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Abstract

Background Bariatric surgery is the most effective treat-

ment for morbidly obese type II diabetics. However,

guidelines for perioperative glucose control are not well

established. We examined management of perioperative

glucose levels in diabetic patients undergoing bariatric

surgery and determined the impact of optimal glucose

control as defined by the American Society for Metabolic

and Bariatric Surgery (ASMBS) on patient outcomes,

including long-term diabetes resolution.

Methods A single-institution, retrospective analysis of 155

morbidly obese diabetic patients who underwent laparo-

scopic gastric bypass (RYGB) or sleeve gastrectomy (LSG)

from 2010 to 2014 was performed. Inpatient finger-stick

glucose levels were extracted from the electronic health

record and defined as optimal if all values were\180 mg/

dl. Ninety-day and one-year outcomes, including diabetes

resolution, medication management, mortality and total

costs were compared for patients with and without optimal

control.

Results 80 % (n = 124) of patients with type II diabetes

underwent RYGB, while the remaining patients underwent

LSG. Diabetes resolution at 1 year was 70.1 % (73.4 % for

RYGB and 53.9 % for LSG, p = 0.191). Preoperatively,

72 % (n = 112) of patients were taking one or more oral

antihyperglycemic agents, while only 50.3 % (n = 78)

took an oral medication on discharge. 93 % of RYGB and

82 % of LSG patients, respectively, reduced their long-

acting insulin dosage by greater than 50 % upon discharge

(p = 0.251). Ninety-day and one-year outcomes including

total costs were not improved by optimal perioperative

glucose control. In total, 96.7 % of optimally controlled

patients experienced diabetes resolution at 1 year com-

pared to 53.2 % in the non-optimally controlled group

(p\ 0.001).

Conclusion Bariatric surgery leads to significant resolution

of type II diabetes and a prompt improvement in glucose

tolerance in the perioperative period. Optimal glucose

control as defined by the ASMBS was not associated with

improved postoperative outcomes in our patient population

but was highly predictive of long-term diabetes resolution.

Keywords Bariatric surgery � Type II diabetes �
Perioperative glucose

Obesity and diabetes have been called ‘‘twin epidemics.’’

Recent United States census data and Centers for Disease

Control estimates indicate that approximately 14.5 % of

Americans are severely obese (BMI[ 35), and nearly

10 % are diabetic [1, 2]. Worldwide, 80–90 % of patients

diagnosed with type II diabetes (DMII) are overweight or

obese [3]. Observational studies and randomized controlled

trials have demonstrated that bariatric surgery is the most

effective and durable therapy for DMII treatment in obese

individuals. In a systematic review and meta-analysis,

Buchwald et al. [4] reported 77 % diabetes resolution in

patients undergoing bariatric surgery with the highest rate

of resolution resulting from biliopancreatic diversion/duo-

denal switch (BPDDS, 98 %), followed by Roux-en-Y

gastric bypass (RYGB, 84 %) and laparoscopic
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adjustable gastric banding (48 %). Laparoscopic sleeve

gastrectomy (LSG) is also an effective therapy for diabetes,

with resolution rates ranging from 47 to 81 % [5, 6].

Moreover, improvements in glycemic control for type II

diabetics are rapid, taking place in the days to months

following bariatric surgery prior to any significant weight

loss [7].

Despite the immediate onset and effectiveness of bar-

iatric surgery in treating diabetes, many questions remain

about the perioperative management of diabetic patients

undergoing bariatric surgery. Dosing diabetic medications

and insulin in the postoperative period, while balancing the

risks of hypo and hyperglycemia is particularly challeng-

ing. In 2013, a joint clinical practice guideline published by

the American Society for Metabolic and Bariatric Surgery

(ASMBS), the American Association of Clinical Endocri-

nologists, and the Obesity Society made a series of rec-

ommendations for perioperative glucose management in

diabetic patients undergoing bariatric surgery [8]. How-

ever, all recommendations are classified as Grade D with

no direct evidence to support the published guidelines.

There is a clear need for a more standardized glucose

management protocol in diabetic bariatric surgery patients.

Additionally, the role of perioperative glucose control on

patient outcomes, short- and long-term diabetes resolution

must be better characterized.

The objectives of this study were to characterize post-

operative glycemic control and medication/insulin man-

agement in a cohort of Roux-en-Y gastric bypass and

sleeve gastrectomy patients with DMII. Further, we sought

to quantify how often ASMBS recommendations were met

and whether outcomes and costs were affected by optimal

versus non-optimal glucose control postoperatively.

Materials and methods

Study population

A retrospective analysis of 325 morbidly obese patients

undergoing bariatric surgery at the University of Wisconsin

Medical and Surgical Weight Management Program from

2010 to 2014 was performed. Adjustable gastric banding

and revisional bariatric surgery cases were excluded.

Patients were considered to have a diagnosis of DMII if

preoperative HgBA1C measured [6.5 mg/dL or if oral

antihyperglycemic agents and/or insulin were present on

the initial visit medications list [9].

Operative technique

All procedures were completed laparoscopically. Preoper-

atively, patients adhered to a two-week Optifast meal

replacement diet. RYGB was performed in a standard

technique with the formation of a 20–30-ml gastric pouch,

a stapled antecolic, antegastric gastrojejunostomy and a

stapled jejunojejunostomy with a 100–150-cm Roux limb.

LSG was performed over a 36–44 Fr Bougie, with

biosynthetic staple-line reinforcement (Bio-A, Gore, Flag-

staff, AZ), and omentoplasty.

Patient characteristics

Demographic data including gender, age, and race as well

underlying obesity-related comorbidities were obtained

from the electronic health record. The number of oral

antihyperglycemic agents and insulin regimen (long and

short acting) was noted during four time points: during

initial visit history and physical, upon discharge after

bariatric procedure, at 90 days (±14 days) postoperatively,

and at one year postoperatively (±3 months). Intermediate-

acting insulin (NPH) was converted unit per unit to long-

acting insulin when administered daily with addition of a

20 % correction factor when given twice daily [10]. For

patients on a variable insulin sliding scale as an outpatient,

the mean number of units of insulin administered could not

be estimated and was not included in our analysis. Diabetes

resolution was defined as HgBA1C\ 6.5 and absence of

antihyperglycemic medications in the patient medication

log was calculated at one year.

Perioperative data

American Society of Metabolic and Bariatric Surgery

(ASMBS) recommendations for perioperative blood glucose

management following bariatric surgery include the fol-

lowing: (1) discontinuation of insulin secretagogues (sul-

fonylureas and meglitinides), (2) continuation of metformin

and incretins until clinical resolution of DMII, (3) using a

combination of short- and long-acting insulin to achieve a

glycemic target of 140–180 mg/dL in non-intensive care

unit patients, (4) use of regular intravenous insulin in

intensive care unit patients, and (5) endocrinology consults

for difficult to control diabetic patients [8]. A patient was

considered to have optimal glucose control if all point-of-

care (POC) glucose readings from the immediate postoper-

ative period to discharge were\180 mg/dL. Hypoglycemia

was defined as any blood glucose level\70 mg/dL [11].

Total number of short- and long-acting insulin units

administered for the duration of the inpatient stay was

determined from the medication administration report.

Glucose management protocol

All diabetic patients were placed on a short-acting insulin

sliding scale postoperatively with finger-stick glucose
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checks performed every 6 h. Patients on long-acting insulin

preoperatively were continued on long-acting insulin

postoperatively if blood sugars were persistently elevated.

Long-acting insulin dose was reduced by 50 % or greater

and titrated according to total units of short-acting insulin

administered on the sliding scale. Oral antihyperglycemic

medications were held during inpatient hospitalization.

However, metformin was continued on discharge unless

patients were euglycemic and did not require any sliding

scale insulin throughout their hospital stay.

Ninety-day outcomes

Wound complications encompassing superficial, deep, or

organ space surgical site infections, leak demonstrated by

extravasation on abdominal computed tomography (CT) or

found on reoperation (exploratory laparotomy or laparo-

scopy), bleeding requiring transfusion of one or more units

of packed red blood cells postoperatively, reoperation, and

mortality at 90 days were reported. Other ninety-day

complications were based on variables established by the

National Surgical Quality Improvement Program [12] and

included deep vein thrombosis, pulmonary embolism,

myocardial infarction, cerebrovascular accident, acute

renal failure, pneumonia, and urinary infection.

One-year outcomes and cost

Length of stay following bariatric surgery, readmission

rates, and emergency department visits within ninety days

post-op were recorded for patients with optimal versus

non-optimal perioperative glucose control. Surgical com-

plications assessed at one year included marginal ulcer or

anastomotic stricture requiring dilation (in bypass patients

with gastrojejunostomy less than 10 mm in diameter)

found on upper endoscopy, surgical revision, and mor-

tality. One-year facility costs were obtained from the UW

information technology division and were classified as

inpatient, outpatient, ED, and total.

Statistical analyses

Fischer’s exact tests were used to compare categorical

variables. Student’s t tests were used to compare the

means, and Wilcoxon’s rank sum tests were used for the

comparison of medians for continuous variables (length of

stay or follow-up interval). p values were two-sided and

considered significant if they were B 0.05. SAS version 9.3

(SAS Institute, Cary, NC) was used for all analyses.

The study protocol was approved by the Health Sciences

Institutional Review Board of the University of Wisconsin.

Results

Cohort characteristics

155 patients were diagnosed with DMII preoperatively.

The mean preoperative body mass index was 47.2 kg/m2

(Table 1). 80 % (n = 124) underwent RYGB and 20 %

(n = 31) had LSG performed. 84.5 % of the cohort had a

diagnosis of hypertension, 66.5 % had obstructive sleep

apnea, and 63.2 % had hyperlipidemia.

Utilization of oral antihyperglycemic medications

Preoperatively, 51.6 % of patients were on one oral anti-

hyperglycemic medication, 14.2 % were on two, and 6.4 %

were on three or more medications (Fig. 1). Of the 43

patients (27.7 %) on no oral medications preoperatively, 22

were on insulin, while 21 were managed by diet and life-

style changes alone. At discharge and 90 days postopera-

tively, approximately 50 % took no oral medications while

the remaining 50 % took only one antidiabetic medication.

At one year postoperatively, 85.2 % were taking no oral

medications, 14.2 % took one medication and 0.6 % were

taking two medications. Of the patients taking no oral

medications at the one-year time point, 7.6 % (n = 10)

were insulin dependent.

Table 1 Characteristics of bariatric surgery patients with type II

diabetes mellitus

n = 155

Preoperative body mass index (mean, kg/m2) 47.2 (±9)

Type of surgery (%)

Roux-en-Y gastric bypass 80.0

Sleeve gastrectomy 20.0

Demographics

Female (%) 71.0

Mean age (min–max, years) 50.6 (22–73)

Race (%)

Caucasian 89.0

Black or African American 9.0

Unknown 2.0

Obesity-related comorbidities (%)

Hypertension 84.5

Obstructive sleep apnea 66.5

Hyperlipidemia 63.2

Gastroesophageal reflux 42.6

Coronary artery disease 12.9

Congestive heart failure 3.2
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Utilization of insulin

The mean total daily units of insulin required decreased

from 26.4 U preoperatively to 10.4 U on discharge for

long-acting insulin and from 19.3 to 1.7 U for short-acting

insulin (Fig. 2a). 36.1 % of insulin-dependent patients were

taking long-acting insulin, and 34.2 % were taking short-

acting insulin preoperatively (Fig. 2b). At discharge and

90 days, approximately 30 % of patients were taking long-

and short-acting insulin. There was a greater than 50 %

reduction in long-acting insulin dose at discharge for

93.3 % RYGB patients and 81.8 % LSG patients. Simi-

larly, 90.6 % RYGB patients and 100 % LSG patients

experienced a greater than 50 % reduction in short-acting

insulin dose (Table 2). At one-year follow-up, 9.0 %

required long-acting insulin with a mean of 3.7 U daily and

8.4 % remained on short-acting insulin with a mean of 1.7

U daily.

Inpatient glycemic control for gastric bypass vs.

sleeve gastrectomy patients (Table 2)

Optimal glucose control (\180 mg/dL) was achieved in

36.3 % (n = 45) patients undergoing laparoscopic RYGB

and 48.4 % (n = 15) LSG patients. There were nine epi-

sodes of hypoglycemia (\70 mg/dL) in seven patients. All

were self-limited episodes that resolved with either obser-

vation or oral glucose administration. The overall inci-

dence of hypoglycemia was low in both groups, 4.0 % for

RYGB and 6.5 % for LSG.

Adherence to ASMBS recommendations (Table 2)

Secretagogues were discontinued postoperatively in

97.6 % of RYGB patients and 96.8 % of LSG patients.

Metformin and incretins were continued in 75 % of bypass

and 60 % of sleeve patients. A combination of short- and

long-acting insulin use was 35.4 % for RYGB and 43.8 %

for LSG. Of note, endocrinology consultations were not

obtained for difficult to control diabetics. Our institutional

experience has demonstrated that medical consultants are

often not accustomed to the rapid rate of diabetes resolu-

tion in bariatric surgery patients and may be overly

aggressive with glucose correction.

Surgical outcomes and costs for patients with non-

optimal vs. optimal glycemic control (Table 3)

Patient follow-up at 90 days was 100 %, while follow-up

at one year was 58 %. There were no differences in ninety-

day outcomes between patients with optimal and non-op-

timal glucose control in the perioperative period. At one-

year postoperatively, excess weight loss was identical for

both cohorts at 52 %. Fifty patients had HgBA1C checked

at one year postoperatively. The mean HgBA1C decreased

from 7.4 to 6.1. 70.1 % of patients met criteria for reso-

lution of DMII (73.4 % of RYGB patients versus 53.9 % of

LSG patients). Diabetes resolution at 1 year was statisti-

cally significant and better in patients with optimal peri-

operative glucose control (96.7 %) compared to those with

non-optimal control (53.2 %, p\ 0.001). One-year inpa-

tient, outpatient, emergency room, and total costs for

Fig. 1 Percentage of bariatric surgery patients with type II diabetes

mellitus taking zero, one, two, three, or four oral antihyperglycemic

agents at four time points: preoperatively, at discharge, 90 days and

1 year postoperatively

Fig. 2 Percentage of bariatric surgery patients with type II diabetes

mellitus taking long- or short-acting insulin (a) and the mean units of

insulin used daily (b): preoperatively, at discharge, 90 days and

1 year postoperatively
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Table 2 Inpatient glycemic

control and management in

Roux-en-Y gastric bypass

versus sleeve gastrectomy

patients with type 2 diabetes

RYGB

(n = 124)

LSG

(n = 31)

p value

Insulin management

Change in short-acting regimen from pre-op to hospital discharge

\25 % reduction 3.1 0 1.000

25–50 % reduction 6.3 0

[50 % reduction 90.6 100.0

Change in long-acting regimen from pre-op to hospital discharge

\25 % reduction 2.2 9.1 0.251

25–50 % reduction 4.4 9.1

[50 % reduction 93.3 81.8

Perioperative glycemic control

Optimal control (\180 mg/dL) 36.3 48.4 0.224

Hypoglycemic episodes (\70 mg/dL) 4.0 6.5 0.628

ASMBS recommendations met

Secretagogues discontinued 97.6 96.8 1.000

Metformin/incretins continued 75.0 60.0 0.448

Combination of long/short-acting insulin used 35.4 43.8 0.577

Table 3 Surgical outcomes and costs according to optimal versus non-optimal glycemic control in bariatric surgery patients with type II

diabetes

Non-optimal control (n = 95) Optimal control (n = 59) p value

Length of stay (mean, days) 2.6 2.4 0.303

Ninety-day outcomes (%)

Emergency department visit 24.2 25.4 1.000

Readmissions 9.5 10.2 1.000

Any complication 8.4 11.7 0.581

Wound complication 2.1 6.8 0.204

Leak 1.1 1.7 1.000

Bleed requiring transfusion 3.2 1.7 1.000

Reoperation 3.2 0 0.286

Mortality 0 0 N/A

One-year outcomes (%)

Excess weight loss 52.7 52.3 0.925

Diabetes resolution 53.2 96.7 \0.001

Marginal ulcer* 1.2 4.0 0.557

Anastomotic stricture requiring dilation* 6.1 4.0 0.709

Surgical revision 1.2 0 1.000

Mortality 1.2 0 1.000

One-year costs (median USD)

Inpatient 14,700 14,872 0.996

Outpatient 2530 2522 0.911

Emergency Department** 272 328 0.650

Total 17,988 18,080 0.558

* Bypass patients only

** Means were reported for emergency department cost data as median values were 0
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optimally and non-optimally glucose controlled patients

were similar.

Discussion

Our data indicate that the effect of bariatric surgery on

diabetes control is rapid and significant. Over 90 % of

RYGB patients and 80 % of LSG patients had a greater

than 50 % decrease in long-acting insulin requirements

upon discharge following surgery. Despite the decrease in

antihyperglycemic medication needs, relatively few

patients achieved ‘‘optimal’’ glycemic control in the post-

op period as defined by the ASMBS with approximately

one third of RYGB patients and half of LSG patients

achieving the ASMBS target of\ 180 mg/dL during their

hospital stay. Optimal glycemic control was not associated

with improved ninety-day or one-year outcomes or costs.

However, optimal perioperative glucose control was a

strong marker for diabetes resolution at one year. Nearly,

all patients with preoperative glucose control had DMII

resolution at one year, while only half of the non-optimally

controlled patients experienced resolution.

As early as 1995, it was recognized that the effect of

bariatric surgery on diabetes resolution was rapid with a

ten-fold reduction of insulin doses in some patients one day

following surgery [13]. In that respect, it is surprising that

the postoperative glycemic response of patients following

bariatric surgery has been relatively poorly characterized to

date. Most guidelines for tight perioperative glucose con-

trol are based on research from other fields in general

surgery where hyperglycemia is clearly associated with

increased morbidity after surgery [14, 15].

While obese patients face a higher risk of developing

complications such as wound infection after general sur-

gery [16, 17], the same trend has not been observed in

obese patients undergoing bariatric surgery [18]. Accord-

ing to our data and that of one other group, tight periop-

erative glucose control does not appear to improve overall

30-day postoperative outcomes [19]. One partial explana-

tion for this clinical difference is that bariatric surgery

itself is a better treatment for diabetes in obese patients

than medical therapy with oral antihyperglycemic agents

and insulin [20]. In this light, there is a need for a peri-

operative glucose management protocol that is specific to

the bariatric population. Perhaps higher postoperative

glucose levels should be tolerated in bariatric surgery

patients and blood glucose should be used as more of a

prognostic indicator for future resolution of diabetes.

While ASMBS guidelines have represented a helpful

starting point for perioperative glucose control in bariatric

surgery patients, further investigation is necessary to pro-

vide a more clinically relevant regimen. ASMBS

recommendations regarding oral medication management

are clear and were well implemented by our group. Sul-

fonylureas and meglitinides were discontinued in greater

than 90 % of RYGB and LSG patients postoperatively,

while metformin and incretin use was continued in 75 % of

RYGB patients and 60 % of LSG patients. ASMBS rec-

ommendations for insulin use are less well defined, simply

stating that a combination of long- and short-acting insulin

should be used in the postoperative period. Our adherence

to this criterion was low, as it was our practice to start long-

acting insulin in only patients taking long-acting insulin

preoperatively. While numerical parameters for insulin

adjustment were not stated by the ASMBS, a recent study

indicates that a 75 % dose reduction of short-acting insulin

in gastric bypass patients is safe and that long-acting

insulin can effectively be replaced with glimepiride [21].

Our data suggests that insulin-dependent patients experi-

enced a mean 61 % decrease in short-acting insulin dose

and a mean 91 % decrease in long-acting insulin dose.

The long-term implications of perioperative glucose con-

trol in bariatric surgery are also significant. Previous studies

have demonstrated that patients with poorly controlled dia-

betes preoperatively (HgBA1c[ 8.0) are less likely to

achieve euglycemia in the postoperative period and have the

lowest rates of diabetes resolution 18 months after bariatric

surgery [22].Another group found that gastric bypass patients

placed on a strict protocol designed to achieve optimal peri-

operative glucose control experienced a higher rate of dia-

betes resolution at one year [19], though a small pilot

randomized controlled trial performed by the samegroupwas

not able to demonstrate the same trend [23]. Our data also

indicate that optimal glucose control in the postoperative

period after bariatric surgery is associated with diabetes res-

olution at one year. Larger prospective trials would be nec-

essary to confirm the association with optimal perioperative

glucose control with long-term diabetes resolution.

Our study has several limitations. It is a retrospective

study with a limited sample size. Long-term data were also

restricted by a one-year follow-up rate of 58 %. Our

comparison of short- and long-term complications among

optimal and non-optimal glucose control patients was not

statistically significant, which is not surprising given that

the rate of major postoperative complications following

bariatric surgery is less than 5 % [24, 25]. Another limi-

tation is our definition of diabetes resolution using

HgBA1C\ 6.5 mg/dL as a marker for cure of diabetes. A

2009 consensus by the American Diabetes Association

established more stringent criteria for diabetes resolution,

defining partial remission as HgBA1C\ 6.5 mg/dL and

fasting glucose\ 100-125 mg/dL and complete remission

as HgBA1c\ 6.0 mg/dL and fasting glucose\ 100 mg/

dL in the absence of pharmacologic therapy for one year

[26]. Using the above criteria, our rates of diabetes
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resolution for RYGB and LSG would be lower. Lastly,

mean units of short-acting insulin administered as an out-

patient could not be calculated for patients on a variable

insulin sliding scale as this information was not regularly

charted by patients.

In conclusion, understanding the perioperative glucose

response of obese, diabetic patients to bariatric surgery is

clinically significant in terms of establishing more concrete

protocols for managing postoperative hyperglycemia in this

unique patient population andwith regard to predicting long-

term diabetes resolution. Further research needs to be per-

formed on the optimal management of oral medications and

insulin in bariatric surgery patients postoperatively. In par-

ticular, defining a safe and effective range for decrease in

short- and long-acting insulin doses would be useful clini-

cally. Lastly, larger scale, prospective studies are necessary

to determine if the link between optimal perioperative glu-

cose control and long-term diabetes resolution is durable.
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