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Metabolic OQutcomes of Surgery for Non-Obese Type 2 Diabetes
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The most plausible contributing factor to non—obese type 2 diabetes may be imbalanced incretin
release from the intestinal epithelium in response to nutrients. Rerouting intestinal continuity through
bypass surgery to modulate incretin release is therefore a reasonable treatment. We believe that a
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major determinant of metabolic outcomes is entire duodenal exclusion without leaving any duodenal

epithelium and exclusion of sufficient length of jejunum. More importantly, the procedure should be
implemented with safety and without sequelae. To achieve this, we invented a novel procedure with
acceptable surgical safety and excellent and durable metabolic outcomes. Post-surgical intestinal

adaptation should be considered to achieve successful outcomes.
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INTRODUCTION

In contrast to type 2 diabetes with obesity, multiple factors
are usually involved in type 2 diabetes without obesity. Among
them, the most plausible contributing factor is imbalanced
incretin release from the intestinal epithelium in response to
nutrients. However, the precise mechanisms underlying the
surgical improvement of diabetes remain unclear and appear
to be complex. Furthermore, possible complications from sur-
gery remain a point of concern. Diabetes, an inability to pro—
cess blood glucose, is regarded as progressive and incurable.
Therefore, the best nonsurgical treatment option is delaying
the progression of the disease and minimizing diabetic com-
plications. In contrast, the aim of surgical treatment should be
enabling blood-glucose processing without the assistance of
insulin or oral hypoglycemic agents. Outcomes of metabolic
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surgery are usually extreme. Diabetes improvement is con-
sidered to indicate successful surgery, whereas exacerbation
or stagnation is indicative of a failed operation. The lack of
a requirement for medical treatments after surgery should be
considered an acceptable outcome. Decreased serum concen—
trations of glycated hemoglobin, which reflects blood—glucose
processing, is also acknowledged as an acceptable outcome.
Individuals whose outcomes are unacceptable or unfavor-
able have a pattern of recurrent hyperglycemia with increased
concentrations of glycated hemoglobin within first year after
surgery, and frequently within 3~6 months postoperatively.
Therefore, the absence of recurrent hyperglycemia first year
after surgery is a promising sign of operative success and sug—
gests an acceptable outcome thereafter. The assessment of the
outcomes of the surgery is extreme. Researcher is whether one
of advocator' or criticizer.” Intriguingly, metabolic outcomes
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of duodenal-jejunal bypass (DJB) surgery which is most com-
monly performed metabolic surgery for non-obese type 2
diabetes are inconsistent.

Interestingly, a simple modified surgical technique has been
applied differently in individuals with unsuccessful surgery.
During the DJB procedure, the shortcut jejunal end (upper
pole of Roux limb) is connected to either the pyloric portion
of the stomach or the Ist portion of the duodenum just distal
to the sphincter. The name of applied surgical technique has
been described in the related articles as gastrojejunostomy or
duodenojejunostomy, respectively. Curiously, most unfavor-
able outcomes are associated with duodenojejunostomy, which
is end procedure of pylorus preserving technique to assure
comfortable digestive function after surgery. However, pyloric
sphincter muscle and duodenum is adjoined together, total
duodenal exclusion without leaving small amount of duodenal
epithelium concomitantly, is known to impossible practically
in pylorus function preservation technique, so far. Finally,
successful surgery also depends on the length of the bypassing
segment. For modulation of incretin release from the epithe-
lium in response to nutrients, the location of incretin secreting
enteroendocrine cells is very impor‘[amt.3

We herein investigated the possible pathophysiological rela-
tionships among pylorus preservation, remnant duodenal epi-
thelium, the time to recurrence after surgery, and the unique
patterns of epithelial regeneration and enteroendocrine cell
distribution.

PROPOSED MECHANISM OF BLOOD
GLUCOSE CONTROL AND RECURRENCE

For successful metabolic surgery, a comprehensive un-
derstanding of all possible relevant physiology associated
with resolution or recurrence of diabetes is crucial. These
understanding must include blood glucose regulation with
physiologic divergence in glucose dependent insulinotropic
polypeptide (GIP), which is released from the proximal small
intestinal epithelium in response to nutrients and is consid—
ered as a causal element in type 2 diabetes. Other important
factors are the intricately organized cell regeneration of the
intestinal epithelium, the maintenance of the integrity of the
intestinal epithelial lineage and the pattern of gastrointestinal
adaptation after small bowel bypass, which is similar to the
adaptive response after massive small bowel resection.™® Fi-
nally, the locations of enteroendocrine cells must be identified.

GIP

Nutrients stimulate insulin secretion either directly or
through incretin hormones. Glucagon like peptide-1 (GLP-1)
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has received considerably more research attention than other
incretin peptides because of its clinical effectiveness in the
treatment of type 2 diabetes. In contrast, GIP is considered as
ineffective peptide that does not stimulate insulin secretion
in people with type 2 diabetes. However, recent studies have
suggested that GIP has a physiologic function in blood glucose
stabilization. GIP appears to regulate glucose levels through
the modulation of two pancreatic counter-regulatory hor—
mones.

Patients with type 2 diabetes experience fasting and post-
prandial hyperglucagonemia, which contribute to the hyper-
glycemia characterizing these patients. Clinical studies have
shown that the gastrointestinal hormone GIP might play an
important role in this pathophysiological phenomenon. Fur—
thermore, potentially effective treatment strategies for patients
with type 2 diabetes include suppression of glucagon secretion
or antagonization of glucagon receptors.’ Therefore, metabolic
surgery should aim to reduce serum GIP levels after meals,
thereby modulating the postprandial glucose surge. In addi-
tion, recent reports support the role of postprandial glucose
control as an important strategy to consider in comprehensive
management plans for individuals with diabetes.” Conclu-
sively, the aim of metabolic surgery in patients without obesity
should be to reduce GIP release after meals while effectively
increasing GLP-1 without deterioration of digestive quality or
function.

Intestinal epithelial regeneration and maintenance of
cell lineage

Human intestinal epithelial regeneration occurs within
the crypt-villus axis. Stem cells are located at the bases of
the crypts of Lieberkiihn. From the bottom of the crypt, the
progenies of these dividing cells migrate upward to the villi
surfaces and are finally sloughed from the tips of the villi.
The architectural modeling and cellular identity of the intesti—
nal epithelium depend on epithelial-mesenchymal interactions
during migration.” Thus, the mesenchymal layer just below the
epithelium has a key role in maintaining the epithelial lineage.

Compensatory proliferation as a physiologic
adaptation

Compensatory hypertrophy and proliferation of residual
small intestine after bypass surgery is a normal physiologic
response to nutritional insufficiency.g The compensatory
response is rapid at the distal intestine from anastomosis.
Reconstruction with rearrangement of the intestinal continu-
ity followed by shuffling of apposing villi and crypts with
displacement of the epithelial layer and counterpart mesen-
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chymal layer results in scattering of the epithelial lineage at
both ends of the intestine. The intestinal mucosal surface is
crowded with villi and crypts. Each villus is surrounded by
approximately 15 crypts containing 350~400 cells.® After
duodenojejunostomy, along with a strong compensatory pro-
liferative reaction in the distal intestine, rapid proliferation of
the displaced duodenal epithelial lineage to the opposite area
results in tissues more like the duodenum than the jejunum.
This process has been called as regional reprogramming to
mature proximal identity and transcriptional proximalization."
Until sufficient cell mass growing for recognizable recurrent
hyperglycemia takes several months, thus possibly explain—
ing the delay before recurrent hyperglycemia is observed.
Remarkably, in short bowel syndrome, the adaptation of the
small intestine lasts for up to 1 year, but the maximum prolif-
eration occurs until 6 months."”

Transcriptional proximalization

Evidence of epithelial lineage migration has recently been
described. A single cell analysis has revealed regional repro—
gramming during adaptation to massive small bowel resection
in mice."" According to that article, the change from distal in-
testinal epithelium to a proximal identity after proximal small
bowel resection is accompanied by increased proximal small
intestinal nutrient processing. Another evidence is surgical
transposition of a segment of the ileum to a more proximal
jejunum has been reported to result in structural and func-
tional jejunalization of the transposed ileum both morphologic
and histologically in canine experiment.” Intriguingly, dif-
ferent outcomes have been observed between surgical pylorus
preserving DIB and duodenal-jejunal bypass liner (DJBL).
The DJBL is a flexible sleeve that is endoscopically implanted
within the small intestine.”* Despite bypassing almost the same
area as pylorus—preserving surgical DIB, DIBL rarely results
in recurrent hyperglycemia while the barrier is in place. The
barrier separates small intestinal epithelium with ingested food
60 cm from the st portion of the duodenum.” Patients who
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undergo surgical pylorus—preserving DJB have a pattern of
recurrent hyperglycemia from 3 to 6 months after operation.
In contrast, patients treated with a DJBL rarely show recur-
rence while the barrier is in place. The long distance between
the uncovered intestinal epithelium may prevent epithelial
lineage migration, thus resulting in better metabolic outcomes
than those of surgical DJB. The most effective metabolic sur-
gery for patients with low-BMI type 2 diabetes is classic bil-
iopancreatic diversion (BPD). Outcomes of the modified form
of BPD with duodenal switch are not as favorable as those of
classic BPD.”

Where and how to bypass

The edge of the proximal bowel epithelium that is continu-
ously connected to the cut end of the jejunum (Roux limb) ap-
pears to strongly affect post—operative recurrent hyperglyce-
mia. In the DJB procedure, the possible area of the edge of the
proximal bowel is either the pyloric portion of the stomach or
the first portion of the duodenum. Both procedures have pros
and cons. Pyloric sphincter preservation is important to main—
tain postoperative digestive function. To preserve the pyloric
sphincter muscle completely, the adjoined duodenal epithelium
should be preserved. Total exclusion of the duodenum without
leaving any duodenal epithelium in the pylorus preserving
procedure has been considered practically impossible to date.

The total length of the biliopancreatic (BP) limb also
strongly affects metabolic outcomes, regardless of the length
of the alimentary limb. Duodenum is always totally excluded
in Roux—en-Y gastric bypass, single anastomosis gastric by-
pass and classic biliopancreatic diversion. Therefore, the only
determinant of metabolic outcomes is BP limb length. Thus,
confirming the relationships between the length of the BP
limb and postoperative GIP changes compare to preoperative
value would be possible. Post-operative GIP changes may be
negatively correlated with BP limb length.” However, meta-
bolic outcomes and the length of the BP limb appear to be
positively correlated (Table 1). Postoperative GIP changes and

Table 1. Relationship between BP limb length and GIP alteration with metabolic outcomes

Reference Operation Alimentary limb (cm) BP limb (cm) GIP alteration ~ Metabolic outcomes™
Laferrére et al.” RnY 150 ¢cm 30cm 105% Mild*
Laferrére et al.” RnY 150 cm 40 ¢m 103% Mild*
Fellici et al." RnY 150 ¢m 100 cm 90% Moderate*
Kim et al.”” SAGBP Ocm 200 cm 53% Good*
Guidone et al.” BPD 200 cm 250 cm? 49% Excellent*

RnY = Roux-en-Y gastric bypass; SAGBP = single anastomosis gastric bypass; BPD = biliopancreatic diversion; BP limb = biliopancreatic limb; GIP =
glucose dependent insulinotropic polypeptide. *Author’s view based on conclusion of each article.
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the length of the BP limb are inversely proportional. At a BP
limb length of approximately 100 ¢cm, the GIP level is almost
the same before and after surgery. A longer BP limb length
results in a lower post-operative than pre—operative GIP level,
whereas a shorter BP limb results in a higher GIP level post-
operatively than preoperatively.” ™ In classic BPD, the longest
BP limb results in excellent outcomes for type 2 diabetes,
with a change in GIP to less than half its preoperative value.
In contrast, in patients with a short BP limb, the GIP is more
than 100 percent its preoperative value. These findings pro—
vide solid evidence of the important role of the BP limb and
indicate that decreasing GIP is a key factor in curing diabetes.

With respect to the efficacy of nutritional absorption, loop-
type reconstruction is better than the Roux—en-Y pattern. De—
pending on the purpose of the operation, the expected func-
tion of the Roux limb varies. Prevention of nutrient absorption
is desirable in bariatric surgery, whereas reducing enteric hor-
mone release is desirable in metabolic surgery. Without diges—
tive enzymes, nutritional absorption is interrupted, however,
the lack of digestive enzymes does not interfere with incretin
secretion. Unnecessary perturbation of nutrient absorption is
another disadvantage of Roux—en-Y gastric bypass surgery for
non—obese individuals. According to a recent study compar-
ing the two procedures in the treatment of non-obese type 2
diabetes, single—anastomosis gastric bypass has been found
to achieve better glycemic control than Roux—en-Y gastric
bypass. A possible mechanism for this advantage in diabetic
management is the much longer BP limb in single-anastomo-
sis gastric bypass.” In patients undergoing metabolic surgery,
especially low BMI subjects, loop-type reconstruction of gut
integrity has advantages over Roux—en-Y bypass.

The recommended area of foregut bypass is 200 cm distal
to the ligament of Treitz. Exclusion of the duodenum and the
proximal 200 cm from the duodenal jejunal junction of the je-
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junum ensures an adequate area for nutrient absorption while
decreasing the K-cell population to minimize GIP release and
increasing the population of L cells to maximize GLP-1 pro-
duction.””

THREE PRINCIPLES FOR METABOLIC
SURGERY IN NON-OBESE PATIENTS WITH
TYPE 2 DIABETES

Safety is essential in the surgical treatment of type 2 dia-
betes. Metabolic outcomes should be judged in conjunction
with safety outcomes. Permanent metabolic effect is as im—
portant as safety. Therefore, metabolic surgery should focus
on safety, effectiveness and durability. However, meeting all
these prerequisites is practically challenging. To overcome
these obstacles, three principles are necessary: 1) preservation
of pyloric sphincter function, 2) total duodenal exclusion and 3)
creation of a BP limb of at least 200 cm. Placement of inter—
rupted sutures between the pyloric muscle and the small in—
testine is very important to preserve pyloric sphincter function
and avoid restriction of pyloric sphincter movement. Duodenal
epithelium attached to the distal end of the pyloric sphincter
should be removed. Excision or cauterization should be used
to devitalize duodenal tissue. The transitional zone between
the duodenum and stomach can easily be discriminated with
the naked eye. Therefore, anastomosis between the pyloric
sphincter and the small intestine should be conducted under
direct vision. The abdominal wall is very thin in non-obese
compared with obese patients. Therefore, a skin incision less
than 5 cm is sufficient to perform extracorporeal anastomosis.
A BP limb of 200 cm is adequate to maximize antidiabetic
effects. The longer the biliopancreatic limb, the better the sur—
gical outcomes. However, because of the possibility of malab—
sorption, a BP limb longer than 200 c¢cm is not recommended.

Interrupted
suture

Fig. 1. Single anastomosis duodenal-jejunal bypass with total exclusion of duodenum in the sequence. (A) Preoperative state. (B) Frist portion of duode-
num just distal to pyloric sphincter is transected with linear stapler. (C) Suspension sutures are made between distal end of stomach and 200 cm distal
from Treitz ligament of jejunum. (D) Anastomosis is conducted between the pyloric sphincter muscle and the small intestine under the direct vision. (E
The single anastomosis duodenal-jejunal bypass with total exclusion of duodenum is completed.
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No surgical procedure has satisfied all three goals stated above
to date. However, the second and third goals, which are as—
sociated with antidiabetic effectiveness, can be achieved with
classic BPD, Roux—-en-Y and mini—gastric bypass with more
than 200 cm of BP limb.”*”

SATISFYING THE THREE PRINCIPLES
SIMULTANEOUSLY

We have been conducting single-anastomosis DJB with
total exclusion of duodenum since 2015. Anastomosis between
small intestine with pyloric sphincter muscle directly, satisfies
all three principles described above. The safety and feasibility
of anastomosis between the pyloric sphincter muscle and small
intestine have already been confirmed in other surgical pro-
cedures. There had been no serious complications in a series
of more than 100 consecutive pylorus preserving pancreatico—
duodenectomies which conducted by the author. Although our
data are not published yet, we have conducted with 78 subjects
of non-obese type 2 diabetes, whose BMI less than 30 kg/m’
(Fig. 1). The mean BMI was 24.8 kg/m’, and the lowest BMI
in our series was 18 kg/m’. The surgical outcomes of the 78
patients who have undergone operation have been acceptable
without any complications, and most patients have been satis—
fied with their outcomes. The procedure is very simple and
easy to perform, and it requires a short operative time. Inter—
estingly, lower BMIs are associated with better outcomes. The
surgery is not recommended for BMI above 30 kg/m?, because
it would be scarcely effective, owing to the predominant del-
eterious effect of lipid.

CONCLUSION

Metabolic surgery to treat non-obese type 2 diabetes is
challenging. Surgical safety without sequelae is more im-—
portant than metabolic outcomes. To meet the desired goals,
three principles are recommended. Metabolic improvement
after surgery appears to depend on the post-operative ver—
sus preoperative GIP value. The length of the biliopancreatic
limb strongly affects the overall antidiabetic outcomes, and
recurrent hyperglycemia, the main cause of disappointing
outcomes, appears to be related to not excluded duodenal epi—
thelium.
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