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Case Report

A Stand-Alone Synbiotic Treatment for the

Prevention of D-Lactic Acidosis in Short Bowel

Syndrome

Kazuhiro Takahashi, Hideo Terashima, Keisuke Kohno, Nobuhiro Ohkohchi

Organ Transplantation Gastroenterological and Hepatobiliary Surgery, Faculty of Medicine, Division of

Clinical Medicine, Graduate School of the University of Tsukuba, Tsukuba, Japan

Synbiotics are combinations of probiotics and prebiotics that have recently been used in

the context of various gastrointestinal diseases, including infectious enteritis, inflamma-

tory bowel disease, and bowel obstruction. We encountered a patient with recurrent D-

lactic acidosis who was treated successfully for long periods using synbiotics. The patient

was diagnosed as having short bowel syndrome and had recurrent episodes of neurologic

dysfunction due to D-lactic acidosis. In addition to fasting, the patient had been treated

with antibiotics to eliminate D-lactate–producing bacteria. After the failure of antibiotic

treatment, a stand-alone synbiotic treatment was started, specifically Bifidobacterium

breve Yakult and Lactobacillus casei Shirota as probiotics, and galacto-oligosaccharide as

a prebiotic. Serum D-lactate levels declined, and the patient has been recurrence-free for

3 years without dietary restriction. Synbiotics allowed the reduction in colonic

absorption of D-lactate by both prevention of D-lactate–producing bacterial overgrowth

and stimulation of intestinal motility, leading to remission of D-lactate acidosis.
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D -lactate exists in extremely small amounts in
human serum. Generally, in healthy adults

serum D-lactate concentration ranges from 11 to 70
nmol/L.1 It is produced by bacterial fermentation in
the intestinal tract and is metabolized by D-2-
hydroxyacid dehydrogenase, contained abundantly

in the liver. D-lactic acid accumulates when its
production and absorption in the intestinal tract
exceed the capacity of hepatic metabolism.2

D-lactic acidosis is one of the complications
sometimes seen in patients with short bowel
syndrome (SBS).3 D-lactate accumulates because of
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unusual overgrowth of D-lactate–producing bacteria
in the colon and dysfunction of metabolic systems.2

D-lactic acidosis is associated with neurotoxic effects
characterized by ataxia, slurred speech, and confu-
sion, and symptoms manifests at serum concentra-
tions .2.5 to 3.0 mmol/L.1 Standard management
consists of restriction of oral carbohydrates or
fasting and elimination of D-lactate–producing
bacteria by nonabsorbable antibiotics. However, D-
lactic acidosis is usually recurrent, and patients are
therefore forced to fast repeatedly, leading to an
impaired quality of life.

We encountered a patient with SBS who had
recurrent episodes of D-lactic acidosis. After pre-
treatment with oral nonabsorbable antibiotics, we
used only synbiotics consisting of Bifidobacterium
breve Yakult and Lactobacillus casei Shirota as pro-
biotics, and galacto-oligosaccharide as a prebiotic.
The patient has been recurrence-free for 3 years
without dietary restriction, such as carbohydrate
restriction or fasting. We propose a stand-alone
therapy using synbiotics for the prevention of D-
lactic acidosis in patients with SBS.

Case Report

A 28-year-old man was diagnosed with SBS after a
massive small bowel resection and right hemicolec-
tomy due to intestinal volvulus at age 23 years. The
duodenum and transverse colon were directly
anastomosed. After the operation, the patient was
dependent on total parenteral nutrition without
dietary restriction. His bowel movement showed
tendency toward constipation rather than diarrhea.
He experienced recurrent dizziness but had been
followed for benign paroxysmal positional vertigo
for several years.

He was referred to our hospital because of
somnolence. He did not have any history of drug
or alcohol abuse. The serum biochemical panel
showed severe metabolic acidosis (pH, 7.18; PO2,
121 mmHg; PCO2, 20.8 mmHg; HCO3, 7.6 mEq/L;
base excess, �19.6 mmol/L; L-lactate, 0.9 mmol/L)
and slight liver dysfunction (asparate aminotrans-
ferase, 50 U/L; alanine aminotransferase, 104 U/L).
Serum electrolytes, blood sugar, NH3, and vitamin
B1 levels were within normal range. Serum D-lactate
level was elevated to as high as 9.8 mmol/L. Based
on the findings above, the patient was diagnosed
with D-lactic acidosis. Treatment was started with
intravenous administration of sodium bicarbonate
and maintenance fluid therapy. The patient fully
recovered his consciousness within 12 hours, and

the acid-base imbalance was normalized. After
recovery, before an oral diet was begun, the
standard treatment approach was followed (i.e.,
fasting and oral administration of nonabsorbable
antibiotics). The patient received kanamycin (Kana-
mycin Capsules, Meiji Seika Pharma, Tokyo, Japan)
1000 mg/d. Five days after commencing an oral
diet, he had a relapse of D-lactate acidosis.

To eliminate D-lactate–producing bacteria com-
pletely, thorough intestinal decontamination was
carried out. Specifically, metronidazole (Flagyl,
Shionogi & Co, Ltd, Osaka, Japan) 500 mg/d and
kanamycin 2000 mg/d were administered for 5 days
under fasting conditions. Polymyxin B (Polymyxin B
Sulfate, Pfizer Japan Inc, Tokyo, Japan) 500 3 103 U/
d and vancomycin (Vancomycin Hydrochloride
Powder, Lilly, Kobe, Japan) 1000 mg/d were
administered over the subsequent 5 days. After the
use of antibiotics, a purgative (Niflec, Ajinomoto
Pharmaceuticals Co, Ltd, Tokyo, Japan) was used.
After these decontaminations, although two Gram-
stained samples of stool showed that microorgan-
isms like Candida constituted nearly all of the
intestinal flora, the fecal concentration of D-lactate
in 2 samples of stool remained detectable (4.5 and
4.4 mmol/L, respectively), which indicated impos-
sibility of eliminating D-lactate–producing bacteria
completely using this methodology (Table 1). We
understood that it was more important to suppress
the overgrowth of D-lactate–producing bacteria than
to eliminate them.

Overgrowth suppression was approached by
starting synbiotics, specifically B breve Yakult (pre-
pared by Yakult Co, Ltd, Tokyo, Japan) 3.0 g/d and
L casei Shirota (Biolactis Powder, Yakult Co, Ltd,
Tokyo, Japan) 3.0 g/d as probiotics, and galacto-
oligosaccharide 8.4 g/d as a prebiotic. Additionally,
an overall review of total parenteral nutrition was
performed to prevent progression to parenteral
nutrition–associated cholestasis and liver disease;
total daily calories of 1200 kcal with fat emulsion of
60 g/wk were administered intravenously.

Before the treatment, the patient’s height, body
weight, and body mass index were 168.0 cm, 43.1
kg, and 15.3 kg/m2, respectively. After the above-
mentioned treatment, body weight was maintained
at around 45 kg and serum albumin levels were kept
around 3.5 g/dL. Serum levels of alanine amino-
transferase were maintained at close to normal
range. He also noticed a change in bowel habits
after starting the treatment (i.e., frequent defecation
3–5 times per day and loose stool). Fecal concentra-
tions of D-lactate were as high as 8.8 mmol/L after 4
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weeks of synbiotic treatment under fasting condi-
tions, and the concentrations showed an additional
increase with free oral intake (Table 1). The most
recent fecal concentration of D-lactate increased up
to 24.8 mmol/L; however, the most recent serum
concentration of D-lactate declined to as low as 2.4
mmol/L. The patient was free from recurrence for 3
years without fasting or restriction of oral ingestion
after the introduction of synbiotics.

Discussion

In recent years, clinicians may have encountered D-
lactic acidosis more frequently because of increased
survival of patients with SBS, due to improvements
in total parenteral nutrition. In patients with SBS,
the resection of large segments of the intestine
enables massive inflow of carbohydrates directly
into the colon. Carbohydrates are fermented into
organic acids by colonic bacteria. The resulting acid
load lowers the intraluminal pH of the colon, which
allows the excessive proliferation of acid-resistant
D-lactate–producing bacteria, such as Lactobacillus
acidophilus, Lactobacillus fermentum, Lactobacillus del-
brueckii subsp lactis, Lactobacillus buchneri, and
Streptococcus bovis.4 Diminished peristalsis in these
patients also increases the time necessary for
intestinal absorption of D-lactate. Furthermore,
impaired hepatic metabolism due to parenteral
nutrition–associated cholestasis and liver disease
may impair the metabolism of D-lactate. Standard
management for D-lactic acidosis has consisted of
restricting oral carbohydrates or fasting and admin-
istration of nonabsorbable antibiotics to eliminate
intestinal D-lactate–producing bacteria; however,
this approach frequently results in an impaired
quality of life for patients. Several reports have
described the development of D-lactic acidosis in
patients with SBS as a result of the administration of
various antibiotics, including tetracycline,5 metroni-
dazole,5 and vancomycine.6 In the present case, it

was confirmed that complete elimination of D-
lactate–producing bacteria by antibiotics was im-
possible. After the failure of antibiotics administra-
tion, we had no choice but to implement other
strategies. Although surgical intervention for the
prevention of D-lactic acidosis remained an option,7

a synbiotic treatment was chosen as a promising
alternative because of synbiotics’ safety and com-
pliance rates.

Synbiotics involve the combined use of probiotics
and prebiotics. Probiotics are used as live microbial
supplements that beneficially affect the host by
improving intestinal microbial balance. Prebiotics
refer to nondigestive food ingredients that selective-
ly target the growth and activity of a limited number
of bacteria in the colon, which improves host health.
In recent years, there have been several reports of
probiotics or synbiotics used in the management of
SBS. Kanamori et al8 reported a dramatic improve-
ment in intestinal absorptive function and motility
in a patient with SBS who was treated with
synbiotics. Uchida et al9 described the successful
management of recurrent D-lactic acidosis in SBS by
combination treatment with antibiotics and pro-
biotics for 8 months. On the other hand, Godey et
al10 reported that enteral treatment with Lactobacillus
should be avoided because it increases D-lactic
production. In their study, they used L acidophilus,
which is known to also produce D-lactate. In the
present case, because of the inability to eliminate D-
lactate–producing bacteria, we chose a stand-alone
synbiotic treatment in order to achieve long-term
suppression of D-lactate–producing bacteria over-
growth. We used as probiotics B breve Yakult and L
casei Shirota, which are known to produce only L-
lactate. D-lactic acidosis was successfully controlled
by this treatment for 3 years (i.e., the patient was free
of recurrence and had a good quality of life, such as
having unlimited oral intake). There were no reports
that described successful management of D-lactic
acidosis continuously for such a long period.

Table 1 Serum and fecal concentrations of D-lactic acid and acid-base balance

Immediately after
decontamination (fasting)

Immediately after
4 wk of synbiotics (fasting)

After 3 y of synbiotics
(free oral intake)

Serum, mmol/L 2.4
Feces, mmol/L 4.5a 8.8b 24.8b

pH 7.46 7.36 7.33
HCO3, mmEq/L 21.9 19.8 19.9
Base excess, mmol/L �3.1 �4.5 �5.0

a Two samples: the data are presented as mean value.
b One sample.
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Bustos et al11 reported that fecal concentrations of
D-lactate tended to be high in patients with SBS
even when serum D-lactate levels were undetect-
able. The authors pointed out that the development
of D-lactic acidosis requires not only overproduction
of D-lactate in the colon, but also other factors, such
as absorption or impaired D-lactic acid metabolism.
Synbiotics have been shown to produce a large
amount of short-chain fatty acids by correcting
intestinal flora.5 These fatty acids promote prolifer-
ation of the intestinal epithelium and stimulate
intestinal motility.12 Through active bowel move-
ments, D-lactate produced by colonic fermentation
can be expelled with feces prior to excessive
absorption in the colon. In the present case,
although fecal concentration of D-lactate was high
(24.8 mmol/L), serum D-lactate levels (2.4 mmol/L)
maintained a level lower than the threshold of
symptom onset (.2.5 mmol/L), which allowed the
patient to remain asymptomatic. Actually, the
patient had frequent defecation and persistent loose
stools after starting synbiotic treatment. Therefore, it
was likely that synbiotics increased intestinal peri-
stalsis, resulting in prevention of excessive absorp-
tion of D-lactic acid.

In conclusion, a stand-alone synbiotic treatment
was effective in maintaining long-term remission of
D-lactic acidosis in patients with SBS. The underly-
ing mechanism might be the reduction in colonic
absorption of D-lactate by both suppression of D-
lactate–producing bacterial overgrowth and stimu-
lation of intestinal motility. A stand-alone synbiotic
treatment is a workable alternative for the manage-
ment of D-lactate acidosis in SBS.
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