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Abstract
Background Bariatric surgery (BS) may help transplant patients by improving their comorbidities and graft function and 
reducing the recurrence of the disease that led to the transplant. Different timings for BS have been proposed. This study 
aims to describe the outcomes of BS before, during, and after solid organ transplantation.
Methods We identified patients with history of solid organ transplantation that underwent BS between January 1, 2012, 
and April 31, 2022, at our hospital site. We analyzed patients’ demographics, obesity-related comorbidities, and transplant 
history. Measured outcomes included post-operative morbidity; readmission; comorbidity management; weight loss at 6-, 
12-, and 24-month follow-up; and survival.
Results Seventy-eight patients were included in our analysis, with a median age of 57 (28–75) years and a median BMI of 
40.91 (28.9–61) kg/m2. The most transplanted organ was the liver (53.6%), followed by the kidney (31.9%). Ten patients 
underwent BS before the transplant, 11 had simultaneous BS and liver transplant, and 57 underwent BS after the transplant. 
The median operative time, ICU requirement, length of hospital stay, and early post-operative complications were signifi-
cantly higher in the simultaneous group. The median EBWL% at 6-, 12-, and 24-month follow-up was 47.51%, 57.89%, and 
64.22%, respectively, with no significant difference between the three groups. Thirty-four (44.3%) and 40 (50.8%) patients 
reduced their HTN and DM medication dosage, respectively. One- and five-year survival rates were 98.2% and 87.4%.
Conclusion BS before, during, or after solid organ transplant is safe, leads to a significant weight loss and improvement of 
obesity-related comorbidities, and improves patient’s survival.
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Introduction

Obesity has become a global epidemic in the last few years. 
According to the World Health Organization, worldwide 
obesity has tripled since 1975, with 13% of the world’s adult 

population being obese [1]. Numbers are even worse in the 
USA, where obesity prevalence is 41.9% and is predicted to 
reach 51.1% by 2030 [2, 3].

Many conditions associated with obesity are major 
risk factors for solid organ transplantation: non-alcoholic 
fatty liver disease (NAFLD) is becoming the most com-
mon cause of liver transplant, diabetes and hypertension 
are the leading cause of kidney transplantation, and heart 
failure due to obesity-related comorbidities is one of the 
most common causes of heart transplant [4]. At the same 
time, patients who undergo solid organ transplant are more 
prone to obesity, with up to 40% developing obesity 3 years 
later [5].

Obesity also increases the risk of post-transplant com-
plications and decreases overall patient survival. One study 
showed that obesity increased the risk of mortality and graft 
failure by approximately 40% at 1 year post-transplant [6]. 
So, it should not be surprising that obese patients are less 
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likely to be placed on waitlists and undergo organ transplan-
tation [7, 8].

It has been demonstrated that bariatric surgery (BS) is the 
most effective long-term treatment for severe obesity, as it 
not only leads to a significant weight loss but also decreases 
obesity-related comorbidities such as hypertension, diabe-
tes, and NAFLD [9, 10]. BS may help transplant patients by 
improving their comorbidities and graft function, improving 
immunosuppressive medication stability, and reducing the 
recurrence of the disease that led to the transplant [4].

Different timings for BS in transplant patients have been 
proposed: BS before, at the same time, or after the trans-
plant. Each timing has its benefits and downfalls. This study 
aims to describe the outcomes of BS before, during, and 
after solid organ transplantation.

Methods

We queried our electronic medical records service for 
patients that underwent BS between January 1, 2012, and 
April 31, 2022, at our hospital site. Only patients that had a 
history of solid organ transplantation were included.

We analyzed patients’ demographics, obesity-related 
comorbidities, and transplant history, including transplanted 
organ, history of organ rejection or previous transplant, 
immunosuppressive medication daily dosage, and time 
from transplant to BS. Patients were later divided into three 
groups depending on the timing of the BS in relation to the 
transplant: BS pre-transplant, simultaneous BS and trans-
plant, and BS post-transplant.

All the patients in our study underwent BS after meet-
ing the eligibility criteria based on the National Institute 
of Health Guidelines on obesity [11]. Sleeve gastrectomy 
(SG) was the technique of choice in the patients undergoing 
simultaneous bariatric surgery and liver transplant, as previ-
ously described [12]. The surgical procedure in the other two 
groups was either laparoscopic/robotic sleeve gastrectomy 
(SG) or Roux-en-Y gastric bypass (RYGB), depending on 
the patient’s basal condition. SG was preferred for patients 
with liver transplantation to maintain endoscopic access to 
the biliary tree and avoided in patients with lung transplant 
due to the reported high incidence of reflux and risk of aspi-
ration [13, 14]. SG and RYGB were performed as previously 
described [15].

Measured outcomes include intervention details; intra- 
and post-operative complications; readmission; comorbidity 
management; weight loss at 6-, 12-, and 24-month follow-up; 
mortality; and survival at 1 and 5 years. Changes in immu-
nosuppressive drug dosage were also reviewed in patients 
that underwent BS after transplant. Readmission within 
30 days from the surgery was considered early readmission. 
Comorbidity management was assessed by medication usage 

and changes in dosage. At the respective follow-up appoint-
ment, weight loss was evaluated using BMI (kg/m2) and the 
percentage of excess body weight loss (EBWL%).

Categorical variables were summarized as counts (per-
centages), and continuous variables were reported as medi-
ans (range). Comparisons of continuous variables between 
the three groups were made using the Kruskal–Wallis test, 
and categorical variables were compared using the chi-
square test. The Kaplan–Meier method was used to esti-
mate overall survival rates at 1 and 5 years and draw the 
corresponding survival curve. The log-rank test was used 
to compare the survival rates between the three groups. All 
tests were two-sided, with p-value < 0.05 considered statisti-
cally significant. The analysis was done using BlueSky and 
SPPS Statistics software.

Results

A total of 78 patients were included in our analysis, with a 
median age of 57 (28–75) years and a median BMI of 40.91 
(28.9–61) kg/m2. Thirty-eight (49.4%) of the patients were 
female. The most transplanted organ was the liver (53.6%), 
followed by the kidney (31.9%). Ten patients underwent 
BS before the transplant, 11 had simultaneous BS and 
liver transplant, and 57 underwent BS after the transplant 
(Table 1) (Fig. 1). Median time from BS to transplant was 
719 (209–1882) days or 1.9 years, and median time from 
transplant to BS was 1337 (306–7700) days or 3.7 years.

Demographic and baseline comorbidities were not signifi-
cantly different between the three groups except for chronic 
corticosteroid use and history of organ rejection, which were 
more prevalent in the group that underwent BS after the 
transplant (Table 1).

Open SG was the technique of choice in patients under-
going simultaneous BS and liver transplant. There was no 
statistically significant difference in the surgical approach 
used in the other two groups, either a robotic/laparoscopic 
SG or RYGB (Table 2). Only one patient in the BS after 
transplant group required a conversion to open surgery due 
to dense adhesions and difficult anatomy.

The median operative time for the whole cohort was 117 
(42–540) minutes. The median operative time for simultane-
ous BS and liver transplant group was the longest, naturally, 
as two surgeries were performed simultaneously. There was 
no statistically significant difference in the operative time 
between the other two groups (p = 0.393) (Table 2). ICU 
requirement was also significantly higher in the simultane-
ous BS and liver transplant group. Only 1 patient from the 
BS after transplant group required ICU.

The median length of hospital stay was 2 (1–30) days for 
the whole cohort. Again, patients undergoing simultaneous 
BS and transplant had a statistically significant longer length 
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of stay. There was no statistically significant difference in 
the length of stay between the other two groups (p = 0.293) 
(Table 2).

Early post-operative complications were reported using 
the Clavien-Dindo classification as listed in Table 2. None 
of the patients in our study had post-operative leaks. Addi-
tionally, none of the patients required reintervention dur-
ing their post-operative hospital stay. However, we had 5 
patients that required surgical reintervention after discharge. 
Two of them were from the simultaneous group: one under-
went reintervention for an intra-abdominal hemorrhage due 
to the rupture of splenic varix 6 months after the surgery, 
and the other for an incarcerated incisional hernia 2 months 
after the surgery. Similarly, there were 3 patients in the BS 
after transplant group that required reintervention: the first 

patient had an intra-abdominal abscess as a complication 
from percutaneous endoscopic gastrostomy tube insertion 
for a prolonged history of nausea and vomiting; the second 
one underwent a magnetic sphincter augmentation 1 year 
after the BS for worsening gastroesophageal reflux; the third 
patient developed a hernia from previous liver transplant 
incision and required repair.

We also had 7 patients that required early readmissions 
without surgical intervention: five from the BS after trans-
plant group that were readmitted for persistent nausea and 
vomiting, wound erythema (at first believed to be an infec-
tion), acute kidney injury (AKI), diabetic ketoacidosis, and 
atrial fibrillation with hyponatremia, respectively; one from 
the simultaneous group due right hepatic artery stenosis; 
1 from the BS before transplant group due to transient 

Table 1  Demographics and transplant information

Total
N = 78

Bariatric surgery pre-
transplant
N = 10

Simultaneous
N = 11

Bariatric surgery 
post-transplant
N = 57

p-value

Age at surgery
  Median (range) 57 (28–75) 60 (43–67) 59 (43–68) 59 (33–78) 0.658

Sex 0.675
  Female (%) 38 (49.4%) 5 (50%) 4 (39.1%) 29 (50.9%)
  Male (%) 40 (50.6%) 5 (50%) 7 (60.9%) 28 (49.1%)

Race 0.744
  Black or African American
  White
  Other

14 (18.2%)
61 (78.3%)
3 (3.4%)

2 (19.3%)
8 (80.7%)

1 (8.6%)
10 (91.4)

11 (19.3%)
43 (75.4%)
3 (5.3%)

Pre-op BMI (kg/m2)
  Median (range) 40.91 (28.9–61) 40.4 (38.9–54.4) 43.26 (36.33–58.27) 40.87 (28.9–61) 0.282

Comorbidities (%)
  Hypertension 75 (95.9%) 10 (100%) 11 (100%) 54 (94.7%) 0.563
  CAD 22 (28.5%) 6 (55%) 3 (39.5%) 13 (22.8%) 0.055
  DM 55 (68.6%) 8 (80.8%) 8 (74.3%) 39 (68.4%) 0.749
  Hyperlipidemia 61 (78.6%) 9 (91.5%) 7 (62.3%) 45 (78.9%) 0.332
  OSA 64 (81.7%) 8 (77.7%) 9 (83.1%) 47 (82.5%) 0.982
  GERD 65 (85.8%) 8 (83%) 10 (94.8%) 47 (82.5%) 0.753
  CKD 69 (88.4%) 10 (100%) 8 (71.9%) 51 (89.5%) 0.133

Transplanted organ (%)
  Kidney 25 (31.9%) 8 (83.3%) 0 17 (29.8%)  < 0.001
  Liver 41 (53.6%) 1 (9.8%) 11 (100%) 29 (50.9%)  < 0.001
  Heart 11 (12.9%) 2 (20.3%) 0 9 (15.8%) 0.328
  Lung 6 (8.6%) 1 (9.8%) 0 5 (8.8%) 0.581
  Pancreas 3 (2.7%) 1 (9.8%) 0 2 (3.5%) 0.477
  Combined 8 (9.7%) 3 (30.2%) 0 5 (8.8%) 0.060

Chronic corticosteroid use
  Yes (%) 25 (32.1%) 1 (9.8%) 1 (8.6%) 23 (40.4%) 0.035

History of rejection
  Yes (%) 31 (40.5%) 6 (54.4%) 1 (14%) 24 (42.2%) 0.046

Previous transplant
  Yes (%) 6 (7.1%) 2 (18.3%) 0 4 (7.1%) 0.214
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transaminitis. There was no statistically significant differ-
ence in the readmission rate between the three groups.

At the 6-, 12-, and 24- month follow-up, the median 
EBWL% was 47.51%, 57.89%, and 64.22%, respectively. 
There was no statistically significant difference in weight 
loss between the three groups in none of the follow-up time 
points (Table 3). Moreover, 34 (44.3%) patients reduced 
their HTN medication dosage and 40 (50.8%) their DM 
medication dosage. HTN resolved in 7 (8.6%) patients, 
whereas DM resolved in 10 (12.1%) patients. Again, there 
was no statistically significant difference between the three 
groups (Table 3).

During a median follow-up of 33.5 months (2.8 years), 4 
patients died. All of them were from the BS after transplant 
group: one died 6 months after the BS surgery due to car-
diogenic shock secondary to myocardial infarction, another 
one 3 years after the BS due to sepsis, the third one died 

5 years after the BS because of a gastrointestinal hemor-
rhage associated with oral anticoagulant use, and the last 
one died 9 years after the BS due to a metastatic renal cell 
carcinoma (Table 3).

One- and five-year survival rates for the whole cohort 
were 98.2% and 87.4%, respectively (Fig. 2). There was no 
statistically significant difference in survival between the 
three groups (p = 0.554).

Finally, in the BS after the transplant group, we analyzed 
Tacrolimus dosage (mg/day) before and after BS. We found 
that the median dosage did not change 6 and 12 months after 
the surgery. The median dosage was slightly lower at the 
24-month follow-up, although it was not statistically signifi-
cant (Fig. 3). We also compared the median dosage changes 
by type of surgery (RYGB or LSG) in this same group and 
found no statistically significant difference between pre- and 
post-operative dosage (Fig. 4).

Fig. 1  Distribution of patients undergoing BS before, during, and after organ transplant
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Discussion

The best timing to perform BS in transplant patients has 
not yet been defined. Since obese patients are less likely to 
be placed on waitlists and undergo transplantation, some 
advocate performing BS before transplant as a “getaway 
to transplant” [16]. Others argue that before the transplant, 
patients may be too weak to undergo BS and therefore sug-
gest performing the weight loss surgery after the transplant 
[17]. Finally, recent studies report that simultaneous liver 
transplant and SG is feasible and safe, but larger cohorts of 
patients are needed to confirm those findings [12].

When comparing the three groups, we found that the 
simultaneous group’s operative time, length of hospital 
stay, and ICU requirement were significantly higher. This 
was an expected finding as two surgeries, including a trans-
plant, are being performed simultaneously. Previous reports 
have pointed out that BS after transplant may be associated 
with longer operative times and hospital stay due to a more 
complex surgical field and higher morbidity [10]. Neverthe-
less, we found no statistically significant difference in these 
parameters between BS before and after transplant, and the 
median length of stay for both timings (2 days) was similar 
to the reported for LSG and RYGB without transplant his-
tory (2 days and 1 day, respectively) [18].

We also found that simultaneous BS and liver trans-
plant were associated with a significant higher incidence of 
early post-operative complications. However, most of these 
adverse events were mild and required no intervention. Only 
two patients required intervention: one had hepatic artery 
stenosis, which occurs in 3.1–7.4% of liver transplantations 
[19], and the other had AKI over CKD due to hepatorenal 
syndrome, which was diagnosed before the transplant. On 
the other hand, the 30-day adverse event rate for the other 
two groups was also higher than the reported for BS alone, 
which ranges between 0.6 and 10.3% [20]. This correlates to 
what other studies have reported [4, 17, 21], and it is prob-
ably because transplant patients have a higher prevalence of 
underlying comorbidities. Although chronic steroid use was 
significantly more prevalent in the BS after the transplant 
group, the incidence of postop complications in this group 
was the same as in the transplant after BS group and lower 
than in the simultaneous group.

Similarly, we had 3 (3.8%) patients with abdominal 
wall complications: two incisional hernias and 1 intra-
abdominal abscess. One of the incisional hernias was in 
a patient who underwent simultaneous open sleeve gas-
trectomy and liver transplant. According to literature, 
approximately 5–15% of open bariatric procedures are 
complicated by incisional hernias [22], and in our cohort, 

Table 2  Perioperative and postoperative outcomes after bariatric surgery

Total
N = 78

Bariatric surgery pre-
transplant
N = 10

Simultaneous
N = 11

Bariatric surgery post-
transplant
N = 57

p-value

Type of surgery (%) 0.125
  Sleeve gastrectomy 60 (75.5%) 8 (77.7%) 11 (100%) 41 (71.9%)
  Roux-en-Y gastric bypass 18 (24.5%) 2 (22.3%) 0 16 (28.1%)

Surgical approach (%)  < 0.001
  Laparoscopic 52 (63.8%) 9 (84.6%) 0 43 (75.4%)
  Robotic
  Open

15 (21.6%)
11 (14.7)

1 (15.4%)
0

0
11 (100%)

14 (24.6%)
0

  Conversion to open (%) 1 (2%) 0 0 1 (1.8%) 0.830
Operative time (min)

  Median (range) 117 (42–540) 120 (63–339) 332 (223–540) 105 (42–305)  < 0.001
  Drain placed (%) 22 (28.2%) 1 (7%) 11 (100%) 10 (17.5%)  < 0.001
  ICU requirement (%) 10 (15.4%) 0 9 (94.8%) 1 (1.8%)  < 0.001

Total length of stay (days)
  Median (range) 2 (1–30) 2 (1–4) 9 (6–30) 2 (1–10)  < 0.001

30-day adverse events (%)
  Grade I
  Grade II
  Grade IIIa
  Grade IIIb
  Grade IVa
  Grade IVb

28 (37.6%)
13 (46.4%)
13 (46.4%)
1 (3.6%)
0
1 (3.6%)
0

3 (27.3%)
1 (48.8%)
2 (51.2%)
0
0
0
0

11 (100%)
3 (34.3%)
6 (48.5%)
1 (8.6%)
0
1 (8.6%)
0

14 (23.7%)
9 (65%)
5 (35%)
0
0
0
0

 < 0.001

  Early readmission (< 1 month) 7 (8.6%) 1 (9.8%) 1 (7.4%) 5 (8.3%) 0.992
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out of 12 open BS, only 1 (8.3%) patient developed this 
complication. The other patient that developed a hernia 
had the BS after a liver transplant in which incisional 
hernias occur in 5–46% of the cases [23]. Finally, we 
had 1 patient that developed an intra-abdominal abscess 
after a gastrostomy tube insertion. This procedure has a 
complication rate of 5.8%, with 1.2% major complications 
(including intra-abdominal abscess) [24].

Our cohort’s readmission rate was higher than the 
reported in primary BS (8.6% vs 5%, respectively) [25]. 

Similarly, Verhoeff et al. reported a readmission rate of 
10.5% for patients undergoing BS with previous transplant 
history vs 3.5% for patients without transplant history 
(p ≤ 0.001) [4]. Nevertheless, there was no statistically 
significant difference in readmission between the three 
groups. Most of the readmissions in the BS after transplant 
group were because of decompensated baseline comor-
bidities and resolved without needing intervention. The 
two patients in the simultaneous group were readmitted 
for complications likely related to the hepatic transplant 

Table 3  Weight loss and comorbidities outcomes

Total Bariatric surgery pre-
transplant

Simultaneous Bariatric surgery post-
transplant

p-value

BMI (kg/m2) at 6 months
  N
  Median (range)

76
31.4 (22.6–46.5)

10
32.45 (27.4–43.8)

11
30.4 (25.3–41.56)

55
31.5 (22.6–46.5)

0.690

%EBWL at 6 months
  N
  Median (range)

76
47.51 (1.68–88.59)

10
52.39 (6.39–63.47)

11
62.66 (1.68–82.43)

55
45.95 (22.52–88.59)

0.304

BMI (kg/m2) at 12 months
  N
  Median (range)

64
29.78 (22.2–49.27)

10
30.65 (22.2–39.9)

7
29 (23.46–37.5)

47
30 (22.38–49.27)

0.811

%EBWL at 12 months
  N 64 10 7 47 0.409
  Median (range) 57.89 (6.09–96.35) 67.56 (24.6–93.64) 59.35 (33.29–78.05) 56.61 (6.09–96.35)
  BMI (kg/m2) at 24 months
  N
  Median (range)

53
28.24 (21.73–48.47)

9
25.3 (21.73–39.66)

2
32 (25.71–38.3)

42
28.97 (22.53–40.9)

0.631

%EBWL at 24 months
  N 53 9 2 42 0.409
  Median (range) 64.22 (− 0.55–96.35) 75.37 (39.54–96.35) 62.86 (42.57–83.16) 62.39 (− 0.55–95.15)
  Reduction of HTN medi-

cation (%)
34 (44.3%) 7 (73.7%) 6 (55.3%) 21 (36.8%) 0.109

  Resolution of HTN (%) 7 (8.6%) 2 (21.9%) 1 (7.4%) 4 (7%) 0.416
  Reduction of DM medi-

cation (%)
40 (50.8%) 6 (62.4%) 6 (53.7%) 28 (49.1%) 0.796

  Resolution of DM (%) 10 (12.1%) 3 (30.3%) 0 7 (12.3%) 0.118
  Deceased (%) 4 (4.3%) 0 0 4 (7%) 0.460

Fig. 2  Kaplan–Meier curve for 
overall 5-year survival
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alone: hepatic artery stenosis and transaminitis, which is 
very common after liver transplantation.

Five of our patients underwent late reinterventions. 
Again, the two from the simultaneous group were likely 
due to liver transplant-related complications. Of the 3 
patients in the BS after transplantation, two of the rein-
terventions were for complications directly related to BS: 
PEG tube insertion due to malnutrition and magnetic 

sphincter augmentation due to severe reflux. Gastroesoph-
ageal reflux is a known side effect of BS, affecting around 
19–23% of patients [14]. Also, about 3.9% of the patients 
require feeding tube placement after BS [26].

Despite the higher risk of post-operative complications, 
considerable weight loss and comorbidity improvement 
were noted in most of our patients. At 12-month follow-
up, all the groups had lost more than 50% excess body 
weight (EBW). Improvement in comorbidity control was 
also noted in a great part of the cohort, with no difference 
between the three groups. As other studies have suggested, 
BS leads to a significant weight loss and comorbidity 
improvement in transplant patients [21, 27], and the tim-
ing of BS in relation to the transplant seems not to affect 
these outcomes.

There is a marked concern regarding the malabsorptive 
effect of BS in patients with history of organ transplants. It 
is debatable that patients that undergo BS after transplant 
may require higher doses of immunosuppressive medica-
tions [27, 28]. We found no statistically significant differ-
ence in Tacrolimus dosage before and after BS similarly 
to what Cheng and Elli reported [21]. As malabsorption 
has been more commonly associated with RYGB, we ana-
lyzed these patients separately and found no significant 
difference in Tacrolimus doses before and after the bypass.

Fig. 3  Tacrolimus dosage before and after bariatric surgery. *Num-
bers represent the median

Fig. 4  Tacrolimus dosage by 
type of bariatric surgery. *Num-
bers represent the median
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Only 4 (4.3%) patients died in our study. Even though 
all the deceased patients belonged to the BS after the trans-
plant group, they all died long after the BS due to unrelated 
causes. Moreover, the 5-year survival rate after BS was 
87.4%, while the 5-year survival rate for liver and kidney 
transplants without BS are 74.6% and 79.9%, respectively 
[29, 30]. So, regardless of the timing, BS seems to improve 
survival in patients with transplanted organs.

To our knowledge, this is the first cohort study to com-
pare the outcomes of BS before, during, and after solid 
organ transplantation. Yet, this was a retrospective study, 
subject to inherent error and bias. We had the limitation 
that some groups (BS before transplant and simultaneous 
BS and transplant) had a small number of patients and that 
not all the included subjects had a complete post-operative 
follow-up, as some of the surgeries were performed recently. 
Nevertheless, we were still able to manage a significant and 
representative cohort.

Conclusion

Bariatric surgery before, during, or after solid organ trans-
plant is safe, leads to a significant weight loss and improve-
ment of obesity-related comorbidities, and improves 
patient’s survival. However, it may increase the incidence 
of post-operative adverse events, especially when performed 
simultaneously with the transplant.
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