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Abstract
Introduction Limited information regarding the usefulness of bowel lengthening in adult patients with short bowel
syndrome is available.
Methods Retrospective review of a single center series of intestinal lengthening over 15-year period in patients
≥18 years old.
Results Twenty adult patients underwent Bianchi (n=6) or serial transverse enteroplasty (STEP) (n=15). Median age was
38 (18–66) years and 11 were female. Indications were (a) to increase the enteral caloric intake thereby reduce or wean
parenteral nutrition (PN) (n=14) or (b) for bacterial overgrowth (n=6). Twelve patients required additional procedures to
relieve the anatomical blockade. Median remnant bowel length prior to surgery, length gained and final bowel length was
60, 20, and 80 cm, respectively. Survival was 90% with mean follow-up of 4.1 years (range=1–7.9 years). Two patients
died during follow-up. Intestinal transplant salvage was required in one patient 4.8 years after STEP. Overall, of 17 patients,
ten (59%) patients achieved enteral autonomy and were off PN. Of seven patients who are on PN, three patients showed
significant improvement in enteral caloric intake. All except one showed significant improvement in symptoms of bacterial
overgrowth.
Conclusions Bowel lengthening is technically feasible and effectively leads to weaning from PN in more than half of the
adult patients. Lengthening procedures may be an underutilized treatment for adults with short bowel syndrome.

Keywords Bowel lengthening in adults . Short bowel
syndrome . TPN dependence

Introduction

With institution of multidisciplinary intestinal failure
centers1 and with advances in intestinal transplantation
(IT), survival of patients with short bowel syndrome (SBS)
improved considerably during the past two decades.2

Survival after IT now approaches that of other solid organ
allograft recipients and is similar to survival on long-term
parenteral nutrition (PN). Despite these advances, IT is
associated with a high risk for infection, rejection, and
other complications related to immunosuppression.2 For
this reason, when other medical and surgical alternatives
are available for SBS, these should be maximized. Several
medical and surgical management strategies have been
described for SBS with variable results.3–6 The goals of
surgical treatment are to improve function of the intestinal
remnant, expand intestinal surface area and treat intestinal
complications. Bowel lengthening procedures (Bianchi
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and recently the serial transverse enteroplasty (STEP)) are
two of the surgical alternatives for SBS. Although bowel
lengthening procedures have been used extensively in
pediatric patients with excellent results,7 there is paucity
of information in adults with SBS.7–10 This is the first
study specifically describing surgical lengthening in
adults. Patient characteristics are described and risk
factors for survival and ability to wean from PN are
examined.

Patients and Methods

We retrospectively reviewed the medical history including
clinical and laboratory data, and operative records for all
patients over 18 years of age who underwent intestinal
lengthening procedures for short bowel syndrome between
January 1993 and March 2008 at the University of
Nebraska Medical Center. This study was approved by the
Institutional Review Board.

All patients in the study were referred to our
institution for evaluation for intestinal rehabilitation
program or intestinal transplantation. All of them are on
various degrees of PN for their total caloric requirement.
Most of them had experienced various complications of
SBS, which include bacterial overgrowth, diarrhea,
weight loss, and recurrent septicemia. Patients were
divided into two groups depending upon the predominant
reason for surgical lengthening (a) to increase the enteral
caloric intake (decrease/wean PN requirement) in patients
with poor enteral progression/adaptation and had dilated
small bowel loops on endoscopy or imaging studies
(preferably ≥4 cm in diameter). (b) Intractable symptoms
of bacterial overgrowth in the setting of SBS not
controlled with antibiotics and had dilated small bowel
loops. Patients who had anatomical causes of bowel
obstruction were corrected at the time of bowel length-
ening. Careful evaluation was performed to exclude
patients with end-stage liver disease and/or complications
of cirrhosis, who were likely better candidates for liver/
small bowel transplantation.

During the operation, an intraoperative measurement
of the remnant small bowel from the ligament of
Treitz to the ileocolonic junction/ostomy along the
antimesenteric border was performed. In most cases,
repeat measurement was performed after lengthening.
The technical details of Bianchi-type bowel lengthen-
ing11 and STEP procedure12 have been previously
described.

The endpoints of the analysis were resolution of primary
symptoms in the patients as discussed above along with
patient survival, weaning from PN, or need for intestinal
transplantation.

Results

We performed 21 lengthening procedures (6 Bianchi and 15
STEP procedures) in 20 patients between January 1993 and
March 2008. One patient underwent STEP and Bianchi
procedures at the same time. There were nine males and 11
females. Median age of the patient population was 38 years
(range, 18–66 years). The primary diagnosis responsible for
SBS was listed in Table 1. The indications for lengthening
procedure include inability to wean TPN (n=14) and
bacterial overgrowth (n=6). Twelve patients required
additional surgery to correct anatomical bowel pathology.
There were two patients in this series who underwent STEP
procedure after prior Bianchi, and two additional patients
had a prior reversed intestinal segment procedure. Intestinal
anatomy includes: initial length of remnant bowel, bowel
length gained after the procedure, final length of bowel,
percentage of small bowel length gained along with colon
anatomy is shown in Table 2. Mean/median (range)
remnant bowel length prior to surgery, length gained, and
final bowel length was 71/60 (25–150), 29/20 (10–92), and
101/80 (38–172) cm, respectively.

Outcomes of Surgical Lengthening

Bacterial Overgrowth (n=6) One patient in this group
required additional stricturoplasty. All except one showed
significant improvement in symptoms. One patient had
initial improvement with recurrence of symptoms and on
further investigations found to have a stricture and this
patient is being considered for re-STEP. In addition, three
out of six patients were weaned of PN.

For Enteral Autonomy (n=14) Although every patient in
our series was on some degree of PN dependence, 14
patients required surgery primarily to increase the enteral
intake thereby reduce/wean PN. In these patients we were
unable to advance enteral intake prior to surgery. In this
group, two patients died during follow-up and one patient
underwent transplantation and was off PN. Seven out of

Table 1 Etiology of SBS

Causes of SBS No.

Recurrent SBO requiring multiple resections 5

Midgut volvulus 4

Traumatic small bowel injury 4

Mesenteric thrombosis 3

Crohn’s disease 2

Radiation enteritis 1

Intestinal atresia 1

Congenital SBS 1
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remaining 11 patients, were weaned off PN. Nine patients
required operation for various types of intestinal obstruc-
tion, one patient required surgery for high ostomy output
with the plan to do reversal of intestinal segment to reduce
the stoma output, and one additional patient needed repair
of enterocutaneous fistula from prior Bianchi procedure. All
these patients had no further bowel obstructions, but one
has developed enterocutaneous fistula which is being
managed conservatively at the time of last follow-up. In
the patient who was scheduled for reversal of intestinal
segment during operation small bowel was very short
(25 cm long). Additionally, this length of bowel was
moderately dilated and after careful consideration, it was
determined that patient may benefit from a STEP enter-
oplasty with a modest gain in length and perhaps slowing
of her ostomy output. In subsequent months patient
developed rapid worsening of her liver disease and was
referred for liver and small intestine transplantation, but
died after the patient elected not to pursue transplantation.

Overall, of the 17 patients, 10 (59%) patients achieved
enteral autonomy and were off PN at last follow-up.
Additionally, three patients, who had previously weaned from
PN reverted back to PN dependence, at the time of last follow-
up. Of seven patients who are on PN, four patients did not
show any improvement in enteral caloric intake during
follow-up, three patients showed significant improvement
(enteral calories as percentage of total calories before/after=
10% vs 50%, 10% vs 50% and 30% vs 50%, respectively).

1. Survival
Patient survival 90% with mean follow-up of 4.13 years
(median, 3.8 years; range, 1–7.9 years). One adult died
with liver failure and sepsis after refusing intestinal
transplantation and another patient due to line sepsis.

2. Intestinal Transplantation
Intestinal transplantation was performed in one patient
in this series after 4.8 years after STEP enteroplasty
(20.4 years after Bianchi). The indications for trans-
plantation were continued dependence on PN, recurrent
line related septicemia and development of PN induced
end-stage liver disease. This patient underwent com-
bined liver small bowel transplantation and is doing
well at 2 years 3 months follow-up.

3. Complications
A summary of early and late major postoperative
complications that occurred after intestinal lengthening
is listed in Table 2. Early complications occurred
within a month after surgery. In addition, most of the
patients experienced at least one episode of central line
infection after lengthening and many had repeated
episodes until the central venous catheter was removed.
Many of the patients required hospitalization on
multiple occasions for management of fluid and

electrolyte balance and intravenous antibiotics, but
generally the infections were not life threatening and
were not attributable to the surgical lengthening per se.
The re-hospitalizations were attributed to the short
bowel syndrome and due to the ongoing need for
central venous access and PN.

Discussion

Most of patients were referred to our center for evaluation
in our intestinal rehabilitation program or for small bowel
transplantation. Initial strategy was to maximize the
enteral tolerance through feeding and gut adaptation. All
patients were evaluated for clinical or laboratory evidence
of liver disease prior to recommending lengthening
procedures. In patients with complications of cirrhosis,
lengthening was not offered and these patients were
referred for intestinal transplantation. Bowel lengthening
was done when patients did not show any further
progression with enteral tolerance with persistent need
for PN or patients, who had evidence of dilated small
bowel loops on imaging studies and symptoms of bacterial
overgrowth unresolved with antibiotics.

There is no published data on bowel lengthening
procedure exclusively in adults. Most reported series
describe exclusively the pediatric population8 or predomi-
nantly pediatric patients with some adults included in one
series7 and two additional single case reports.9,10 In
children, bowel dilatation may be due to natural adaptation
and increased growth, but the mechanism is unclear. In
several adults in this series, the major indication for the
surgical intervention was bowel obstruction secondary to
strictures. The obstruction, rather than adaptation may
explain the relative rarity of lengthening procedures in
adults when compared with children.

To aid the bowel dilatation to perform lengthening
procedure later, Georgeson et al. constructed a nipple
valve sufficiently obstructive to force proximal bowel
dilatation but not enough to precipitate pathologic
obstruction. After a period of time, he followed this
up with a Bianchi procedure.14 Construction of the
Georgeson valve requires potential sacrifice of a segment
of small bowel in the already short bowel and may be
difficult to calibrate the degree of bowel obstruction. At
present we do not know whether this procedure is
applicable in adult patients with non-dilated bowel. In
two patients in this series, the creation of a prior reversed
intestinal loop may have acted as a functional obstruction,
although the intention was not deliberate to achieve
“sequential lengthening”.

In the initial part of the study, we had patients with
Bianchi procedure (historically because it was the only

1934 J Gastrointest Surg (2010) 14:1931–1936



option) and from 2002, we started performing STEP. As we
gained more experience with STEP, we now preferentially
perform the STEP as a primary procedure. This is due to
following reasons. (a) Some of our primary STEP patients
were not candidates for a Bianchi lengthening due to loss of
vascularity in one leaf of the mesentery from prior surgery
and/or a foreshortened mesentery. (b) The Bianchi proce-
dure can only be performed once, as the mesentery cannot
be further divided safely after the leaves have been
separated. But STEP procedure can be performed either
after prior Bianchi or other intestinal procedures or after
STEP successfully.13 In our study, two patients had prior
Bianchi lengthening and two had prior reversed intestinal
segment prior to STEP. (c) As noted previously, one
advantage of STEP over Bianchi lengthening is the ability
to increase the final bowel length by greater than 100% of
the original length. In the present series we have three
patients in the STEP series had bowel lengthened 1, 1.58,
and 1.7 times from original length.

Overall, 59% of patients were completely weaned off PN
in our series. Weaning from PN in our series is comparable
with published results of Bianchi and STEP (comparable
with overall 54% in Bianchi4,14–21 and better than the 48%
reported in the STEP registry8). When we analyzed factors
affecting the PN dependence, we noticed that final length of
the bowel (p=0.01) and length of the bowel added after
lengthening procedure (p=0.04) were statistically different
between patients who are enterally independent and PN
dependent.

Of the six patients who underwent the bowel lengthening
for bacterial overgrowth, five have experienced complete
resolution of their symptoms. In addition, three of these
patients had achieved enteral autonomy. Similar experience
reported in pediatric patients who had STEP procedure.9,10

In view of the discussion above, finding bowel lengthening
has a role in SBS patients with intractable symptoms of
bacterial overgrowth.

Patient survival in 132 patients who have undergone
Bianchi lengthening reported in various publications in the
English literature was 80% and 92% in 38 patients reported
in the STEP registry,8 which is comparable with 90% in our
series. Because of the small sample group, we did not study
factors affecting survival.

This is the largest single center series at this time with
experience of bowel lengthening in adults; the study has some
inherent drawbacks. (1) The number of patients is small and
this hampered the ability to identify potential risk factors for
survival, weaning from PN or need for intestinal transplanta-
tion. (2) It is difficult to separate the contribution of the
medical management from the results of surgical intervention
due to the multidisciplinary nature of this intestinal rehabil-
itation program. (3) Retrospective nature of study. (4) Short
follow-up of the STEP patients in this series prevents

assessment of the durability of the STEP procedure as has
been demonstrated for the Bianchi procedure.

Conclusions

Intestinal lengthening is feasible and efficacious in the
management of SBS in adult patients. Intestinal obstruction
is a common cause of bowel dilatation in these patients.
Bowel lengthening procedures may be an underutilized
treatment for adults with short bowel syndrome.
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