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Abstract

Introduction: Morbidly obese patients are at risk of cardiovascular events and their optimal assessment before
surgery is controversial. The aim of this study was to analyze the value of transthoracic echocardiography to detect
structural and functional cardiac alterations and as a predictor of cardiovascular morbidity both in the operative
period and in the immediate postoperative period in high risk but non-cardiopathic patients undergoing bariatric
surgery.

Material and Methods: A transthoracic echocardiography was routinely performed in non-cardiopathic patients
with OSA and/or hypertension treated with two or more drugs. Eighty seven patients aged 48.5 ± 9 years, BMI of
45.9 ± 7 kg/m2 were studied. Cardiovascular risk factors, the anesthetic monitoring and the cardiovascular
complications were evaluated.

Results: An abnormal indexed left ventricular mass (LVMi) was observed in 12.6 % of patients, septum
hypertrophy in 24%. Diastolic dysfunction (DD) was diagnosed in 32.7% of subjects (74% with a mild alteration). No
significant differences were found in the echocardiography findings in patients with severe obesity (BMI > 50 kg/m2)
compared with the rest of the subjects. In the linear regression analysis age (β=0.256, P=0.021) was found to be the
main determinant of LVMi (R2 for the model= 0.314). Regarding intraoperative monitorization, two patients required
special measures due to surgical complications and one patient suffered from a cardiovascular complication but in
neither case did the echocardiografic findings prompt a change in the anesthesic management.

Conclusions: The echocardiographic alterations found in a Mediterranean population of non-cardiopathic
morbidly obese patients as candidates for bariatric surgery, were low. The echocardiographic findings did not
change the anesthetic management of these patients and the cardiovascular events observed in the operative and
immediate postoperative period were very scarce. This indicates that this test is not useful when routinely
performed.
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Introduction
Morbid obesity is often associated with conditions that increase

cardiovascular risk including dyslipidemia, systemic arterial
hypertension (SHT), type 2 diabetes mellitus (DM2), metabolic
syndrome and obstructive sleep apnea (OSA) [1,2]. Obesity is
associated with increased blood volume and cardiac output [3-5]. This
pre-load condition increases ventricle size, wall stress and left
ventricular mass, leading to the development of eccentric ventricular
hypertrophy [3,4], systolic dysfunction and ventricular dilation, that
leads to the development of left ventricular failure (LVF) [6-8]. These
alterations in cardiac structure can be present without any clinical
signs, representing a subclinical manifestation of obesity
cardiomyopathy [9,10].

Bariatric surgery is the most effective procedure for weight loss
maintenance [11]. It is associated with a substantial reduction in
obesity-related comorbidities and the incidence of cardiovascular
events [12-14]. However, morbidly obese patients undergoing bariatric
surgery are at an increased risk of perioperative cardiorespiratory
complications, such as, intra-operative ventricular dysfunction
precipitated by rapid fluid administration and by the negative
inotropic effects of anaesthetic agents, pulmonary hypertension,
pulmonary embolism and myocardial ischemia [15,16]. Before
considering surgery, a careful preoperative evaluation must be
performed in these patients in order to assess their cardiovascular risk
that can condition the anesthetic management and recovery.

Regarding this, the preoperative assessment using transthoracic
echocardiography in morbidly obese patients even without known
heart disease could be useful. However, at present there are no
established recommendations for its use [17].
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The aim of our study was to analyze the value of transthoracic
echocardiography to detect structural and functional cardiac
alterations and as a predictor of cardiovascular morbidity both in the
operative period and in the immediate postoperative period in high
risk but non-cardiopathic patients undergoing bariatric surgery.

Methods
We conducted a retrospective observational study of 99 consecutive

morbidly obese outpatients undergoing preoperative cardiac
assessment over the period from January 2011 to January 2013.
According to our Unit´s protocol, a transthoracic echocardiography
was performed in all non-cardiopathic morbidly obese patients with
the presence of OSA and/or hypertension treated with two or more
drugs, before bariatric surgery. The exclusion criteria was the presence
of a very poor acoustic window (n:9) or a history of cardiomyopathy
(n:3), defined as the presence of atrial fibrillation, ventricular systolic
dysfunction, myocardial ischemia and severe valvular disease. Finally
87 patients were included in the study.

Preoperative anthropometric measurements were collected. Height
and weight were measured with the patient standing in light clothes
and without shoes. Body mass index (BMI) was calculated as body
weight divided by height squared (kg/m2). Obesity was classified
according to the World Health Organization criteria [18]. The study
protocol included an evaluation of cardiovascular risk factors such as
SHT, DM2, dyslipidemia, OSA and their respective treatments. SHT
was defined as systolic pressure ≥ 140 mmHg and/or diastolic pressure
≥ 90 mmHg or by the use of anti-hypertensive medication. DM was
defined according to ADA consensus [19] and dyslipidemia according
to ATPIII [20].

All transthoracic echocardiography (General Electric Vivid 7
Dimension) was performed by two experienced cardiologists during
the preoperative period, using one-dimensional mode (Mode M), two
dimension (2D) and Doppler (pulsed and color) echocardiography in
the paraesternal and apical windows. Left ventricular mass (LVM)
measured using Devereux Formula [21], and left ventricular end-
diastolic diameter (LVEDD) were assessed and corrected by body
surface area, resulting in indexed values, LVMi and LVEDDi,
respectively. Other parameters evaluated were: interventricular septal
wall thickness (SWT), left ventricular fractional shortening (LVFS),
left ventricular ejection fraction (LVEEF) measured by the Teichholz
method, anteroposterior diameter of the left atrium (DLA); aortic root
diameter (ARD); pulmonary arterial pressure (PAP), peak velocities of
the E and A waves, E/A ratio and E waves deceleration time (EDT).
For the reference values the Images of Cardiology Handbook and the
American Society of Echocardiography guidelines and standards were
used [22,23].

The surgical technique and the intraoperative and postoperative
(within one month) cardiovascular complications were also reported.
Cardiovascular complications were defined as acute coronary
syndrome, including myocardial infarction or unstable angina (using
standard definitions and determined by electrocardiographic findings
and cardiac biomarker measurement), congestive heart failure
(determined by examination findings and confirmatory testing,
including chest X-ray and biomarker measurement), and new onset of
rhythm abnormality (atrial fibrillation/flutter and supraventricular
and ventricular arrythmias).

All bariatric patients undergo general anesthesia in our center.
Intraoperative hemodynamic values are computed by a Datex Ohmeda

system monitor, heart rate from a single-channel electrocardiogram
signal, blood pressure (BP) from a noninvasive and inflatable BP cuff
every 5 minutes, continuous pulsioximetry and end-tidal CO2. For the
first 5 minutes, patients breathe oxygen by face mask (fresh gas flow 6
L min-1), and general anesthesia is usually induced with propofol 2 mg
kg–1 and fentanyl 3 µg kg-1 of ideal weight. Tracheal intubation is,
then, facilitated with rocurorium 0.9 mg kg–1. Anesthesia is
maintained with sevoflurane (FISEV 2.1%) or desflurane (FISEV
6.6%), according to the preferences of anesthesiologists who perform
the procedure. Isotonic fluids are usually used and the fluid therapy is
a balanced balance sheet. For the standard, two venous accesses are
used, without further or more specific venous access or monitoring.
Deviation from standard intraoperative monitorization, such as the
use of a central venous catheter (CVC), the prescription of vasoactive
drugs, and the performance of invasive BP determinations is used in
alteration of hemodynamic parameters and it was registered.

All participants had signed a written consent to be included in the
study, which was approved by the research ethics board of our
hospital.

Statistical analysis
Data were expressed as mean ± SD or percentage for parametric

and categorical data, respectively. The bivariate comparisons were
evaluated using the Chi-squared (categorical), t (parametric) or
Mann–Whitney (nonparametric) unpaired tests. Univariate and
multiple regression analysis were performed to identify independent
factors affecting LVM and diastolic dysfunction (DD). A value of
p<0.05 was considered to be statistically significant. All statistical
analysis was performed using the Statistical Package for Social Sciences
(SPSS/Windows version 18, SPSS Inc., Chicago, IL, USA).

Results

Clinical data n=87

Age (years) 48.5 ± 9.3

Gender (M/F) 35/52

Weight (kg) 125.91 ± 23.90

BMI (kg/m2) 45.9 ± 7.6

Hypertension 53 (60.9%)

Dyslipidemia 38 (43.7%)

Type 2 Diabetes 30 (34.5%)

OSA 77 (88.5%)

Roux-en-Y gastric bypass 19 (21%)

Sleeve gastrectomy 39 (44.8%)

Gastric plication 11(12%)

Duodenal switch 18 (20%)

Table 1: General characteristics of the study population; All data are
expressed as mean ± standard deviation (SD). OSA: obstructive sleep
apnea.
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Eighty-seven non-cardiopathic morbidly obese patients (35 men, 52
women), 48.5 ± 9 years old and with initial BMI of 45.9 ± 7 kg/m2

were studied before undergoing bariatric surgery. Twenty (22.9%) had
a BMI above 50 kg/m2. Anthropometric and clinical characteristics of
all patients are summarized in Table 1.

Fifty three patients (60.9%) had SHT, and 23 (41.8%) were using
two or more anti-hypertensive medication. Thirty eight patients
(43.7%) had dyslipidemia and twenty six of them were under
treatment. Thirty patients (34.5%) had DM2 thirteen (41.9%) were
treated with one or more doses of insulin. Seventy-seven patients
(88.5%) had OSA and 80% of them were under continuous positive
airway pressure (CPAP) treatment.

Different laparoscopic bariatric surgical techniques were used:
Roux-en-Y gastric bypass was performed in 19 patients, sleeve
gastrectomy in 39, gastric plication in 11 and duodenal switch in 18.

The echocardiography findings are exposed in Table 2 and 3. An
abnormal LVMi was observed in 9 patients (12.6 %). Patients with
altered LVMi were significantly older (56 ± 5 vs. 48 ± 9 years, p=
0.044), and had a higher prevalence of dyslipidemia (83% vs. 40%,
p=0.041) compared to patients with normal values. No patient
presented an altered LVEDDi. Transthoracic echocardiography
showed hypertrophy of the septum in 21 patients (24%). Patients with
hypertrophy of the septum were significantly older (51 ± 6 vs. 47 ± 9
years, p=0.025) compared to patients with a septum in the reference
range but showed similar BMI and similar percentages of SHT, DM2,
dyslipidemia and OSA. Regarding systolic function, 3 patients (3.4%)
had a LVEEF under 55%. DD was evaluated in 58 patients out of 87. In
the rest of the participants it could not be assessed due to a poor
acoustic window. Nineteen subjects (32.7%) were diagnosed with DD,
and among them, 74% presented a mild alteration (grade I
dysfunction) and 26% grade III dysfunction. Patients with DD were
older without reaching statistical significance (51 ± 7.3 vs. 46.2 ± 10
p=0.053) but no differences were found in the percentages of SHT,
DM2, dyslipidemia and OSA compared to subjects with normal
diastolic function. In 28 patients the PAP was measured and in 8
(28.5%) it was elevated.

WOMEN MEN

Mean

results
Moderately
abnormal Mean results Moderately

abnormal

LVMi, g/m2 81.73 ± 23.04 101-112 89.99 ± 18.31 117-130

LVEDDi ,mm/m2 23.25 ± 2.58 35-37 21.76 ± 2.58 35-36

SWT, mm 10.85 ± 1.7 13-15 11.9 ± 2.06 14-16

LVFS (%) 40.42 ± 4.62 17-21 39.29 ± 5.94 17-21

LVEEF (%) 64.66 ± 5.96 30-44 63.40 ± 7.15 30-44

DLA (mm) 40.06 ± 5.31 43-46 43.0 ± 8.16 47-52

ARD (mm) 29.15 ± 3.16 20-32 33.63 ± 3.63 20-32

PAP (mm) 32.52 ± 7.89 35-37 31.08 ± 5.08 35-37

Table 2: Results and reference range of echocardiography findings
according to sex; All data are expressed as mean ± standard deviation
(SD). LVMi: left ventricular mass indexed by body surface area;
LVEDDi: left ventricular end diastolic diameter index by body surface
area; SWT: interventricular septal wall thickness; LVFS: left ventricular

fractional shortening; LVEEF: left ventricular ejection fraction; DLA:
diameter of the left atrium; ARD: aortic root diameter; PAP:
pulmonary artery pressure. Moderately abnormal values according to
the American Society of Echocardiography guidelines and standards.

Mean results Reference values of diastolic
dysfunction

Women
n=34 Male n=24 Grade I Grade II Grade III

Wave E 0.84 ± 0.20 0.75 ± 0.16 ≤ 0.5 0.5-1.2 ≥1,2

Wave A 0.77 ± 0.22 0.67 ± 0.18 ≥0.8 0.3-0.8 ≤0.3

E/A ratio 1.15 ± 0.44 1.19 ± 0.43 <1 1-1.5 ≥2

EDT
(msc)

203.9 ±
35.7

204.25 ±
34.98 ≥240 160-240 ≤150

Table 3: Results and reference range of diastolic function findings; All
data are expressed as mean ± standard deviation (SD). EDT: E waves
deceleration time. Diastolic dysfunction values according to the
Images of Cardiology Handbook.

We selected patients with severe obesity (BMI>50 kg/m2) and
compared the echocardiography findings with the rest of the subjects.
No significant differences were found in LVMi, LVEDDi, SWT, LVFS,
LVEEF, DLA, ARD and PAP in both groups (Table 4).

BMI<50 BMI>50

n:67 n:20

LVMi, g/m2 86.29 ± 22.13 80.96 ± 19.48

LVEDDi, mm/m2 23.11 ± 2.72 21.10 ± 1.80

SWT, mm 11.40 ± 2.00 11.05 ± 1.71

LVFS (%) 63.7 ± 6.6 65.65 ± 5.6

LVEEF (%) 39.7 ± 5.32 40.75 ± 4.78

DLA (mm) 41.25 ± 5.73 41.05 ± 9.40

ARD (mm) 31.15 ± 3.99 30.45 ± 3.96

PAP (mm) 31.42 ± 7.34 34.4 ± 2.19

Table 4: Results of echocardiography findings according to body mass
index; All data are expressed as mean ± standard deviation (SD). BMI:
body mass index; LVMi: left ventricular mass indexed by body surface
area; LVEDDi: left ventricular end diastolic diameter index by body
surface area; SWT: interventricular septal wall thickness; LVFS: left
ventricular fractional shortening; LVEEF: left ventricular ejection
fraction; DLA: diameter of the left atrium; ARD: aortic root diameter;
PAP: pulmonary artery pressure.

A univariate correlation analysis was performed, and showed that
LVMi correlated positively with age (r=0.29 p=0.007), but not with
BMI. No significant correlation was found between DD and age or
BMI. In the linear regression analysis age (β=0.256, P=0.021) was
found to be the main determinant of LVMi (R2 for the model= 0.314).
No association was found with BMI and the presence of SHT, DM2,
dyslipidemia or OSA.
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Regarding intraoperative monitorization, only two patients
required the use of CVC not because of ecocardiographic findings but
due to surgical complications. Both had intraoperative bleeding that
required a CVC for a possible initiation of vasoactive drugs and to
facilitate the extraction of blood samples. Only one patient (1.1%)
suffered from a cardiovascular complication in the early postoperative
period within 6 hours of the intervention. The patient was a 50-year-
old woman and had a BMI of 54 kg/m2 a history of DM2, SHT and
chronic alveolar hypoventilation syndrome treated with invasive
ventilation (IV). She was admitted to hospital a month before the
intervention due to a respiratory failure in the context of an acute
bronchitis. When her respiratory problem was stabilized she was
prepared for surgery. The echocardiogram prior to surgery showed
lower–lateral-posterior akinesia, LVEEF of 47%, LVMi 967 g/m2 SWT
12 mm, a normal PVC and DD grade I. The anesthesia induction was
performed with propofol (300 mg), fentanyl (150 mg) and rocuronium
(70 mg), the mean blood pressure during surgery was 65 mmHg, and a
total of 1040 cc of fluid was administered in two hours. During the
postoperative period she suffered from an acute heart failure that was
resolved with diuretics within 12 hours.

Discussion
To our knowledge, this study is the first to report

echocardiographic alterations in a Spanish population of morbidly
obese patients prior to bariatric surgery. The echocardiographic
alterations found in our cohort of non-cardiopathic morbidly obese
patients candidates for bariatric surgery, were low. From an
echocardiographic perspective, the “cardiomyopathy of obesity” is
mainly manifested by a LV remodeling and ventricular DD [24]. Our
data showed a low prevalence of LV hypertrophy (12.6%) and
ventricular DD (32.7%), even though the population studied had an
elevated cardiovascular risk as most of them were hypertensive and/or
with OSA. In contrast to our study, in a sample of 30 asymptomatic
morbidly obese patients, Rocha et al., described prevalence of LV
hypertrophy in 46.4% and of DD in 54.6% [10]. These discrepant
results might be explained by the use in this latter study of other
reference values instead of the American Society’s Echocardiography
standards. Also, in this former study, 83% of patients had SHT in
comparison to 60% in our population. Using our same standards,
Tavares et al., reported the presence of LV hypertrophy in 20% and
DD in 53% in a cohort of 132 morbidly obese patients from Brazil
without heart disease [25]. Comparing with our population, the
prevalence of SHT was similar but dyslipidemia and DM2 was higher,
and OSA was lower. However, almost 5% of patients consumed
alcohol, and in our patients no alcohol consumption was allowed as it
was a contraindication for bariatric surgery. Moreover, other factors
such as ethnic differences and the use of tissue Doppler method to
measure the DD could explain the differences in the results. Another
important point to be considered is that our study was performed
using a Mediterranean population which is known to have a lower risk
of cardiovascular events, explained in part because of the dietary
properties [26]. Nevertheless, we were unable to find other references
regarding echocardiographic values of a population sharing similar
characteristics to ours.

The analysis of the factors influencing LVMi and diastolic function
showed that BMI and comorbidities were not determinants for
ventricular hypertrophy or DD. Instead, older age was significantly
associated with both parameters. The fact that SHT was not associated

with LVMi could be explained since most patients had a mild SHT
that was controlled with only two drugs.

In our study the pathological findings in the echocardiography did
not correlate with an increased percentage of intraoperative or
immediate postoperative complications. This might be partly
explained by the very low rate of adverse cardiovascular events
observed. Earlier studies have reported an increased mortality in
bariatric surgery, and obesity appeared to be an independent risk
factor of morbidity and mortality from cardiovascular and pulmonary
complications [27-30]. According to Klasen et al., obstructive and
restrictive pulmonary syndromes, silent coronary heart diseases, or
subclinical heart failure could decompensate in the immediate
postoperative period in bariatric patients [16]. Nevertheless, bariatric
surgery has evolved in recent years and advances in anesthesiology, the
use of new drugs, better monitoring procedures, and ventilators have
improved the prognosis of these patients. Moreover, their greater level
of surveillance probably explains the low incidence of fatal events.
Indeed, recent studies analyzing cardiovascular complications during
obesity surgery, even in patients with known heart disease, have shown
a rate of non-fatal cardiovascular events ranging between only 5.8 to
3% [31, 32]. We have to take into account that our hospital is a referral
hospital for bariatric surgery with experienced surgeons and
anesthetists explaining the low prevalence of complications. As
previously described, monitoring and anesthetic management were
not conditioned by echocardiographic findings and only 2 patients
required special intraoperative monitorization, secondary to a surgical
complication and not to any cardiovascular events. Additionally, the
echocardiographic findings didn’t determine the place of post-surgical
recovery. In our study, only one subject had an adverse cardiovascular
event, an episode of acute pulmonary edema in the immediate
postoperative period. This patient had an elevated surgical risk because
of her severe respiratory insufficiency treated with IV and high BMI.
But even in this case the echocardiographic assessment did not
condition in her anesthetic management.

In the current literature, there are no specific guidelines for
preoperative evaluation of morbidly obese candidates for bariatric
surgery [17]. Our data show that routinely including
echocardiography in the preoperative assessment of all candidates with
SHT, BMI>50 kg/m2 and with OSA is not useful. Although
transthoracic echocardiography is a non-invasive diagnostic test, it has
a cost and it can delay surgery. From a clinical point of view, the
echocardiographic alterations found in our study had no consequences
on the perioperative management, suggesting that its use should be
restricted to higher risk patients. In fact, the results of our study have
changed our protocol of preoperative assessment before bariatric
surgery, confining the use of echocardiography to patients with known
heart disease.

Study limitations
A limitation of our study is that it is retrospective and no control

group was examined for comparison. Also, the number of patients
studied was small and we are aware that the sample should be enlarged
in order to confirm our results. Patients with a very poor acoustic
window were excluded, however, they were only nine with similar
BMI compared to the rest of participants and none of them had
operative complications. Nevertheless, some patients included in the
study had a limited acoustic window because of their obesity and this
might have interfered with the echocardiographic measurements.
Regarding echocardiography, we did not use tissue doppler
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measurement which is more specific to quantify DD or
ecocardiographic contrast that could have improved the image quality.
The color- Doppler M-Mode of transmitral blood flow, which is
another measure of DD, was neither used because in the routine
evaluation of diastolic function we only use peak velocities of the E
and A waves, E/A ratio and E waves deceleration time (EDT).

Conclusion
The echocardiographic alterations found in a Mediterranean

population of non-cardiopathic morbidly obese patients as candidates
for bariatric surgery, were low. The echocardiographic findings did not
change the anesthetic management of these patients and the
cardiovascular events observed in the operative and immediate
postoperative period were very scarce. This indicates that this test is
not useful when routinely performed.
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