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Abstract

Background: Non-occlusive mesenteric ischemia (NOMI) is a rare but life-threatening complication of early
postoperative enteral feeding. We herein report two patients who developed NOMI during enteral feeding after
esophagectomy.

Case presentation: In case 1, a 75-year-old man with no medical history was diagnosed with multiple primary
cancers of the esophagus, stomach, and kidney. He underwent percutaneous endoscopic gastrostomy tube
placement followed by thoracoscopic esophagectomy and cervical esophagostomy placement as the first-stage
operation. Gastrostomy feeding was started on postoperative day (POD) 3 with a polymeric formula (ENSURE H®).
On POD 7, he developed acute abdominal pain and distension with bloody drainage through the gastrostomy
tube. Dynamic computed tomography showed massive hepatic portal venous gas and pneumatosis intestinalis.
Angiography showed diffuse spasms in the branches of the superior mesenteric artery. Under a diagnosis of NOMI,
we started intra-arterial infusion of papaverine and prostaglandin E1. His symptoms improved, and he was
discharged on POD 48,

In case 2, a 68-year-old man with diabetes and atrial fibrillation was diagnosed with esophageal cancer. His medical
history was significant for pylorus-preserving gastrectomy for gastric cancer and small bowel resection for trauma.
He underwent thoracoscopic esophagectomy, open total gastrectomy, colonic reconstruction, and jejunostomy
tube placement. Adhesiolysis for abdominal severe adhesions caused by previous operations was difficult.
Jejunostomy feeding was started on POD 3 with a polymeric formula (Racol®). On POD 7, he developed persistent
diarrhea and cervical anastomotic leakage. On POD 9, he developed acute abdominal pain and distension with
bloody drainage through the jejunostomy tube. Dynamic computed tomography showed the same findings as in
case 1. Under a diagnosis of NOM|I, we started intravenous infusion of papaverine and prostaglandin E1. His
symptoms improved, and he was discharged on POD 28.

Conclusions: The causes of feeding-related NOMI may include the use of a high-osmolarity formula, preoperative
malnutrition, abdominal adhesiolysis, systemic inflammation after anastomotic leakage, and a medical history of
diabetes and atrial fibrillation. NOMI should be considered as a differential diagnosis in patients with these risk
factors and clinical features such as acute abdominal pain and distension during enteral feeding.
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Background

Previous reports have shown that early postoperative en-
teral nutrition is preferred over parenteral nutrition for
patients undergoing esophagectomy because it conserves
gut integrity and improves immunological function with a
reduction in infectious complications [1, 2]. Thus, early
postoperative enteral feeding has become a routine
method in many institutions. However, enteral feeding is
commonly associated with mild gastrointestinal discom-
fort and occasionally with severe complications [2]. In par-
ticular, non-occlusive mesenteric ischemia (NOMI) is a
rare but life-threatening complication of enteral feeding
[3]. We herein report our experience with two patients
who developed NOMI associated with enteral feeding
after esophagectomy for esophageal cancer and present a
review of the literature.

Case presentation

Case 1

A 75-year-old man with no medical history presented with
dysphagia. Upper gastrointestinal endoscopy revealed type
IIT esophageal cancer in the middle thoracic esophagus and
type II gastric cancer in the cardia. Computed tomography
(CT) showed a left renal tumor and multiple swollen lymph
nodes in the neck, mediastinum, and abdomen, including
the left renal hilar and para-aortic regions. Thus, he was di-
agnosed with multiple primary cancers of the esophagus
(T3N3MO), stomach (T2N1M0), and kidney (T1bN1MO)
according to the Union for International Cancer Control
(UICC) 7th edition. He received two cycles of neoadjuvant
chemotherapy with nedaplatin and 5-fluorouracil followed
by a two-stage operation to decrease the surgical stress.
The first-stage operation involved preoperative percutan-
eous endoscopic gastrostomy tube placement followed by
thoracoscopic subtotal esophagectomy in the prone pos-
ition and cervical esophagostomy placement with medias-
tinal and cervical lymphadenectomy. The operation was
uneventful; it involved 29 mL of blood loss and took 284
min to complete.

Gastrostomy feeding was started on postoperative day
(POD) 3 with a polymeric formula (ENSURE H° 700
mOsm/kg) at a rate of 20 mL/h for 15h per day, which
was increased to 40, 60, and 80 mL/h for 15h per day on
POD 5, 6, and 7, respectively. The postoperative course
was uneventful, although the patient developed diarrhea
followed by acute abdominal pain and distension with
bloody drainage through the gastrostomy tube on POD 7.
On examination, he was febrile at 37.2 °C, but the rest of
his vital signs were normal. His abdomen was distended
with mild diffuse tenderness without guarding or rigidity.
Laboratory evaluation revealed an elevated white blood
cell count and C-reactive protein level of 11.9 x 10°/L and
59.0 mg/L, respectively. Arterial blood gas analysis showed
no signs of metabolic acidosis. Dynamic CT showed
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massive hepatic portal venous gas extending to the super-
ior mesenteric vein, a dilated gastrointestinal tract with
pneumatosis intestinalis, segmental poor enhancement of
the bowel wall, and small amounts of ascites (Fig. 1a, b).
Angiography showed diffuse spasms in the branches of
the superior mesenteric artery and poor splanchnic blood
flow with no signs of mesenteric arterial thrombosis
(Fig. 2). Under a diagnosis of NOMI, we started intra-ar-
terial infusion of papaverine, prostaglandin E1, and hep-
arin through the angiography catheter with intravenous
infusion of antibiotics. His symptoms gradually improved,
and a CT scan on POD 8 showed a significant reduction
of hepatic portal venous gas (Fig. 1c). Gastrostomy feeding
was restarted on POD 21, and he was discharged on POD
48. Two months after the first-stage operation, he under-
went partial gastrectomy and reconstruction with a gastric
tube without nephrectomy or abdominal lymph node
dissection because of his poor general condition. He died
of systemic metastasis 9 months after the first operation.

Case 2
A 68-year-old man with diabetes and atrial fibrillation pre-
sented with dysphagia. His medical history was significant
for pylorus-preserving gastrectomy for gastric cancer and
small bowel resection for trauma. Upper gastrointestinal
endoscopy revealed type II esophageal cancer in the lower
thoracic esophagus. CT showed multiple swollen lymph
nodes in the neck, mediastinum, and abdomen. Thus, he
was diagnosed with esophageal cancer (T3N3MO) accord-
ing to the UICC 7th edition. He underwent three cycles of
neoadjuvant chemotherapy with docetaxel, cisplatin, and
5-fluorouracil followed by thoracoscopic subtotal esopha-
gectomy in the prone position, open total gastrectomy,
colonic reconstruction, and jejunostomy tube placement
with three-field lymphadenectomy. During the operation,
adhesiolysis for abdominal severe adhesions caused by
previous operations was difficult. The blood loss volume
and operation time were 448 mL and 510 min, respectively.
Jejunostomy feeding was started on POD 3 with a poly-
meric formula (Racol® NF; 400 mOsm/kg) at a rate of 20
mL/h for 15 h per day, which was increased to 40 and 60
mL/h for 15h per day on POD 4 and 6, respectively. The
postoperative course was uneventful, although he devel-
oped persistent diarrhea and cervical anastomotic leakage
on POD 7. The anastomotic leakage improved with con-
servative treatment, although he developed severe diar-
rhea followed by acute abdominal pain and distension
with bloody drainage through the jejunostomy tube on
POD 9. On examination, his vital signs were normal, and
his abdomen was distended with mild diffuse tenderness
without guarding or rigidity. Laboratory evaluation re-
vealed an elevated white blood cell count and C-reactive
protein level of 14.3 x 10°/L and 26.0 mg/L, respectively.
Arterial blood gas analysis showed no signs of metabolic
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Fig. 1 a, b Computed tomography of the abdomen showing massive hepatic portal venous gas and a dilated gastrointestinal tract with
pneumatosis intestinalis (arrowheads). ¢ Follow-up computed tomography showing a significant reduction of hepatic portal venous gas

acidosis. Dynamic CT showed the same findings as in case
1. Under a diagnosis of NOMI, we started intravenous in-
fusion of papaverine, prostaglandin E1, and antibiotics.
His symptoms gradually improved, and a CT scan on
POD 10 showed a significant reduction of hepatic portal
venous gas. He started oral intake on POD 21 and was
discharged on POD 28. He was alive without recurrence
9 months after the operation.

Discussion

NOMI is a rare but life-threatening complication of
early postoperative enteral feeding. The reported inci-
dence of feeding-related bowel necrosis, which is
most likely to be caused by NOMI, varies from 1.2 to
1.7% [3, 4]. The pathogenesis and clinical features of
NOMI remain poorly understood because of the rar-
ity of this disease.

Fig. 2 Angiography of the superior mesenteric artery showing diffuse spasms in the branches and poor splanchnic blood flow
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The pathogenesis of NOMI can be explained by
non-occlusive reduction of arterial blood flow, most com-
monly due to primary splanchnic vasoconstriction [5]. Fur-
thermore, the known risk factors for NOMI include
cardiovascular disease (heart failure, aortic insufficiency,
arrhythmia, and arteriosclerosis), hypovolemic dynamics
(dehydration and bleeding), sepsis, dialysis, and administra-
tion of vasoconstrictive medications [6, 7]. However, its as-
sociation with enteral feeding remains unclear and may be
multifactorial. Previous reports have suggested that the
mechanism of feeding-related NOMI is as follows. First,
the absorption of intraluminal nutrients may adversely in-
crease energy demands in metabolically stressed entero-
cytes, which promote splanchnic blood flow. In the
presence of hypoperfusion or inadequate resuscitation,
these increased energy demands in combination with a de-
creased oxygen supply can worsen mesenteric ischemia.
Second, enteral nutrition administered on the background
of ileus allows bacterial overgrowth, causing accumulation
of intraluminal gas and toxins that injure the mucosa [4, 8].

In case 1, the intestinal accumulation of a high-osmolarity
formula may have created an osmotic gradient with a rapid
fluid shift into the intestinal lumen, leading to intestinal dis-
tension and poor splanchnic blood flow [9]. Furthermore,
high concentrations of carbohydrates might have provided
substrates for excessive bacterial fermentation, causing in-
testinal distention and toxic injury [10]. Preoperative
gastrointestinal dysfunction caused by poor oral intake and
malnutrition due to multiple advanced cancers may have
also contributed to the development of NOMIL.

In case 2, in addition to the surgical stress of open total
gastrectomy and colonic reconstruction, aggressive
abdominal adhesiolysis because of previous operations
may have induced the patient’s severe postoperative
gastrointestinal motility disorder. The development of
systemic inflammation after anastomotic leakage may have
further suppressed gastrointestinal motility. Finally, the
medical history of diabetes and atrial fibrillation might
have influenced the development of a poor blood supply.

Including the 2 cases in the current report, 39 cases of
feeding-related bowel necrosis or NOMI after surgery
for oncologic indications have been reported in the
English-language literature (Table 1) [3, 4, 6, 7, 11-20].
These cases included 14 men and 8 women (sex data
not reported in 17 cases) with a mean age of 65.6 years
(range, 38—85 years). The comorbidities were hyperten-
sion in 8 patients, diabetes in 4, atrial fibrillation in 3,
myocardial infarction in 1, arteriosclerosis obliterans in
1, and hyperlipidemia in 1; all of these comorbidities are
known or suspected risk factors for NOMI. The most
common primary surgery was pancreaticoduodenectomy
in 14 patients followed by total gastrectomy in 10,
esophagectomy in 7, and others in 8 (only jejunostomy
tube placement in 2). Enteral feeding was started within
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72h after surgery in most patients. The diagnosis of
bowel necrosis or NOMI was made at a median of 6 days
(range, 1-17 days) from the start of feeding. The median
rate of feeding at the time of diagnosis was 72 mL/h (range,
25-125 mL/h). The median osmolality of feeding was 359
mOsm/kg (range, 300—700 mOsm/kg). Emergency laparot-
omy was performed in 35 patients, including resection of
the necrotic intestine in 24 patients. The surgical findings
in these 35 patients were bowel necrosis beginning near the
jejunostomy tube insertion site and extending distally in 23
patients (65.7%) and bowel necrosis containing inspissated,
semi-solid feeding tube contents in 13 patients (37.1%).
These surgical findings indicated enteral feedings as a cause
of bowel necrosis or NOMI. The overall mortality rate
among the 39 patients was 49%.

Clostridium difficile infection has been reported as a
risk factor for developing feeding-related bowel necrosis
[20], although a screening test was performed in only
one of 39 cases and was negative [13]. In addition, blood
culture was collected in two cases, one of them detecting
Klebsiella pneumoniae and Streptococcus viridans, sug-
gesting intestinal infection and bacterial translocation
were associated with the causes of bowel necrosis [12,
13]. However, in this case, small intestinal bacterial
overgrowth was possibly caused by the accumulation of
enteral feeding as mentioned above.

With regard to the clinical presentation of NOMI in our
patients, enteral feeding was started at a low rate and slowly
increased while paying attention to the development of
feeding intolerance, although acute abdominal pain and
distension with bloody drainage through the feeding tube
occurred without warning. However, because the persistent
diarrhea in case 2 suggested the possibility of a gastrointes-
tinal motility disorder, we should have decreased the
infusion rate or ceased the feeding. Furthermore, early diag-
nosis is essential to prevent bowel necrosis and perforation,
although it may be difficult for two reasons. First, gastro-
intestinal discomfort such as mild abdominal pain and dis-
tension are relatively common symptoms in patients
undergoing enteral feeding after esophagectomy [21]. Sec-
ond, vital signs are occasionally within normal limits in the
early stage of NOM]I, as in our patients.

In terms of the therapeutic approach to NOMI in our pa-
tients, conservative management was chosen because of the
stable vital signs and lack of acute peritoneal signs, and the
patients exhibited good recovery. The CT finding of portal
venous gas has been suggested to be associated with NOMI
in postoperative patients [22], although it does not neces-
sarily indicate the presence of bowel necrosis requiring re-
operation. However, for patients suspected to have bowel
necrosis or perforation based upon the presence of worsen-
ing clinical parameters, early surgical exploration with seg-
mental bowel resection should be considered. According to
the American Gastroenterological Association guidelines,
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the presence of persistent peritoneal signs is an indicator
of surgical treatment [23], although we must pay close at-
tention to patients with more severe physical symptoms
associated with old age, comorbidities (diabetes, dialysis),
and the use of medications (analgesics, sedatives). Further-
more, when deciding whether to continue or stop conser-
vative treatment, a close follow-up CT scan is suggested to
be useful because the CT findings 1 day after the onset of
NOMI in our patients showed a significant reduction of
hepatic portal venous gas. With respect to surgical treat-
ment, it was difficult to determine an appropriate resec-
tion line based on surgical findings such as intestinal
color, arterial pulsation, and peristalsis [24]. The effect of
intraoperative evaluation with indocyanine green fluores-
cence was recently reported but remains controversial
[25]. Therefore, a second-look operation is usually recom-
mended to avoid progressive intestinal ischemia [26].

Conclusions

To the best of our knowledge, this is the fifth report of
feeding-related NOMI after esophagectomy for esophageal
cancer. The clinical course outlined in this case report
suggests that the causes of feeding-related NOMI may be
multifactorial and include the use of a high-osmolarity for-
mula, preoperative malnutrition, abdominal adhesiolysis,
systemic inflammation after anastomotic leakage, and a
medical history of diabetes and atrial fibrillation. For pa-
tients with these risk factors and clinical features such as
acute abdominal pain and distension during enteral feeding,
NOMI should be considered as a differential diagnosis. Fu-
ture reports will help to determine the most appropriate
management of enteral feeding after esophagectomy.

Abbreviations
CT: Computed tomography; NOMI: Non-occlusive mesenteric ischemia;
POD: Postoperative day; UICC: Union for International Cancer Control
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