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Purpose: For patients with short bowel syndrome, surgery can play an important role in the management of intestinal
failure (IF). Serial transverse enteroplasty (STEP) has become a popular choice of bowel lengthening among surgeons
for its safety and effectiveness in improving enteral autonomy. In this study, we report 5 cases of STEP procedure on
4 patients.
Materials and Methods: In the Intestinal Rehabilitation Team at Samsung Medical Center, all patients were managed
by a multidisciplinary team specialized in the care of intestinal failure patients. Retrospective review of medical records
was performed.
Results: 3 patients were children and 1 patient was an adult. Improvement in enteral autonomy was achieved in all
patients following each STEP procedure. Suspected suture line leakage was seen in one patient, which was successfully
managed by conservative treatment There were no other serious complications related to the procedures.
Conclusion: STEP procedure continues to be an important management option in intestinal rehabilitation of patients with
extreme short bowel. We report a small series of STEP performed safely and effectively in Korea. (Surg Metab Nutr
2018;9:11-15)
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INTRODUCTION

deliberate and patient introduction and acceleration of
enteral feeding, acid blockade, elemental formulas, and

Short bowel syndrome (SBS) results from extensive resection of small bowel due to various causes, including

potentially, the use of hormonal factors aimed at augmenting the process of intestinal adaptation.[3,4]

congenital anomaly in children, volvulus or thrombosis of

Surgical management of SBS includes not only the ini-

mesenteric vessels and recurrent bowel resection con-

tial operative treatment of neonatal pathology, but also

ditions e.g., Crohn’s disease [1] and is increasingly being

decisions about additional therapies such as bowel length-

recognized as a major health problem in both children

ening procedures or transplantation.[5-7] Factors in-

and adults. Unanticipated massive bowel resection lead-

volved in this decision include residual bowel length, de-

ing to SBS must be managed with long-term parenteral

gree of bowel dilation, presence of liver injury, degree of

nutrition (PN), which is associated with low quality of

enteral tolerance, and the patient’s growth curve. Serial

life.[2]

transverse enteroplasty (STEP) was introduced in 2003 as

Medical treatment of SBS includes parenteral nutrition,

a novel surgical technique for the treatment of patients
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with intestinal failure secondary to SBS.[4] Many studies

was 2018.05.

have correlated the ability to wean completely from pa-

In order of our experience, we reviewed demographic

renteral nutrition with survival, highlighting the need to

data such as gender, age, primary disease, operation time

maximize intestinal function in these patients.[8]

and day as well as other patient characteristics related to

In this article, we report a small series of STEP proce-

the cause and severity of the SBS. Treatment and outcome
of the patients’ intestinal rehabilitation were also outlined.

dures performed safely and effectively in Korea.

STEP procedure is indicated when intestinal failure is

MATERIALS AND METHODS

caused by SBS and bowel caliber is greater than 4 cm on
imaging study using contrast. We used Endo-GIA
(Medtronics, Minnesota, USA) 30 mm or 45 mm (tan, pur-

1. Patients

ple) with 2 cm intervals on either sides of the bowel and

In the Intestinal Rehabilitation Team at Samsung Medical

did not perform reinforcement sutures (Fig. 1).

Center, we have performed 5 cases of STEP on 4 patients
from 2012.06 to 2015.05. Retrospective review of medical
records was performed and last outside clinic follow up

Fig. 1. Patient 1 operation field. (A) Previous STEP procedure bowel state. Black arrow: dilated small bowel which is much reduced state compared with
previous operation. Yellow arrow head: small bowel - colon anastomosis site on previous operation. (B) Stapler site with Endo GIA. (C) Operator is doing
stapling on STEP procedure.

Table 1. Demographics of patients

Sex/age
Diagnosis
Op day
Time from SBS (m)
Remnant SB (cm)
GIA fires (n)
OP time (min)
Time to first feeding (d)
Postop LOS (d)
Complication
Pre PN dependence
Post PN dependence (6 m)
Pre-Bwt (kg)
Post-Bwt (kg)

1

2

3

4

5

M/5 m
Gastroschisis, intestinal atresia
2013.3.4
5
20
5
123
25
160
100%
40%
7.5
10.2

M/4 y
NEC
2015.3.26
51
45
10
270
16
30
Leakage
45%
36%
15.1
15.4

M/4 y
Hirschsprung’s disease
2015.5.11
48
80
11
142
4
11
60%
60%
18
18.5

M/53 y
Internal herniation
2012.6.28
29
100
16
154
5
28
60%
0%
58
59

M/55 y
Internal herniation
2014.12.18
59
100
7
212
4
38
60%
0%
56
55

m = months; y = years old; n = numbers; min = minutes; d = days; NEC = necrotizing enterocolitis; LOS = length of stay.
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Assessment of patients’ nutritional status was done by
serial analyses of hemoglobin, albumin, prealbumin and

Three patients were children and one patient was an

total lymphocyte counts. Hemoglobin levels increased 6

adult. Patient 1 was a 26 month-old boy with short bowel

months after STEP compared to preoperative levels (Fig.

syndrome due to gastroschisis and jejunal atresia. STEP

3A). Albumin and prealbumin levels also increased stead-

procedure was performed at 6 months after birth. Patient

ily after STEP (Fig. 3B and 3C). Total lymphocyte counts

2 was an 8-year-old boy with short bowel syndrome due

peaked at postoperative 3 months and remained stable

to total colonic aganglionosis. STEP procedure was per-

during the following 12 months (Fig. 3D).

formed at 4 years old. Patient 3 was a 6-year-old boy

Minor leakage was suspected in one patent who had

with short bowel syndrome due to necrotizing enterocolitis.

taken multiple bowel surgeries because the patient

STEP procedure was performed at 4 years old age. Patient

showed unusual abdomen pain and tenderness was seen.

4 was a 58-year-old male with short bowel syndrome due

Lab resulted mild leukocytosis so we did conservative

to internal herniation after gastrectomy. STEP procedure

treatment that of 7 days of antibiotics treatment which

was performed 3 years after the occurrence of short

was successful. There were no other serious complica-

bowel and then a second STEP procedure was performed

tions related to the procedures.

after 4 years from first STEP. Demographic data of the patients undergone STEP are outlined in Table 1.

DISCUSSION

Four out of the five cases showed decreased PN dependence (%) before and 6 months after STEP procedure.

Short bowel syndrome is a devastating condition that

Adult patient cases were weaned off PN at postoperative

is characterized clinically by an inability to absorb ad-

6 months following STEP (Fig. 2A). In the adult cases, so

equate enteral nutrition to sustain normal growth and de-

many recurrent central line-associated bloodstream in-

velopment in children or sustain body weight in adults.

fection (CLABSI) was occurred that central line could not

A variety of conditions can cause short bowel syndrome

be kept any longer. So we believed that STEP could im-

leading to loss of normal bowel mucosal surface area [8]

prove intestinal rehabilitation and that could wean off PN

but recently the management of SBS was improved with

which means no more need central line.

the effective application of PN.[9,10] The use of PN per-

Three pediatric cases showed weight gain during the

mits the survival of patients who would have otherwise

6-month postoperative period following STEP (Fig. 2B).

died of the complications of malnutrition and it gives

Fig. 2. (A) PN dependence change before and after STEP procedure. (B) Weight change before and after STEP procedure.
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Fig. 3. (A) Hemoglobin change before and after STEP procedure. (B) Albumin level change before and after STEP procedure. (C) Prealbumin level
change before and after STEP procedure. (D) Total lymphocyte level change before and after STEP procedure.

times to patients to adapt until full enteral feeding is

individual blood supply by the mesentery to the bowel

possible. The process of bowel adaptation includes mu-

split when it enters into the bowel wall. So mesenteric

cosal hyperplasia, which results in increased mucosal sur-

blood supply can be maintained to each half of the bowel

face area.

after being divided longitudinally. The procedure de-

However, not all patients survive through PN manage-

scribed by Kimura and Soper is based on allowing time

ment and we must reduce the dependence of PN for the

for the antimesenteric border of the bowel to “parasitize”

patients’ improved quality of life. For that reason, we

a new blood supply from the liver and abdominal wall

performed STEP procedure in refractory cases despite

musculature before dividing it from the mesenteric half

maximal medical management including PN formula per-

and creating a new tube. Both concepts aim to double

sonalization, cyclic feeding and bacterial overgrowth

the bowel length and reduce its circumference. By re-

treatment.[11]

ducing the bowel diameter, we can improve the stasis of

STEP procedure for SBS is aimed at correcting two anatomic problems, which are length and diameter. Bianchi

bowel, bacterial overgrowth and mucosal inflammation
caused by dilatation.[9,11]

[12], Kimura and Soper [13] have described in their stud-

Short term outcomes of the STEP procedure have been

ies on the concept of bowel lengthening in SBS. The con-

shown to be safe and effective in many reports.[1,2]

cept of “splits” is described by Bianchi which is based on

However, long term outcomes of the STEP procedure

the principle that each section of bowel is supplied by

have been difficult to evaluate because STEP is just one
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aspect of the multidisciplinary management of SBS known

formed 5 STEP procedures in 4 children and adults with

as intestinal rehabilitation. Moreover, intestinal rehabilitation

SBS as a part of their intestinal rehabilitation and all of

is both rapidly changing and different from center to

the patients showed stable nutritional parameters during

center. Many studies have shown good long-term out-

12 months’ follow-up with considerable decrease in PN

comes after STEP procedure in SBS patients. Modi et al.

dependence.

[4] also showed mean increase in length of dilated bowel
segment of 89%±26% and increase in total small bowel
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