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Abstract

Background Patients with morbid obesity commonly have fatty liver disease and elevated liver enzymes. While surgery effec-
tively induces weight loss, bariatric techniques may differ regarding liver function improvement.

Objectives To evaluate and compare the trends of liver function recovery after gastric bypass surgery (GB) with sleeve gastrec-
tomy (SQ).

Setting University hospitals, Iran.

Methods Adult bariatric candidates without a history of alcohol consumption or other etiologies of liver disease who underwent
SG (n =682) or GB (n =355) were included. Trends of weight loss parameters and alanine transaminase (ALT), aspartate
transaminase (AST), and alkaline phosphatase (ALP) at 0, 6 (in 90.4%), 12 (in 83.5%), and 24 months (in 67.1%) were compared
using generalized estimating equations method.

Results Overall, 1037 patients with mean age of 38.4 = 11.2 and mean body mass index of 44.9+6.2 kg/m” were analyzed.
Seventy-eight percent of patients had fatty liver by ultrasound. Both GB and SG patients lost significant weight, with GB patients
having a higher percentage of excess weight loss at 24 months (80.1% vs. 75.9%, Pyetween-group = -008). SG patients showed more
favorable trends in liver chemistries with significantly lower ALT at 12 months and AST and ALP levels at 6 and 12 months.
However, the two groups were comparable at 24 months. Significantly more GB patients developed high ALT at 6 and high AST
at 6 and 12 months. Undergoing GB was associated with smaller 0—12-month changes in ALT, AST, and ALP.

Conclusions Bariatric surgery resulted in improvement in liver function parameters, with SG showing advantages over GB in the
first postoperative year.
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Introduction

With the growing obesity pandemic, its associated complica-
tions are also on the rise, making nonalcoholic fatty liver dis-
ease (NAFLD) the leading cause of chronic liver disease in
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many countries including the USA [1]. While the prevalence
of the condition ranges from 6.3 to 33% in the general popu-
lation, it can reach up to 69% in patients with type 2 diabetes
mellitus (T2D) [2—4]. Bariatric surgeons yet may encounter
this condition in up to 94% of their patients with morbid
obesity [5]. Storage of extra fat in the liver and consequent
steatosis can take the form of nonalcoholic fatty liver (NAFL),
a relatively benign condition that imposes very little risk of
progression, or nonalcoholic steatohepatitis (NASH), the in-
flammatory form of the disease involving hepatocyte injury.
The latter presentation can progress to liver fibrosis, cirrhosis,
and on rare occasions, hepatocellular carcinoma [6, 7].

The degree of liver damage due to NAFLD is reflected in
macroscopic and microscopic histologic changes in liver pa-
renchyma as well as liver function alterations evident by the
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rise in liver chemistries. Serum aspartate transaminase (AST)
and the more liver-specific alanine transaminase (ALT) are
often elevated in patients with obesity and morbid obesity
[6]. Alkaline phosphatase (ALP) is another biomarker of liver
function that reflects the mixed-pattern liver damage induced
by NAFLD [8].

Bariatric surgery has become the mainstay of treatment in
morbid obesity and is expected to halt and reverse the liver
damage mainly by inducing weight loss [9, 10]. Histologic
derangements and hepatocyte injury are expected to resolve
postoperatively, which in turn should result in normalization
of liver chemistries in the blood [11]. While all bariatric tech-
niques induce significant weight loss, their individual effects
on the liver are still under investigation. Gastric bypass (GB)
and sleeve gastrectomy (SG) are the two most commonly
performed bariatric surgery procedures worldwide [12]. We
have previously shown the comparable effectiveness of these
two procedures on weight loss and resolution of metabolic
syndrome in our bariatric cohort [13]. However, there has
recently been a concern that some patients may experience
an initial deterioration of liver function, which could hinder
the postoperative course [14, 15]. We thus aimed to investi-
gate the longitudinal effect of these two bariatric surgical
methods on liver chemistries in a 2-year follow-up.

Material and Methods
Study Design and Participants

The Tehran Obesity Treatment Study (TOTS) is a prospective
cohort of patients with morbid obesity who undergo bariatric
surgery, mainly SG (gastric tube created over a 36-F bougie
with exclusion of 80% of the stomach) or one of two types of
GB procedures, Roux-en-Y (using an alimentary limb of 100—
150 cm and a biliopancreatic limb of 50 cm) or mini-gastric
bypass (a loop gastroenterostomy of 150-200 cm) [16]. For
the present study, all patients aged 15-65 years with morbid
obesity class II (body mass index (BMI) between 35 and
39.9 kg/m?) who had comorbidities or class III (BMI >

40 kg/m?) presenting to our bariatric center from
March 2013 to March 2017 were evaluated to enter the study.
From the potential 1191 patients in our cohort, after exclusion
of patients with a history of heavy alcohol consumption (av-
erage daily pure alcohol consumption of >20 g for women
and > 30 g for men, or history of past excessive drinking) (n =

64), seropositivity for viral hepatitis (n = 6), and other causes
of liver pathology (n =84), 1037 cases were included.

Liver ultrasound categorized patients as normal or having
grade [-II fatty liver based on the degree of steatosis, with the
latter broadly grouped as NAFLD. Anthropometrics and lab-
oratory indices including liver enzymes and lipid profile were
recorded preoperatively and at 6, 12, and 24 months
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postoperatively. High transaminase levels were defined as
AST or ALT level >40 U/L, and ideal body weight as that
equivalent to a BMI of 25 kg/m*. Homeostatic model assess-
ment for insulin resistance index (HOMA-IR) was used to
determine insulin resistance (IR) in patients, which was de-
fined as HOMA-IR >2.5.

Statistical Analysis

Continuous variables are expressed as mean =+ standard devia-
tion (SD), categorical data as frequency and percentages, and
non-normally distributed data as median [25—75 inter-quartile
range (IQR)]. Normally-distributed variables were analyzed
using two-tailed, independent samples ¢ test; non-normally dis-
tributed variables using Mann—Whitney test; and categorical
variables using chi-squared test. Generalized estimating equa-
tions (GEE) method was used to evaluate and compare the
trends of BMI, percentage of excess weight loss (%EWL),
ALT, AST, ALP, and NAFLD prevalence. Bonferroni post
hoc test was used to determine during which intervals the dif-
ference in trends occurred. Overall change over time in each
group (Pyenq), general group difference in outcome variable
(Ppetween-group)» and group by time interaction effect
(Pinteraction the difference in change over time between groups)
were checked in separate models and reported. Association of
change (A) in liver chemistries between preoperative and 12 or
24 months postoperative values with study variables was ana-
lyzed using univariate and multivariate linear regression anal-
yses. A P value <.05 was considered statistically significant.

Results

Of the total 1037 patients, 682 underwent SG and 355
underwent GB. The mean age of participants was 38.4 +
11.2 years with a mean BMI of 44.9 + 6.2 kg/m* and 81.9%
were female. Overall, 78% of the participants had fatty liver.
Hypertension was present in 22.2%, T2D in 19.4%, and insu-
lin resistance in 79.1% of patients (Table 1). The GB group
had a higher prevalence of females, BMI, fasting plasma glu-
cose, hemoglobin A1C, and prevalence of T2D but lower
cholesterol, low-density lipoprotein, and prevalence of high
AST.

Follow-up rates were 90.4% (887/990) at 6 months, 83.5%
(711/851) at 12 months, and 67.1% (256/378) at 24 months,
comparable between the two surgery groups. Patients in both
groups lost significant weight throughout the follow-up period
(Ptrend (SG and GB) < .001 for both BMI and %EWL, Table 2).
GB patients demonstrated a greater change over time regard-
ing both BMI and %EWL (Piyteraction <-001 for BMI and
=.004 for EWL) and achieved a significantly higher
%EWL at 24 months: 80.1% vs. 75.9% (Ppciween-group = -008
for %EWL, Fig. 1a, b). Percentage of total body weight loss
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Table 1 Baseline characteristics
of study participants by surgery
group

Variables Total SG GB P value
N=1037 N=682 (65.8%) N=355342%)

Age (year) 384+11.2 382+11.7 38.8+10.4 402
Sex, female 849 (81.9) 534 (78.3) 315 (88.7) <.001*
Weight (kg) [range 74-206] 121.0+£20.7 120.5+20.9 121.9+20.3 318
WC (cm) 12444+ 14.0 124.1+14.1 125.1+£13.9 .286
BMI (kg/m?) [range 30.9-70.2] 449+6.2 44.4+6.0 457+64 .001*
BMI group .035%
<40 kg/m? 207 (20) 149 (21.8) 58 (16.3)

>40 kg/m? 830 (80) 533 (78.2) 297 (83.7)

Smoking status .146
Never smokers 791 (80.9) 514 (79.6) 277 (83.4)

Current smokers 129 (13.2) 95 (14.7) 34 (10.2)

Former smokers 58 (5.9) 37 (5.7) 21(6.3)

Hypertension 230 (22.2) 150 (22.0) 80 (22.5) .842
Diabetes mellitus 201 (19.4) 104 (15.2) 97 (27.3) <.001*
Fatty liver 809 (78.0) 527 (77.3) 282 (79.4) 425
Fatty liver grade .878
Grade [ 265 (25.6) 173 (25.4) 92 (25.9)

Grade 11 352 (33.9) 228 (33.4) 124 (34.9)

Grade 111 192 (18.5) 126 (18.5) 66(18.6)

FPG (mg/dl) 108.1 +36.1 105.5+£30.7 113.1+44.2 .004*
HbA1C (%) 57+1.1 56+1.0 59413 <.001*
TG (mg/dl) 142 [103-190] 140 [103-189.5] 144 [101-195.5] 959.
Cholesterol (mg/dl) 194.2 +43.1 197.2+44.2 188.5+40.5 .002*
HDL (mg/dl) 48.0+11.7 47.8+11.6 48.5+11.9 382
LDL (mg/dl) 112.0+33.4 114.9+33.7 106.4+32.1 <.001*
AST (U/L) 23.7+14.4 24.0+14.3 23.1£14.6 340.
High AST (=40 U/L) 94 (9.1) 71 (10.4) 23 (6.5) .036*
ALT (U/L) 29.7+23.0 30.5+22.9 28.2+23.0 137
High ALT (>40 U/L) 181 (17.5) 130 (19.1) 51(14.4) .060
AST/ALT ratio 0.90+0.33 0.89+0.31 0.92+0.36 116
High AST/ALT (> 1) 311 (30.0) 205 (30.1) 106 (29.9) 958
ALP (U/L) 193.0+81.5 191.6+91.2 195.7+59.2 446
High ALP (=100 U/L) 944 (93.7) 612 (93.0) 332 (95.1) .186
Serum albumin (g/L) 43+04 43+04 43+0.3 155
Platelet count (10%/pL) 284.0+67.7 284.6+67.0 283.0+69.0 724
Fasting insulin (mIU/L) 17.8 [11.6-25.1] 18.0 [12.1-25.4] 17.4 [10.3-24.4] .051
HOMA-IR? 4.412.8-6.7] 4.412.9-6.8] 4.3 [2.6-6.6] 514
IR® 659 (79.1) 436 (80.1) 223 (77.2) 313

Values are expressed as mean + SD, number (percentages), or median [IQR]

SG, sleeve gastrectomy; GB, gastric bypass; WC, waist circumference; BMI, body mass index; FPG, fasting
plasma glucose; HbAIc, glycosylated hemoglobin; 7G, triglyceride; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; AS7, aspartate transaminase; AL7, alanine transaminase; ALP, alkaline phosphatase; HOMA-

IR, homeostatic model assessment-insulin resistance index; /R, insulin resistant

*Denotes statistically significant difference
*HOMA-IR was calculated in 834 patients

IR was defined as HOMA-IR >2.5
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Table 2 Weight loss results, liver chemistries, and fatty liver prevalence over time by surgery group

Variables Surgery N Preoperative Postoperative Pend Proetween- Pirteraction

groups
6 months 12 months 24 months

BMI (kg/mz) SG 658 44.5+6.0 33.1+5.0 30.4+49 299+52 < .001* 787 < .001*
GB 339 45.8+6.5 33.3+£53 29.8+4.9 29.3+6.3 <.001*

EWL% SG 392 - 61.8+17.2 75.8+20.5 75.9+£22.0 <.001* .008* .004*
GB 213 - 63.6+15.9 79.1+£19.6 80.1 £28.2 < .001*

AST (U/L) SG 558 234+13.4 18.7+21.5 16.3+6.4 20.4+£24.8 <.001* 011* <.001*
GB 312 23.0+£14.2 23.1£11.0 23.4+11.8 19.4+7.4 341

ALT (U/L) SG 557 293+21.2 20.7+34.6 14.8+8.2 154+7.4 < .001* < .001* < .001*
GB 313 27.54+22.2 24.4+19.7 23.2+13.7 19.8+9.4 < .001*

ALP (U/L) SG 503 195.2+98.2 171.7+61.9 166.5+58.5 155.3+78.7 < .001%* <.001* < .001*
GB 283 196.9 £59.9 206.3+£72.1 202.7+70.3 179.7+£72.9 708

Fatty liver, n (%) SG 571 449 (78.6) 176 (35.5) 62 (20.1) 5(7.9) <.001* 733 026
GB 319 257 (80.6) 140 (49.1) 37 (21.1) 1(24) < .001*

Data is presented as mean + SD unless otherwise stated. Follow-up rates at 6, 12, and 24 months were 91.4% (905/990), 83.5% (833/997), and 64.1%

(256/401) respectively

BMI, body mass index; SG, sleeve gastrectomy; GB, gastric bypass; EWL, excess weight loss; AST, aspartate transaminase; AL7, alanine transaminase;

ALP, alkaline phosphatase

*Denotes statistically significant difference
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(%TBWL), moreover, was higher in GB patients at 6 and
12 months, 27.7+5.6% vs. 26.1 £5.5% and 34.5+8.1% vs.
31.9+£7.6%, respectively (P <.001); at 24 months, however,
%TBWL was comparable between the two groups, 33.0 +
11.4% vs. 31.9+8.5% (P = .414).

ALT decreased significantly during the follow-up in both
2roups (Piend (sG and GB) < .001) but to a greater extent in the
SG group (Pinteraction < -001). SG patients experienced a faster
decrease in ALT during the first year, leading to a significantly
lower ALT level at 12 months (Ppeween-group a0 Pineraction
<.001, Fig. 1c). On the other hand, AST decreased significant-
ly only in the SG group (Pirend )= -341). SG patients dem-
onstrated significantly lower AST values at 6 and 12 months
(Pinteraction < -001, Ppepween-group = -011, Fig. 1d). A similar pat-
tern was also observed for ALP, which only decreased consis-
tently in the SG group throughout the follow-up (Pirend (sG)
<.001, Pyend 6By =-708), with a significantly different trend
than GB patients (Ppetween-group a0 Pinteraction < -001, Fig. 1e).

Prevalence of fatty liver showed a significant and comparable
decrease during the follow-up in both groups (Pirend (SG and GB)
<.001), from 78.6% and 80.6% at baseline to 7.9% and 2.4%
at 24 months in the SG and GB groups, respectively (Ppetween-
eroup = -733). More SG patients experienced resolution of fatty
liver during the first 6 months (Piyeraction = -026, Fig. 11).

High ALT remission rates were comparable between the
two groups, decreasing from 12.1% and 8% at 6 months to
1.6% and 1.3% at 2 years in the SG and GB groups, respec-
tively (Fig. 2a). High ALT incidence rate, on the other hand,
was lower in the SG group, with the difference being signifi-
cant at 12 months (.5% vs. 5%, P < .05, Fig. 2b). High AST
remission rates were slightly higher in the SG group but none
reached statistical significance (Fig. 2c). However, high AST
incidence rate was significantly lower in the SG group at 6 and
12 months (P < .05 for both comparisons, Fig. 2d). High ALP
remission and incidence rates were comparable between the
two groups (Fig. 2e, f).

Fig. 2 a—f High alanine a b
transaminase (ALT), aspartate 14 14
transaminase (AST), and alkaline © 12 121 12
phosphatase (ALP) remission and % °g 1 P<0.001
incidence rates in the sleeve gas- @ 10 3 3 é 0 "
trectomy (SG) and gastric bypass E 8 6.4 S 8 —
(GB) groups during the 24-month i msG 6 4.9 5 usG
5
_ isk indi - < <
f.oll.ow up. A;tensk 1qd1cates sta I B o 27 GB
tistically significant difference z, 16 13 T, 12
between the two groups at the m 05 0.5
designated follow-up. Follow-up 0 0 - -
rates were 90.4% (887/990) at 6 Months 12 Months 24 Months 6 Months 12 Months 24 Months
6 months, 83.5% (711/851) at Follow-up Follow-up
12 months, and 67.1% (256/378) c d
at 24 months 14 14
2 12 ® 12 P<0.001
() =l
g 8 4o | P=0.002 .
B [ *
g 8 6.8 k) =
: g° ™
5 6 45 a1 uSG E 6 5.1 5.4 uSG
1 | <
& 4 26 GB <4 GB
T 1.8 B 14 1617
2 0.8 2 0.6
0 - 0 - | .
6 Months 12 Months 24 Months 6 Months 12 Months 24 Months
Follow-up Follow-up
e f
14 14
12 12
£ £
s 8.9 8 10
3 76 77 82 5
g 8 6.9 2 8
2 5.9 £
5 6 mSsG & 6 uSG
< e
< GB < GB
o 4 w4 3
2 2 I 11 0.2 06
0 0 [ | —_
6 Months 12 Months 24 Months 6 Months 12 Months 24 Months
Follow-up Follow-up

@ Springer



516

OBES SURG (2019) 29:511-518

Multivariate regression analysis (Table 3) revealed that
baseline AST level was the strongest determinant of AAST
0-12 months (beta 0.91, P<.001), followed by surgery type
(gastric bypass, beta —7.19, P<.001) and presence of fatty
liver (beta —1.91, P=.047). For 0-24 months, only baseline
AST correlated with AAST (beta 0.87, P<.001). In addition,
baseline ALT was associated with AALT 0-12 (beta 0.925,
P<.001) and 0-24 (beta 0.922, P<.001). Undergoing GB
was the second strongest factor associated negatively with
both AALT 0-12 and 0-24 months (beta —8.67 and — 5.05,
respectively). For AALP, higher baseline ALP was associated
with a greater AALP 0-12 and 0-24 months (beta 0.84 and
0.47, respectively, P<.001). Undergoing GB was associated
with smaller AALP 0-12 months (beta —36.96, P<.001).
Moreover, a significant correlation was found between the
baseline ALT and weight change at 6 and 12 months
(Pearson coefficients — .188 and —.173 respectively,
P<.001) as well as AST and weight change at 12 months
(coefficient: —.143, P =.002), only in the SG group.

Discussion

Bariatric surgery effectively results in weight loss and resolu-
tion of most obesity-related comorbidities including liver dys-
function [13, 17]. Our comparison of the two most popular
bariatric surgeries, SG and GB, demonstrated that both
methods, overall, resulted in substantial weight loss and im-
provements in liver function parameters at 2 years after sur-
gery. SG, moreover, showed noticeable advantages over GB

in normalization of liver transaminases during the first post-
operative year.

Improvement in liver parameters after bariatric surgery in
our report is in line with other studies [9, 11]. Although a
correlation is rationally assumed and frequently reported be-
tween the degree of weight loss and liver function recovery [9,
11, 18], the underlying mechanisms by which liver improve-
ment occurs need to be further investigated. Ooi and col-
leagues showed that ALT normalization could occur in as
early as 2 months after surgery, well before ideal weight goals
were achieved [10]. More interestingly, however, Alizai et al.
showed that an initial marked weight loss might adversely
affect liver function, measured by LiMAXx test (cytochrome
P450 capacity), during the first 6 months after surgery [19].
In our experience, we observed two patients with mild-
moderate NAFLD who developed fulminant liver dysfunction
at 1 year postoperatively after experiencing superb excess
weight losses of 96% at § months in one and 104% at
12 months in another [20, 21], similar to other observations
[22]. While our patients had undergone mini-gastric bypass
and were found to have a too-short common channel postop-
eratively, we have not seen such dramatic deterioration in any
one of our SG patients at our center with similar %EWLs.
Accordingly, Mahawar et al. argued that a bypass limb length
of more than 150 cm for bypass procedures might put some
patients at risk of compromising liver function due to severe
malabsorption [14]. Our findings support this hypothesis since
our GB patients had comparable weight loss to SG patients at
1 year, yet suboptimal liver recovery. The overall trend, how-
ever, followed the desired improvement in liver function for
both techniques by 2 years.

Table3  Multivariate linear regression analysis for delta (A) change in aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline
phosphatase (ALP) levels at 12- and 24-month follow-ups
Dependent Independent 12 months 24 months Adjusted R?
variable variable
Standardized B (SE) P value Standardized B (SE) P value 12 months 24 months
beta beta
AAST Gastric bypass —-0.225 —7.199 (.831) < .001 0.016 0.790 (4.193) .851
Female —0.028 —1.295 (1.195) 279 —0.028 —1.996 (6.030) 741 .686 321
AST 0.802 0.911 (0.030) < .001*  0.589 0.873 (0.124) < .001*
Fatty liver —-0.052 —1.913(0.958)  .047* .009 0.457 (4.426) 918
AALT Gastric bypass —0.187 —8.679 (0.979) < .001* —0.130 —5.053 (1.665) .003*
Female —-0.054 —3.656 (1.463)  .013* —0.071 —3.840 (2.353) .106 .790 .823
ALT 0.878 0.925 (0.023) <.001*  0.915 0.922 (.044) < .001*
Fatty liver —0.009 —0.509 (1.143)  .656 0.043 1.807 (1.794) 316
Hypertension —0.046 —2.467 (1.128)  .029*% —0.042 —1.858 (1.917) 335
AALP Gastric bypass —-0.168 —36.963 (6.063) < .001* —0.144 —22.365 (14.612)  .129
Female —0.030 —9.289 (8.510)  .276 0.058 12.834 (21.470) 551 .670 167
ALP 0.802 0.840 (0.029) < .001*  0.390 0.476 (0.116) < .001*

Follow-up rates were 83.5% (833/997) at 12 months and 64.1% (256/401) at 24 months

SE, standard error

*Denotes statistically significant difference
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GB was shown in a large long-term study incorporating
liver biopsy to be superior to adjustable gastric banding re-
garding improvement of all aspects of NAFLD, which corre-
lated with the amount of weight loss [23]; this superiority of
GB was also observed in comparison with omega-loop gastric
bypass (using a 200-cm omega loop), which despite achieving
better weight loss results, caused transient rise in liver trans-
aminases at 1 year [24]. In an interesting study by Billeter
et al. comparing GB and SG at 12 months, SG showed signif-
icantly better results in terms of ALT and AST improvement
and normalization [25]. We demonstrated a similar pattern of
transient deterioration and/or later recovery of liver function
after GB compared with SG, reflected by significantly higher
AST and ALT levels in the short term, lower rates of high
ALT/AST remission, and most interestingly, higher incidence
rates of high ALT/AST. We speculate that malabsorption may
aggrevate the suboptimal reparative capacity and antioxidant
reserve of the liver [26] in a setting of increased free fatty acid
mobilization, oxidation, and free radical species production
caused by rapid weight loss [27, 28]. Deficiency of factor
VII, protein S, and protein C has been reported after GB sur-
gery but not SG [29]. Kalinowski et al. in a study of GB vs.
SG with comparable 1-year %EWL results showed that pa-
tients with NAFL or NASH undergoing GB may experience a
transient deterioration of liver function evident by increased
prothrombin time and ALP and decreased albumin after sur-
gery, returning only to baseline at 1 year in the GB group;
patients with NASH who underwent SG, however, did better
at 1 month and improved in their AST, ALT, gamma-glutamy]
transpeptidase, and lactate dehydrogenase at 1 year [30].
Whether this effect is shared between all malabsorptive pro-
cedures remains to be investigated.

Finally, our results could have been more robust if
complemented with liver biopsy results to correlate with his-
tologic features in the liver. In addition, incorporation of var-
iables reflective of liver synthetic capacity, such as albumin
and prothrombin time/international normalized ratio could
add more insight into this comparison of bariatric surgical
procedures. However, these were not feasible in our patients
and were beyond the scope of the current report. We are
aiming to follow the patients with Fibroscan test in the future
to have an additional measure of liver improvement. Last but
not least, follow-up rates were not ideal at 2 years after sur-
gery, which considered together with the fewer number of
patients in the second postoperative year, could have affected
the power of statistical analysis.

Conclusion

We demonstrated transiently better liver function after SG at
1 year compared with GB in our patients with morbid obesity.

While these results are not strong enough to recommend any
change in the current practice, it highlights the necessity of
more research on the short- and long-term effects of various
bariatric techniques on the liver, which may ultimately result
in the preference of one technique, especially for patients with
established liver problems.
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