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Should Enteral Feeding be Started During Circulatory Shock?
Circulatory shock is one of the most common reasons for intensive care unit (ICU) admission. Clinically, it
manifests with low blood pressure and despite resuscitation, vasopressor support is required, and its use may
extend beyond the window of current recommendation to start enteral nutrition (EN) within 24‐48 hours in
critically ill patients. Should a patient in circulatory shock receive EN? To answer this question, we must consider
the rationale, safety, and benefits of EN in critically ill patients.

What is the Rationale to Begin Early Enteral Nutrition in Critical Illness?
Circulatory shock reduces systemic blood flow and oxygen delivery. Splanchnic blood flow is reduced, increasing
gut oxidative stress and reducing gut pH, which impair gut functions. Enterocytes undergo accelerated apoptosis
and mucosal integrity is compromised, weakening gut barrier function. Toxic mediators penetrate across the
lumen into systemic circulation through lymphatic channels and promote downstream organ dysfunction.
Furthermore, commensal bacteria assume a virulent state and promote inflammation across the breached gut
barrier. EN in this early acute phase of critical illness has been shown to preserve gut functions through multiple
mechanisms, discussed below.

Is Enteral Nutrition During Circulatory Shock Safe?
Non‐occlusive bowel necrosis (NOBN) and non‐occlusive mesenteric ischemia (NOMI) are the gravest
consequences of introducing luminal nutrients into a hypoperfused gut, with mortality from these conditions
exceeding 80%. Fortunately, NOBN and NOMI are rare.
Eight retrospective studies evaluating outcomes of EN in circulatory shock in mixed medical‐surgical or strictly
medical ICU patients did not identify NOBN (table 1). Three observational studies of medical ICU patients with
septic shock identified no cases of NOBN or NOMI. Surgical ICU patients receiving a vasopressor and nasojejunal
feeding had the highest incidence of NOBN, though rare at 0.15‐3.4% (table 2). More recently, Ohbe et al
published the largest observational studies evaluating EN in shock and found NOMI in 0.2‐0.3% [1, 2].
NUTRIREA‐2 is the largest randomized controlled trial evaluating EN (compared to PN) in shock. Over 2400
patients, majority with septic shock, were enrolled to either early EN or early PN. There was no difference in the
primary outcome of 28‐day mortality. Two percent in early EN developed NOMI compared to <1% in early PN
(p=0.007). Note, patients randomized to early EN received “full dose” EN and the vasopressor norepinephrine
(NE) at a mean dose of 0.56 mcg/kg/min, suggesting higher NE dose coupled with large volume EN increased the
risk of NOMI [3].
In a review of contemporary nutrition RCTs with at least one arm providing EN and enrolling patients on
vasopressor, NOMI and NOBN was rare, ranging 0.5‐2% [4].
Finally, splanchnic steal syndrome, where blood is diverted back to the splanchnic circulation, may be a concern
with EN provision in circulatory shock. Clinically, splanchnic steal may increase vasopressor requirement (since
systemic blood flow may theoretically be reduced). However, two observational studies found no change in
vasopressor requirement when introducing EN in circulatory shock [5, 6].

Is Enteral Nutrition During Circulatory Shock Beneficial?
At the luminal level, EN has been shown to promote mucous production, epithelial cell proliferation, and tight
junction protein production – all of which preserve gut barrier function. In NUTRIREA‐2, plasma citrulline, a
marker of enterocyte mass and function, was higher at 3 days in those receiving EN (compared to PN), suggesting
EN is associated with preserving enterocyte mass [7].
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At the vascular level, multiple animal models of shock and prospective human studies have demonstrated EN
enhanced cardiac index, hepato‐splanchnic blood flow, and splanchnic microcirculatory blood flow [8, 9].
What are the clinical benefits of early EN in circulatory shock? In the Ohbe studies, early EN in hemodynamically
unstable mechanically ventilated and extracorporeal membrane oxygenation patients was associated with
improved 28‐day mortality [1, 2]. In another large (propensity‐matched) study of 1174 patients in shock, early EN
was associated with improved ICU and hospital mortality [10].
A recent pilot RCT comparing early trophic (20 mL/hour) to ‘no EN’ in mechanically ventilated patients with septic
shock found better tolerance and a signal for improved ICU‐ and ventilator‐free days in those receiving early EN
[11].

Key take home points:
[1.] Circulatory shock reduces blood flow, which impairs oxygen delivery. To restore oxygen delivery,
hemodynamic resuscitation remains a priority.
[2.] In considering EN during circulatory shock, observational and RCT level data show NOMI and NOBN are rare.
Full dose EN, higher or escalating vasopressor dose, and nasojejunal feeding may be risk factors for NOMI and
NOBM development.
[3.] Low dose early EN in shock has been associated with preserved splanchnic blood flow without concomitant
rise in vasopressor requirement.
[4.] Animal models and observational studies show luminal and vascular benefits of early EN in shock.
[5.] Large observational studies and pilot RCT data suggest clinical benefits with early EN in shock.
[6.] The optimal EN dose in shock is unknown but trophic, or 10‐30 mL/hour, has been shown to preserve gut
barrier function and well‐tolerated.
[7.] It is reasonable to start a trophic rate of an isosmotic or semi‐elemental after hemodynamic resuscitation in a
patient who remains on vasopressor support while monitoring for complications.
Table 1: Retrospective studies of medical and mixed medical‐surgical ICU patients evaluating EN in circulatory
shock. EN, enteral nutrition; kg, kilogram; mcg, micrograms; MICU, medical intensive care unit; min, minute;
NE, norepinephrine; NOBN, non‐occlusive bowel necrosis; NOMI, non‐occlusive mesenteric ischemia
AUTHORS
Patel et al
Flordelis et al
Mancl et al
Khalid et al
Shankar et al
Reignier et al
Rai et al
Merchan et al

STUDY & POPULATION

NOMI and NOBN RATES

Retrospective, MICU patients
with septic shock
Retrospective, medical‐
surgical patients
Retrospective, medical‐
surgical patients
Retrospective, medical‐
surgical patients
Retrospective, medical‐
surgical patients

0/78
0/37
3/359 had NOMI
NR

OUTCOMES
Trophic EN tolerated and associated
with improved outcomes
EN tolerance noted at NE 0.32
mcg/kg/min
EN tolerance with NE and dopamine
and less with vasopressin
Early EN associated mortality benefit

0/308

EN within 6 hours had trend improved
outcome

Retrospective, medical‐
surgical patients

NR

Early EN associated mortality benefit

Retrospective, MICU patients
with septic shock
Retrospective, MICU patients
with septic shock

0/43

Early EN of 40‐70% goal calories
tolerated over first three days
Early EN tolerated at NE doses up to
0.14 mcg/kg/min

0/120
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J Crit Care. 2015;30(3):473‐475.

Written by Dr. Jayshil Patel and Dr. Daren Heyland
For more information, please contact John Clarke at john.clarke@kingstonhsc.ca or visit www.criticalcarenutrition.com.





Issue 22
Page 3 of 3
Table 2: Rate of non‐occlusive bowel necrosis in observational studies of surgical critical care patients with
circulatory shock who received enteral nutrition. NOBN, non‐occlusive bowel necrosis, NJ, nasojejunal
AUTHOR

NOBN (n)

COMMENTS

Myers et al

3/1938

NOBN occurred in those with NJ feed

Schunn et al
Smith‐
Choban et al
Lawlor et al

4/1359
5/143

NOBN occurred in those with NJ feed
NOBN occurred in those with NJ feed

3/386

NOBN occurred in those with NJ feed

Holmes et al

3/222

NOBN occurred in those with NJ feed

Marvin et al

14/4311

4/13 that developed NOBN were on a vasopressor

Myers JG, Page CP, Stewart RM, Schwesinger WH, Sirinek KR, Aust JB. Complications of needle catheter jejunostomy in 2,022 consecutive applications. American
Journal of Surgery. 1995;170(6):547‐550; discussion 550‐541.; Schunn CD, Daly JM. Small bowel necrosis associated with postoperative jejunal tube feeding.
Journal of the American College of Surgeons. 1995;180(4):410‐416.;Smith‐Choban P, Max MH. Feeding jejunostomy: a small bowel stress test? American Journal
of Surgery. 1988;155(1):112‐117.;Lawlor DK, Inculet RI, Malthaner RA. Small‐bowel necrosis associated with jejunal tube feeding. Canadian journal of
surgeryJournal canadien de chirurgie. 1998;41(6):459‐462.; Holmes JHt, Brundage SI, Yuen P, Hall RA, Maier RV, Jurkovich GJ. Complications of surgical feeding
jejunostomy in trauma patients. The Journal of trauma. 1999;47(6):1009‐1012.;Marvin RG, McKinley BA, McQuiggan M, Cocanour CS, Moore FA. Nonocclusive
bowel necrosis occurring in critically ill trauma patients receiving enteral nutrition manifests no reliable clinical signs for early detection. American Journal of
Surgery. 2000;179(1):7‐12.

References
1. Ohbe H, Jo T, Matsui H, Fushimi K, Yasunaga H: Differences in effect of early enteral nutrition on mortality among
ventilated adults with shock requiring low‐, medium‐, and high‐dose noradrenaline: A propensity‐matched analysis. Clin Nutr
2019.
2. Ohbe H, Jo T, Yamana H, Matsui H, Fushimi K, Yasunaga H: Early enteral nutrition for cardiogenic or obstructive shock
requiring venoarterial extracorporeal membrane oxygenation: a nationwide inpatient database study. Intensive Care Med
2018, 44(8):1258‐1265.
3. Reignier J, Boisrame‐Helms J, Brisard L, Lascarrou JB, Ait Hssain A, Anguel N, Argaud L, Asehnoune K, Asfar P, Bellec F et al:
Enteral versus parenteral early nutrition in ventilated adults with shock: a randomised, controlled, multicentre, open‐label,
parallel‐group study (NUTRIREA‐2). Lancet 2018, 391(10116):133‐143.
4. Barash M, Patel JJ: Gut Luminal and Clinical Benefits of Early Enteral Nutrition in Shock. Current Surgery Reports 2019,
7(10):21.
5. Merchan C, Altshuler D, Aberle C, Papadopoulos J, Schwartz D: Tolerability of Enteral Nutrition in Mechanically Ventilated
Patients With Septic Shock Who Require Vasopressors. J Intensive Care Med 2017, 32(9):540‐546.
6. Ewy M, Aqeel M, Kozeniecki M, Patel K, Banerjee A, Heyland DK, Patel JJ: The Impact of Enteral Feeding on Vasoactive
Support in Septic Shock: A Retrospective Observational Study. ASPEN NUTRITION SCIENCE AND PRACTICE CONFERENCE:
Phoenix, Arizona, March 23 – 26, 2019. Journal of Parenteral and Enteral Nutrition, 43: 445‐445. doi:10.1002/jpen.1511. In.;
2019.
7. Piton G, Le Gouge A, Brule N, Cypriani B, Lacherade JC, Nseir S, Mira JP, Mercier E, Sirodot M, Rigaud JP et al: Impact of the
route of nutrition on gut mucosa in ventilated adults with shock: an ancillary of the NUTRIREA‐2 trial. Intensive Care Med
2019.
8. Revelly JP, Tappy L, Berger MM, Gersbach P, Cayeux C, Chiolero R: Early metabolic and splanchnic responses to enteral
nutrition in postoperative cardiac surgery patients with circulatory compromise. Intensive care medicine 2001, 27(3):540‐
547.
9. Rokyta R, Jr., Matejovic M, Krouzecky A, Senft V, Trefil L, Novak I: Post‐pyloric enteral nutrition in septic patients: effects on
hepato‐splanchnic hemodynamics and energy status. Intensive care medicine 2004, 30(4):714‐717.
10. Khalid I, Doshi P, DiGiovine B: Early enteral nutrition and outcomes of critically ill patients treated with vasopressors and
mechanical ventilation. American Journal of Critical Care : An Official Publication, American Association of Critical‐Care
Nurses 2010, 19(3):261‐268.
11. Patel JJ, Kozeniecki M, Peppard WJ, Peppard SR, Zellner‐Jones S, Graf J, Szabo A, Heyland DK: Phase 3 Pilot Randomized
Controlled Trial Comparing Early Trophic Enteral Nutrition With "No Enteral Nutrition" in Mechanically Ventilated Patients
With Septic Shock. JPEN J Parenter Enteral Nutr 2019.

Written by Dr. Jayshil Patel and Dr. Daren Heyland
For more information, please contact John Clarke at john.clarke@kingstonhsc.ca or visit www.criticalcarenutrition.com.



