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Abstract

Introduction Bariatric surgical outcomes depend heavily on proper healing of gastrointestinal anatomy, metabolic alterations,
and patient lifestyle modifications which are all negatively impacted by immunosuppression and underlying inflammatory
diseases. There is a lack of literature exploring how patients with diseases requiring immunosuppression respond to bariatric
surgical intervention in the long term.

Methods A retrospective analysis of chronically immunosuppressed patients who underwent primary bariatric surgeries
at Mayo Clinic was conducted (2008-2020). Data collected included patient demographics, BMI, underlying disease, and
immunosuppression regimen and complications at 3, 6, 12, 24, and 60 months.

Results We identified a total of 89 (RYGB =49, SG =34, BPD/DS = 6) patients on chronic immunosuppression who under-
went bariatric surgery at our center. RYGB (N=49), 38.2% had a SG (N=34) and 6.7% had a BPD/DS (N =6). Rheumatoid
arthritis and renal transplantation were the most underlying condition at 20.22% each (N=18). There were a total of 2
(2.25%) intraoperative complications. In the immediate post-operative period, there were 15 (16.5%) minor complications.
In follow-up, 6.1% of RYGB patients experienced marginal ulcerations, while no gastrointestinal leaks occurred. The mean
pre-surgical BMI was 48.29 kg/m” (SD = 18.41). Percent total weight loss (%TWL) and BMI reduction were 30.89% and
14.83 kg/m? (SD=9.07) at 12 months and 29.48% and 14.43 kg/m? (SD = 13.46) at 60 months, respectively. The mean
follow-up time was 30.49 months.

Conclusions Bariatric surgery remains safe and effective therapy for chronically immunosuppressed patients with excellent
long-term outcomes for patients with moderate to severe obesity.

Keywords Bariatric surgery - Immunosuppression - Immunocompromised patients - Surgical complications - Surgical
outcomes

Introduction

Bariatric surgery remains the most effective therapy to reduce
weight, prevent cardiovascular mortality, and decrease weight-
associated comorbidities in patients with moderate to severe

Key Points
e Immunosuppressed patients have been considered higher risk
surgical candidates.

e Bariatric surgery remains effective in immunosuppressed patient obesity [1-3]. As rates of obesity continue to increase through-
population. o o S out the population, there is an equal rise in obesity in patients
zoil(l)rr%lcal complications are not significantly higher in this patient who have inflammatory conditions or organ transplants requir-
i ing long term immunosuppression [4].
0< Omar M. Ghanem While immunosuppressed patients with moderate to severe
Ghanem.Omar @mayo.edu obesity benefit from bariatric surgical intervention [5], there
. . is still great concern about increased operative complications
Department of Surgery, Mayo Clinic, 200 1St Street SW, . .
Rochester. MN. USA and uncertain long-term efficacy. Immune suppression has
) . o been associated with higher rates of perioperative infections
Department of Medicine, Mayo Clinic, 200 1St Street SW, . .
Rochester. MN. USA and poor wound healing that could theoretically cause more
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marginal ulceration and anastomotic or staple line leaks [6,
7]. The underlying inflammatory disease or transplant may
limit the patient participating in post-surgical rehabilitation,
minimize activity, and present metabolic derangements that
may impact long-term weight loss.

Benefits of decreasing patient weight through bariatric
surgery must be balanced against the potential for surgical
complications in all patients. The risk—benefit ratio changes
depending on what inflammatory or transplant requiring
underlying disease and degree of immunosuppressive regi-
men. Glucocorticoids, cytostatics, biologic modifiers, and
inflammatory mediator targeted monoclonal antibodies are
the most common long-term regimens. Regimen type and
degree is titrated to autoimmune disease control or prevention
transplant associated rejection, with varying impacts on sur-
gical risk. Patients on chronic steroids who underwent bari-
atric surgery show overall low complication rates, but higher
rates of anastomotic or staple line leaks and readmissions [8,
9]. Finally, bariatric surgery leads to acute decreases in oral
intake, gastrointestinal absorption changes, and rapid weight
loss that can impact disease and immunosuppressant [10].

Bariatric surgical alteration of the gastrointestinal tract creates
long-term physiologic and metabolic changes that lead to pro-
longed weight loss with eventual plateau at a significantly lower
body mass index [11]. As underlying inflammatory diseases
and immunomodifiers can interfere with healing, adaptions, and
metabolism, the impact on physiological adaption to bariatric
surgery is under investigation [12]. Prolonged corticosteroid and
calcineurin inhibitor use is associated with significant metabolic
derangements leading to weight gain, insulin resistance, and fat
redistribution [13, 14]. Data is sparse but mounting on bariatric
surgical impacts on chronic steroid users, a recent study demon-
strating that diabetic patients requiring long-term systemic gluco-
corticoids were able to achieve remission post bariatric surgery[5].
Less is known about other immunosuppressive regimens.

Clinical decisions regarding the use of bariatric surgery in
chronically immunosuppressed patients with obesity can be
impacted by analysis of long-term outcomes. The increasing
prevalence of biologic modifiers and monoclonal antibody
therapy must be reflected to represent the modern cohort of
patients. While there is substantial short-term data supporting
the utilization of bariatric surgery in this patient population,
the field is lacking evidence regarding long-term complications
and weight loss efficacy [15, 16]. We hypothesize that bariatric
surgery provides stable weight loss with minimal complications
in patients requiring long-term immunosuppression.

Material and Methods

This is a retrospective review of prospectively maintained
bariatric surgery database. Sample inclusion criteria
required patients to have undergone primary Roux-en-Y

gastric bypass, sleeve gastrectomy (SG), or duodenal switch
between 2008 and 2020; these patients were screened to
identify prolonged use of immunosuppression (corticoster-
oid, monoclonal antibody, or targeted biologic) for at least
3 months in the year before surgery with continued use post-
operatively. A complete list of immunosuppressive medica-
tions included in the screen is included in Table 1.

Baseline demographic and clinical information was collected
for each patient, including prior organ transplantation, pulmo-
nary, theumatologic, or endocrine disease requiring immuno-
suppression and the type of immunosuppressive medication(s)
taken. Obesity-related comorbidities, which included type II
diabetes, hypertension, obstructive sleep apnea, and hyperlipi-
demia, were recorded if present preoperative.

Patient weight, height and BMI were recorded at 0, 6, 12,
60 months postoperatively and used to calculate percent total
weight loss at each time point (follow-up weight subtracted
from operative weight, divided by operative weight, and mul-
tiplied by 100). The presence of obesity-related comorbidities
was also queried at each follow-up time point and if the patient
had one of comorbidities at the time of operation. A comor-
bidity was considered resolved if the resolution was stated
in the chart and/or the patient was taken off all medication
management for at least 1 year with normal lab or vital results

Table 1 Immunosuppressive regimen frequency used in this cohort
of patients who underwent bariatric surgery. The immunosuppressive
regimen must have been used for at least 3 months in the year preced-
ing surgery and be required post-operatively

Medication N %

Prednisone 58 65.17
Hydroxychloroquine 15 16.85
Azathioprine 6 6.74
Methotrexate 18 20.22
Adalimumab 8 8.99
Mycophenolate 14 15.73
Tacrolimus 15 16.85
Tofacitinib 2 2.25
Hydrocortisone 1 1.12
Allopurinol 1 1.12
Ustekinumab 1 1.12
Cyclosporine 4 4.49
Montelukast 8 8.99
Etanercept 6 6.74
Belimumab 1 1.12
Leflunomide 5 5.62
Omalizumab 1 1.12
Sulfasalazine 1 1.12
Infliximab 3 3.37
Rituximab 2 2.25
Secukinumab 1 1.12
Certolizumab 3 3.37
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at follow-up (HbA1lc<6.5% or fasting blood glucose below
126 mg/dL for diabetes resolution, systolic BP < 130 mmHG
for hypertension, or a normal fasting lipid panel recorded for
hyperlipidemia depending on available data).

Study outcomes collected included intraoperative compli-
cations and surgery associated major adverse events including
anastomotic leak, bleed, venous thromboembolism, cardiac
events, and minor complications such as surgical site infections,
urinary tract infections, pneumonia, acute kidney injury, or other
infections. Long-term complications were assessed for the entire
60-month post-operative period by screening for small bowel
obstruction, anastomotic leak or stricture, marginal ulceration,
cholecystitis, dumping syndrome, and internal herniations.

Statistical analysis was conducted using GraphPad Prism 9.1
with measurements expressed as mean +standard deviation (SD);
categorical variables were expressed with counts and percentages.

Results

A total of 89 patients on chronic immunosuppression
received primary bariatric surgery at our center between
2008 and 2020. The mean age of patients at the time of sur-
gery was 52.77 years (SD=10.7), and 71.9% (N =64) were
female. Type of weight loss surgery is identified in Fig. la.
Underlying disease requiring immunosuppression is listed
in Fig. 1b. Prednisone, taken by 65.17% (N =58) of patients
in this cohort, was the most used immunosuppressive agent,
followed by methotrexate in 20.22% (N = 18) with the rest of
immunosuppression regimens in Table 1.

The mean pre-surgical BMI was 48.29 kg/m?
(SD=18.41). Percent total weight loss (%TWL) and BMI
reduction were 30.89% and 14.83 kg/m2 (SD=9.07) at
12 months and 29.48% and 14.43 kg/m2 (SD=13.46) at
60 months (Table 2, Fig. 2). The mean follow-up time was
30.49 months (SD =24.19). Validation of the data set was
conducted via subgroup analysis of patients with 60-month
follow-up demonstrating similar BMI and percent total
weight loss trends over the 5-year follow-up (Fig. 2D).

A

mm RNYGB (N=49)
B SG (N=34)
= BPD/DS (N=6)

Total=89

Fig. 1 Characteristics of immunosuppressed population in the bari-
atric surgery cohort. A Percentage of population undergoing each
operation and total number N. B Underlying disease requiring immu-
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Post-surgical resolution of obesity-related comorbidities
included type II diabetes resolving in 60.71% of patients,
hypertension in 30.99%, hyperlipidemia resolved in 36.54%
of cases, and obstructive sleep apnea resolved in 37.29% of
cases (Tables 3, 4 and 5, Figs.3 and 4).

There were a total of 2 intraoperative complications which
included 1 case of splenic injury and 1 case requiring anasto-
mosis revision. In the immediate post-operative period, there
were 3 cases of UTI, 1 case of pneumonia, and 6 cases of
surgical site infections which were noted. There were not any
cases of anastomotic or staple line leaks. This represents a
16.5% early complication rate, occurring within 30 days of
surgery (Table 3). Subgroup analysis conducted with just liver
and renal transplant patients found 7.4% and 3.7% rates of
early and late complications (Tables 3 and 4). In prolonged
follow-up out to 60 months, 3 patients experienced marginal
ulcerations corresponding to 6.1% in the RNYGB group, 2
patients developed anastomotic strictures (Table 4, Fig. 3).

Discussion

This study presents outcomes at 6 months to 5 years of a
single institution cohort of chronically immunosuppressed
patients who underwent bariatric surgery (short-, mid-,
and long-term data). This is relevant to today’s surgeon as

Table 2 Post-operatively weight loss in immunosuppressed patients
who underwent bariatric surgery. N corresponds to the number of
patients at each follow up time point; BMI, body mass index in kg/m?;
%TWL, percent total weight loss ((operative weight — weight at follow
up) / operative weight) x 100

Post-operative time N BMI (SD) %TWL
oM 89 48.29 (18.41) N/A
6M 70 36.23 (5.31) 24.73
12M 65 33.90 (9.07) 30.89
24 M 59 33.05 (9.79) 31.17
60 M 34 33.86 (13.46) 29.17

Rheumatoid Arthiritis (N=18)
Renal Transplant (N=18)
Liver Transplant (N=9)
Asthma (N=10)

Psoriasis (N=7)

Lupus (N=6)

Other (N=21)

paoomEnn

Total=89

nosuppression as a percent of the whole population. TXP, transplant;
RYGB, Roux-en-Y gastric bypass; BPD/DS, biliopancreatic diversion
and duodenal switch; SLE, systemic lupus erythematous
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Complete Data Set (N=89)
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Fig.2 A Weight loss post-bariatric surgery for the entire immunosup-
pressed cohort, mean patient BMI (kg/m?) is plotted at time of opera-
tion and 6, 12, 24, and 60 months post-op, and percent total weight
loss values are plotted starting at 6 months post-op and at 12, 24, and
60 months post-op. B Change in BMI (kg/m.?) stratified by operation
type. C Percent total weight loss stratified by operation type. D Iso-
lated weight loss outcomes in the 60-month follow-up subcohort (SG,
sleeve gastrectomy; RNYGB, Roux-n-Y gastric bypass; BPD/DS, bil-
iopancreatic diversion with duodenal switch))

increasing prevalence of obesity is leading to higher rates
of chronically immunosuppressed patients being evaluated
for bariatric interventions. Traditionally, these patients

Table 3 Frequency of early complications that occurred within
30 days of the bariatric surgery of the entire cohort and subgroup
analysis of transplant patients

Transplant

Early complications N % N %
<30 days

Surgical site infection 5 5.5 0 0
UTL 3 33 1 3.7
Pneumonia 1 1.1 0 0
Acute kidney injury 1 1.1 1 3.7
Organ space infection 1 1.1 0 0
Sepsis 2 22 0 0
Splenic injury 1 1.1 0 0
Anastomosis revision 1 1.1 0 0
Total 15 16.5 2 74

Table 4 Frequency of late complications occurring>30 days post
bariatric surgery of the entire cohort and subgroup analysis of trans-
plant patients

Transplant
Late complications N % N %
Small bowel obstruction 3 33 0 0
Anastomotic leak 0 0 0 0
Cholecystitis 2 2.2 0 0
Dumping syndrome 1 1.1 0 0
Internal hernia 2 2.2 0 0
Anastomotic stricture 2 2.2 0 0
Marginal ulceration 3 33 1 3.7
Total 13 14.3 1 3.7

Table 5 Resolution of obesity-related comorbidities. Baseline corre-
sponds to the patients who had the comorbidity at time of operation.
If the comorbidity was listed as stably resolved at follow-up appoint-
ment or medical management for the condition was completely
stopped and the patient did not relapse within the 60-month follow-
up, the patient was counted under the resolved. Resolved percentage
is proportion resolved out of the patients who had the condition at
baseline

Obesity-related comorbidity Baseline Resolved

N % N %
Type 1I diabetes 28 31.46 17 60.71
Hypertension 71 79.78 22 30.99
Hyperlipidemia 52 58.43 19 36.54
Obstructive sleep apnea 59 66.29 22 37.29

were considered at additional surgical risk with limited
insight into the differences in recovery, weight loss, and
morbidity imposed by immunosuppression. Long-term
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Fig.3 Parts per whole graphical representation of early (<30 days)
and late (>30 days) complications. N =89 patients (SSI, surgical site
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Fig.4 Obesity-related comorbidity resolution. The base rate is the
percent of total population that had the listed comorbidity at the time
of bariatric operation, if the patient had the obesity-related comor-
bidity resolve within the 60-month follow-up period, by clinical
parameters such that it was removed from problem lists in follow-ups
or if they discontinued all medical management they were listed as
resolved and the 60-month post-op time corresponds to patients with
the comorbidities that did not resolve throughout follow-up (TIIDM,
type II diabetes mellitus; HTN, hypertension; HLD, hyperlipidemia;
OSA, obstructive sleep apnea)

complications and durable weight loss were evaluated
using our cohort study with a 5-year follow-up. Despite the
increased surgical risk associated with immunosuppressed
patients, this cohort experienced minimal long-term com-
plications and 29.17% total weight loss. This is the first
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study to assess long-term outcomes in immunosuppressed
patients undergoing bariatric surgery.

Bariatric surgery is very safe, particularly when done at an
experienced center, and this holds true for immunosuppressed
patients in this study. Major technical intra- and periopera-
tive complications including post-operative leaks, immediate
obstruction, or bleeding were not observed in any patient,
correlating to the expected rate of 1% or less in the general
population [17-19]. There was not any perioperative mortal-
ity. A study using a large data registry (MBSAQIP), with over
7000 patients who underwent bariatric surgery and were on
chronic immunosuppression, did detect a small but significant
increase in perioperative major complications with a 9.6%
rate of major complications in immunosuppressed patients
compared to 5.0% in all patients. Major complications
included leak, bleed, and reoperation in 4.1% of immuno-
suppressed patients; these complications were not seen in our
patient cohort. They also observed pneumonia, sepsis, AKI,
and deep infection in 1.4% of immunosuppressed patients
compared to 5.5% of these events in our patient cohort. There
was no difference noted in mortality [20]. In this smaller sub-
set of single institution data, with experienced surgeons, it
does appear that early major complications rates are not dif-
ferent for immunosuppressed patients, but complications are
shifted toward an infectious nature.

The most obvious implications of having an immuno-
suppressed host would be increased risk for higher rates of
and more severe infectious sequelae. Infectious complica-
tions that occurred within 30 days of the operation includ-
ing surgical site infections (SSI), urinary tract infection
(UTT), pneumonia (PNA), deep tissue or organ infection,
or sepsis from unknown source occurred in 12 patients
(13.2%) of patients in this cohort. One patient developed an
acute kidney injury post-operatively. The presence of obe-
sity in these patients increases the rate of these infections
and is a known confounder in bariatric surgical patients
[21]. Due to logistic and methodological challenges, there
is a lack of data and randomized controlled trials investi-
gating infectious complications of bariatric surgery [22,
23]. Additionally, the rate of obesity-related comorbidities,
such as diabetes, impacts the occurrence of infectious com-
plications. Rates of surgical site infection after bariatric
surgery determined by large database analysis range from
5.1 to 12%, which the rate observed in this study is well
within [24, 25]. In this cohort, post-operative management
of these complications resolved the issue and did not lead
to any impact on long-term morbidity or mortality.

Beyond short-term post-operative complications, it is criti-
cal to examine longer term complications that may result more
frequently due to immune dysregulation impacting structural
and functional healing. There were 3 observed marginal
ulcers in patients in this cohort, which is within the reported
ranges of the general bariatric surgery population, 55% of
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our cohort underwent RNYGB, so 6.1% of RNYGB patients
developed a marginal ulcer. A large database study with over
44,000 patients who underwent gastric bypass was 0.35%, but
they only looked at symptomatic ulcers within 30 days of the
operation [26]. Marginal ulceration rates status post RNYGB
vary in literature, with longer studies showing higher rates.
Riberio-Parenti et al. examined 1142 patients with a mean
follow-up of 48.8 months showed a 4% marginal ulceration
rate, while another study showed an 11.4% marginal ulcera-
tion rate at 60 months [27, 28]. The postulated or feared risk
of ulceration in patients who undergo bypass and are on ster-
oids was not witnessed in our study as a small percentage of
ulcers were noted. The observed rate of internal hernias, small
bowel obstructions, and anastomotic strictures was lower in
our cohort than published reports in general bariatric surgical
population [29, 30].

Weight loss outcomes in this immunosuppressed cohort
compares to the general population of patients at all time points.
The weight loss appears durable and appropriate for the mix of
procedures performed, with 94% of the patients receiving either
RNYGB or SG with a %#TWL of 30.89% at 12 months and
29.17% at 60 months. Similar studies in the general population
receiving these procedures demonstrate 30% TWL [31, 32] over
the same time. The majority, 65%, of the study patients were on
long-term glucocorticoids which are known to impact metabo-
lism and cause weight gain [13]. Methotrexate, calcineurin
inhibitors, and TNFa inhibitors (20.22%, 21.35%, and 22.47% of
cohort patients, respectively) are also well known to cause weight
gain and metabolic disturbances [33, 34]. Patients achieved high-
resolution rates of all assayed obesity-related comorbidities, with
hypertension, hyperlipidemia, GERD, and type II diabetes reso-
lution at equivalent or higher rates than general bariatric popula-
tions [35]. The metabolic derangements secondary to immune
suppression are in direct opposition to the positive metabolic
regulation induced post bariatric surgery [36]; however, it is clear
from the weight loss outcomes in our cohort that bariatric surgery
overcomes drug-induced weight gain.

Inflammatory disorders or solid organ transplantation are
the primary indications for chronic immunosuppression. These
underlying disorders can also impact the surgical success and
long-term metabolic reregulation of bariatric surgery. Patient
lifestyle modification and exercise is also critical for initial
rapid loss and durability of weight reduction follow bariatric
surgery [37], but patients with rheumatoid arthritis, lupus, or
asthma may be less able to engage in exercise rehabilitation
and have higher levels of baseline disability that impede surgi-
cal recovery and initial weight loss. However, this cohort had
an appropriate immediate reduction in body weight and a dura-
ble plateau weight. Additionally, allogenic transplant patients
with obesity who undergo bariatric surgery are known to have
higher mortality and morbidity, but it is unclear if that is due to
the suppressed immune system or underlying disease pathol-
ogy [38]. A systematic review on liver transplant patients

who underwent bariatric surgery demonstrated comparable
weight loss to the general population at 12 and 24 months,
with slightly higher morbidity and mortality [39]. Bariatric
surgery has shown to improve short-term allograft function
in both kidney and liver transplant recipients, supporting the
need to study bariatric surgery in these populations [40, 41].
This study includes a broader patient with diverse inflamma-
tory conditions to isolate the impacts of immunosuppression
on bariatric surgery outcomes.

A retrospective analysis has inherent limitations includ-
ing loss to follow-up, no standardization of patient selection,
differences in procedure type, and limited information avail-
able in the follow-up documentation. These patients were on
diverse immunosuppressive regimens for different underlying
conditions a limitation and strength. The same applies to com-
bining the different procedural outcomes together. We were
unable to have enough patients on a single regimen or underly-
ing condition, but this allows the data to be representative of a
larger set of patients representing the common inflammatory
disorders, solid organ transplants, and medication regimens.
The strength in this descriptive cohort is the long-term follow-
up that is enabled from single institution data with only a few
surgeons, who are consistent in their techniques and follow up.

Conclusion

Bariatric surgery is a safe and effective treatment option for
obesity in patients on chronic immunosuppression in the
short and long term. This data supports that bariatric surgery
can be performed with minimal long-term complications
and excellent sustained weight loss in immunosuppressed
patients.
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