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We describe two patients, with no previous history of vascular problems but poor lung function, who experienced septic 
shock due to bowel ischemia. Both were fed an enteral formula rich in fiber using a feeding tube and experienced septic 
shock with regular enteral feeding. Surgical finding showed hemorrhagic ischemia in the bowel. The pathologic finding sug-
gests these changes may have been due to inspissations of bowel contents, which may put direct pressure on the mucosa of 
the bowel wall, leading to local impairment of mucosal and submucosal blood flow with subsequent bowel necrosis. Bowel 
ischemia may have been precipitated by an increased mesenteric blood flow requirement in combination with a metabol-
ically stressed bowel. Patients in the intensive care unit fed a fiber-rich enteral formula may have inspissated bowel contents, 
leading to bowel ischemia, suggesting that the use of fiber-rich formula should be limited in patients at high-risk of bowel 
ischemia. 
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INTRODUCTION

Enteral nutrition is the preferred method to provide nu-
tritional support in critically ill patients [1]. Despite the ad-
vantages of enteral feeding, enteral nutrition may not be 
tolerated by all patients and may cause complications such 
as diarrhea, constipation, aspiration and bowel ischemia. 
We describe two patients who manifested fatal complica-
tion of bowel ischemia associated with enteral feeding.

CASE REPORTS

Case 1
A 53-year-old man with hypertension and diabetes mel-

litus, who was a Hepatitis B virus carrier visited the hospi-
tal due to abdominal discomfort. Computed tomography 
scanning showed a liver mass. Upon opening his abdo-
men for mass resection, we found that the lesions were 
multiple and not resectable. We therefore performed ra-
diofrequency ablation (RFA) in the operating room. There 
were no abnormal findings in the small or large intestine.

Two days after RFA, he was transferred to the intensive 
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Fig. 2. Histologic finding. We can see intestinal wall thinning and 
diffuse flattening with hemorrhagic necrosis of mucosal layer and 
crypt dropout by direct pressure from the bowel lumen (H&E, ×40).

Fig. 4. Histologic finding. There was no evidence of vasculitis or 
thrombus in vessels with congestion of submucosa. This means no 
evidence of acute vessel occlusion with hematoxylin and eosin 
stain (×100).

Fig. 1. Gross operative finding. Small bowel is filled with mud like, 
inspissated bowel contents.

Fig. 3. Diffuse ischemic change of mucosal layer was seen on 
sigmoidoscopic findings.

care unit (ICU) due to sepsis with acute respiratory dis-
tress syndrome, probably caused by RFA-related liver 
abscess. He had improved for 2 weeks with positive pres-
sure ventilation. During recovery phase, he continued to 
receive 30 kcal/kg of enteral nutrition via a feeding tube 
with regular bowel movement. 

On ICU 15th day, however, we observed new onset leu-
kocytosis, tachycardia and fever. Moreover, his fever be-
came worse and his intra-abdominal pressure increased to 
up to 17 mmHg. The next day, he showed unstable vital 
signs, with a sudden drop of blood pressure. Cultures of 
his blood, catheter tip, and ascites samples revealed no 
infection. After excluding other causes of septic shock, we 

began to suspect that it was of bowel origin. During ex-
ploration of his abdomen, we observed mucosal infarction 
and congestion of the entire intestine, which was filled 
with mud-like contents (Fig. 1). We therefore performed a 
total colectomy and small bowel resection for bowel ne-
crosis, but the patient died of hepatic failure soon after-
ward. After operation, we can confirm pathologic findings 
of specimen, we couldn’t find an evidence of acute vessel 
obstruction (Fig. 2).
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Case 2
A 77-year-old man, who had been diagnosed with 

chronic obstructive pulmonary disease (COPD) on both 
lower lungs with underlying emphysema, visited Asan 
Medical Center with mid common bile duct cancer that 
had been diagnosed at another hospital. After we per-
formed a bile duct resection and cholecystectomy, he was 
admitted to the ICU for pneumonia caused by ex-
acerbation of his COPD. He received mechanical ven-
tilator support for 7 days. With recovery of his condition, 
he was administered enteral nutrition, consisting of a 25 
kcal/kg of formula rich in dietary fiber via a feeding tube 
for 5 days. On ICU 10th day, however, he experienced sep-
tic shock, with tachycardia, fever and a stuporous mental 
state. His blood pressure decreased despite receiving vas-
opressor and inotropic agents. 

We hypothesized that the bowel ischemia of this patient 
was associated with enteral nutrition due to abdominal 
tenderness and a rectum filled with mud-like stool even 
with regular bowel movement. A sigmoidofiberscopy 
showed increased vascularity of the rectal mucosa, as well 
as increased bowel edema, hyperemia and submucosal 
hemorrhage (Fig. 3).

He underwent an emergency Hartmann’s operation, re-
sulting in progressive improvement in his general con-
dition. After surgery, he was transferred to general ward 
on ICU 21 days. Pathologic finding of the resected bowel 
specimen didn’t show the evidence of vessel injury or is-
chemia (Fig. 4). However, the finding of thinning and dif-
fuse flattening with hemorrhagic necrosis of mucosal lay-
er and congestion of submucosa is suggesting hemor-
rhagic infarction caused by direct pressure of mucosal 
wall.

DISCUSSION

Enteral nutrition is regarded as a preferred route for nu-
trition support of the critically ill patient with functioning 
digestive tract. Enterally administrated nutritional sup-
port has been found to prevent mucosal weight loss, to in-
crease endothelial proliferation, and to improve the main-
tenance of gut mucosal integrity [2], with maintenance of 

trophism apparently being the key to the prevention of 
bacterial translocation [3]. In addition, because the gut is 
the largest producer of humoral antibodies in the body, it 
is believed that improved immune responses to bacterial 
challenge in enterally, compared with parenterally, fed in-
dividuals may be important in preventing septic compli-
cations [2].

Despite these advantages, enteral nutrition may not be 
tolerated by all patients and may cause fatal complications 
such as diarrhea, constipation, aspiration and bowel ische-
mia [4]. Especially, nasoenteric feeding in critically ill pa-
tients is often complicated by diarrhea. When diarrhea de-
velops in critically ill patients, it adversely affects their nu-
tritional status, electrolyte imbalance and nursing care 
and places them at increased risk for infection in the recov-
ery phase. This results in longer hospital stay, higher medi-
cal expenses and increased mortality. Attempts to control 
the diarrhea that accompanies tube feeding include either 
changing the enteral formula which is containing fiber.

We experienced two patients who manifested bowel is-
chemia associated with enteral nutrition. These two pa-
tients described here have several features in common. 
The nutritional formulas they were fed contained plenty 
of fiber, they received postoperative mechanical ven-
tilatory support due to poor lung function, and they have 
no underling vascular disease which cause acute bowel 
ischemia. In both patients, however, inspissated muddy 
stools were seen in the resected bowel specimen. Several 
mechanisms have been proposed as contributing towards 
the development of enteral tube feeding associated diar-
rhea, which are discussed below.

First, the inspissated bowel contents may have put di-
rect pressure on the mucosa of the bowel wall, leading to 
local impairment of mucosal blood flow with subsequent 
ischemic changes in the bowel. Both patients were sup-
plied dietary fiber daily for several days. This commer-
cially available formula (Jevity), contains soy polysac-
charide, which has up to 94% insoluble dietary fiber with 
no soluble dietary fiber. Dietary fiber has become a stand-
ard component of enteral nutrition formulas to prevent 
and treat chronic constipation [5]. Dietary fiber increases 
intestinal transit and stool bulk, stimulating voluntary 
defecation. The increase in stool bulk is thought to result 
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from the residual, unfermented fiber, as well as from water 
held by gel formed by unfermented fibers. Direct pressure 
leading to bowel ischemia was suggested by our surgical 
findings. Pathologic examination also showed the evi-
dence of mechanism of bowel ischemia. Pathologic find-
ing showed no acute vessel occlusion, atherosclerosis of 
arterial vessels, or thrombosis. Mucosal thinning and dif-
fuse flattening with hemorrhagic infarction are indicators 
of direct pressure from the lumen. Generally, in critically 
ill patient who have risks of bowel ischemia, most guide-
line recommend to supply soluble fiber-rich enteral 
formula.

Next, increased energy demand from enterocytes may 
also have contributed to enteral nutrition-associated bow-
el ischemia, in association with ischemic bowel change [6], 
resulting in mismatches in the oxygen demand to supply 
ratio in the intestinal mucosa.  Enteral nutrition leads to 
tropism of enterocytes [7]. In the presence of luminal nu-
trients, splanchnic blood flow increases up to 200% that of 
baseline in response to the augmented demand of the in-
testinal mucosa, resulting in a regional blood-flow redis-
tribution known as postprandial hyperemia [8].

In conclusion, enteral nutrition has many benefits for 
critically ill patients and dietary fiber is important for 
stimulating the structural and functional trophism of the 
mucosa, preventing diarrhea by absorption of sodium and 
water [9] and preventing bacterial translocation [10]. 
However, the contents of enteral formula may lead to 
complications. An overabundance of insoluble dietary fi-
ber in enteral nutrition may aggravate bowel ischemia. 
Stool bulkiness resulting from insoluble dietary fiber and 
low transit time may result in inspissated bowel contents. 
Especially, in patients who are hemodynamically unstable 
and hypoxic, bowel ischemia could also exacerbated. In 
these situations, it is important to reduce the proportion of 
insoluble dietary fiber. Physician in ICUs should be aware 
of enteral nutirtion associated non-occlusive bowel ische-

mia in patients with fever, tachycardia, leukocytosis, and 
septic shock of unknown origin.
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