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Abstract
Background Currently, the standard procedure used to evalu-
ate hepatic steatosis is the liver biopsy. This is an invasive
practice that presents inherent risks. Increasing evidence sug-
gests that magnetic resonance imaging (MRI) and MR spec-
troscopy (MRS) may represent an accurate method to deter-
mine the hepatic lipid content. The aim of this study was to
evaluate the effect of sleeve gastrectomy on liver steatosis,
quantified by MRI and MRS.
Patients and Methods A prospective observational study of
patients undergoing laparoscopic sleeve gastrectomy was per-
formed. All patients underwent a MRI and a MRS study
2 weeks before the intervention and 6 months after the sur-
gery. Anthropometric, biochemical, and radiological parame-
ters were analyzed.
Results Twenty-three patients were included, 21 females and
2 males, with a mean age of 47.6 ± 10.6 years and mean pre-
op BMI 47.6 ± 6.7 Kg/m2. Six months after surgery, mean
BMI was 32.2 ± 5.1 Kg/m2, with a mean excess weight loss of
68.2 ± 18.6%. Mean preoperative hepatic volume was
1999.9 ± 436.2 ml and 6 months after surgery it decreased
to 1568 ± 170.3 ml (p = 0.005). Mean preoperative percentage
of lipid content was 14.2 ± 15.4% and 6 months after surgery,
it decreased to 4.3 ± 3.2% (p = 0.007). A significant reduction

of steatosis grade was observed, with disappearance of preop-
erative steatosis in 54.9% of the patients.
Conclusion Six months after sleeve gastrectomy, a significant
reduction of liver steatosis is observed, as demonstrated by
reduction in the percentage of intrahepatocitary lipids and liv-
er volume, determined by MRS and MRI. These imaging
techniques can be considered as noninvasive, accurate
methods for monitoring liver steatosis in morbidly obese pa-
tients undergoing bariatric surgery.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is characterized by
lipid deposit in the hepatocytes of the liver parenchyma, ex-
ceeding the 5% of the liver weight. NAFLD includes a spec-
trum of disorders ranging from simple steatosis, a relatively
benign condition, to nonalcoholic steatohepatitis (NASH) and
pericellular or perisinusoidal fibrosis. In some cases, these
entities might lead to a cirrhosis stage, similar to the observed
in alcoholic hepatitis. The mechanism of NAFLD is still un-
known, but involves the development of insulin resistance,
inflammatory cytokines, and oxidative stress [1, 2]. NAFLD
is strongly associated with obesity, mainly with central one,
and has become the most common liver disorder in Western
countries [3]. The prevalence of NAFLD, in any degree, is
estimated around 70% in obese subjects and up to 95% in
morbidly obese patients [4]. Among patients undergoing bar-
iatric surgery, liver steatosis is the most common degree of the
disease, appearing NASH in about 25% of the cases and cir-
rhosis in 1–3% [5].
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Bariatric surgery achieves an improvement or even com-
plete resolution of NAFLD in morbidly obese patients [4, 6].
This fact has been demonstrated after Roux-en–Y gastric by-
pass (RYGBP), adjustable gastric banding and malabsorptive
procedures (duodenal switch and biliopancreatic diversion)
[7–9], but little is known about the effect of laparoscopic
sleeve gastrectomy (LSG).

Currently, the standard procedure used to evaluate hepatic
steatosis is the histopathological examination of cross-liver
sections and the semi-quantitative estimation of the percent-
age of hepatocytes containing macrovesicular fat [10]. This is
an invasive practice that presents inherent risks. Increasing
evidence suggests that magnetic resonance imaging (MRI)
andMR spectroscopy (MRS) may represent an accurate meth-
od to determine the hepatic lipid content, comparable to the
liver biopsy to measure and follow up the fatty liver disease.
Thus, they have been postulated as potential screening tools
for patients at risk of liver steatosis, such as morbidly obese
patients [11–15].

The aim of this study was to evaluate the effect of sleeve
gastrectomy on liver steatosis, quantified by MRI and MRS.

Patients and Methods

From March 2013 to July 2014, a prospective observational
study of patients undergoing laparoscopic sleeve gastrectomy
as bariatric technique was performed.

Inclusion criteria were a body mass index (BMI) ≥ 40 Kg/
m2 or BMI ≥35 Kg/m2 with comorbidities. Exclusion criteria
included the presence of daily alcohol intake of more than
20 g per day, chronic hepatitis B or C virus infection, hepato-
toxic drugs intake or other known liver diseases, presence of
pacemaker or any metallic implant not compatible with MR,
and claustrophobia.

Preoperative Evaluation

A multidisciplinary team, including surgeons, endocrinolo-
gists, endoscopists, anesthetics, psychiatrists, and psycholo-
gists, and specialized nurses, performed a combined medical,
nutritional, and endocrinological work-up to evaluate poten-
tial surgical candidates. Preoperative assessment included ab-
dominal ultrasound, upper gastrointestinal endoscopy, func-
tional respiratory tests, and analytical evaluation of the nutri-
tional status. Psychiatrists and psychologists assessed addi-
tional interviews to evaluate the implication of the patient in
following a strict diet in the postoperative course. A dietician
established a diet consisting of a total daily energy intake of
1200 Kcal, similar to the one they have to follow after the
operation. Aweight loss of at least a 5% of the patient’s over-
weight was considered an indispensable condition to be se-
lected as candidate for laparoscopic sleeve gastrectomy.
Patients with documented gastroesophageal reflux disease or

patients not achieving the required weight loss (reflection of
bad adhesion to the diet) were excluded and selected for un-
dergoing a gastric bypass.

Surgical Technique

A longitudinal resection from 1.5-2 cm distance to the His
angle to approximately 3–4 cm proximally to the pylorus
was performed using a 40-French bougie inserted along the
lesser curve. A staple line inversion was performed with a
continuous oversewing of Polypropilene 2/0, before
extracting the bougie.

Magnetic Resonance

All patients underwent a MRI and a MRS study 2 weeks be-
fore the intervention and 6 months after the surgery. All stud-
ies were acquired in a Philips Intera 1.5 T (Philips Medical,
The Nederlands) with a standard SENSE body coil provided
by the manufacturer. The MRI protocol included axial T1-wi
dual gradient-echo (TR/TE, 122 ms/5–2 ms; flip angle, 80°;
slice thickness, 6 mm; matrix 256 × 256). In addition, axial
breath hold three dimensional (3D) T1-weighted high resolu-
tion isotropic volume examination (THRIVE) (TR/TE,
4/2 ms; flip angle, 10°; reconstructed slice thickness, 2 mm;
matrix, 256 × 256) was acquired for volumetric analysis.

Before spectroscopy, for a better voxel placement, fast T2
single shot TSE sequences (TR/TE, 611/100 ms; flip angle
90°, slice thickness/GAP, 9/0.9 mm) were acquired in coronal,
sagital, and axial planes. MRS was acquired with the single-
voxel technique, two voxels were located in different regions
within the left and right hepatic lobes to provide a more gen-
eralized distribution of fat within the liver. The average voxel
volume was of 30 × 30 × 30 mm and 20 × 20 × 20 mm for the
voxels located in the right lobe and left hepatic lobe, respec-
tively. The voxel was located avoiding blood vessels, the gall
bladder, and fatty tissue. After volume-selective
autoshimming, the spectra were obtained with a point-
resolved spectroscopy (PRESS) technique (TR/TE/
scans = 2000 ms/35 ms/64) without water suppression. Each
spectrum consisted of 1024 complex data points in the time
domain with a spectral width of 2000 Hz. Chemical shift was
placed relative to the water signal intensity.

Spectra were analyzed offline in the time domain using the
AMARES algorithm included in the MRUI software package
as described previously. The relative lipid content was defined
by following the formulae [15]:

RLC ¼ Slipid= Slipid þ Swater
� �

For volumetric analysis, manual volumetric segmentations
of the liver were performed by manual tracing of the liver on
volumetric sequences in the axial plane avoiding the gall
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bladder and main hepatic vessels at a dedicated workstation
(Advantage Workstation, Version 4.3; GE Healthcare Europe,
Buc, France).

Steatosis byMRS was determined as absent when detected
percentage of lipid content (PLC) was lower than 5%, mild
when lower than 10%, moderate when 10–30%, and severe
when >30%, as described in literature [12–16].

Variables

Anthropometric, biochemical and radiological parameters
were obtained preoperatively and 6 months after surgery.
Anthropometric measurements included preoperative weight
and BMI and postoperative weight loss, BMI, and excess
weight loss (EWL). Biochemical parameters include liver en-
zymes alanine aminotransferase (AST) and aspartate amino-
transferase (ALT). Radiological parameters, referring to the
MRI and MRS, included hepatic volume and PLC.

Statistical Analysis

All statistical analysis was performed using SPSS Version
19.0 (SPSS Inc., Chicago, IL). Results are expressed as
mean ± standard deviation or number and percentages in
non-Gaussian variables. Paired student t tests and
Friedman’s test were used to compare data before and after
surgery. A p value <0.05 was considered statistically
significant.

The study was approved by the local Ethics Committee and
all the patients signed a written informed consent before en-
tering the study.

Results

Initially, 25 patients were included in the study, but 2 were
excluded, because their obesity (abdominal circumference)
prevented them entering intoMRI scanner. Finally, 23 patients
were included for the analysis, 21 females (91.3%) and 2
males (8.7%), with a mean age of 47.6 ± 10.6 years.
Comorbidities are described in Table 1.

Anthropometric Measurements

Mean preoperative weight was 119.9 ± 14.7 Kg, mean preop-
erative height was 159.9 ± 6.4 cm and mean pre-op BMI
47.6 ± 6.7 Kg/m2. Six months after surgery, mean weight
was 82.7 ± 11.4 Kg and mean BMI 32.2 ± 5.1 Kg/m2, with
a mean excess weight loss of 68.2 ± 18.6%.

Biochemical Measurements

Preoperatively, increased AST levels (>40 U/I) were found in
13% of the patients and increased ALT (>40 U/I) in 26.1%,
postoperatively, all the patients presented ASTand ALT levels
within the normal range.

A significant decrease of AST and ALT levels was ob-
served between pre and postoperative determinations
(Table 2).

MRI and MRS Measurements

Mean preoperative hepatic volume was 1999.9 ± 436.2 ml,
and 6 months after surgery, the liver volume significantly de-
creased to 1568 ± 170.3 ml (p = 0.005). Mean preoperative
PLC was 14.2 ± 15.4%, and 6 months after surgery, these
values decreased to 4.3 ± 3.2% (p = 0.007). Pre and postop-
erative steatosis grade, according to the previously mentioned
classification, is described in Table 3. A significant reduction
of steatosis grade was observed, with disappearance of preop-
erative steatosis in 54.9% of the patients. Six months after
surgery, 91.3% of the patients did not present any grade of
steatosis.

Correlations

The preoperative PLC positively correlated with preoperative
AST (Pearson 0.742, p = 0.022) and ALT levels (Pearson
0.668, p = 0.049). Notwithstanding, the decrease of liver en-
zymes or the postoperative values did not show any correla-
tion with PLC decrease or postoperative PLC values.

Discussion

The diagnosis of NAFLD is usually made after an incidental
discovery of unexplained elevation of liver enzyme levels or

Table 1: Comorbidities

Comorbidities Number (%)

Diabetes mellitus 6 (26.1)

Hypercholesterolemia 8 (34.8)

Hypertrigliceridemia 2 (8.7)

Hypertension 14 (60.9)

Osteoarthritis 10 (43.5)

Sleep apnea hypopnea syndrome (SAHS) 8 (34.8)

Table 2: Pre and postoperative liver enzymes values

Preoperative 6 months after surgery p

AST 23.4 ± 5.4 17.9 ± 4 0.001

ALT 29.8 ± 10.5 19.8 ± 7.7 0.006
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when steatosis is observed on imaging. Liver biopsy remains
the gold standard for the diagnosis of liver steatosis and
steatohepatitis, however, the liver cell injury and
intrahepatocellular accumulation of lipids can be also evalu-
ated by noninvasive tests [1]. Despite there are several series
in literature with an elevated number of patients undergoing a
liver biopsy during bariatric surgery, without showing any
morbidity related with the biopsy [17], for posterior monitor-
ing of the liver status, it is necessary to perform a percutaneous
liver biopsy, implying an invasive procedure. Moreover, his-
tological examination of cross-liver sections and the determi-
nation of the percentage of hepatocytes containing
macrovesicular fat, only provides a two-dimensional estima-
tion of a particular biopsy and is subject to inter-individual
visual evaluation depending on the pathologist’s training,
which usually results in overestimation of the liver fat content
[18, 19]. Therefore, it is essential to establish new noninvasive
approaches to accurately determine the hepatic fat concentra-
tion, allowing the correct diagnosis and monitoring of
steatosis.

MRI represents a potential noninvasive technique for
assessing hepatic steatosis in three-dimensions [19–21].
MRS is a suitable method to quantify hepatic lipid content,
as the values obtained by MRS are directly related to the
molecular triglyceride content. One of the main advantages
of using spectroscopy instead of biopsy is that it can be per-
formed contemporaneously with MR imaging and the sam-
pling volumes are larger than the obtained in liver biopsy
avoiding misinterpretations if the fat liver distribution is het-
erogeneous [22, 23].

In our group, we observed a steatosis incidence calculated
with MRS of 63.6%. This steatosis rate is similar to the one
observed by some authors, though other reports have shown
higher prevalence that could vary from 65 to 80% [24, 25].
The steatosis grade was probably lower among our patients, as
all of them followed a strict preoperative diet, and a weight
loss of at least a 5% of their overweight was a necessary
condition to undergo the sleeve gastrectomy as bariatric pro-
cedure. It has been demonstrated that establishing strict die-
tary treatments with a total caloric intake of less than
1000 kcal/day between 2 and 8 weeks before surgery, in order
to maximize weight loss during this period of time, result in a
reduction of the surgical risk [26]. This weight loss is

associated with a reduction of hepatomegalia secondary to
liver steatosis. We have observed a positive correlation be-
tween hepatic lipid content assessed byMRS and hepatic vol-
ume, suggesting that the hepatic volume loss observed after
surgery is related to the decrease in the hepatic lipid content, as
it has been previously reported in patients undergoing bariatric
surgery [27].

Alterations of AST and ALT are the most frequent condi-
tions found in NAFLD in morbidly obese patients [2], similar
to our results. Notwithstanding, Dixon et al. [28] reported that
changes in aminotransferase concentrations seems not to pre-
dict changes in steatosis. In the same line, a recent study ob-
served a significant reduction of steatosis after bariatric sur-
gery, documented with liver biopsy, but without correlation
with AST or ALT levels [29]. In our series, we observed a
correlation between liver enzymes and PLC in the preopera-
tive determinations, but the decrease of liver enzymes or the
postoperative values did not show any correlation with PLC
decrease or postoperative PLC values. Liver steatosis rate in
morbidly obese patients ranges between 65 and 80%, but
steatohepatitis appears in only 25% of the case. Hepatocyte
fat infiltration might lead to a certain degree of inflammation
and cytolysis, but this is especially relevant in severe steatosis
grades. Thus, in the preoperative determinations of our series,
with more than 25% of patients presenting severe steatosis,
more steatohepatitis would be present and therefore, a corre-
lation with liver enzymes is possible. Postoperatively,
steatosis remains in few patients and just in mild grade with
probably absence of steatohepatitis, preventing a positive cor-
relation between both entities [1].

Improvement of liver steatosis after bariatric surgery has
been widely demonstrated, but mainly after gastric bypass or
malabsorptive procedures. Little is known about the effect of
sleeve gastrectomy on liver steatosis in humans, but in animal
models, sleeve gastrectomy has demonstrated a significant
reduction of the steatosis grade. Liver steatosis regression
has been associated with an improvement in the lipid profile,
which is more likely to occur after malabsorptive techniques
[30, 31]. A recently published study of our group demonstrat-
ed a significant reduction of triglyceride levels and an increase
of HDL-cholesterol 12 months after undergoing a sleeve gas-
trectomy, achieving both parameters values within the normal
range [32]. Therefore, an improvement of liver steatosis was
observed, as expected. Our results are similar to those reported
after Roux-en-Y gastric bypass (90–95% of resolution of the
steatosis) [31].

Conclusion

Six months after sleeve gastrectomy, a significant reduction of
liver steatosis is observed, as demonstrated by a statistically
significant reduction in the percentage of intrahepatocitary

Table 3: Pre and postoperative steatosis grade, according to the
percentage of lipids

Preoperative 6 months after surgery p

Absence of steatosis 36.4 91.3 0.03

Grade I 18.2 8.7

Grade II 18.2 0

Grade III 27.2 0
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lipids and liver volume, determined by MRS and MRI (re-
spectively). These imaging techniques can be considered as
noninvasive, accurate methods for monitoring liver steatosis
in morbidly obese patients undergoing bariatric surgery. Mid-
and long-terms results are needed to ensure that these are
sustained results.
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