufi and et al. [29] analyzed all

patients supported by VV-ECMO from 2005 to 2011 (In-

ternational Extracorporeal Life Support Organization

Registry) and observed that patients in the highest quartile

for body weight showed a trend towards decreased risk-

adjusted mortality compared with patients in the lowest

quartile. However, in the study by Al-Soufi et al. [29], only

body weight (and not BMI) was considered, since the

ELSO Registry does not collect patient height. We confirm

and extend these findings observing in a large cohort of

patients that BMI is associated with ICU mortality and that

obese and morbid obese patients showed a significant lower

mortality than normal weight patients.

Several hypothesis have been previously proposed to

explain this paradoxical protective effect of increased BMI

in ARDS, comprising more adequate nutritional stores [30]

and immune modulation by the adipose tissue [31]. Kon

et al. [12] speculated that morbidly obese offered ECMO

showed a less severe parenchymal disease since they had

developed early respiratory failure 9 due to chest wall

restrictive mechanics. According to our data, echocardio-

graphy pre-ECMO implantation may provide other factors

which may contribute to this phenomenon. Indeed, in our

series, a lower incidence of LV dysfunction was observed

in obese patients in respect to normal weight patients. In a

recent paper [15] in 21 patients with refractory ARDS and

pulmonary vascular dysfunction supported with VV-

52 J Artif Organs (2017) 20:50–56

123



ECMO higher left ventricular ejection fraction was asso-

ciated with survival.

Moreover, in our study population, no difference was

observed in the incidence of RV dilatation and dys-

function (as indicated by TAPSE) among BMI sub-

groups. The prognostic role of RV failure in ARDS has

been previously documented by others [22–24] and us

[15]. In fact in a small subset of patients with refractory

ARDS and pulmonary vascular dysfunction, survivors

showed higher values of TAPSE, an index of RV func-

tion [15].

Limitation of the study

A limitation of the present study may be that this a single-

center investigation, thus including a small number of

patients, so that the subgroup of underweight patients could

not have been analyzed separately since it included only 4

patients. However, this is the largest series of ARDS

patients supported by VV-ECMO in whom the prognostic

role of BMI was specifically addressed, focusing on

echocardiographic findings. LV ejection fraction was cal-

culated by eyeball, a method which can be performed more

Table 1 Baseline characteristics according to BMI subgroups

All patients Normal

BMI\ 25 kg/m2
Overweight

BMI[ 25

\ 30 kg/m2

Obese

BMI[ 30\
40 kg/m2

Morbid Obese

BMI[ 40 kg/m2
p

Number 118 45 37 25 11

Transferred patients (n) 69 24 19 18 8 0.342

Age (years) 50.9 ± 14.5 49.8 ± 15.8 59 ± 14.6* 53.6 ± 11.8 42.4 ± 11.4# 0.003

SAPS II 43.9 ± 18.9 42.9 ± 17.1 47.9 ± 20.5 44.9 ± 18.7 32.7 ± 17.6*§ 0.123

Males/Females 81/118

(68.7%)

33/45 (73.3%) 26/37

(70.3%)

15/25 (60%) 7/11 (63.6%) 0.934

BMI 28.4 ± 7.9 21.9 ± 2.8 26.9 ± 0.9 33.8 ± 3.1 47 ± 5.6 \0.0001

Cause of lung injury

Pneumonia 79 (66.9%) 34 22 14 9 0.439

H1N1 pneumonia 35 (29.6%) 9 14 10 2

Other 4 (3.4%) 2 1 1 0

ECMO duration (days) 14.6 ± 13.7 13.5 ± 13.4 12.8 ± 9.3 19.2 ± 20.4 12.4 ± 6.0 0.262

10 (1–98) 10 (1–62) 10.5 (1–44) 11 (3–98) 10 (5–25)

Mechanical ventilation (days) 21.4 ± 19.2 19.1 ± 21.4 19.5 ± 12.8 27.2 ± 27.4 21.2 ± 6.1 0.382

16 (1–127) 12 (1–120) 16 (1–68) 18 (3–127) 23 (10–31)

ICU LOS (days) 25.1 ± 26.5 20.6 ± 21.6 24.4 ± 17.2 33.6 ± 44.6 25.7 ± 6.5 0.274

18 (1–233) 16 (1–120) 22 (2–83) 22 (1–233) 28 (15–35)

Vasopressors

Norepinephrine only 48 19 15 10 4 0.474

Norepinephrine and

dobutamine

8 1 3 2 2

Dobutamine only 3 2 0 1 0

Blood gas analysis

pH 7.36 ± 0.11 7.35 ± 0.10 7.35 ± 0.11 7.37 ± 0.11 7.43 ± 0.1*§ 0.129

pCO2 (mmHg) 47.5 ± 18.2 47.6 ± 20.6 48.3 ± 18.9 49.1 ± 13.5 40.3 ± 14.3 0.579

42 (24–133) 40 (24–133) 42 (28–102) 48 (29–82) 35 (30–80)

pO2 (mmHG) 85.1 ± 35.3 87.7 ± 37.7 84.4 ± 36.3 84.1 ± 35.6 78.1 ± 28.9 0.878

75 (22–189) 75 (29–189) 80 (22–178) 71 (50–186) 69 (52–125)

Lactate (mg/dl) 2.82 ± 3.04 3.57 ± 4.3 2.75 ± 2.1 1.98 ± 1.09 1.94 ± 0.89 0.126

ICU mortality 51 (43.2%) 28 (62.2%) 15 (40.5%) 7 (28%)*(Chi-

square)

1 (9.1%) (Chi-

square)

0.003

BMI body mass index, SAPS II simplified acute physiology score, ECMO extracorporeal membrane oxygenation, ICU intensive care unit, LOS

length of stay

* p\ 0.01 vs normal weight patients
# p\ 0.01 vs overweight patients
§ p\ 0.05 vs overweight patients
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rapidly and has been shown a good correlation with the

Simpson method in critically ill patients [32]. We were not

able to adjust for some factors that may be associated with

mortality that were not reported in all patients such as tidal

volume and plateau pressures of ventilation before ECMO

support. However, the aim of the present investigation was

to specifically evaluate differences (if any) in echocardio-

graphic findings among BMI subgroups.

Fig. 1 BMI subgroups

Table 2 Echocardiographic findings according to BMI subgroups

All patients Normal

BMI\ 25 kg/m2
Overweight

BMI[ 25\ 30 kg/m2
Obese

BMI[ 30\ 40 kg/

m2

Morbid obese

BMI[ 40 kg/m2
p

Number 118 45 37 25 11

Echocardiographic examination

TTE 39 (33.1%) 17 7 8 7 0.179

TTE e TEE 35 (29.6%) 13 13 8 1

TEE 44 (37.3%) 15 17 9 3

Echo findings

sPAP (mmHg) 46.4 ± 11 46.4 ± 11.5 47.2 ± 11.6 46.9 ± 9.6 42.1 ± 10 0.592

TAPSE (mm) 17.4 ± 3.7 17.1 ± 4.1 17.7 ± 3.6 16.6 ± 3.2 18.6 ± 3.6 0.431

TAPSE\ 16

(n)

49 (41.5%) 21 (46.6%) 13 (35.1%) 11 (44%) 4 (36.6%) 0.998

LVEF\ 50%

(n)

30 (25.4%) 15 (33.3%) 13 (35.1%) 1*(Chi square) (4%) 1 (9.1%) 0.015

RV dilatation

(n)

42 (35.6%) 17 (37.7%) 12 (32.4%) 10 (40%) 3 (27.3%) 0.992

BMI body mass index, TTE transthoracic echocardiography, TEE transesophageal echocardiography, sPAP systolic pulmonary arterial pressure,

TAPSE tricuspid annular plane excursion, RV right ventricle

* p\ 0.01 vs normal weight patients

Table 3 Multivariable regression analysis

OR 95% CI p

BMI kg/m2 (1 U/step) 0.884 0.821–0.951 \0.001

RV dilatation (yes/no) 4.361 1.809–10.512 \0.001

Age (1 year step) 1.018 0.189–1.047 0.231

Hosmer–Lemeshow v2 8.49, p = 0.387; Nagelkerke pseudo-R2 0.297

BMI body mass index, RV right ventricle
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Conclusions

According to our findings, in refractory ARDS treated with

VV-ECMO, increased BMI ([30 kg/m2) is common and it

is not associated with worse outcome, so that it cannot be

considered per se a contraindication to ECMO treatment.

Echocardiography, performed prior to VV-ECMO

implantation, may help in understanding this phenomenon

since the incidence of RV dilatation and failure, which are

known to negatively affect prognosis in ARDS patients,

was comparable among BMI subgroups. Further studies are

needed to confirm our findings in a larger cohort of

patients.
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