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Abstract
Background Compared to healthy individuals, obese have
significantly higher systolic and diastolic blood pressure,
mean arterial pressure, heart rate, and cardiac output. The
aim of this study was to evaluate cardiovascular hemodynam-
ic changes before and 3 months after bariatric surgery.
Methods Patients scheduled for bariatric surgery between the
29th of September 2016 and 24th of March 2016 were includ-
ed and compared with 24 healthy individuals. Hemodynamic
measurements were performed preoperatively and 3 months
after surgery, using the Nexfin® non-invasive continuous he-
modynamic monitoring device (Edwards Lifesciences/
BMEYE B.V., Amsterdam, the Netherlands).
Results Eighty subjects were included in this study, respec-
tively, 56 obese patients scheduled for bariatric surgery and 24
healthy individuals. Baseline hemodynamic measurements
showed significant differences in cardiac output (6.5 ± 1.6
versus 5.7 ± 1.6 l/min, p = 0.046), mean arterial pressure
(107 ± 19 versus 89 ± 11 mmHg, p = 0.001), systolic
(134 ± 24 versus 116 ± 18 mmHg, p = 0.001) and diastolic
blood pressure (89 ± 17 versus 74 ± 10mmHg, p = 0.001), and
heart rate (87 ± 12 versus 76 ± 14 bpm, p = 0.02) between
obese and healthy subjects. Three months after surgery,

significant changes occurred in mean arterial pressure
(89 ± 17 mmHg, p = 0.001), systolic (117 ± 24 mmHg,
p = 0.001) and diastolic blood pressure (71 ± 15 mmHg,
p = 0.001), stroke volume (82.2 ± 22.4 ml, p = 0.03), and
heart rate (79 ± 17 bpm, p = 0.02)
Conclusions Three months after bariatric surgery, significant
improvements occur in hemodynamic variables except cardi-
ac output and cardiac index, in the patient group.
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Introduction

Obesity is a recognized risk factor for cardiac dysfunction,
atherosclerosis, and cardiovascular disease [1, 2]. When com-
bined with hypertension, dyslipidaemia, and type 2 diabetes
mellitus, it is known as Bmetabolic syndrome,^ which in itself
is an independent predictor of cardiac dysfunction and cardio-
vascular disease [1, 3]. Increasing evidence from large
population-based studies (such as the Framingham Heart
Study) and cardiac imaging trials show that long-term obesity
can lead to structural changes in cardiac structure, such as left
ventricular (LV) dilatation, hypertrophy, and even heart failure
[1, 4]. Adipose tissue itself contributes to the circulating vol-
ume and must increase cardiac output [5].

The literature suggests that weight loss is able to improve
cardiac structure and function and decrease cardiovascular
risk (due to reverse remodeling) [6, 7]. Aggarwal et al. [6]
summarized the beneficial effects of bariatric procedures on
cardiac functional imaging endpoints, but short-term hemody-
namic changes have not been studied extensively. Namely the
presence of left ventricular hypertrophy (LVH) and
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hypertension is a prerequisite for cardiac remodeling after bar-
iatric surgery, and in this review, by Aggarwal et al. [6], most-
ly cardiac structure changes were evaluated, without looking
at the short-term hemodynamic changes after bariatric surgery.

The aim of the present study was to evaluate the cardiovas-
cular hemodynamic changes before and 3 months after bariat-
ric surgery. It was hypothesized that bariatric surgery (irre-
spective of the type of surgical procedure) gives a decrease
in cardiac output and in systolic and diastolic blood pressure.

Methods

This study was approved by the Medical Ethics Committee of
the Catharina Hospital in Eindhoven, The Netherlands, and
adheres the principles of the declaration of Helsinki.
Informed consent was obtained from all patients included.
This study was conducted according to the Strengthening
the Reporting of Observational studies in Epidemiology
(STROBE) statement [8].

Patient Population

Amultidisciplinary team screened all included patients preop-
eratively, consisting of a physician assistant, a psychologist, a
nutritionist, and a surgeon. Patients were eligible for surgery if
they had a BMI of 40 kg/m2 or higher, or a BMI between 35
and 40 kg/m2 with significant comorbidities, with serious at-
tempts to lose weight in the past. Comorbidities were consid-
ered significant when medication had to be used, or if contin-
uous positive airway pressure (CPAP) had to be used in case
of obstructive sleep apnea (OSAS). Patients with pre-existing
cardiac and/or pulmonary and/or kidney diseases were exclud-
ed from this study.

The subjects in this study were divided into two groups.
Group A of morbidly obese patients scheduled for bariatric
surgery that were measured preoperatively and 3 months after
bariatric surgery. Group B was a control group of, healthy,
health professionals recruited from the research team.

Nexfin® Hemodynamic Monitoring Device

The Nexfin® device (Edwards Lifesciences/BMEYE B.V.,
Amsterdam, the Netherlands) is based on the volume clamp
method first described by Penaz and the Physiocal criteria of
Wesseling and provides a reconstructed continuous brachial
arterial BP that are used to derive stroke volume [9–14].

Procedure and Data Collection

All hemodynamic measurements were obtained before, and
only the patient’s measurements were repeated 3 months after
bariatric surgery. Patients were asked to relax for 10 min in a

comfortable chair, and any form of disturbance was prevented.
After that, each study participant was asked neither to speak
nor to move during the measurement. Appropriate cuff size
was determined for both the finger and the arm in each partic-
ipant. The Nexfin® finger cuff was attached to the mid-
phalanx of the third digit of the patients left hand. Data of
interest were anthropometric variables and comorbidities, he-
modynamic variables (systolic and diastolic blood pressure,
cardiac output, cardiac index, stroke volume, and heart rate).
Secondly, operative details and evolution of weight and co-
morbidities were recorded, in terms of remission of type 2
diabetes, hypertension, hypercholesterolemia, sleep apnea,
and osteoarthritis.

Primary endpoint of the study was the change in cardiac
output, cardiac index, and systolic and diastolic pressure
3 months after bariatric surgery. Secondary endpoints were
other hemodynamic parameters such as stroke volume and
heart rate.

Statistical Analysis

Our hypothesis was that bariatric surgery gives a decrease in
cardiac output and in systolic and diastolic blood pressure. In
current literature, it is seen that bariatric surgery gives a mean
reduction of 20% in systolic and diastolic blood pressure [3,
15].

Using a two-sided 5% significance level and a power of
90%, a power analysis indicated a sample of 50 patients.
Taking into account a dropout rate of 10%, we have included
56 patients.

Continuous variables were shown as mean ± standard de-
viation (SD) and categorical variables as frequency with per-
centages. The Shapiro-Wilk test was used to test each variable
for normality. Student’s t test for independent groups or the
Mann-WhitneyU test was used to compare the hemodynamic
variables in the preoperative period, depending on the normal-
ity or non-normality of the data distribution. To determine
whether the hemodynamic variables 3 months reach normal
values, these follow-up values were compared with the base-
line values of group B (the health professionals), assuming
that these measurements would not change in 3 months. In
all tests, values of p < 0.05 were considered statistically sig-
nificant. Statistical Package for Social Sciences (SPSS,
Chicago, IL, USAVersion 20.0) was used to prepare the da-
tabase and for statistical analysis.

Results

A total of 80 subjects were included in this study, respectively,
54 patients in group A and 24 healthy individuals in group B.
Three months after surgery, follow-up data was available of 51
patients in group A. Three patients were unable to attend the
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follow-up visits at our clinic; one was admitted in a hospital
because of a cerebral infarction and two patients were lost to
follow-up. Table 1 gives an overview of the characteristics of
each study group. A significant difference was found between
group A and group B in terms of weight, waist circumference,
and body mass index (BMI).

Weight Loss and Resolution of Comorbidities

Table 1 gives an overview of the weight loss profiles in group
A after 3 months, the group of patients that underwent bariat-
ric surgery. In total, 29 patients (53.7%) had a Roux-en-Y
gastric bypass (RYGB); 25 (46.3%) underwent a sleeve gas-
trectomy (SG). In terms of resolution of comorbidities after
3 months, 15 patients (12.7%) had partial remission and 3
patients (2.5%) had complete remission of hypertension.
Hypercholesterolemia resolved partially in 5 patients (4.2%)
and completely in 6 patients (5.1%). Obstructive sleep apnea
syndrome (OSAS) resolved partially in 7 patients (5.9%) and

completely in 2 patients (1.7%). The remission of type 2 dia-
betes (T2DM) was partial in eight patients (6.8%) and com-
plete in three patients (2.5%).

Baseline Cardiovascular Hemodynamic Variables

Table 2 gives an overview of the baseline hemodynamic var-
iables between groups A and B. Between groups A and B, no
significant differences were found in stroke volume (SV) and
cardiac index (CI)

Effect of Weight Loss on Cardiovascular Hemodynamic
Variables

Follow-up data of 51 patients was available (in group A).
Table 3 gives an overview of the changes in cardiovascular
hemodynamic variables. There were no differences between
postoperative and preoperative cardiac output (CO) and car-
diac index (CI) (p values, respectively, 0.082 and 0.970).

Table 1 Demographics of the
study population Group A (N = 54) Group B (N = 24) p value

Age (years) 44 ± 11 37 ± 13 0.09

Gender (male/female) 12/42 10/14 0.107

Height (cm) 168.9 ± 9.3 175.5 ± 8.2 0.08

Weight (kg) 119.9 ± 21.6 77.2 ± 16.6 0.01

Waist circumference (cm) 128.4 ± 15.4 85.6 ± 15.1 0.01

BMI (kg/m2) 41.9 ± 5.7 25.1 ± 5.2 0.01

Comorbidities:

-Diabetes mellitus 11 (19.6%) 1 (4.2%) 0.643

-Hypertension 22 (39.3%) 1 (4.2%) 0.386

-Osteoarthritis 44 (78.6%) 1 (4.2%) 0.367

-Obstructive sleep Apnea 10 (17.9%) 1 (4.2%) 0.565

-Hypercholesterolemia 12 (21.4%) 1 (4.2%) 0.181

Medical history:

-Cardiac disease 2 (3.6%) 0.645

-Pulmonary disease 5 (8.9%) 0.573

-Thromboembolic 7 (12.5%) 0.486

Type of bariatric surgery

-RYGB 29 (51.8%)

-SG 25 (44.6%)

Follow-up

-Weight (kg) 97.4 ± 18.9

-Waist circumference (cm) 102.8 ± 14.7

-BMI (kg/m2) 34.0 ± 5.2

-Absolute weight loss (kg) −22.5 ± 5.7

-%TWL −18.8% ± 4.1

-%EWL −41.5% ± 58

-%BMIL (kg/m2) −22.5% ± 5.7

BMI body mass index, RYGB Roux-en-Y gastric bypass, SG sleeve gastrectomy, %TWL %total weight loss,
%EWL% excess weight loss, %BMIL %BMI loss
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Compared to group B, the postoperative hemodynamics of
group A did not differ significantly from that of the healthy
individuals: p = 0.586 (systolic blood pressure), 0.678 (dia-
stolic blood pressure), 0.778 (mean arterial pressure), 0.335
(cardiac output), 0.246 (cardiac index), 0.890 (stroke volume),
and 0.145 (heart rate), respectively.

We did a subgroup analysis to determine if there is a rela-
tionship between the type of bariatric surgery and the postop-
erative changes in cardiovascular hemodynamics. No signifi-
cant differences were found between patients who underwent
an SG or a RYGB of revisional surgery.

Discussion

The present study assessed the effects of bariatric surgery on
cardiovascular hemodynamics 3 months after bariatric sur-
gery. We have found that compared to healthy individuals,
obese patients prior to bariatric surgery have significantly
higher systolic and diastolic blood pressure, mean arterial
pressure, heart rate, and cardiac output. Three months after
bariatric surgery, significant improvements occur in all hemo-
dynamic variables except cardiac output and cardiac index.

Secondly, assuming that hemodynamic measurements of
healthy individuals do not change over the course of 3 months,
we do not see a significant difference in postoperative hemo-
dynamics compared to healthy individuals that might be a clue
that there is a normalization of hemodynamic profile after
3 months.

With respect to hemodynamic changes after bariatric sur-
gery, conflicting results are reported in current literature.
Several studies report a significant decrease in systolic and
diastolic blood pressure in the first weeks after bariatric sur-
gery, but also over longer postoperative period [16–23]. A few
reports only show a significant decrease in either mean arterial
blood pressure [24, 25], a long-term significant decrease in
systolic blood pressure [26–29], or a significant decrease in
diastolic blood pressure [30–32]. In contrast to these positive
results, others show no significant changes in blood pressure
after bariatric surgery [25, 27, 32–41]. This may be explained
by presence of hypertension and/or a high left ventricular
mass (LVM) as postulated by Mukerji et al. [42] and Alpert
et al. [43]. Furthermore, a few studies found a significant
short- and long-term decrease in heart rate after bariatric sur-
gery [16, 21, 23, 25, 28–32, 35, 36, 44], while others found no
differences [24, 33, 34, 37–39, 41, 42, 45]. The most intrigu-
ing fact of these results is that there must be an intrinsic mor-
phological factor that makes the difference and explains us
why these conflicting results exist. In current literature, cardi-
ac remodeling after bariatric surgery is seen mostly in patients
with hypertension, LVH, or both [43]. In our opinion, pre-
existing hypertension or LVH might be prerequisite for re-
verse remodeling after bariatric surgery and thus the explana-
tion for the conflicting results in current literature.

Regarding cardiac output, we hypothesized that, due to
volume decrease as result of weight loss, the cardiac output
would decrease 3 months after surgery. Our data suggest that a
slight decrease in cardiac output occurs, although significance
was not reached (p = 0.082). Moreover, in our patient popu-
lation, the heart rate decreased and stroke volume increased
3 months after bariatric surgery significantly. However, there
was a decreasing trend in cardiac output seen in our study,
although not significant. This observation is in line with cur-
rent literature, because in most of the studies, a significant
decrease after 6–24 months and even after 10 years in terms
of cardiac output was seen [21, 25, 28, 32, 41, 44]. These
changes might indicate an improvement in relative volume
overload, which can be the start of normalization of cardiac
remodeling. However, the degree of remodeling in relation-
ship with the time postoperative is not known.

The findings of cardiovascular changes after bariatric sur-
gery are noticeable [6] and may represent a supra-
physiological effect of metabolic/bariatric surgical procedures
[1]. There might be a combination of weight-dependent (e.g.,
weight loss) and also weight-independent mechanisms
(inotropic hormones, like GLP-1) that induce cardiac

Table 3 Changes in cardiovascular hemodynamics measured with the
Nexfin® device, 3 months after bariatric surgery

Group A Preoperative (N = 54) Postoperative (N = 51) p value

SBP (mmHg) 134 ± 24 117 ± 24 <0.001

DBP (mmHg) 89 ± 17 71 ± 15 <0.001

MAP (mmHg) 107 ± 19 89 ± 17 <0.001

CO (L/min) 6.5 ± 1.6 5.9 ± 2.1 0.082

CI (L/min/m2) 2.9 ± 0.8 2.9 ± 1.1 0.970

SV (ml) 75.5 ± 16.7 82.2 ± 22.4 0.03

HR (bpm) 87 ± 12 79 ± 17 <0.001

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean
arterial pressure, CO cardiac output, CI cardiac index, SV stroke volume,
HR heart rate

Table 2 Baseline hemodynamic variables of each study group

Group A (N = 54) Group B (N = 24) p value

SBP (mmHg) 134 ± 24 116 ± 18 0.001

DBP (mmHg) 89 ± 17 74 ± 10 0.001

MAP (mmHg) 107 ± 19 89 ± 11 0.001

CO (L/min) 6.5 ± 1.6 5.7 ± 1.6 0.046

CI (L/min/m2) 2.9 ± 0.8 3.0 ± 0.9 0.937

SV (ml) 75.5 ± 16.7 75.6 ± 16.7 0.930

HR (bpm) 87 ± 12 76 ± 14 0.002

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean
arterial pressure, CO cardiac output, CI cardiac index, SV stroke volume,
HR heart rate
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remodeling. This includes that there is a possibility of direct
gut hormonal inotropic action on the myocardium through an
enterocardiac axis [1, 6]. The classical hemodynamic weight-
dependent effect of bariatric surgery is no longer thought to be
the only one responsible for reverse remodeling seen after
bariatric surgery, as the beneficial effects can be independent
from changes in blood pressure [15, 30].

Manipulation of enteric gut hormones has been shown to
have beneficial effects on cardiovascular function through the
enterocardiac axis [1, 46]. Hormones such as secretin, gluca-
gon, and vasoactive intestinal peptide act as inotropes by ac-
tivating cardiac membrane adenylate cyclase, which is a key
enzyme in cardiac cellular energy physiology [47]. Although
these mechanisms are not fully understood, it is thought that
the energy metabolism of the heart is enhanced through inter-
mediaries of TCA cycle, cardiorenal protectivity, and caloric
restriction [48].

Limitations

There are some limitations that need to be addressed. Firstly,
our sample size was calculated using the difference in systolic
and diastolic blood pressure, and therefore, we might have
been slightly underpowered to detect a difference in cardiac
output between the preoperative and the postoperative mea-
surements. Secondly, our sample size was not suited to deter-
mine the influence of remission of comorbidities on cardio-
vascular hemodynamics. Finally, this study is the first to as-
sess hemodynamic changes in bariatric patients, and since this
is a pilot study, we had a short follow-up. Also, to further
substantiate the findings and generalizability of the device,
there should be a comparison with echocardiography findings.
And if so, a control group should also bematched according to
gender, age, BMI, and body surface that are to avoid bias and
heterogeneity among the group of patients.

Conclusion

In summary, the aim of this study was to assess the cardiovas-
cular and hemodynamic changes 3 months after bariatric sur-
gery. We have found that obese patients prior to bariatric sur-
gery have increased systolic, diastolic, and mean arterial pres-
sure; heart rate; and cardiac output that all normalized within
3 months after bariatric surgery except cardiac output. This
suggests that bariatric surgery can have beneficial effects for
cardiovascular hemodynamics in the early postoperative
phase.
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