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Abstract

Background Roux-en-Y gastric bypass surgery (RYGB) is
an effective treatment for patients with type 2 diabetes
(T2DM). Tight glycaemic control immediately after RYGB
for T2DM may improve long-term glycaemic outcomes,
but is also associated with a higher risk of hypoglycaemia.
We designed a treatment algorithm to achieve optimal
glycaemic control in patients with insulin-treated T2DM
after RYGB and evaluated its feasibility, safety and
efficacy.

Methods Fifty patients following protocol-driven diabetes
management were discharged on a fixed amount of
metformin and glargine, with the insulin dose adjusted
according to a standardised insulin sliding scale aiming for
a fasting capillary glucose (FCG) of 5.5-6.9 mmol/L.
Glycaemic outcome and remission of diabetes (defined as
HbA1c<6% and FCG levels<5.6 mmol/L for at least 1 year
without hypoglycaemic medication) were compared be-
tween patients who received protocol-driven treatment and

This trial was registered at www.clinicaltrials.gov (NCT01213563).

W. K. Fenske * D. J. Pournaras * E. T. Aasheim *+ A. D. Miras -
S. Scholtz - C. W. le Roux (D<)

Department of Investigative Medicine, Imperial Weight Centre,
Imperial College London,

London, UK

e-mail: c.leroux@imperial.ac.uk

W. K. Fenske

Department of Internal Medicine I, Endocrine and Diabetes Unit,
University Hospital Wiirzburg,

Wiirzburg, Germany

N. Scopinaro

University of Genoa Medical School,
Genoa, Italy

@ Springer

a similar cohort of 49 patients following standard glycae-
mic management.

Results At 1 year follow-up, the protocol-driven group
showed a greater improvement in glycaemic control than the
non-protocol-driven group (HbAlc —3.0+0.2% vs. —1.2+
0.1%, P<0.001; FCG levels —3.4+0.2 vs. —2.0+0.2 mmol/L,
P=0.02) and a higher remission rate from T2DM (50.0% vs.
6.1%, P<0.001). No symptomatic hypoglycaemia was
reported in either group.

Conclusions The protocol-driven management proved to be
feasible, safe and effective in achieving targeted glycaemic
control in T2DM after RYGB. The next step will be to
scrutinise the efficacy of protocol-driven management in a
randomised controlled clinical trial.

Keywords Bariatric - Diabetes - Gastric bypass - Glycaemic
control - Insulin

Introduction

Bariatric surgery and in particular Roux-en-Y gastric
bypass (RYGB) have been demonstrated as effective
treatment strategies for controlling glycaemia in morbidly
obese [1] and overweight patients with type 2 diabetes
(T2DM) [2, 3]. The incidence and prevalence of T2DM
after bariatric surgery is significantly reduced compared to
non-surgical management at 2 and 10 years following
surgery [4]. Moreover, a recent meta-analysis of 135,246
bariatric surgery patients of whom 4,000 were diabetic
reported that remission of T2DM could be achieved in
78.1% of patients [5]. Although the concept of remission of
T2DM following RYGB has gained increasing acceptance
in recent years, postoperative management of patients with
T2DM poses a number of challenges.
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Firstly, T2DM management after bariatric surgery varies
extensively across centres, and secondly, the definition of
remission or cure has long been controversial and thirdly no
validated treatment algorithm exists to guide either patients
or clinicians. Recently, the American Diabetes Association
(ADA) has proposed new definitions of complete remission
of T2DM, requiring a return to normal glucose values
(HbA1c<6%, fasting capillary glucose (FCG)<5.6 mmol/
L) for at least 1 year after bariatric surgery without glucose-
lowering medication [6]. A previous commonly used
definition for remission of T2DM only required a FCG<
7 mmol/L or a HbAlc<6% in the absence of glucose-
lowering medication [5].

This new definition from the ADA has implications for
treatment as it suggests that more patients are presumed to
benefit from glucose-lowering medications after bariatric
surgery, causing a shift of therapeutic emphasis away from
early discontinuation of glucose-lowering medications to-
wards tighter glycaemic control after surgery. Suggestions on
how to achieve the tighter glycaemic control whilst balancing
the risk of hypoglycaemia have not yet been provided.

Thirdly, the time course of remission of T2DM follow-
ing bariatric surgery can vary importantly from a few days
to several months [5] depending on a variable improvement
in insulin secretion and insulin sensitivity [7]. Therefore,
predicting the timescale in which glycaemic control is
achieved for any individual following bariatric surgery is
often difficult [8]. In some cases, a rapid improvement in
glycaemic control may necessitate a dose reduction or
complete withdrawal of glucose-lowering medication im-
mediately after surgery [9]. It is not an unusual practice in
many centres therefore to stop glucose-lowering as well as
antihypertensive and lipid-lowering medication directly
after RYGB, in anticipation of ‘cure’ of these co-
morbidities [1, 5]. Some clinicians and patients alike even
tend to accept higher glucose levels in order to prevent the
risk of hypoglycaemia. Other centres, however, favour
tighter glycaemic control, accepting the continuation of
glucose-lowering medication after surgery and the risk of
hypoglycaemia associated with intensive pharmacological
therapy [10, 11].

In order to establish a more standardised approach to
post-bariatric surgery management of T2DM, we developed
a postoperative treatment protocol based on the results of a
landmark study investigating patients with T2DM folllow-
ing biliopancreatic diversion [12]. In this study, patients
were initially discharged with no glucose-lowering therapy
and referred to their GP for glycaemic control [12]. The
suboptimal glycaemic response achieved in this way urged
the authors to manage the glycaemia of the patients
intensively with frequent FCG measurements and long-
acting insulin, leading to a substantial improvement in the
longer term [12].

We hypothesised that a protocol widely used in the
management of non-surgical patients with T2DM [13] is
applicable also to a post-bariatric surgery patient popula-
tion. We aimed to evaluate the feasibility, safety and
efficacy of the novel treatment protocol in comparison to
the glycaemic control achieved in a similar cohort of
insulin-requiring T2DM patients following a non-protocol-
driven management after RYGB surgery.

Methods
Patient Population and Study Design

The study investigated two separate cohorts of patients to
determine the outcomes of T2DM at 12 months after
RYGB. The first 49 consecutively recruited patients
underwent standard care for T2DM after surgery between
2009 and 2010, which did not involve a specific protocol
(referred to as the non-protocol-driven management). The
next 50 consecutively recruited subjects underwent
protocol-driven treatment between 2010 and 2011.

Inclusion criteria included insulin-treated T2DM, aged
between 18 and 65 years with a BMI>35 kg/m? undergoing
bariatric surgery. Exclusion criteria included type 1 diabetes
mellitus and pregnancy.

All patients were seen in a specialist medical clinic for 3
to 6 months prior to surgery. During this period, body
weight and T2DM were treated with medical therapy using
the ADA and European Association for Study of Diabetes
guidelines [14]. Complete remission of diabetes was
defined according to the ADA consensus criteria as FCG
levels of <5.6 mmol/L and HbA1c<6% in the absence of
active glucose-lowering pharmacotherapy for 1 year [15].
The study was approved by the Clinical Governance and
Patient Safety Committee at Imperial College London (ref:
09/808).

RYGB Surgery and Postoperative Care

Laparoscopic RYGB was performed as previously de-
scribed [16]. On admission to hospital, all regular oral
glucose-lowering medication and insulin were stopped and
short-acting insulin was given according to capillary
glucose monitoring using a standard insulin sliding scale
(Table 1). The target capillary glucose during the admission
was between 5 and 8 mmol/L. Patients were allowed free
fluids the morning after surgery followed by a semi-liquid
diet. Glycaemic control and the use of glucose-lowering
medication were assessed by the metabolic physicians at
baseline and at 2 weeks and 3, 6 and 12 months after
surgery, whilst patients were additionally seen by a member
of the metabolic team at 10 days and 1 year after surgery.
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Protocol-Driven Management

Upon discharge, 2 days after surgery, patients were prescribed
metformin 1 g twice daily (if tolerated and only in cases where
the estimated glomerular filtration rate was above 60 mL/
min). A standard hospital inpatient sliding scale was used. The
discharge dose of glargine was equivalent to a patient’s total
insulin requirements during the 24 h prior to discharge.
Patients were instructed to contact their designated physician
daily via text message (SMS) to report their morning FCG
levels obtained using Accu-Chek Advantage” (Roche Diag-
nostics Ltd, Hertfordshire, England, UK). Based on the
reported fasting glucose values, insulin dosages were then
adjusted based on a titration schedule (Table 1), aiming for
FCG levels between 5.5 and 6.9 mmol/L. Patients were
encouraged to additionally measure and record glucose
levels if they experienced symptoms of hypoglycaemia at
any point. The daily contact was discontinued once FCG
values were documented between 5.5 and 6.9 mmol/L for at
least three consecutive days. Thereafter, patients were
encouraged to monitor their fasting and postprandial capil-
lary glucose and to contact their physician if their glucose
levels were <4.5 or >7.0 mmol/L. Plasma glucose and
HbA1c levels were measured before and 3, 6 and 12 months
after RYGB surgery. Metformin was continued for at least
3 months after surgery and only stopped when plasma
glucose levels were <5.6 mmol/L.

Non-protocol-Driven Management

In the non-protocol-driven treatment group, postoperative
management of glycaemia was carried out by the patient’s
primary care physician or secondary care diabetologist.
This approach included both the reduction and withdrawal
or increase of glucose-lowering medications, but was not
conducted in accordance with a standardised protocol.

Table 1 Daily insulin titration schedule in insulin-requiring type 2
diabetes after gastric bypass surgery

Start with dose equivalent to the insulin required in the previous 24 h
prior to discharge and adjust it daily

Self-monitored fasting
glucose values

Adjustment of insulin
dosage (IU/day)

>12 mmol/L (220 mg/dL) 61
>10 mmol/L (180 mg/dL) 41
>8 mmol/L (144 mg/dL) 21
>7 mmol/L (120 mg/dL) 11
5.5-6.9 mmol/L (100-120 mg/dL)  No change in insulin dosage
<5.5 mmol/L (100 mg/dL) 2]
<4.5 mmol/L (81 mg/dL) 4
<4.0 mmol/L (72 mg/dL) 6|
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Laboratory Measurements

Blood samples were obtained after an overnight fast.
Commercial assays were used to measure glucose, insulin
and HbAlc (Abbott, UK).

Statistical Analysis

Data are reported as means + standard error of the mean
(SEM). For comparison of continuous variables within
groups, a repeated-measures ANOVA test was used to
assess whether a difference in glycaemic control and in
dosage of anti-diabetic drugs existed over time. For
categorical data, the Cochran Q test was used. For
comparisons between groups (protocol-driven versus non-
protocol-driven glycaemic management), the x> test was
used for categorical and ANOVA for continuous variables.
All P values are two-sided. A P value<0.05 was considered
statistically significant. Statistical analyses were performed
using SPSS software (version 17.0.1; SPSS, Inc., Chicago,
IL, USA).

Results
Patient Characteristics

All 99 patients completed the 12-month follow-up assess-
ment. The demographic characteristics of the patients are
shown in Table 2. There were no significant differences
between protocol-driven and non-protocol-driven patients in
terms of age (46.7£0.9 vs. 50.7+0.9 years), sex (17:33 vs.
23:26 M/F), baseline BMI (47.6+0.9 vs. 47.5+0.4 kg/m?)
and duration of diabetes prior to surgery (6.0+0.4 vs. 6.3+
0.3 years). FCG was not different (P=0.7), but baseline
HbAlc levels were significantly higher (P=0.002) in the
protocol-driven management group compared to the non-
protocol-driven group, suggesting a worse postprandial
glycaemic control in the protocol-driven management group.

Glycaemic Control After Bariatric Surgery

In the protocol-driven group, FCG decreased significantly
within the first week after surgery and plateaued within 2 to
4 weeks postoperatively (Fig. 1a). The greatest reduction in
FCG concentration occurred within the first 2 weeks, with a
decrease from 8.7+0.3 mmol/L before to 6.7+0.4 mmol/L
after surgery (P<0.0001). The mean time to reach the target
FCG level (<7.0 mmol/L) was 6.0+0.3 days postoperatively.
Corresponding data in the non-protocol-driven group for the
early postoperative phase were not collected.

At 12 months after surgery, patients in the protocol-
driven group showed a mean reduction in FCG from 8.7+
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Table 2 Comparison of glycae-

mic control at baseline and Protocol-driven glycaemic Non-protocol-driven P value

12 months after protocol-driven control (n=50) glycaemic control (n=49)

or non-protocol-driven glycae-

mic management in insulin- Baseline

requiring type 2 diabetic patients Sex, M/F 17:33 23:26 0.15

after gastric bypass surgery Age, years 46.7+0.9 50.7+0.9 0.1
BMI, kg/m? 47.6%0.6 47.5+0.4 0.3
HbAlc, % 9.1£0.2 8.0+0.3 0.002
Fasting glucose, mmol/L 8.7+£0.3 8.5+0.5 0.7
Duration of diabetes, years 6.0+£0.4 6.3+£0.3 0.51
Changes at 12-month follow-up n=50 (%) n=49 (%)
BMI, kg/m? 34.5+04 35.240.6 0.25
A HbAILC, % —-3.03+0.2 -1.2+0.3 <0.001
A Fasting glucose, mmol/L —3.44+0.2 -2.0+0.5 0.02
Fasting glucose<7.0 mmol/L, n 47 (94.0) 33 (67.3) <0.001
Fasting glucose<5.6 mmol/L, n 33 (66.0) 20 (40.8) <0.001
HbA1C<6%, n 25 (50.0) 3 (6.1) <0.001
HbA1C 6-7%, n 20 (40.0) 26 (53.1) <0.05
Complete remission based 25 (50.0) 3(6.1) <0.001

on 2009 criteria [1]
Partial remission based 16 (32.0) 14 (28.6) =0.08
on 2009 criteria [1]
Data are mean £ SEM or 1 (%);  Remission based on previous 41 (82.0) 17 (34.7) <0.001

P values were obtained using ¢

2 definition [2, 3]
test or x~ test as appropriate

0.3 mmol/L preoperatively to 5.3+0.1 mmol/L and HbAlc
from 9.1+0.2% to 6.1+0.1% (P<0.001 for both). In the
non-protocol-driven group, there was a mean reduction in
FCG at 12 months from 8.5+0.5 to 6.5+0.4 mmol/L and in
HbAlc from 8.0+0.3% to 6.8+£0.6% (P=0.007 and P=
0.009, respectively). The decrease in FCG and HbAlc at
1 year after surgery was significantly greater in the
protocol-driven than in the non-protocol-driven treatment
group (P<0.001 and P=0.02, respectively). As a result,
more patients in the protocol-driven management group
achieved the glycaemic target (P<0.0001) at 1 year
postoperatively than in the non-protocol-driven manage-
ment group (Table 2).

Insulin Requirements

Changes in postoperative insulin requirement in the
protocol-driven group are shown in Fig. 1b. All patients
showed a reduction in their insulin requirements during the
first postoperative week. Two weeks after surgery, the mean
insulin dosage was reduced by 68+2% from 50.4+4 to
16.1+1.4 U (P<0.001, Table 3). Information on early
changes in insulin requirements of the non-protocol-driven
group was not available. After 12 months, 18% of patients
in the protocol-driven group were still prescribed insulin or
oral glucose-lowering medication, whilst in the non-
protocol-driven group, 65% of patients were still on

glucose-lowering medication (P<0.001). The postoperative
changes in glucose-lowering medication are summarised in
Table 3.

Rates for Remission of Type 2 Diabetes at 12-Month
Follow-up

In the protocol-driven group, 66% of patients achieved
FCG levels<5.6 mmol/L and 94% achieved FCG levels<
7.0 mmol/L at 12 months after surgery. This was
significantly higher than in the non-protocol-driven group,
where only 40.8% (P<0.001) and 67.3% (P<0.001)
achieved these respective treatment targets. In the
protocol-driven group, 50.0% of patients achieved a
HbA1c<6% compared to only 6.1% in the non-protocol-
driven group (P<0.001). HbAlc levels<7% were achieved
by an additional 40% of patients in the protocol-driven
group and an additional 53.1% in the non-protocol-driven
group (P<0.05).

Based on the 2009 ADA consensus criteria, at 12 months
after surgery, 25 patients (50.0%) in the protocol-driven
group and three patients (6.1%) in the non-protocol-driven
group were in complete remission of T2DM (P<0.001). An
additional 16 patients (32%) in the protocol-driven group
compared to 14 (28.6%) patients in the non-protocol-driven
group were in partial remission according to the ADA
criteria (P=0.08) [15].
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Fig. 1 Fasting plasma glucose levels (a) and therapeutic insulin doses
in units per day (b) during protocol-driven insulin management in 50
patients over a period of 379+4.5 days. Data are presented as mean +
SEM of fasting capillary concentration and daily insulin dose

Rates of Hypo- and Hyperglycaemia

Of the 1,558 fasting glucose measurements recorded in the
protocol-driven group during the 12-month observation
period, six measurements (0.4%) were <3.5 mmol/L (range
2.6-3.4 mmol/L). All six results were reported by three
patients. No symptomatic hypoglycaemia with associated
seizures, unconsciousness or other neuroglycopenic or
autonomic symptoms was reported. For the non-protocol-
driven group, these data are not available as patients were
not asked to record this information, but none of the
patients had documented hypoglycaemia in their hospital
records.

In the protocol-driven group, four patients (7%) with
postoperative wound infections showed temporarily in-
creased insulin requirements. These patients exhibited
repeated measurements with fasting glucose levels>
7.0 mmol/L during the treatment period of infections
(highest measurement, 10.8 mmol/L). All four patients
achieved HbA1c<6% after 6 months.

Discussion

The findings of this study suggest that a standardised
protocol for glycaemic management may offer a feasible
and safe strategy for achieving glycaemic treatment goals
and diabetes remission after gastric bypass. Although 50%

Table 3 Diabetic drug requirement following protocol-driven and non-protocol-driven management in insulin-requiring type 2 diabetes patients

after gastric bypass

Baseline 2 weeks 3 months 6 months 12 months P value
Protocol-driven management (n=50)
Insulin requiring (n) 50 42 22 12 9 <0.0001
Insulin dose (IU) 50.4+4 16.1+1.4 8.1£1.5 52+1.7 3.9+1.6%
Biguanide (n) 45 40 29 11 3% <0.0001
Sulfonylurea (n) 4 4 2 0 0 0.01
Thiazolidinediones () 3 1 1 0 0 0.07
GLP-1 analogue (n) 2 1 1 0 0 0.23
Off of all diabetic medication, n (%) 0/50 8/50 (16) 25/50 (50) 36/50 (72) 41/50 (82)* <0.0001
Non-protocol-driven management (n=49)
Insulin requiring (n) 49 5 <0.001
Insulin dose (IU) 47.8£3.5 19.5+1.6
Biguanide (n) 36 15 <0.01
Sulfonylurea (n) 3 1 0.12
Thiazolidinediones (7) 6 0 <0.01
Off of all diabetic medication, n (%) 0/49 17/49 (34.7) <0.001

P values represent differences between all time points by repeated-measures analysis of variance or Cochran Q test as appropriate; for
comparisons between the intervention groups, ANOVA was used for continuous and x> test for categorical variables. Data are mean + SEM

1U international units
*P<0.01
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of the patients achieved a HbA1c<6% and another 40% a
HbA1c<7% at 12 months after surgery, only three patients
had FCG recordings below 3.5 mmol/L (each patient had
two recordings of a FCG<3.5 mmol/L). No patient had any
episode of clinically severe or symptomatic hypoglycaemia.

Achieving and sustaining appropriate glycaemic control
in patients with T2DM undergoing bariatric surgery poses a
major clinical challenge. The treatment protocol we
implemented performed well despite the variations across
individual patients in dietary intake, insulin resistance and
insulin secretion. The most striking changes in glycaemic
control were observed long before substantial weight loss
occurred. This chronological sequence is consistent with
the early beneficial effects of RYGB [9, 11, 17] and
biliopancreatic diversion [12] on glycaemic control.

The aim of the algorithm was to achieve fasting glucose
levels between 5.5 and 6.9 mmol/L, in accordance with the
recently proposed new definition of diabetes remission by
the ADA [6]. At a follow-up 12 months after surgery, rates
of complete remission of T2DM were 50.0% in the
protocol-driven treatment group and only 6.1% in the
non-protocol-driven group. There was a significant differ-
ence in both glycaemic control as measured by HbAlc and
FCG and in additional glucose-lowering medication used
between the groups (18% in the protocol-driven group vs.
65% in the non-protocol-driven group were still on insulin
at 12 months after surgery).

This study found lower remission rates than in previous
studies. This probably reflects the more stringent criteria
used for complete diabetes remission in our study [15]
compared to those previously used [1, 5, 18, 19]. It cannot
be excluded that a longer duration or an increased severity
of T2DM among participants of our study may have
negatively affected the remission rate [20]. The reported
diabetes resolution rate of 78.1% in the 2004 meta-analysis
from Buchwald et al. [5] combines data from three different
surgical procedures, whilst our study refers only to patients
after gastric bypass surgery.

Applying the previously used criteria of diabetes
remission [5, 18, 19] to our study population, 41 patients
(82.0%) in the protocol-driven group and 17 patients
(34.7%) in the non-protocol-driven group achieved remis-
sion from diabetes at 1 year after surgery (Table 2). These
observations are more in line with previous reports [5, 18,
19], whilst the complete remission rates based on the ADA
consensus statement are consistent with recent studies
referring to the same criteria [21].

The physiological mechanisms underlying the results of
our study may be similar to those responsible for the results
of the United Kingdom Prospective Diabetes Study, which
demonstrated that tight glucose management reduces the
long-term complications of T2DM [22, 23]. It is possible
that the pancreas undergoes a period of regeneration within

the early postoperative period, and a healthy glucose
environment is beneficial for 3 cell function not only in
the short, but in the long term. Glucotoxicity on the other
hand can hamper the (3 cell glycaemic memory through
direct and indirect immunological damage. More in depth,
molecular research is needed to validate this hypothesis.
Our data demonstrate that the vast majority of patients in
the protocol-driven group reached the target glucose levels
without an increase in adverse events. Similar results were
observed in a recent randomised trial, which compared the
use of once-daily glargine versus the traditional sliding
scale insulin immediately after RYGB surgery [24]. In this
study, control of postoperative hyperglycaemia was signif-
icantly better with the use of glargine compared to the
sliding scale insulin, with few hypoglycaemic side effects.

Our results also suggest that new insulin analogues, such
as insulin glargine, with more predictable activity profiles,
have greatly reduced the risk of hypoglycaemia [25, 26]. In
fact, close monitoring of capillary glucose levels and
frequent adjustment of insulin doses may also have
contributed to the low rate of hypoglycaemia seen in our
study. Therefore, a systematic titration of the insulin dose as
reported in the present study may offer the basis for a
simple, standardised way to initiate basal insulin in routine
practice. The algorithm appeared to be both feasible and
safe. Nonetheless, it still needs to be determined whether
better glycaemic control during the early postoperative
period may also have a beneficial effect on wound healing,
postoperative infection and surgical complications.

The most important limitation of our study is the non-
randomised design. Another limitation of our treatment
algorithm is the initial effect on the resources, mainly the
increase in the workload of physicians or nurses due to
the adjustment of insulin dosages daily in the first few
weeks. Protocol-driven management meant about an
extra 1 min per patient per day, but most patients only
require 2 weeks of adjustment before becoming stable.
Thus, even in very busy bariatric centres that focus on
type 2 diabetes, the total number of patients does not
accumulate above what can be reasonably managed.
Moreover, as soon as a validated treatment protocol for
post-surgery glycaemic management exists, patients can
easily and independently continue with the daily adjust-
ment. Even more important than the actual remission rate
is the possibility that glycaemic control even for a short
period of time may have a legacy effect impacting on
long-term macrovascular outcomes [22].

In conclusion, this is the first study to examine the use of
a standard basal insulin titration protocol for the glycaemic
management of T2DM patients after RYGB surgery. The
regime was successfully applied in clinical practice and was
associated with low rates of hypoglycaemia. Randomised
controlled trials with longer follow-up are needed to
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determine whether the treatment algorithm is actually better
than traditional standard care with regard to efficacy.
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