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Short Bowel Syndrome (SBS) is a condition that causes malabsorption and nutrient deficiency because a large section of the
small intestine is missing or has been surgically removed. SBS may develop congenitally or from gastroenterectomy, which often
change the motility, digestive, and/or absorptive functions of the small bowel. The surgical procedure for SBS and the condition
itself have high mortality rates and often lead to a range of complications associated with long-term parenteral nutrition (PN).
Therefore, careful management and appropriate nutrition intervention are needed to prevent complications and to help main-
tain the physiologic integrity of the remaining intestinal functions. Initial postoperative care should provide adequate hydration,
electrolyte support and total parenteral nutrition (TPN) to prevent fatal dehydration. Simultaneously, enteral nutrition should be
gradually introduced, with the final goal of using only enteral nutrition support and/or oral intake and eliminating TPN from the
diet. A patient should be considered for discharge when macro and micronutrients can be adequately supplied through enteral
nutrition support or oral diet. Currently, there is more research on pediatric patients with SBS than on adult patient population.
A 35-year-old man with no notable medical history was hospitalized and underwent a surgery for acute appendicitis at a local
hospital. He was re-operated on the 8th day after the initial surgery due to complications and was under observation when he
suddenly complained of severe abdominal pain and high fever. He was immediately transferred to a tertiary hospital where the
medical team discovered free air in the abdomen. He was subsequently diagnosed with panperitonitis and underwent an emer-
gency reoperation to explore the abdomen. Although the patient was expected to be at a high risk of malnutrition due to short
bowel syndrome resulting from multiple surgeries, through intensive care under close cooperation between the medical and nu-
trition support team, his nutritional status improved significantly through continuous central and peripheral parenteral nutrition,
enteral nutrition, and oral intake. The purpose of this paper is to report the process of the patient's recovery.
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Short bowel syndrome (SBS) is a serious, disabling, socially
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ment of SBS can reduce or eliminate the need for PN/IV and
improve the nutritional status of this patient population [4].

This article presents a patient with short bowel syndrome
and panperitonitis who needed nutritional support during the
hospitalization but was discharged with the ability to receive
adequate nutrition through oral intake.

A 35-year-old man was admitted to the surgical ward
through the Emergency Room (ER) at Gangnam Severance
Hospital on May 20, 2011. He had no notable medical history
except a laparoscopic appendectomy for acute appendicitis
on May 4, 2011 at a local hospital. He was readmitted to the
same hospital 8 days later on May 12 for complication-related
reoperation and was under the observation when he devel-
oped acute abdominal pain, fever, surgical wound infection
and both pulmonary effusions. The patient was immediately
transferred to the Gangnam Severance Hospital and was diag-
nosed with panperitonitis. The X-ray result showed free air in
the abdomen, which required him to undergo emergency re-
operation. During the operation, perforation was found 50 cm
above the terminal ileum and the patient had to undergo small
bowel resection and anastomosis. He underwent an emer-
gency exploratory laparotomy, irrigation and drainage, jeju-
nostomy, and percutaneous endoscopic jejunostomy. An end-
to-end anastomosis at the resection site was difficult; thus,
the surgeons performed jejunostomy at the proximal jejunum
and inserted a feeding tube at the distal jejunum to attach the
distal jejunum to the right anterior peritoneum (Figure 1).

At the initial nutrition assessment upon admission, the pa-
tient was categorized as 'patient at high-risk of malnutrition’
with serum albumin of 1.8 g/dL, lymphocytes of 0.73 x 10°/uL
and body mass index of 17.6. And also, before admittance to
the Gangnam Severance Hospital, he had already experienced
severe weight loss from 55 kg to 50.9 kg (7.5% weight loss)
after the appendectomy. To correct his serum albumin level,
the medical team injected seven packs of 209% albumin infu-
sion and was able to recover the patient's serum albumin level
to 3.6 g/dL; the patient had been receiving 50% of the mini-
mum nutrition requirement through total parenteral nutrition
(TPN) during early intensive care unit (ICU) days. The patient
was referred to the nutrition support team on hospital stay
day 5 and taking everything into consideration, he was classi-
fied as 'moderate malnutrition'.
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The nutrition support team recommended the use of TPN
given that enteral feeding was not a feasible option due to the
surgery. Therefore, the patient received parenteral nutrition
(2,180 keal, 260 g of carbohydrate, 58 g of protein, 100 g of
fat and 20 g of glutamine per day) through the right jugular
line for 15 days after the surgery (Figure 1).

The patient started oral feeding on hospital stay day 8 but
nutrients were not properly absorbed because most of them
were lost through the proximal jejunostomy.

Enteral nutrition started on hospital stay day 22 through
the jejunal feeding tube. Standard enteral nutrition formula
(MediWell RTH has 1,000 kcal per 1,000 ml containing 140 g
of glucose, 46 g of protein, and 30 g of fat) was provided. The
amount of formula administered gradually increased from 300
kcal/300 ml to a maximum of 1,700 kcal/1,700 ml but the infu-
sion rate and volume had to be frequently adjusted to address
abdominal discomfort and frequent diarrhea but such changes
did not fully improve the patient's condition (Figure 1).

Meanwhile, on hospital stay day 20, the medical and nutrition
support team decided to re-administer the bolus that was lost
through the proximal jejunostomy back into the jejunal feeding
tube, which was expected to extend the contact time between
the nutrients and shortened small intestine, thereby increasing
absorption. This procedure was employed until the final surgery.

As the amount of standard enteral nutrition provided in-
creased, there was an increase in diarrheal episodes. Following
the recommendation of the nutrition support team, the pa-
tient started receiving hydrolyzed nutrition formula (MonoWell:
400 keal per packet containing 50 g of glucose, 16 g of protein
and 15 g of fat) on hospital stay day 55 that contains amino
acids, which are more easily absorbed than intact proteins.

Taking hypertonicity of the standard enteral nutrition for-
mula into consideration, the hydrolyzed nutrition formula
was given in lower concentration (0.5 kcal/ml) and was ad-
ministered over 15 hours. This adjustment made a significant
improvement in reducing diarrheal episodes. The volume was
then gradually increased over a month and reached a daily
average of 1,000 kecal and 40 g of protein. To complement the
inadequacy of the enteral nutrition, a 1,000 kcal peripheral
intravenous nutrition, containing 50 g of protein, vitamins and
minerals, was provided until the final surgery.

On hospital stay day 66, the medical team desired to re-
administer standard enteral nutrition formula to stimulate
normal digestive function of the small bowel but the patient
continued to show maladjustment signs like diarrhea. Thus, the
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hospital
stay,
Day

Name of operation

-16 — Appendectomy

22

June

42

55

July

69

73

August

85

97

team provided continuous but a small volume of the standard

Complication re-
lated reoperation

Exploratory laparot-
omy, imigation and
drainage, feeding
jejunostomy

Adhesiolysis,
segmental resec-
tion of jejunum and
jejunostomy repair

Progression of nutritional support of the patient.

Clinical aspects

Acute abdominal
pain

Acute abdominal
pain, fever, surgical
wound infection
and both pulmonary
effusions

Increased output of
jejunostomy

Re-administer out-
put of the proximal
jejunostomy

Watery diarrhea,
abdominal pain

Decreased diarrhea

Diarrhea

Decreased diarrhea

enteral nutrition until the final surgery.

Despite the administration of TPN after the initial surgery,
the patient experienced rapid weight loss of about 3 kg over
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— Postoperative NPO

Oral diet Enteral feeding TPN/PPN

Start of oral diet — S.t?rt Of TPN and IV
lipid
Maintain TPN in-

— cluded glutamine and

IV lipid

Full liquid diet Start of jejunal

— feeding with poly-
meric formula
Liquid diet — PPN and IV glutamine

Maintain PPN and IV
glutamine

Start of monomeric

Maintain liquid diet — formula feeding

Feeding of mono-
— meric and polymeric
formula —

Stop of polymeric
formula and con-
tinue monomeric
formula feeding

— Maintain PPN

— Stop of PN

— Regular meal

3 weeks since the admission to the hospital. By the 21st day
of hospitalization at Gangnam Severance Hospital, the patient
weighed approximately 47 kg. However, through enteral and
parenteral nutrition support, his weight stabilized and his
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blood lab values also returned to normal figures (Table 1).

At the final surgery on hospital stay day 85, the medical
team removed the jejunal feeding tube, repaired the jejunos-
tomy, eliminated a section of the edematous distal jejunum by
50 ¢m, and performed anastomosis of the distal jejunum and
the healthy proximal jejunum. The patient switched from par-
enteral nutrition to liquid diet on hospital stay day 89 and was
discharged on hospital stay day 97 when he was completely
able to eat a reqular meal instead of a liquid diet.

Most patients with short bowel syndrome are often mal-
nourished because they have significantly lower macro and
micronutrient intake and absorption than healthy individu-
als. Thus, it is essential that appropriate nutritional support is
provided at each phase of the treatment. Nutritional support
for SBS patients should aim to control diarrhea, abdominal
discomfort, weight loss, and dehydration.

The process of nutrition intervention employed for this
particular SBS patient is a great example to illustrate the im-
portance of careful nutrition management: prescribing an ap-
propriate enteral nutrition product and being attentive to the
amount and method of administration of the formula. Central
intravenous nutrition was administered during the initial stage
in order to reduce diarrheal episodes and to improve the nutri-
tion status of the patient. Taking low serum cholesterol level
into consideration, administration of lipid emulsion was actu-
ally higher than the recommended amount. Optimal enteral
nutrition support with scrupulous nutritional management has
prevented further weight loss and led to the improvement of
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the intake volume, nutrition status and blood lab results, and
advancement in the form of the diet consumed. Particularly, the
medical team's request for nutrition support team consultation
to better manage the nutrition status of the patient on hospital
stay day 5 was appropriate given the nature of the disease.
Consequently, the medical team officially requested a total of
15 consultations during the patient's hospitalization and the pa-
tient was monitored at least 3 to 4 times a week, which ensured
proper and prompt response to the patient's status.

Several practices that could have been done differently during
the nutritional support provision. First, the elemental formula
could have been given earlier; the use of hydrolyzed enteral nu-
trition was delayed to some extent because of the high cost of
the product. Second, a more accurate evaluation of the patient's
gastrointestinal function could have been made prior to switch-
ing back from elemental to standard enteral nutrition formula to
prevent maladaptation complications such as diarrhea.

In general, the daily dietary caloric consumption should
increase by at least 50% of the typical intake to compensate
for the malabsorption of both macro and micronutrients as-
sociated with SBS. Patients who received enteral tube feeding
or consumed oral diet in conjunction with tube feeding had a
significantly higher caloric, lipid, and protein intake compared
with patients who received oral diet alone. Positive outcomes
observed with tube feeding in this study may have arisen from
the continuous mode of administration and the resulting per-
sistent luminal stimulation [5].

For patients with SBS who require tube feeding, stud-
ies suggest that elemental and polymeric diets are similar in
terms of nutrient absorption and fluid and electrolyte loss
[6,7]. Generally, polymeric formulas are less costly and less

Progression of clinical and laboratory findings of the patient

Physical and bio-

e Normal Initial Day 10 Day 20 Day 30 Day 40 Day 50 Day 60 Day 70 Day 80  Final
Body weight, kg 535-66.2  50.9 - 47.9 - - 46.7 469  46.8 466  47.0
Total protein, g/dL 6.7-8.0 4.7 6.6 7 7.6 7.7 6.6 7.1 6.8 7.1 6.8
Serum albumin, g/dL 34-53 1.9 3.3 3.5 3.8 4.2 3.7 4.0 4.0 4.4 43
Calcium, mg/dL 8.6-10.0 6.6 7.1 8.7 8.9 8.9 8.7 9.3 9.1 8.9 9.2
'"r‘?‘rgﬁ;ﬂc phosphorus, 28-45 2.3 2.8 4.2 4.7 4.5 5.1 46 44 48 4.4
Cholesterol, mg/dL 139-230 43 45 85 128 123 18 120 110 161 149
Lymphocyte, 10°/uL 1.5-4.0 097 1.0 133 155 235  1.13 1.71 178 1.93  3.12
Hemoglobin, g/dL 13-17 9.2 1.4 10.3 9.5 10.2 10.5 10.6 1.5 13.0 13.3
Hematocrit, % 40-52 29.2 356 329 31 328 337 332 366 4.6 4.5
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hyperosmotic than elemental formulas and are generally well
tolerated. Additionally, polymeric diets may better enhance
intestinal adaptation compared to elemental diets [8]. Given
these advantages, polymeric formulas are more commonly
administered to patients with SBS [9]. However, when it is not
tolerated because patient has severe malabsortion, an elemen-
tal diet should be used.

In this particular case, elemental diet produced better re-
sults and more effectively reduced incidence of diarrhea than
the polymeric diet. Maybe the left bowel was too short to
absorb intact nutrients from the polymeric formula. A rela-
tionship between dietary intact protein and longer duration of
diarrhea has been reported in rats after 809% small intestinal
resection during a 4-week study [10]. Compared with intact
protein, an elemental diet obviously requires less processing
of protein digestion before absorption. And also report of Hua
et al. showed that SBS piglets without ileum had less ability to
tolerate polymeric formula [11]. Interestingly, the patient was
given a polymeric formula with fiber first. Diet that includes
soluble fiber (e.g. pectin) has been shown to be helpful for
patients with SBS; soluble fiber can solidify stool, increase
colonic transit time, and act as a substrate for colonic fermen-
tation into short chain fatty acids [12-14]. But in this case the
effect of soluble fiber didn't work properly.

Considering this case, close monitoring and modification of
diets are critical when providing enteral nutrition support. And
also, throughout the adaptive and post-adaptive phases of re-
covery, patients should be periodically reevaluated to determine
whether further reduction in parenteral nutrition is possible [4].

The basic guidelines of nutritional support in short SBS are
not different between pediatric and adult patients. Nutrition
management of the infant or young child with significant in-
jury to the Gl tract that requires resection and long term use
of PN is complex. Each patient is unique, and management
should be individualized based on the initial injury, amount
and site of resection, and duration of PN. Early focus on en-
gaging and educating the primary caregivers is a key predictor
for success. Early, aggressive introduction and advancement
of enteral feeds are critical for promoting intestinal adapta-
tion, preventing intestinal failure-associated liver disease, and
weaning the patient off PN [15]

Currently, reports on intensive nutritional support and man-
agement for adult SBS patients are meager. As such, it is not
easy to encounter SBS patients in general hospitals. The SBS
patient presented in this case experienced severe diarrhea,
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electrolyte imbalance and micronutrient deficiencies from mul-
tiple small bowel resections. However, after receiving optimal
nutrition using elemental and standard enteral formula in ad-
dition to the parenteral nutrition support during his recovery,
the patient successfully adapted to an oral diet. This case not
only epitomizes the importance of appropriate nutrition care
but also presents how close cooperation between the medical
and the nutrition support team can notably contribute to the
recovery of the patient.
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