
Diabetic Neuropathy Improves After Laparoscopic Diverted 
Sleeve Gastrectomy with Ileal Interposition:
A Single Arm Electrophysiological Follow-Up Study

Address for correspondence: Eylem Cagiltay, MD. Sultan Abdulhamid Han Egitim ve Arastirma Hastanesi,
Endokrinoloji Anabilim Dali, Istanbul, Turkey
Phone: +90 216 542 20 20 E-mail: eylem723@yahoo.com

Submitted Date: January 15, 2019 Accepted Date: February 26, 2019 Available Online Date: March 11, 2019
©Copyright 2019 by Eurasian Journal of Medicine and Investigation - Available online at www.ejmi.org

Globally, type 2 diabetes mellitus (T2DM) has become 
one of the most important chronic public health prob-

lems as an increasing cause of disability, chiefly through 
cardiovascular disease.[1] Based on World Health Organiza-

tion data, the number of diabetic people worldwide is ex-
pected to increase from 171 million in 2000 to at least 366 
million by 2030. In Turkey, the prevalence of T2DM among 
adults was 13.7% in 2010 according to TURDEP-II study.[2] 

Objectives: The aim of the present study was to analyze the effect of laparoscopic diverted sleeve gastrectomy with 
ileal transposition (DSIT) surgery on diabetic neuropathy (DN) in patients with type 2 diabetes mellitus (T2DM).
Methods: This cross sectional, non-blinded, prospective, pilot study included 55 diabetic non-responders, who fail to 
achieve adequate glycemic control despite appropriate medical treatment. Electrophysiological tests including mo-
tor and sensory nerve conduction studies (NCS), sympathetic skin response (SSR) and R-R interval analysis of patients 
scheduled for metabolic surgical treatments were performed pre- and postoperatively. The differences in metabolic 
and electrophysiological parameters were also analyzed.
Results: Preoperative NCS evaluation revealed presence of polyneuropathy in 27 (49%) individuals; however, post-
operative NCS values showed decreased distal conduction time in 61%, increased response amplitudes in 40% and 
increased conduction velocity in 57% of patients for motor nerves. As for sensory nerves, decreased distal conduction 
time was found in 55% and increased response amplitudes were detected in 57% of patients. In addition, significant 
improvements were observed in the of SSR and R-R interval analysis postoperatively.
Conclusion: Beyond the improvements in metabolic parameters and BMI in our diabetic patients who underwent DSIT, 
we also observed improved NCS results.
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Data from studies constantly signify that diabetic patients 
are more prone to develop micro- and macrovascular com-
plications.[3, 4] Even earlier stages of diabetes, many patients 
show metabolic pathologies and, as shown by the United 
Kingdom Prospective Diabetes Study (UKPDS), at the time 
of T2DM diagnosis, about 50% of patients had considerable 
macro- or microvascular abnormalities.[5]

Chronic complications which are the main outcomes of 
T2DM progression may impair patients’ quality of life (QoL), 
impose heavy burdens on healthcare systems, and increase 
diabetic mortality.[6–8] After adjusting for age, the death rate 
of patients with T2DM is nearly twofold as high as that of 
non-diabetic counterparts.[9] Permanent disability caused 
by late complications is a frequent result of uncontrolled 
diabetes.[10]

Neuropathy is one of the most common forms of diabetic 
end organ damage and distal symmetrical polyneuropa-
thies (DSP) constitute the most frequent type of neuropa-
thy. TURNEP study, a hospital based survey performed in 
2003, demonstrated that clinical signs of DSP occurred in 
40.4% of diabetics and this ratio increased to 62.2% when 
clinical signs were combined with EMG findings.[11] In the 
same study, the prevalence of neuropathic pain was 14%. 
The pathogenesis of diabetic neuropathy (DN) is complex 
and involves multiple pathways. Thus, early detection and 
accurate diagnosis before the onset of symptoms are of 
paramount importance in delaying or reversing the pro-
gression of this complication. The most important denomi-
nator in the progression of DN is glycemic regulation since 
appropriate glycemic control leads to positive changes in 
the course of neuropathy.[11, 12]

In the present study, we analyzed the incidence of DN 
via electrophysiological testing of patients scheduled for 
metabolic surgical treatments. At a mean of 8 months after 
surgery, the electrophysiological tests were repeated and 
differences in electrophysiological parameters were evalu-
ated to investigate the effects of the operation on mea-
sures of neuropathy.

Methods

Study Design
The Clinical Research Ethics Committee of the German 
Hospital Istanbul, Metabolic Surgery Clinic approved the 
study (14/10/2011, no. 14/2011). All patients gave written 
informed consent prior to enrollment in the study.

All procedures were performed in accordance with the 
guidelines of the Center of Excellence in Bariatric and Meta-
bolic Surgery, obtained from the Surgical Review Corpora-
tion of the hospital where the operations were performed. 

A.C. is a Surgeon of Excellence in Bariatric and Metabolic 
Surgery, certified by the same institution. This certification 
process requires establishment of a dedicated team with 
a fully integrated digital database where all preoperative 
and postoperative data were recorded and analyzed. The 
demographics and disease specific data of individuals were 
recorded and analyzed in accordance with these guidelines. 
Each patient was given an information form explaining 
the procedure and informed consent form to sign, in line 
with the principles and standards of good clinical practice, 
which includes assurance of personal integrity and welfare 
of patients in accordance with the Declaration of Helsinki.

This cross sectional, non-blinded pilot study included 55 
severely diabetic non-responders, who fail to achieve ad-
equate glycemic control despite appropriate medical treat-
ment. Electrophysiological testing of patients scheduled 
for metabolic surgical treatments were performed preop-
eratively and at postoperative 8 months. 

The inclusion criteria were: (a) >3-year history of T2DM, di-
agnosed in accordance with international standards (WHO 
1999), i.e., fasting plasma glucose (FPG) concentration ≥7.0 
mmol/L and/or 2-h postprandial plasma glucose (PPG) or 
random plasma glucose concentration ≥11.1 mmol/L with 
diabetic symptoms;[13] (b) repeated HbA1c values >7.5 while 
under regular anti-diabetic drug treatment for at least 1 
year; and (c) stable weight profile for the last 3 months, de-
fined as no significant change (>3%) in weight within the 
past 3 months; (d) ≥18 years old and Body Mass Index (BMI) 
>25 kg/m2; (e) no other cause of polyneuropathy except for 
diabetes, no drug or substance abuse that may be associat-
ed with polyneuropathy (f ) being an eligible candidate for 
Metabolic Surgery (g) ability to provide written informed 
consent to participate in the study. Pregnancy, history of 
major gastrointestinal surgery, severe eating problems, use 
of medications for eating disorders and entrapment neu-
ropathy were exclusion criteria. All patients were preopera-
tively evaluated by the same team by means of a detailed 
complication screening program conducted over 3 days, 
including electrophysiological tests. All electrophysiologi-
cal tests were performed by the same team (T.A., M.E.) and 
all operations were performed by the same surgeon (A.C.).

Surgical Technique
Laparoscopic diverted-sleeve gastrectomy with ileal trans-
position (DSIT) has been described previously.[14] Briefly, 
the technique involves a sleeve gastrectomy or fundecto-
my (depending on BMI) and transection of the gastroduo-
denal route 2 cm distal to the pylorus. The stomach is then 
transferred to the lower abdomen via a transverse meso-
colic opening and a 170-cm length of the ileum is prepared, 
with special attention to the preservation of the last 30 cm. 
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The ileal segment is interposed between the stomach and 
jejunum, leading to an initial exposure of the nutrients with 
the ileal mucosa that causes increases in distal ileal neuro-
peptides, such as GLP-1 and peptide YY.[13]

Preoperative Procedures
All patients were evaluated preoperatively (1 month be-
fore surgery) with an extended 3 day routine complication 
screening program. This evaluation included routine blood 
analysis, thyroid functions, routine Doppler ultrasound 
examination of the carotid-vertebral arteries and lower 
extremities, echocardiography (ECHO), and computed to-
mography angiography (CT angio) of the coronary vessels. 
All procedures were recorded and analyzed in detail, in-
cluding operational time, perioperative, and postoperative 
adverse events. Preoperatively 6 patients (10.9%) had iron 
deficiency anemia, 18 (32.7%) had Vitamin D deficiency, 
and 29 (52.7%) were receiving Vitamin B12 supplementa-
tion. These subjects were operated after the correction of 
underlying deficiencies. All patients received routine mul-
tivitamin supplements for at least 6 months after surgery. 
At postoperative month 12; 4 patients (7.2%) had iron de-
ficiency anemia 7 (12.7%) had Vitamin D deficiency and 5 
(9.09%) required Vitamin B12 supplements.

Electrophysiological investigations
All patients were examined by two channels Neuro EMG 
Micro model (Neurosoft, Ivanovo, Russia) electroneuro-
myography (ENMG) instrument. Examinations were per-
formed with similar recording and stimulating electrodes 
under ideal room conditions and temperature.

Nerve conduction studies (NCSs): Sensory nerve action po-
tential (SNAP) amplitudes and distal latencies were record-
ed in the left sural and bilateral median and ulnar sensory 
nerves. Distal motor latency (DML), compound muscle ac-
tion potential (CMAP) amplitudes, and motor conduction 
velocities were recorded in the bilateral median and ulnar 
nerves as well as left tibial and peroneal motor nerves. Sen-
sory and motor NCSs were carried out using standard pro-
cedures.[15]

Data obtained in the NCSs were assessed according to 
normal reference limits. NCS parameters were evaluated 
as pathological if median nerve distal sensory latency was 
3.5 ms or more, sensory amplitude 20 uV or smaller, ulnar 
nerve distal sensory latency 3.1 ms or more, sensory am-
plitude 18 uV or smaller, sural nerve distal latency 3.8 ms 
or more, amplitude 10 uV or smaller, median nerve distal 
motor latency is 4.2 ms or more, amplitude 4 mV or smaller, 
conduction velocity 50 m/s or smaller, ulnar nerve motor 
distal latency 3.4 ms or more, amplitude 4 mV or smaller, 
conduction velocity 50 m/s or smaller, tibial nerve motor 

latency 6 ms or more, amplitude 3 mV or smaller, conduc-
tion velocity 40 m/s or smaller, peroneal nerve motor distal 
latency 5.5 ms or more, amplitude 2.5 mV or smaller and 
conduction velocity 40 m/s or smaller.[16]

Nerve conduction studies were performed twice as pre-
operatively and postoperatively after a mean duration of 
8 months. Diagnosis of polyneuropathy was established 
regarding the 11 different nerves as ulnar (sensory and/
or motor), median (sensory and/or motor), sural (sensory), 
tibial and peroneal (motor) nerves, if different nerves which 
were more than one in the right or left side were patholog-
ic.[15] Additionally, differences between the nerve conduc-
tion parameters tested in two different NCSs in the preop-
erative and postoperative periods were compared. 

Autonomic tests: For ideal autonomic test praxis, a comfort-
able and quite setting was provided for the patients. Fac-
tors which may affect the test results were avoided such as 
drug use except for antidiabetics or critical drugs. Heavy ex-
ercise was omitted at least one day before the tests, use of 
caffeine, alcohol, or smoking was ceased at least four hours 
before tests. The room temperature was set as 22–23°C and 
body temperature was adjusted to be higher than 34°C.

Sympathetic skin response test: Skin was cleaned using an 
alcohol-based solution on a cotton-wool ball. The surface 
Silver-Silver chloride (Ag-AgCl) electrodes were attached 
by a paste on the palm and on the sole of the foot which 
were both active. The reference electrodes were placed at 
the dorsum of the hand and foot. The ground electrode 
was placed 4-5 cm away from the reference electrode on 
the same extremity. Stimulation was carried out from the 
medial nerve at the opposite extremity wrist level in the 
upper extremities and from the tibial nerve at the opposite 
extremity ankle level in the lower extremities. Stimulation 
was administered at an interval of at least 1 minute be-
tween two stimuli and at irregular (randomized) intervals 
to avoid the loss of response due to habituation phenom-
enon. 

The stimulation period was determined as 0.1 milliseconds 
(ms) and stimulation intensity was determined as 12 mil-
liamper (mA) in the upper extremities and 16 mA in the 
lower extremities. Frequency filter adjustments were set 
as 0.1- 1000 Hz, sensitivity as 0.5-2 microvolt (mV)/division 
(div), scanning time as 1 second/division (s/div). The SSR 
latencies were measured from the starting point of first de-
flection by using a cursor and calculated in milliseconds. 
The absence of response was assessed as a criterion of pa-
thology.[17–19] 

R-R interval variability: The test was applied when the pa-
tient was comfortable, eyes shut and awake, lying on the 
examination couch in the supine position in a quiet room. 
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After cleaning the skin Ag-AgCl surface, recording elec-
trodes were attached on 4th or 5th intercostal spaces by a 
conductive paste. The ground electrode was placed on 
the sternum region. No external stimulus was carried out 
during recording that were done during rest. Filter ad-
justments were set as 1-20 Hz, sensitivity as 100-200 mV/
div, scanning time as 0.5 second. R-R interval variability 
(RRV%) was calculated by subtracting the shortest R-R in-
terval from the longest R-R interval, multiplying it by 100 
and then dividing the result to the mean R-R interval. [(RR 
maximum-RR minimum) x100/ mean RR]. The results which 
were obtained during the pre- and postoperative periods 
were compared.[19]

Statistical Analysis
The SPSS (ver. 15.0) software was used for statistical analy-
ses. Descriptive tests and χ2 tests were used as appropriate. 

Results
This series consisted of 30 males (54.5%) and 25 females 
(45.5%), with a mean age of 52.45±9.59 years. Nerve con-
duction studies were repeated 8.4±2.3 months after sur-
gery. A total of 19 patients (34.5%) had previous cardio-
vascular events. Of those, 11 (57%) had coronary stents. 
Co-morbidities included hypertension in 35 (63.6%), hy-
percholesterolemia in 33 (60%), and hypertriglyceridemia 
in 26 patients (47.2%). Eleven patients (20%) had retinopa-
thy and 9 (16%) had diabetic nephropathy. Thirty-two pa-
tients underwent synchronous cholecystectomy and one 
patient underwent Meckel’s diverticulectomy during sur-
gery. None of these cases developed postoperative com-
plications. Two complications consisting of bleeding and 
urinary tract infection were noted and both cases resolved 
completely with conservative treatment. No mortality was 
encountered in this series and all cases were followed up 
for the first year at 1-3-6-9-12 month intervals. 

Mean HbA1C decreased from 9.6±2 to 6.8±1 at month 6 and 
to 6.6±1 at month 12 evaluations (p<0.001). Mean preop-
erative body weight of the patients was found as 94.0±14.7 
kg, while this value was 71.7±13.3 kg at postoperative 8th 
month. The mean difference in body weight was calculated 
as -22.3±9.2 kg. Mean preoperative and postoperative 8th 
month BMI values were 34.0±5.1 kg/m2 and 26.1±3.5 kg/

m2; respectively (p<0.001). The mean difference in BMI was 
-7.9±2.5. 

Preoperatively, of 52 cases, 27.3% had no pathology in any 
of examined 5 nerves. However, 23.6% of patients had pa-
thology in one nerve, 7.3% in 2 nerves, 5.5% in 3 nerves, 
5.5% in 4 nerves and 30.9% in 5 nerves (all examined 
nerves). Thus, preoperative NCS evaluation revealed pres-
ence of polyneuropathy (abnormality in more than one 
nerve out of 5 nerves) in 23 (49%) of 52 cases. 

In total we detected pathological values of median nerve in 
33 (60%), ulnar nerve in 26 (47.3%), sural nerve in 22 (40%), 
and of tibial and peroneal nerves in each 23 (41.8%) pa-
tients (Table 1).

Tables 2 and 3 demonstrate the alterations in NCS param-
eters after surgery. Repeated measurements of NCS after a 
mean period of 8 months, demonstrated improved nerve 
conduction parameters which included 9 (81.8%) of the 
tested 11 nerves (both sides median and ulnar sensory/mo-
tor, left sural, left tibial and peroneal motor) and 16 (57.1%) 
of the examined 28 parameters (for sensory nerves distal la-
tency and amplitude, motor nerves distal latency, amplitude 
and conduction velocity). The mean values for each motor 
and sensory nerve parameters which improved, deteriorat-
ed or unchanged in the postoperative period are shown in 
Table 4 with a more detailed evaluation (“Improved” is de-
fined as shortened distal latency, increased amplitudes and 
increased conduction velocity). According to these values, 
shortening in distal latency was observed in 61% of motor 
nerves. Also, 40% of patients showed increase in amplitudes 
and 57% of patients in conduction velocity. For sensory 
nerves, we observed shortening in distal latency in 55% and 
increase in amplitudes in 57% of patients. 

Whereas the rates of pathological findings in the upper 
extremity SSR examination showed no significant differ-

Table 1. The number and percentage of patients with preoperative nerve pathology (%)

Median nerve Ulnar nerve Sural nerve Tibial nerve Peroneal nerve

Sensory Motor Any Sensory Motor Any Sensory Motor Motor

30 (54.5) 28 (50.9) 33 (60.0) 20 (36.4) 21 (38.2) 26 (47.3) 22 (40.0) 23 (41.8) 23 (41.8)

Table 2. Improvement of NCS results in our series

Variable	 Number of patients (%)

Motor amplitude	 45 (81.8)
Motor conduction velocity	 53 (96.4)
Motor latency	 52 (94.5)
Sensory amplitude	 46 (83.6)
Sensory latency	 48 (87.3)
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ence between the preoperative and postoperative tests, 
the pathological findings in the lower extremity responses 
were found to be significantly decreased (p=0.002). When 
the upper and lower extremity SSR responses were evalu-
ated together, significant decrease was determined in 
number of the pathological findings (p=0.002). The R-R 
interval values, an important marker for cardiovascular au-
tonomic function and associated with increased risk of si-
lent myocardial ischemia and mortality, in 4 patients which 
were evaluated as pathological in the preoperative tests re-
mained between normal limits postoperatively (p<0.001) 
(Table 5).

Remarkably, the patients showing an improvement in re-
sponse amplitudes were the same ones that present ame-

lioration in conduction velocity and/or distal conduction 
time. The same circumstance was valid for the electrophysi-
ological parameters tested.

In total, 25 patients (45.4%) had complete remission 
(CR: HbA1c<6%), and 10 (18.2%) had partial remission 
(HbA1c<6.5%). In total, 46 patients were off anti-diabetic 
medications and had HbA1c below 7%. Nine patients 
(16.36%) required oral antidiabetic medications. Mean BMI 
dropped from 34.0±5.1 kg/m2 to 26.1±3.5 kg/m2 and 36 pa-
tients (65.5%) returned in to a normal BMI (20-25 kg/m2). 
About co-morbidities, 29 of 35 patients (82.8%) with hyper-
tension, 27 of 30 patients (90%) with hypercholesterolemia, 
and 19 of 26 patients (73%) with hypertriglyceridemia had 
normal levels without additional treatment.

Table 3. Alterations in NCS components after surgery in our series

Parameter	 Number of patients (%)

Any improvement in any parameter (amplitude, latency, CV)	 55 (100.0)
Improvement in both motor amplitude and motor CV	 44 (80.0)
Improvement in both motor amplitude and motor latency	 43 (78.2)
Improvement in both sensory amplitude and sensory latency	 41 (74.5)
Improvement in both motor amplitude and sensory amplitude	 38 (69.1)
Improvement in both motor CV and motor latency and sensory latency	 46 (83.6)
Improvement in both motor amplitude and sensoy amplitude and motor CV	 37 (67.3)
Improvement in both motor and sensory amplitudes and motor and sensory latencies	 35 (63.6)

CV: conduction velocity.

Table 4. Mean nerve conduction study values for the motor and sensory nerve parameters in the postoperative period 

Improvement as percentage	 Distal latency (decrease) (%)	 Amplitude (increase) (%)	 Conduction velocity (increase) (%)
of examined nerves

Median motor	 80	 41	 65
Median sensory	 70	 49	 not measured
Ulnar motor	 51	 33	 53
Ulnar sensory	 46	 54	 not measured
Sural sensory	 48	 47	 not measured
Tibial motor	 58	 49	 58
Peroneal motor	 51	 38	 47
All motor nerves	 61	 40	 57
All sensory nerves	 55	 50	 not measured

Table 5. The rates of the pathological findings in pre- and postoperative Sympathetic Skin Response and R-R interval tests

Pathology in patients	 Preoperative (%)	 Postoperative (%)	 p

SSR hand	 4 (7.3)	 3 (5.5)	 NS (0.074)
SSR foot	 8 (14.5)	 5 (9.1)	 0.002
SSR hand or foot	 8 (14.5)	 5 (9.1)	 0.002
R-R interval	 4 (7.3)	 0 (0.0)	 full improvement
Autonomic test (SSR or R-R)	 8 (14.5)	 5 (9.1)	 0.002

p: statistical significance by Pearson Chi-Square test with 95% confidence level; NS: not significant; SSR: Sympathetic Skin Response.
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Discussion
Our results indicate that electrophysiological tests dem-
onstrated marked improvements in a significant number 
of obese and poorly controlled diabetic patients after 
DSIT. Additionally, mean HbA1c, body weight and BMI 
were significantly decreased in comparison with the pre-
operative period. 

Diabetic neuropathy (DN) involves components of the au-
tonomic and somatic nervous systems and is a frequent 
complication of DM. Contributing factors are vascular insuf-
ficiency, defective neurotrophism, oxidative stress, persis-
tent hyperglycemia, and autoimmune nerve damage.[20] Of 
affected individuals, 25% are symptomatic, 50% have symp-
toms identified by clinical inspection, and nearly 95% have 
objective signs during the assessment of nerve function.[21]

The diagnosis of DN should be established along with clini-
cal signs and symptoms, laboratory and electrophysiologi-
cal examination results. Several methods for the detection 
of peripheral DN including quantitative methods (e.g., 
NCSs), vibration sense testing, pinprick tests, thermal tests, 
and several scales are available.[11] The use of NCS measures 
in multicenter clinical trials is recommended.[22, 23] Diabetic 
neuropathy typically involves both small and large nerve 
fibers and electrophysiological evidence can be revealed 
with standard procedures.[24, 25] The NCS is the gold standard 
for polyneuropathies affecting large-diameter myelinated 
fibers.[26] Methods which do not depend on conduction, 
such as skin biopsy with quantification of intraepidermal 
nerve fibers or quantitative sensory testing are also impor-
tant for the identification of affected patients.[27] Because 
early detection of sensory disorders and pain is not easy in 
practice, establishment of a specific diagnosis requires 86% 
sensitivity of vibration sensation testing, and 85% sensitiv-
ity of neurological examination, and 71% sensitivity of con-
duction velocity studies.[28] In the present study, preopera-
tive NCS evaluation revealed presence of polyneuropathy 
in 27 individuals (49%). Repeated NCS, mean 8 months after 
surgery showed improved NCS values for nine of the tested 
11 nerves (81.82%) and 16 of 28 parameters (57.14%). Ad-
ditionally, pathological finding rate at postoperative lower 
extremity SSR tests showed significant reductions. The in-
crease in R-R interval values in four patients before surgery 
returned to normal values in the postoperative evaluation. 
Postoperative measurements also showed improvement in 
motor, sensory and autonomic nerve fibers. 

Treatment of DN should have several targets: tight glyce-
mic control, specific underlying pathogenic mechanisms, 
symptoms and improvement in QoL, prevention of pro-
gression, and complications of neuropathy.[25, 29] The Diabe-
tes Control and Complications Trial (DCCT) group revealed 

that evidence of neuropathy was decreased by 50% in pa-
tients taking insulin with the control of blood glucose and 
HbA1c.[30] In the UKPDS, improvement in vibration percep-
tion was found to be associated with blood glucose control.
[30, 31] Steno trial, with the use of multifactorial interventions, 
revealed a decrease in the odds ratio to 0.32 for the auto-
nomic neuropathy development.[32] EURODIAB Prospective 
Complications study showed that DN was associated with 
cardiovascular risk factors such as high BMI, high triglyc-
eride level, hypertension, and smoking.[33] Thus, DN treat-
ment should include reducing macrovascular risk factors 
(hyperglycemia, hypertension, and hyperlipidemia), with 
pharmacological therapy and/or lifestyle modifications 
(weight reduction, smoking and alcohol cessation, and a 
diet rich in omega-3 fatty acids.[32]

In the present study, the patients who faced difficulties 
in controlling diabetes and underwent DSIT achieved im-
proved results in the nerve conduction studies at postop-
erative 8 months, suggesting further improvements on the 
vascular and metabolic physiopathology of diabetes. Our 
patients did not experience any kind of hypoglycemia, 
which may be related to neurological outcomes. Also, since 
DSIT is not related to severe malabsorption, we did not en-
counter mineral or vitamin deficiencies in the majority of 
our patients.[13] 

After obesity surgery, 40-95% of patients with T2DM 
show early remission of hyperglycemia.[34] The extent to 
which other diabetes-associated comorbidities, such as 
DN, might be influenced by obesity surgery is not known. 
Rapid, intensive glycemic control is somewhat controver-
sial because the DCCT revealed a seemingly paradoxical 
deterioration of microvascular complications, such as reti-
nopathy and neuropathy, after rapid glucose lowering in 
patients with type 1 diabetes.[35, 36]

In a prospective cohort study, 20 patients with long-stand-
ing, insulin-dependent T2DM and BMIs of 25–35 kg/m2 
who were treated by Roux-en-Y gastric bypass showed sig-
nificant improvements in peripheral DN, as quantified by 
the Neuropathy Symptom Score and the Neuropathy Defi-
cit Score, 6 months after surgery. In the same study, symp-
tomatic neuropathy was completely reversible in 67% of 
the patients.[34]

In another prospective case-control study of 54 obese pa-
tients with T2DM undergoing gastric bypass surgery, micro-
vascular complications were assessed 6 months before and 
12–18 months after the intervention. Peripheral neuropa-
thy was assessed through NCSs and no clinically significant 
change was observed at 1 year in any NCS variable. The au-
thors noted that the stability of neuropathy after 1 year was 
reassuring because effects on retinal and neuronal function 



109EJMI

may manifest more than 1 year after bariatric surgery.[37]

There is a significant gap in the literature for the effects 
of surgery on DN. This study aimed to provide further ev-
idence of the impact of DSIT, a rarely performed surgical 
procedure, on glycemic control and DN in obese patients 
with poorly controlled diabetes and peripheral neuropathy 
that is unresponsive to medical treatment.

Cross-sectional design, relatively small sample size and lack 
of data for long-term follow-up after surgery constitute 
major limitations of the present study.

Conclusion
In conclusion, we observed improvement in NCS results 
beyond the improvements in metabolic parameters and 
BMI in our diabetic patients who underwent DSIT. Improve-
ment in NCS variables may be an indicator of more effec-
tive glycemic control.
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