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Abstract

Background Although bariatric surgery has been shown to
improve hepatic steatosis in morbidly obese patients, the
effect of weight loss on hepatic fibrosis has not been
determined. Since the prognosis of patients with nonalco-
holic fatty liver disease is closely related to the develop-
ment of hepatic fibrosis, it is important to determine the
hepatic histology of these patients after weight loss. We
therefore evaluated the prevalence of hepatic fibrosis in
morbidly obese patients undergoing bariatric surgery and
assessed the correlation of histologic changes with weight
loss.

Methods We retrospectively evaluated 78 morbidly obese
patients who underwent gastric bypass. Liver biopsies were
taken during surgery and after weight loss, and the
correlations between histologic findings and hepatic fibro-
sis were determined.

Results Of the 78 patients, 35 (44.8%) had fibrosis at first
biopsy, and 24 (30.8%) had hepatic fibrosis after weight
loss, including 19 of the 35 patients (54.3%) with fibrosis at
first biopsy and 5 of the 43 (11.6%) without hepatic fibrosis
at first biopsy (P=0.027).

Conclusions Weight loss in morbidly obese patients was
associated with a reduction in the prevalence of hepatic
fibrosis.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most
common hepatic disease in developing countries and the
most common cause of chronic hepatic in North
America [l]. Although weight loss following bariatric
surgery results in a marked improvement in hepatic
steatosis [2], the effects of bariatric surgery on hepatic
fibrosis are unclear [3]. Since the prognosis of patients
with NAFLD is closely related to the development of
hepatic fibrosis, it is important to determine the effects of
weight loss on hepatic histology, especially on hepatic
fibrosis. We have therefore evaluated the prevalence of
hepatic fibrosis in morbidly obese patients undergoing
bariatric surgery and assessed the correlation between
hepatic histology and weight loss.

Materials and Methods

We retrospectively evaluated morbidly obese patients who
underwent gastric bypass surgery from 2006 to 2010 at a
tertiary care center for the treatment of obesity and
metabolic syndrome. Biopsy samples were taken from each
patient during surgery and after weight loss.

Liver Biopsies

Liver biopsy samples were taken at the beginning of the
surgery using a Trucut 1-mm needle. Biopsy samples
obtained following weight loss were obtained percuta-
neously, with or without ultrasound guidance, using an
automatic pistol and 1-mm needles. In some patients,
the second biopsy samples were taken during a second
surgical procedure with a Trucut 1-mm needle. All
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biopsy samples were evaluated by the same pathologist,
who was blinded to patient status. We excluded chronic
ethanol users (>20 g/day), patients with positive serol-
ogy for hepatitis B or C, patients with other chronic
hepatic diseases, and patients with biopsies evaluated by
other laboratories or not suitable for histologic evalua-
tion. Biopsy material was considered insufficient when
there were fewer than five portal tracts.

Liver Biopsy Analysis

Hepatic fibrosis was graded from 0 to 4 according to
the Brazilian Pathology Society classification [4]: 0
being an absence of fibrosis, 1 being preserved architec-
ture and perisinusoidal fibrosis limited to zone 3, 2 being
preserved lobular architecture with perisinusoidal/pericel-
lular fibrosis with sparse thin septum, 3 being altered
architecture with septum joining vascular structures and
small nodules, and 4 being an architecture with nodules
(cirrhosis).

Other Parameters Studied

Demographic and clinical characteristics included patient
sex, age, body mass index (BMI), and presence of
comorbidities such as type 2 diabetes (T2DM) and
dyslipidemia at the times of liver biopsies. Histologic
evaluation included grade of steatosis and the presence of
ballooning. AST to platelet ratio index (APRI), a serologic
marker of fibrosis, was calculated as:

APRI = AST/ULN/Platelets(10° /L) x 100.

Statistical Analysis

Categorical variables were reported as absolute frequency
and percent relative frequency. Quantitative variables were
reported as means and standard deviations for symmetric
distributions and as medians and interquartile ranges for
nonsymmetric distributions. Categorical variables were
compared by the chi-square test, with nonindependent
categorical variables compared by the McNemar test.
Student'st tests were used to compare two sets of
quantitative variables in independent samples, and ANOVA
was used for three sets of variables. Asymmetrically
distributed quantitative variables were compared using the
Mann—Whitney, and surgical and postoperative results were
compared by the Wilcoxon test. Correlations between
asymmetrically distributed quantitative variables were
assessed with Spearman's correlation. The level of signif-
icance was set at 5%, and 95% confidence intervals were
calculated.

Table 1 Relationship of demographic and clinical variables to the
presence or absence of fibrosis in surgical biopsy samples

Hepatic fibrosis P

Absence
n=43 (55.1%)

Presence
n=35 (44.9%)

Female 23 (65.7) 36 (83.7) 0.115
Age (years) 41.5+12.4 37.9+10.4 0.164
BMI (kg/m?) 45.6+6.1 452+9.4 0.844
T2DM 17 (48.6) 4(9.3) <0.001
Dyslipidemia 26 (74.3) 21 (48.8) 0.04
APRI 0.31+0.15 0.30+0.14 0.768
Steatosis

Mild 2 (5.7) 5(11.6) 0.366
Moderate 9 (25.7) 15 (34.9)

Severe 24 (68.6) 23 (53.5)

Ballooning

Absence 11 (31.4) 32 (74.4) <0.001
Grade 1 21 (60) 11 (25.6) 0.004
Grade 2 3 (8.6) 0 0.172
Results

From January 2006 to January 2010, 644 patients under-
went gastric bypass surgery. Of these, 85 (13.2 %) were not
adequately followed-up, seven died within 1 year of
surgery, and 441 (68.5 %) refused or were unable to
undergo a second biopsy. Of the 111 patients who
underwent a second liver biopsy, 17 were excluded due to
poor biopsy material during surgery, 13 were excluded due
to poor second biopsy material, and 3 patients were
excluded for testing positive for hepatitis (two with
hepatitis C and one with hepatitis B).

Of the 78 patients included in this study, 59 (75.6%)
were women; average patient age was 39.5+11.4 years, and
average presurgical BMI was 45.4+8.1 kg/m*. Twenty one
patients (26.9%) had T2DM before surgery, 47 (60.3%) had
dyslipidemia, and 51 (65.4%) had hypertension.

Biopsy samples obtained during surgery showed that 35
patients (44.9%) had fibrosis, and 43 (55.1%) did not.
Among the 35 patients with fibrosis, 31 presented with

Table 2 Relationship of surgical to postoperative fibrosis

Postoperative fibrosis

Surgical fibrosis Presence Absence Total
Presence 19 (54.3%) 16 (45.7%) 35
Absence 5 (11.6%) 38 (88.4%) 43
Total 24 (30.8%) 54 (69.2%) 78
P=0.027
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Table 3 Changes in lobular

fibrosis stages after weight loss Surgical lobular fibrosis

Postoperative lobular fibrosis

Absence Stage 1 Stage 2 Stage 3 Total
Absence 45 (95.7%) 1(2.1%) 1 (2.1%) 0 47
Stage 1 12 (54.5%) 6 (27.3%) 1 (4.5%) 3 (13.6%) 22
Stage 2 2 (40%) 1 (20%) 2 (40%) 0 5
Stage 3 1 (25%) 0 1 (25%) 2 (50%) 4
Total 60 5 5 78

P=0.026

perisinusoidal and/or perivenular (lobular) fibrosis. Four
patients had only portal fibrosis, and seven had both lobular
and portal fibrosis. Of the 11 patients (14.1 %) with portal
fibrosis, seven (9 %) had only a thin septum, two (2.6%)
had a portal-portal and/or a vein—portal septum, and two
had a septum with nodule formation; the four patients
without lobular fibrosis had only a thin septum.

The biopsy samples obtained during surgery showed that
all 78 patients had histologic evidence of steatosis, being
mild in 7 (9 %), moderate in 24 (30.8 %), and severe in 47
(60.2 %). Thirty five (44.9 %) showed evidence of
hepatocellular ballooning.

Since nonalcoholic steatohepatitis (NASH) is diagnosed by
the presence of steatosis plus ballooning or fibrosis, some
patients with ballooning did not present with fibrosis, and
vice-versa. Thus, the total number of patients diagnosed with
NASH was 45 (57.7 %). Prior to surgery, the average APRI
index, a serologic marker of fibrosis, was 0.29+0.13.

Table 1 shows the variables related to the presence or
absence of fibrosis at surgery. We observed no significant
differences in gender distribution (P=0.115), age (P=
0.164), or BMI (P=0.844) between groups. However, the
presence of fibrosis was significantly associated with
T2DM (P<0.001) and dyslipidemia (P=0.04). The APRI
index was low in both groups and did not differ
significantly (P=0.768), nor did steatosis grading (P=
0.366). However, a difference was observed in ballooning
since 24 of the patients with fibrosis (68.6%) presented
with ballooning (P<0.001).

Table 4 Changes in portal fibrosis after weight loss

The mean excess weight loss in these 78 patients was
82.4£17.1 %, with an average BMI of 29.3+5.8 kg/m’
after weight loss. Table 2 shows the relationship between
findings of fibrosis at surgery and at second biopsy. After
weight loss, 24 patients (30.8%) had fibrosis, including 19
of the 35 patients (54.3%) with fibrosis at surgery.

Of the 43 patients who did not show fibrosis at surgery,
five (11.6%) had fibrosis after weight loss.

Table 3 shows the behavior of each grade of lobular
fibrosis after weight loss. Of the 22 patients with stage 1
fibrosis, six (27.3%) had stage 1, one (4.5 %) had stage 2,
three (13.6%) had stage 3, and 12 (54.5%) had no evidence
of fibrosis after weight loss. Of the five patients with stage
2 fibrosis at first biopsy, two (40.0 %) had stage 2, one
(20.0 %) had stage 1, and one had no evidence of fibrosis.
Of the four patients with stage 3 fibrosis at first biopsy, two
(50%) had the same grade, one had a reduced grade, and
one had no evidence of fibrosis. Thus, of the 31 patients
with lobular fibrosis, 15 (48.4%) had no evidence of
fibrosis after weight loss, two (6.5%) had reduced stage,
10 (32.3%) had the same stage, and 4 (12.9%) had an
increase in fibrosis stage.

Of the 47 patients who did not present with lobular
fibrosis at surgery, 45 (95.7%) did not have fibrosis at the
second biopsy, one (2.1 %) had stage 1, and one had stage
2. Table 4 shows the findings in patients with portal fibrosis
at the first biopsy. Of the seven patients with portal fibrosis
and a thin septum at surgery, four had the same histology,
and three did not show this finding after weight loss. Two

Surgical portal fibrosis Postoperative portal fibrosis

Absence Thin septum  Portal-portal or vein—portal septum  Septum+initial nodule  Total
Absence 56 (83.6%) 6 (9%) 2 (3%) 3 (4.5%) 67
Thin septum 3 (42.9%) 4 (57.1%) 0 0
Portal-portal or vein—portal septum 2 (100%) 0 0 0
Septum-initial nodule 0 0 0 2 (100%) 2
Total 61 10 2 5 78
P=0.261
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patients with portal-portal and/or portal-vein fibrosis at
first biopsy did not show this finding at second biopsy. Two
patients with septum and initial nodules at first biopsy had
the same histology grade at second biopsy. Thus, of the 11
patients with portal fibrosis at first biopsy, five did not
show fibrosis after weight loss, while six showed no
change.

Of the 67 patients without portal fibrosis at the first
biopsy, 56 (83.6%) showed no change at second biopsy, six
(8.9%) had fibrosis with a thin septum, two (3%) had a
portal—portal septum, and three (4.5%) had a septum and
initial nodules. Thus, 11 patients (16.4%) showed worsened
fibrosis after weight loss. Third biopsies were taken from 3
of these 11 patients. In two, taken 14 and 20 months after
the second biopsy, histology showed no evidence of lobular
or portal fibrosis. In contrast, a biopsy taken from the third
patient 16 months after the second biopsy showed no
change in stage.

In summary, the prevalence of fibrosis was 44.9% (CI
95% 33.6-56.6%) at the first biopsy and was 30.8% (CI
95% 20.8-42.2%) after weight loss (P=0.027).

We found that the APRI index did not differ significantly
in patients with or without total, lobular, or portal fibrosis at
first and second biopsies. The mean APRI index in all 78
patients was 0.29+0.13 during surgery and 0.29+0.15 after
weight loss (P=0.866).

Biopsies were obtained from 22 patients less than
12 months after surgery; in these patients, the mean
excess weight loss was 80.7+16.1% (range 46.0 % to

Table 5 Relationship of demographic and clinical variables to the
presence or absence of fibrosis in postoperative biopsy samples

Fibrosis P

Absence
n=54 (69.2%)

Presence
n=24 (30.8%)

Female 16 (66.7%) 43 (79.6%) 0.345
Age (years) 43.2+11.2 37.9+11.3 0.061
BMI (kg/m?) 29.7+3.9 29+6.5 0.632
T2DM 3 (12.5%) 4 (7.4%) 0.670
Dyslipidemia 5 (20.8%) 4 (7.4%) 0.124
APRI 0.34+0.20 0.26+0.12 0.07
Steatosis

None 4 (16.7%) 8 (14.8%) 0.319
Mild 17 (70.8%) 44 (81.5%)

Moderate 3 (12.5%) 2 (3.7%)

Severe 0 0

Ballooning

Absence 17 (70.8%) 51 (94.4%) 0.008
Grade 1 7 (29.2%) 3 (5.6%)

Grade 2 0 0

Table 6 Relationship of surgical to postoperative ballooning

Surgical Postoperative
Absence 43 (55.1%) 68 (87.2%)
Grade 1 32 (41%) 10 (12.8%)
Grade 2 3 (3.9%) -
Total 78 (100%) 78 (100%)

*P<0.001 for absence versus grade 1

121.0 %). We observed no difference in excess weight
loss between patients from whom the second biopsy
was obtained <12 months and >12 months after surgery
(P=0.583). Table 5 shows that the presence of fibrosis
after weight loss was not associated with patient gender
(P=0.345), age (P=0.061), and BMI (P=0.632); with the
presence of T2DM (P=0.670) and dyslipidemia (P=
0.124); with APRI index (P=0.071); or with steatosis
grading (P=0.319). The only difference was related to
ballooning since seven patients (29.2%) with fibrosis and
three without fibrosis (5.6%) had ballooning (P=0.008).
Table 6 shows the presence of ballooning at first and
second biopsies. Ballooning was observed in 35 patients
(44.9%) during the first biopsy and in 10 (12.8%) during
the second biopsy (P<0.001).

After weight loss, due to improvements in fibrosis and
ballooning, 21 patients (26.9%) remained with a diagnosis
of NASH, compared with 45 (57.7%) at first biopsy.

Table 7 shows the number of portal tracts with or
without fibrosis at surgery and at the second biopsy.
Patients with fibrosis had a higher number of portal tracts
at postoperative than at intraoperative biopsy (12.6+3.0 vs
9.6+3.2, P<0.001).

Discussion
The epidemic of obesity has been linked to increases in

related diseases such as NAFLD, which may progress to
cirrhosis and hepatocelular carcinoma. Hepatic fibrosis

Table 7 Relationship of number of portal tracts to fibrosis

Number of portal tracts P
Mean=+sd
Surgical
Fibrosis presence 9.7£3.6 0.076
Fibrosis absence 8.3+3.2
Postoperative
Fibrosis presence 12.6+3.0 <0.001
Fibrosis absence 9.6+3.2
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plays an important role in the progression to advanced liver
disease, and the effects of bariatric surgery on fibrosis
outcomes remain unclear [5-7].

Although the prevalence of NASH has been reported
higher in males than in females [8, 9], other studies failed to
observe this association [10, 11]. We found that fibrosis
was more prevalent in males than in females, both at
surgical (34.3% vs 16.3%) and postoperative (33.3% vs
20.4%) biopsies, but the differences were not statistically
significant.

In morbidly obese patients, the prevalence of steatosis
ranges from 95% to 100% and NASH from 20% to 50%
[12, 13]. All 78 patients in this study had some degree of
steatosis, and 57.7% had NASH, similar to previous
observations.

None of the patients of this study had been diagnosed
with cirrhosis, although its prevalence in patients undergo-
ing bariatric surgery has been reported to range from 2% to
12% [14-16].

Fibrosis was found in 44.9% of our patients during the
first biopsy and was predominantly perisinusoidal or
perivenular (lobular), similar to other patients with NASH.
Four patients showed only portal fibrosis, without lobular
fibrosis, a finding previously observed in morbid obesity
related NASH [17-19].

As expected, patients with fibrosis on the first biopsy
had a higher prevalence of T2DM than those without
fibrosis (48.6% vs 9.3%). Insulin resistance is related to
oxidative stress and fibrosis, making T2DM a robust
predictor of fibrosis [6, 20, 21]. On the second biopsy,
however, the difference (12.5% vs 7.4%) was no longer
statistically significant, perhaps due to the reduced number
of individuals with T2DM postoperatively. Alternatively,
even if these patients still had diabetes, their serologic
insulin concentrations were lower than preoperative, reduc-
ing their insulin resistance.

Ballooning is a feature of major importance in NASH as
its presence has been associated in prognostic studies with
more aggressive disease and a higher incidence of cirrhosis.
[17, 18] At surgical biopsy, 68.6% of our patients with
fibrosis and 25.6% of patients without fibrosis presented
with ballooning. After weight loss, these percentages had
decreased to 44.9% and 12.8%, respectively, decreases
probably related to the prevalence of fibrosis.

Of the 35 patients with fibrosis (lobular and portal) at
first biopsy, 16 (45.7%) did not have fibrosis at the second
biopsy, while 19 (54.3%) did. Of the 43 patients without
fibrosis at first biopsy, 38 (88.4%) remained without
fibrosis at second biopsy, while 5 (11.6%) had developed
fibrosis after weight loss.

A Cochrane Database Review analysis in 2010 [3] of 21
studies of histological hepatic outcomes yielded findings
similar to ours. Although weight loss was associated with

@ Springer

worsened fibrosis in some patients, it was mostly associated
with improvements or no change.

Although hepatic biopsy is the standard method for
studying hepatic fibrosis, it has limitations. It is an invasive
method, obtaining a small fragment of hepatic tissue that
may not be representative of the entire liver. Moreover,
there are also possibilities of inter- and intraobserver errors.
We found that patients with postoperative fibrosis had a
greater number of portal tracts than those without fibrosis,
and larger sized samples are more likely to show some
alterations, suggesting that fibrosis may have been associ-
ated with sample size. In addition, we may have under-
estimated the number of patients without fibrosis.

Although not all of our patients showed improvements in
fibrosis, there was a decrease in fibrosis in a majority of
patients, as well as reductions in steatosis and ballooning,
all known routes for the development of cirrhosis and
hepatocellular carcinoma from NAFLD.
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