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GASTROINTESTINAL TRACT

Role of Serial Transverse Enteroplasty in the Management 
of Adult-Type Short Bowel Syndrome: Experience from 
a Single Tertiary Referral Hospital in Turkey
Muhittin Yaprak , Volkan Doğru , Okan Erdoğan
Department of General Surgery, Akdeniz University Hospital, Antalya, Turkey

ABSTRACT
Background: There is little knowledge with regard to the management of intestinal failure in countries where home care services and 
dedicated intestinal rehabilitation centers are limited. This study presents a single-center experience of treating adult-type short bowel 
syndrome (SBS) with serial transverse enteroplasty (STEP).
Methods: Medical records were retrospectively reviewed from November 2009 to April 2018 on patients with adult-type SBS. All patients 
underwent STEP, and a representative quota sample of control patients treated with conventional measures were included. Clinico-
demographic characteristics including baseline and post-treatment information about the orientation of bowel alignment and nutri-
tional status were evaluated.
Results: The mean patient age was 51.1 ± 16.2 in the STEP group and 57.6 ± 12.7 in the control group (P = .304). The median small bowel 
length was 60 cm (interquartile range (IQR): 40-90) in the STEP group (before the lengthening) and 90 cm (IQR: 70-100) in the control 
(at the initiation of intestinal rehabilitation) (P = .035). Durations of median follow-up were 18 months (IQR: 14-58) and 10 months (IQR: 
3-14), respectively (P = .019). In the STEP group, the mean increase in bowel length after STEP was 37.3 ± 11.6 cm, and at their follow-up 
7 patients (64%) had successfully progressed to enteral autonomy. In the control group, only 3 patients (27%) were successful. Mean 
time to wean parenteral nutrition was 45 ± 54 days, and the mean increase in enteral calorie intake was 1.79 ± 1.60-fold after lengthen-
ing in the STEP group.
Conclusions: STEP is an easy-to-perform procedure in the surgical rehabilitation of adult-type SBS. When performed simultaneously 
with reconnection surgery, it may offer a cost-effective and comprehensive solution to the treatment strategy in middle income settings.
Keywords: Short bowel syndrome, parenteral nutrition, enteral nutrition

INTRODUCTION
Long-term care of intestinal failure in middle-income 
countries is challenging due to the limited number of 
dedicated intestinal rehabilitation centers (IRC).1 There 
are multiple IRCs across North America and Europe.2 An 
eastern university pediatric IRC is the only dedicated IRC 
in Turkey. Besides, home care service is a nascent con-
cept in the country, and current home parenteral nutri-
tion (HPN) applications are limited.3 Regulations by the 
Ministry of Health for care services providing health ser-
vices at home came into force on February 27, 2015, after 
being published in the official journal of the country, T.C. 
Resmi Gazete.4 Before 2015, HPN application was mostly 
an informal health service that patients could afford 
within their personal budgets.

Although there are no pertinent official data in this issue, 
many of these patients usually follow a self-referral model 

and present to tertiary hospitals after being exhausted 
because of unsolved problems at local clinics. Even there-
after, over the course of several hospitalizations, patients 
lose their motivation due to the socioeconomic difficulties 
of adhering to the exacting rehabilitation program which 
typically ends up decimating patients; few of them achieve 
the desired time of rehabilitation before transplantation, 
which in itself is a limitation. While the annual number of 
performed intestinal transplantations fluctuates between 
109 and 198 in the United States, the total number of 
cases in the last 11 years was 6 in Turkey.5,6 Thus, this arti-
cle investigates the role of serial transverse enteroplasty 
(STEP) in the management of adult-type short bowel syn-
drome (SBS) in middle-income settings.

A consensus definition of SBS proposed by a panel of 
experts emphasizes the inability to maintain protein-
energy, fluid, electrolyte, or micronutrient balances when 
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on a conventionally accepted, normal diet.7 Parenteral 
nutrition (PN) with close monitoring of liver functions, 
careful advancement of enteral feeding, and judicious 
use of medications such as antibiotics for bacterial over-
growth, loperamide, and ursodeoxycholic acid are the cor-
nerstones of the medical management of patients with 
SBS.8 If conservative rehabilitation fails then additional 
surgical measures can be taken to prevent complications 
such as recurrent line infections, bacterial overgrowth, 
renal failure, PN cholestasis, or end stage liver disease. 
Surgical management includes a variety of procedures 
such as adhesiolysis, closure of an ileostomy to restore 
intestinal continuity, delaying transit with anti-peristal-
tic anastomosis of bowel segments, colon interposition, 
bowel lengthening, tapering of asymmetrical bowel dila-
tations, and intestinal transplantation (ITx).9,10

Serial transverse enteroplasty is an easy-to-perform, 
anastomose-free, customizable bowel tapering, and 
lengthening procedure in which the mesentery is never 
jeopardized and the bowel is never opened.11 Dilated small 
bowel segments are tapered with partial transections 
perpendicular to the long axis of the bowel, using linear 
incisive staplers in a customized zigzag pattern, switching 
between parallel tracks at mesenteric and antimesenteric 
sides on each step (Figure 1). Its role in providing length 
is 68% in children with SBS.12 According to the interna-
tional STEP data registry of the patients who required PN 
at the time of STEP, 47% achieved full enteral autonomy 
after the first STEP.13 Indications of STEP include the 
presence of dilated remnant small bowel, foreshortened 
mesentery (duodenum), prior surgeries without pres-
ervation of both leaves of the mesentery and/or dilated 

segments shorter than 20 cm, and circumstances where 
redilatation occurs.10

Adult-type SBS necessitates multidisciplinary manage-
ment of more complex clinical problems such as under-
lying thromboembolic disorders or other patient-specific 
factors due to Crohn disease, volvulus, malignancy, trauma, 
etc.14 Since surgical resection of small bowel often pres-
ents with a foreshortened mesentery, STEP is most likely 
a better bowel lengthening procedure for adults.

METHODS
Medical records were retrospectively reviewed from 
November 2009 to April 2018 in patients with adult-type 
SBS. All patients underwent STEP and a representative 
quota sample of control patients treated with conventional 
measures were included. Institutional research ethical 
board approval was obtained for the study (Ethics com-
mittee approval number: 27.06.2018/431), and patients’ 
informed consent was obtained. Clinical data included 
age, gender, primary diagnosis, co-existing medical con-
ditions, and presence of the ileocecal valve. Baseline and 
post-operative (4 weeks) clinical and laboratory data were 
recorded to calculate worst organ dysfunction scores.

Extracted data included pre- and post-operative small 
bowel length (for the STEP group), small bowel length at 
the initiation of intestinal rehabilitation (for the control 
group), status of remnant colon, estimated enteral-to-
parenteral distribution of daily calorie intake (for the STEP 
patients only), presence of an additional stoma closure 
surgery, and the number of staple firings (for the STEP 
group). All bowel length measurements were made using 
a soaked 1/0 silk suture thread aligned along the long axis 
of the bowel lumen.

Serial transverse enteroplasty patients were divided into 
2 groups according to the status of parenteral depen-
dency. Very-short small bowel length refers to small 
bowel remnant of 60 cm and shorter. The primary end-
point of the analysis was to identify prognostic factors for 
enteral autonomy. Gained colon capacity is scaled in line 
with the number of anatomical colon segments: ascend-
ing, transverse, descending, and rectosigmoid.

Statistical Analysis
Data were analyzed using the Statistical Package for 
Social Sciences (SPSS) for Windows 20.0 program (IBM 
Corp.; Armonk, NY, USA). Data normality was verified 
using the Shapiro–Wilk test. Normally distributed data Figure 1. Serial transverse enteroplasty.
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were presented as mean and standard deviation, and non-
normally distributed continuous data were presented as 
median and interquartile range (IQR). Categorical vari-
ables were compared using the Fisher exact test and 
presented as frequencies and percentage. We used para-
metric paired samples t-test or non-parametric Wilcoxon 
signed rank sum test for paired data according to their 
distribution. For non-parametric unpaired data, we used 
the Mann–Whitney test. Kaplan–Meier estimates were 
used to construct survival curves and calculate median 
overall survival. The log-rank test was used to compare 
survival times across groups. In all analyses, a P-value of 
5% or lower was considered to be statistically significant.

RESULTS
There were 11 patients who underwent STEP and 11 con-
trol patients. The mean patient age was 51.1 ± 16.2 in the 
STEP group and 57.6 ± 12.7 in the control (P = .304). The 
median small bowel length was 60 cm (IQR: 40-90) in 
the STEP group (before the lengthening) and 90 cm (IQR: 
70-100) in the control (at the initiation of intestinal reha-
bilitation) (P = .035). Durations of median follow-up 
were 18 months (IQR: 14-58) and 10 months (IQR: 3-14), 
respectively (P = .019). The mean increase in bowel length 
was 37.3 ± 11.6 cm after STEP.

Mesenteric vascular disease (n = 9) and internal hernia 
(n = 2) were the causes of SBS in the STEP group. Four 
patients had ileocecal valve remaining. Nine patients had 
pre-STEP end jejunostomy. Before STEP, all of the patients 
had admissions for fluid and electrolyte disturbances 
secondary to bowel resection and two patients had addi-
tional recurrent line infections. Bacterial overgrowth was 
excluded clinically and biochemically in all patients; the 
records of the patients were examined for clinical findings 
of metabolic acidosis and for chromatographic lactate 
levels to rule out d-lactic acidosis. Mean duration between 
bowel resection and STEP was 6.3 ± 2.6 months. Average 
number of staplers used for the procedure was 14.7 ± 2.4. 
Although it was not measured consistently, presence of 
a dilated segment of small bowel (≥4 cm in diameter in 
radiologic imaging studies) was identified in all patients 
and bowel was tapered to reach a steady diameter of 
1.5-2 cm. All of the 11 patients underwent adhesiolysis to 
relieve fixed or angulated small intestinal loops and facili-
tate STEP and the subsequent motility and adaptation. 
Jejunostomy was closed in seven of nine patients with 
stoma. One patient underwent a Roux en Y to Bilroth II 
transition to recruit additional absorptive intestinal seg-
ments. Seven patients were assigned to very-short small 

bowel group. Summary of patient characteristics of STEP 
group are shown in Table 1.

Median length of hospital stay after STEP was 17 days 
(IQR: 13-25). No patients underwent a repeated proce-
dure. At follow-up, seven patients (64%) successfully 
progressed to enteral autonomy. Mean time to wean 
PN was 45 ± 54 days. Average shift in the distribu-
tion of total calorie intake toward enteral nutrition was 
48 ± 28%, and the mean increase in enteral calorie intake 
was 1.8 ± 1.6-fold after STEP. Paired analysis comparing 
the pre- and post-operative frequency distribution of 
the enteral portion in total calorie intake revealed a sig-
nificant rise after STEP (Z = −2.805, P = .005). A total of 
7 patients died; however, 4 of these had been weaned off 
parenteral support prior to death. These 4 patients died 
due to other comorbidities; 2 had myocardial infarction, 
1 had congestive heart failure, and 1 had stroke. Weaning 
attempts were unsuccessful in the remaining 3 patients. 
Nevertheless, they had increased enteral tolerance with-
out full autonomy. Yet, they died due to catheter sepsis 
(1 patient) and complications secondary to end-stage 
renal disease (2 patients); their survivals were 18, 60, and 
16 months, respectively.

No patient underwent a supplementary lengthening pro-
cedure. Proximal bowel dilatation was not forced with 
any surgical procedure. Two patients required additional 
operative procedures (1 had hematoma and 1 had early 
adhesions) within the next 1 month, but none were trans-
planted. However, 1 patient had another episode of mes-
enteric vascular occlusion after 44 months of post-STEP 
enteral autonomy. She went back on PN and was taken 
into the wait-list for intestinal transplantation. Another 
patient sustained enteral autonomy until 12 months 
when dehydration-related renal failure was reported. 
Clinical outcomes of STEP on a case-by-case basis are 
presented in Table 2, and clinical outcomes of the control 
group are given in Table 3.

The median overall survival time was estimated to be 
18 months (95% CI: 0-73) for the STEP group and 
10 months (95% CI: 5-15) for the control group (P = .029). 
The Kaplan–Meier curve of overall survival of both groups 
are shown in Figure 2. Paired analysis comparing the 
pre- and postoperative organ dysfunction scores of 
STEP patients did not reveal any statistically significant 
difference. Preoperative MELD and MELD-Na scores 
were 7.5 ± 6.8 and 9.7 ± 9.3; postoperative scores were 
6.0 ± 6.7 and 9.1 ± 7.8; t = 0.785, P = .451; and t = 0.313, 
P = .761, respectively.
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DISCUSSION
Adult-type SBS is a potentially devastating malabsorp-
tive condition associated with total parenteral nutrition 
(TPN) dependence in prolonged (>6 weeks) or perma-
nent periods of time after significant small bowel resec-
tion.15 Amiot et al. reported the rates of HPN dependence 
in adults with non-malignant SBS as 74, 64, and 48% 
at 1, 2, and 5 years, respectively.16 Massive intestinal 
resection has a much worse prognosis with a high inci-
dence of early mortality (24 and 39% for 1 month and 
1 year, respectively) and very low rates of enteral auton-
omy (30% among the survivors).17 On the other hand, 
Lauro et al. reported that 69.2% of SBS patients with a 
diverting stoma achieved autonomy just by reconnec-
tion surgery and a minimum period of 1 year of intestinal 
rehabilitation (the mean residual small bowel length of 
patients was 75.7 cm).18 In the present study, the reha-
bilitation program of only 1 of 4 patients, with a bowel of 
75 cm or more (the last patient in Table 2), corresponded 
to the era of the 2015 national regulation for at-home 
care services. Since there was no colon left in that patient, 

reconnection surgery was not considered to be indicated. 
For the other 3 patients, inadequate insurance coverage 
and lack of foresight for a strong adherence to their intes-
tinal rehabilitation clearly had a negative impact on the 
decision to try reconnection surgery. Therefore, simul-
taneous reconnection surgery played a significant role in 
our study. In any case, without high standard full-term 
rehabilitation, PN weaning success after STEP was 64% 
in the STEP group in which the average residual small 
bowel length is less than what is reported in an article by 
Laura et al. Besides, success of PN weaning was only 27% 
in our control group (Table 3).

A decision-tree was developed by Layec et al. to support 
decision making on the management of adult patients 
with SBS type II (some colon in continuity).19 According to 
this algorithm, three different procedures are suggested 
for patients with a postduodenal small bowel length 
≤60 cm. Those with a dilated remnant small bowel could 
have a Bianchi procedure or step procedure in associa-
tion with jejuno-colonic anastomosis and those without 

Table 1. Summary of Patient Characteristics for the STEP Group

Enteral Autonomy Parenteral Dependency P Total

Age, mean ± SD 50 ± 16 54 ± 18 .730 51.1 ± 16.2

Gender, n (%) .242

 Male 5 (71) 1 (25) 6 (54.5)

 Female 2 (29) 3 (75) 5 (45.5)

Follow-up, median months (IQR) 15 (8-56) 38 (17-60) .257 18 (14-58)

Overall survival, median months (95% CI) 15 (0-55) 18 (0-47) .752 18 (0-73)

Underlying malignancy, n (%) 3 (33) 0 (0) 1.000 3 (27)

Preoperative small bowel remnant, median cm 
(IQR)

60 (56-110) 43 (40-68) .125 60 (40-90)

Increase in small bowel length, mean cm ± SD 38 ± 10 35 ± 15 .685 37.3 ± 11.6

Very-short small bowel, n (%) 4 (57) 3 (75) 1.000 7 (64)

Duration between bowel resection and STEP, 
mean months ± SD

5 ± 2 9 ± 3 .025* 6 ± 3

Enteral part of total calories before STEP, median 
% (IQR)

49 (29-51) 23 (17-32) .088 30 (23-50)

Added colon capacity, median number of 
segments

2 (1-4) 3 (1-4) .769 2 (1-4)

Bowel continuity, n (%) I/C

 GI tract already continuous 0 (0) 2 (50) 2 (18)

 GI tract restored with stoma closure 6 (86) 1 (25) 7 (64)

 Stoma remained 1 (14) 1 (25) 2 (18)

Added ileocecal valve, n (%) 2 (29) 2 (50) .576 4 (36)
*P < .05.
I/C, incalculable; STEP, serial transverse enteroplasty; PN, parenteral nutrition; iv, intravenous; SD, standard deviation; IQR, interquartile range.
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a dilated remnant small bowel could have a segmen-
tal reversal of the small bowel during the jejuno-colonic 
anastomosis. In the present study, the presence of a 
dilated segment of small bowel (≥4 cm) was identified 
in all patients with radiologic imaging studies before the 
STEP procedure.

Chances of success and how long it takes to wean off 
PN, in adults who underwent STEP after SBS, differs 
from patient to patient depending on the specifics of 
each case; there are studies reporting that abrupt wean-
ing took place within several weeks as well as more 
gradual weaning lasted for almost a year.20-28 In general, 
children have a longer PN weaning time when compared 
with adults. The median time to reach enteral autonomy 
was 21 months in the International STEP Data Registry 
where the median age of patients with follow up after 
first STEP was 6.6 months (IQR: 2.4-37.8).13 One of the 
factors (other than reconnection surgery) explaining 
this difference is the declining trend of the total caloric 
requirements with age. During infancy, the requirements 
can be 120-140 kcal/kg/day whereas a healthy teenager 
or young adult may only require 35 kcal/kg/day or less.13

Trend toward faster weaning of TPN in our study with 
respect to other adult cases was suggestive of an over-
treatment effect owing to simultaneous reconnection 
surgery in the majority of patients. Our intestinal rehabili-
tation program to maintain protein-energy, fluid, electro-
lyte, or micronutrient balances was in line with the adult 

solutions suggested by Tannuri et al.29 Yet, the timing 
of the STEP surgery in our unit was a consequence of 
the cost-effectiveness strategy in our limited resource 
settings; nevertheless, achieving autonomy before the 
minimum 1-year period of intestinal rehabilitation is 
a promising result for us given the difficulties of HPN 
treatment in our country. Quite complex and intricate 
work had to be done so that these matters could be put 
down in a right sense in limited resource settings, where 
non-adherence to the rehabilitation program is the big-
gest obstacle against stoma closure before STEP. Thus, 
the closure is to be decided on a case-by-case basis. 
Nevertheless, different from children, adults may not tol-
erate excessively frequent bowel movements as good as 
children, given that a significant population of early child-
hood patients use diapers.

Our postoperative parenteral weaning strategy was 
to start enteral nutrition support with a target of 
5-10 kcal/kg/day for the first 2 days and gradually 
increase to meet full needs by 4-7 days. In the mean-
time, while monitoring closely for volume and fluid bal-
ance, parenteral calorie intake was gradually tapered by 
10-30% on a daily basis until the enteral portion was 
dominant with 60% of the total sum. Then, the patient 
was discharged if oral daily fluid intake was 500 cm3 more 
than the stool output, and the daily urinary output was 
more than 1000 cm3. Although fluid and electrolyte bal-
ance were stable during the post-operative sick leave 
period (approximately post-operative 1 month), all the 
patients lost significant weight (6.3 ± 1.5 kg). Yet, this 
weight loss was well tolerated and body weight was sta-
ble or improved after this period due to the adaptation of 
new bowel segments.

In previous publications, age-adjusted small bowel length 
and intact ileocecal valve are proven to be the major pre-
dictors of weaning from PN in pediatric SBS while cho-
lestasis and age-adjusted small bowel length are the 
major predictors of mortality.30 The most influential prog-
nostic factor related to enteral autonomy in our study was 
stoma closure. Other factors were very short bowel status, 
preoperative enteral part of total calories, gained colon 
capacity, and preoperative small bowel length. None of 
the patients had cholestasis. Nevertheless, paired analysis 
comparing the pre- and post-operative enteral portion of 
total calorie intake revealed a significant treatment effect 
(P = .005, Z = −2.803). The mean increase in enteral cal-
orie intake was 1.98 ± 1.64-fold after STEP. Similarly, 
Fernandes et al. in their meta-analysis of pediatric STEP 

Figure 2. Kaplan–Meier curves of overall survival.
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patients reported that mean percent of total nutrition 
provided enterally was 35.1 before STEP and 69.5 after 
STEP.31

A simulation study of intestinal failure treatment in 
adults reported that HPN costs were €13 276 for treat-
ment introduction, followed by €77 652 annually and the 
costs of ITx were ~ €73 000 during the first year and then 
€13 000 annually.32 On the other hand, the costs of aver-
age 14.7 ± 2.4 cartridges (60-2.5 mm) for STEP used in 
this study were €774 ± 126.

An intriguing analysis of non-transplant procedures 
to improve bowel function in SBS (where 34% of the 
cases had a remnant bowel less than 60 cm) have pre-
sented evidence that one-fourth of the patients with 
stomas were candidates for stoma closure and only 4 of 
6 patients had improved enteral tolerance after the clo-
sure.33 Besides, the analysis warned against bowel conti-
nuity in patients with a short remnant (<60 cm) due to 
severe diarrhea resulting in perianal complications and 
reduced oral intake; and highlighted one patient who 
needed a colostomy after the stoma closure. In our study, 
there were 2 patients with a subtotal colectomy (rem-
nant rectum or shorter) and preoperative small bowel 
less than 100 cm. These patients were not candidates 
for stoma closure surgery but underwent adhesiolysis 
to facilitate intestinal motility. One of the patients, who 
failed to wean TPN, had dense strictures on small bowel 
segments fixed in Douglas’ pouch. Relieving these dense 
strictures mobilized a significant amount of small bowel 
segments and enabled a more efficient use of STEP and 
possibly enhanced the future adaptation because the 
enteral calorie balance improved from 23% to 50%. The 
other patient who failed to wean (also in the very short 
bowel group) had an intact colon but small bowel was 
60 cm even after STEP. This patient had a previous anti-
reflux Roux en Y surgery after proximal gastrectomy and 
Bilroth I. During the STEP operation a recruitment of small 
bowel segments was undertaken. The Y arm was anas-
tomosed to the previous gastroenterostomy stump, in 
other words, to the end point of the roux arm. Thus, a 
Bilroth II formation was established and the enteral calo-
rie balance improved from 35% to 55%. A similar resto-
ration for maximal continuity was reported by Fun et al., 
where they replaced Billroth II with Billroth I during STEP 
procedure.23 Different bowel alignments for a gastroje-
junostomy definitely influences the outcome of enteral 
autonomy. The last control patient in Table 3 stresses the 
impact of this information. We believe that the lack of 

focus on the alignment in the operation note contributed 
to the delayed diagnosis of SBS for this patient.

Last but not least, not assessing intestinal absorptive 
capacity with quantitative tests like serum citrulline 
levels was a limitation in this study. Besides, a follow 
up of 18 months is too short. Longer follow-up peri-
ods are needed to assess whether patients remain on 
track in their rehabilitation program and to observe for 
complications. Yet, the basic reason for our short fol-
low-up was the rate of mortality. The basic structural 
difference in middle income settings is the lack of an 
intestinal program and an SBS registry and this leads 
in turn to radically higher rates for mortality and weak 
adherence to rehabilitation in SBS patients. We believe 
that implementing a standardized intestinal rehabili-
tation program will be easier if there is a registry avail-
able for them. Future studies are likely to cover longer 
periods of follow-up with lower mortality rates owing to 
the implementation of national regulations for at-home 
care services.

It is essential that we understand how adult-type SBS dif-
fers from the pediatric form to implement a triage model 
of care. Remnant colon in adults when reconstructed to 
the absorptive system triggers a faster compensation for 
enteral autonomy. STEP procedure simultaneously per-
formed with reconnection surgery is a reasonable solution 
for SBS in middle income settings. Simultaneous proce-
dure may offer additional benefit; however, it remains to 
be established how much of this autonomy effect is due 
to STEP procedure rather than a closed stoma. Hopefully, 
with awareness the impact of this devastating condition 
can be reduced.
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