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Abstract

Background Significant reductions in glucose control imme-
diately post bariatric surgery in patients with longstanding
poor glycemic control can lead to the paradoxical progression
of diabetic retinopathy (DR) in susceptible individuals. Bar-
iatric surgery results in dramatic and immediate diabetic con-
trol postoperatively. We aimed to systematically review the
literature to assess the effect of bariatric surgery on DR.
Methods A comprehensive search of electronic databases
(e.g., MEDLINE, EMBASE, SCOPUS, Web of Science, and
the Cochrane Library) was completed. All randomized con-
trolled trials, non-randomized comparison study, and case
series were included. Inclusion criteria included English-
speaking studies, enrolling >5 patients, and contained oph-
thalmological data on outcome of DR pre- and post bariatric
surgery. Two independently reviewers screened abstracts,
reviewed full text versions of all studies classified, and ex-
tracted data. All comparison studies included in the meta-
analysis were assessed independently by two reviewers for
methodological quality using the Cochrane Risk of Bias
(RoB) tools. Disagreements were resolved by re-extraction,
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or third-party adjudication. Where possible and appropriate, a
meta-analysis was conducted.

Results A total of 277 studies were identified using our search
criteria for screening. Four primary studies (n=148 patients)
met our inclusion criteria and were included in the systematic
review. These included no randomized controlled trials and
four non-randomized case series.

Patients with no preoperative DR (n=_80), following bar-
iatric surgery, an average of 92.5+7.4 % remained disease
free, while 7.5+7.4 % of patients progressed to DR.

Patients with diabetic retinopathy preoperatively (n=68),

following bariatric surgery, an average of 57.4+18.5 % of
patients had no change, 23.5+18.7 % of patients had progres-
sion, and 19.2+12.9 % of patients had improvement in their
disease.
Conclusions Progression of diabetic retinopathy is a signifi-
cant issue postoperatively following bariatric surgery. Patients
with a diagnosis of DR prior to surgery are at increased risk of
further progression in their disease and should receive ade-
quate counseling and evaluation prior to undergoing a surgical
procedure. However, the few primary studies in this system-
atic review limit any conclusion. Further studies are needed to
further evaluate these results.

Keywords Bariatric surgery - Diabetic retinopathy -
Complications - Type 2 diabetes - Roux-en-Y gastric bypass -
Systematic review

Introduction

Obesity and its complications have a significant and increas-
ing effect on global morbidity and mortality [1, 2]. In partic-
ular, many morbidly obese patients present with associated
poor glycemic control and its resultant diabetic macrovascular
and microvascular complications, including atherosclerotic
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disease, neuropathy, nephropathy, and retinopathy [3, 4]. De-
spite efforts to control obesity through pharmacological and
lifestyle modifications, a significant percentage of patients
will require bariatric surgery to control morbid obesity [5, 6].

Bariatric surgery is an effective option for treating obesity
comorbidities. Postoperatively, glycemic levels achieve a dra-
matic and rapid response back to normal, essentially, resolving
their diabetes [7—11]. Counterintuitively, however, the signif-
icant reduction in blood glucose for patients with longstanding
poor glycemic control immediately following surgery has
been reported to lead to paradoxical progression of diabetic
retinopathy (DR) in certain individuals [12, 13]. This therefore
can affect quality of life and should be a major consideration
before offering bariatric surgery to morbidly obese patients
with preexisting DR [14].

At this time, limited studies or guidelines exist to direct
bariatric surgeons on how to proceed with bariatric surgery in
patients with DR. The purpose of this paper is to systemati-
cally review and analyze the literature to assess the effect of
bariatric surgery on the progression of diabetic retinopathy.

Methods

A comprehensive search of electronic databases (e.g.,
MEDLINE, EMBASE, SCOPUS, Web of Science and the
Cochrane Library) using search terms “retino* OR retina* OR
microvascular OR eye* OR ocular” AND “diabet*” AND
“gastric bypass OR gastric band* OR sleeve gastrectomy
OR bariatric” was completed, and conference abstracts were
also searched. All randomized controlled trials, non-
randomized comparison study, and case series were included.
All human studies limited to English were included. The
reference lists of included studies were also checked to iden-
tify missing studies in the primary search. Two independently
reviewers (D.C. and N.S.) screened abstracts, reviewed full
text versions of all studies classified, and extracted data. All
comparison studies included in the systematic review were
assessed independently by two reviewers (D.C. and N.S.) for
methodological quality using the Cochrane Risk of Bias
(RoB) tools. Disagreements were resolved by re-extraction,
or third party adjudication.

Assessment of Study Eligibility

We systematically reviewed each study according to the fol-
lowing criteria: (1) There were no study format restrictions for
the systematic review due to the limited evidence available,
(2) the study reported data on blood glucose and DR as
primary outcomes; (3) patients had undergone primary bariat-
ric surgery; (4) if any disparity existed between the conference
proceedings and a later published article, the initial presented
results were used.

Outcomes of Interest

The primary outcome of interest was DR status (progression,
no change, regression) following bariatric surgery. Unfortu-
nately, due to heterogeneity across data sets, severity of dia-
betic retinopathy including arteriolar-to-venular diameter ratio
(AVR) and retinal images could not be assessed.

Statistical Analysis

Meta-analysis was not feasible in our review as only four
studies were identified, most of which were either not a
control study or with different comparison group. Heteroge-
neity also could not be accessed because of the scarcity of the
available evidence. Only summarized weighted mean or per-
centages were presented.

Records Identified
through Database
Searching
(n=522)

A 4

Non-relevant
Records Excluded
(n=506)

Title & Abstracts
Screened
(n=522)

A4

A 4

Full-text Articles
Excluded
(n=12)

Full-text Articles
Assessed for Eligibility
(n=16)

A 4

Study Included
(n=4)

Fig. 1 Systematic review inclusion criterion
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Results

A total of 522 studies were identified using our search criteria
for screening (Fig. 1). Of 522 studies screened on their titles
and abstracts after an assessment according to our eligibility
criteria, 506 did not meet the basic data requirements on DR
outcomes following bariatric surgery and were excluded. Of
16 remaining for review, 12 were excluded based on insuffi-
cient primary outcomes and follow-up. Thus, a total of four
primary studies (148 patients) were identified that met our
inclusion criteria for the systematic review and meta-analysis
and were assessed by full manuscript. These included four
case series, no controlled studies or randomized controlled
trials [15—18]. The duration of follow-up following bariatric
surgery ranged between 6 and 18 months postoperatively.

Only two studies reported patient age (average 51/
50.2 years old) and male percentage (average 45/33 %). Study
patients were broken in two groups: (1) without preoperative
DR and (2) with preoperative DR. In total, 80 patients had no
preexisting disease and 68 patients had prior DR before bar-
iatric surgery. Across all articles, the average patient was
50.5 years old, female, had a pre-op BMI of 48.8, and pre-
op hemoglobin Alc (HbAlc) of 8.0. The balance of patient
demographics across the three groups could not be accessed
due to a lack of original information. These characteristics are
summarized in Table 1.

For patients with no pre-operative DR (n=80), following
bariatric surgery, an average of 92.5+7.4 % remained disease
free, while 7.5+7.4 % of patients progressed to DR. In con-
trast, for patients with diabetic retinopathy preoperatively
(n=68), an average of 57.4+18.5 % of patients had no
change, 23.5+18.7 % of patients experienced progression,
and 19.2+12.9 % of patients had improvement in their
disease following bariatric surgery. These findings are
summarized in Table 2.

Furthermore, in patients with progression to DR, patients
were found to be significantly more likely to have had previ-
ous existing DR (odds ratio 2.77, confidence interval (CI)

Table2 Effect on diabetic retinopathy (DR) following bariatric surgery
by subgroup

Preoperative DR No preoperative DR
Sample size (1) 68 80
Progression (%) 23.5+18.7 7.5€7.4 %
No change (%) 57.4+18.5 92.5+7.4 %
Improvement (%) 19.2+£12.9 N/A

Results reported as mean+S.D.

1.10-6.99, p=0.03). These findings are summarized in
Table 3.

Discussion

Multiple studies have reported that bariatric surgery is bene-
ficial in the control of diabetic-related microvascular compli-
cations including nephropathy and neuropathy [7, 8, 19].
However, a number of recent reports have indicated a trend
towards progression of diabetic retinopathy following bariat-
ric surgery, and this presents a clinical challenge for bariatric
surgeons [12, 13, 16].

Studies have shown long-term, optimal diabetic control is
correlated with improved outcomes in diabetic retinopathy
[20, 21]. After bariatric surgery, the correction of weight loss
outcomes, hemoglobin Alc (HbAlc) values, and subsequent
tight glucose control is rapid and the majority of patients
achieve a normal, diabetic-free physiologic state quickly after
surgery, leading to potential complications such as DR pro-
gression [22]. Similarly, other aggressive forms of glycemic
control including glucagon-like peptide-1 (GLP-1) that rapid-
ly lower blood glucose levels have also been associated with
progression of DR in the short term [23]. Interestingly, con-
tinued treatment with GLP-1 beyond 2 years has been report-
ed to reverse this effect, but no similar studies have been
reported for bariatric surgery [24].

Table 1  Study details and patient demographics by article
Author Study Study type  Sample Sex (male) Age (years) Pre-op BMI  Post-op BMI  Pre-op  Post-op  Surgeries
date size (1) (kg/m?) (kg/m?) HbAIC HbAIC included

Leong et al. 2013 Case series 21 45 % 51 50 40 N/A N/A RYGB or
LAGB

Miras et al. 2012 Caseseries 67 33 % 50.4 47.5 N/A N/A N/A Primarily
RYGB

Thomas etal. 2014  Case series 38 N/A N/A 50.3 394 7.9 6.4 RYGB, LSG,
LAGB, and
BPD-DS

Varadhan et al. 2012 Case series 22 N/A N/A N/A N/A 8.2 6.5 Undefined

RYGB Roux-en-Y gastric bypass, LSG laparoscopic sleeve gastrectomy, LAGB laparoscopic gastric banding, BPD-DS biliopancreatic diversion and

duodenal switch
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Table 3  Risk ratio of disease progression with pre-operative DR versus no preoperative DR

Pre Ratinophy  No Pre Ratinophy Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Miras 2012 1 28 0 39 10.2% 4.14[0.17, 97.99] — =
Prior 2013 5 14 4 32 59.0% 2.86 [0.90, 9.07] —il—
Varadhan 2012 2 7 2 15 30.8% 2.14[0.38, 12.24] T
Total (95% Cl) 49 86 100.0% 2.77 [1.10, 6.99] -
Total events 8 6

e Ohiz = - - 2= 0o : t f f
Heterogeneity: Chi? = 0.15, df = 2 (P = 0.93); I = 0% 0.002 o1 1 10 500

Test for overall effect: Z = 2.15 (P = 0.03)

This initial worsening of diabetic retinopathy after rapid
improvement of blood glucose control is well reported [25,
26]. Possible explanations for this worsening include a pro-
posed “point of no return” that may be achieved early in the
course of retinopathy, after which time disease progression is
no longer influenced by a return to a euglycemic state [25, 27].
Another explanation for disease progression in patients with
preexisting diabetic retinopathy could be due to a baseline
deficiency in retinal perfusion coupled with the reduced nu-
trient substrate concentration delivered to retinal tissue once
glucose levels are normalized [28]. Kowluru found that the
initiation of euglycemia soon after induction of diabetes in rats
reversed the increases in both retinal oxidative and nitrative
stress [29]. However, Kowluru found that if the initiation of
good glycemic control was delayed for 2 months or more,
there was only a partial or no (>6 months) beneficial effect at
reducing oxidative and nitrative stress [29]. The findings
suggested that retinal proteins are oxidated or nitrosylated
early (<2 months) in the disease course and are resistant to
reversal even after a short duration of hyperglycemia, which
may contribute to retinopathy progression after reinstitution of
euglycemia [29]. These findings may explain the progression
of diabetic retinopathy seen after bariatric surgery.

At this point, our systematic review and meta-analysis
demonstrates that the effect of this rapid correction of the
glycemia in diabetic retinopathy is still inconclusive. Al-
though preexisting DR (versus no preexisting DR) appears
to be a significant risk factor for progressive DR following
bariatric surgery (odds ratio 2.77, CI 1.10-6.99, p=0.03), a
patient with preoperative disease is still likely to have an equal
rate of improvement versus progression of their disease post-
operatively in the short term (23.5 vs. 19.2 %, respectively).
This hampers our ability to definitively recommend that pa-
tients with existing DR avoid or pursue bariatric surgery as
management of their disease. Comparatively, patients with no
preoperative DR had a minimal rate of progression to DR (7.5
+7.4 %) and will likely benefit from bariatric surgery.

Our recommendation is that the bariatric surgeon consider
the following: (1) prudent identification of DR as a possible
risk factor for progression and counsel patients appropriately,
(2) consult ophthalmology and endocrinology in the assess-
ment and presence of pre-operative DR; (3) ensure appropriate
postoperative follow-up in a patient with DR; as well as prior

established recommendations that surgeons, (4) involve allied
health-care professionals including a dietician, and (5) per-
form operations in a tertiary care center such that complica-
tions can be limited and managed quickly and appropriately
[30].

Clinically, the identification of the “ideal” bariatric surgery
patient will be the most significant factor in order to stratify
patients into low-, medium-, and high-risk groups based on
their preoperative risk. Given the results from our systematic
review and meta-analysis, the presence of and degree of
pathology of DR should not be a standalone indication in
favor of or against bariatric surgery. However, patients should
be counseled that the complications of bariatric surgery could
include adverse changes and paradoxical progression of their
diabetic retinopathy despite resolution of the underlying dis-
ease process. In particular, one study reported that in cases of
more severe DR, progression of DR was made increasingly
likely; however, our study was unable to further quantify this
risk due to the heterogeneity of primary studies [16]. In
contrast, patients who have previously mild DR or no
preexisting DR seem to demonstrate either no change or
improvement following bariatric surgery. This suggests that
this patient population with mild early stage disease has a
greater ability to compensate for aggressive glycemic control.
Consequently, bariatric surgery may be most beneficial early
in the disease process, prior to any evidence of end-organ
disease resulting from chronic hyperglycemia, to achieve the
goal of diabetic remission without excess surgical risk of DR.
Ultimately, counseling the diabetic patient will need to ac-
count for individual patient preference: on the one hand,
bariatric surgery is an effective option in the management of
the morbidly obese and its complications; however, the para-
doxical progression of DR and its effect on patient quality of
life is worrying.

Future Research

Bariatric surgery continues to be an exciting field with many
research possibilities. Looking forward, it will be important to
investigate further subgroup analysis including stratification
according to the type of surgery performed and correlation
with other patient risk factors for disease such as pre-op body
mass index, hypertension, and hyperlipidemia. Identifying
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these possible predictors of DR progression would be espe-
cially valuable to the bariatric surgeon in counseling prospec-
tive patients. In particular, Miras et al. reported minimal
progression of DR in their patients (one case, n=67) indicat-
ing that their experience with bariatric surgery (primarily
Roux-en-Y gastric bypass operations) may not necessarily
accompany DR progression [15]. While we suspect that stag-
gering two-step procedures may demonstrate even fewer ad-
verse DR changes, further subgroup analysis by procedure
will be required to correlate this hypothesis. Unfortunately, the
current primary studies are insufficiently detailed and pre-
cludes further analysis of these risk factors at this time.

Furthermore, it will be interesting to extend the follow-up
period of DR following bariatric surgery. Once more long-
term studies are available, data regarding the long-term pro-
gression or regression after the transient short-term effects on
DR can be studied to properly inform patients of the risks and
benefits of bariatric surgery. In an analogous case, although
aggressive glycemic control with GLP-1 therapy has been
correlated with short-term DR progression, continued treat-
ment has been reported to reverse this phenomenon in the long
term [24]. Whether similar promising results can be achieved
in bariatric surgery will require further studies.

Similarly, neoadjuvant and adjuvant dietary, exercise, and
lifestyle recommendations will need to be studied to assess
their impact on modulating the drastic postoperative drop in
glycemic levels, and subsequently, DR progression. However,
at this time, the evidence is inconclusive to use DR as an
independent risk factor in the consideration of bariatric sur-
gery in the morbidly obese patient.

Limitations of the Study

Our systematic review was limited by the quality and quantity
of primary studies within this field. In aggregate, the existing
studies enrolled a limited number of patients (n=148) within a
limited amount of primary studies (4). It therefore restricts the
conclusions of our systematic review. No randomized con-
trolled trials were done. The studies were heterogeneous with
different follow-up intervals, total length of follow-up, and
methods of reporting outcomes. At this time, there is relatively
limited long-term data on DR after bariatric surgery.

Conclusion

To our knowledge, we are the first to systematically review the
literature for the effect of bariatric surgery on diabetic retinop-
athy. Pooled data suggests that patients with a diagnosis of DR
prior to surgery are at increased risk of further progression in
their disease compared to those without preexisting DR (OR
2.77); however, the rate of progression remains similar to the

@ Springer

rate of improvement in the retinopathy (23.5 vs. 19.2 %
respectively). In those without preoperative disease, progres-
sion of DR was slight (7.5 %) and represents minimal risk for
the patient undergoing bariatric surgery without preexisting
disease. Patients should receive adequate counseling and eval-
uation prior to undergoing a surgical procedure, in particular
those with preexisting DR. Moving forward, further long-term
data will be necessary to guide the clinically correlation of
diabetic retinopathy as a risk factor for complication following
bariatric surgery.
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