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Summary. Background: Despite advances on nutrition in Intensive Care Unit (ICU), effects of different nutritional treatments and methods on inflammatory markers are still controversial in critically ill patients. This
study was designed to examine the effects of four different methods of enteral feeding on serum levels of tumor
necrosis factor-α (TNF-α) and high sensitive C-reactive protein (hs-CRP) in surgical ICU patients. Methods:
In a double blinded, randomized controlled trial, 25critically ill patients were recruited. They randomly divided
to four groups regarding enteral feeding: early closed (EC), delayed closed (DC), early opened (EO) and delayed opened (DO). Blood samples were obtained to measure TNF-α and hs-CRP on day 1st, 3rd, 5th and 7th
by using ELISA method. Results: Monitoring of TNF-α and hs-CRP revealed a significant elevation of these
inflammatory factors at 3rd day of ICU admission (P< 0.001) and a significant decrease on 5th and 7thdays
(P<0.001) in all groups. The inflammatory factors were controlled in early closed (EC)group more efficiently
than other groups. Conclusion: Early closed (EC) enteral feeding can efficiently reduce both TNF-α and hs-CRP
in ICU patients more than other methods of enteral feeding. Early initiation of closed enteral feeding has to be
considered in critically ill patients.
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Introduction
Nutrition in the Intensive Care Unit (ICU) encounters a variety of challenges such as: general condition, severity of illness and specific needs (1). Critically
ill patients have high nutritional requirements and can
become malnourished quickly (2). Some reports indicate that malnutrition occurs in up to 40% of the cases
(3). Malnutrition is associated with delayed recovery,
higher rates of morbidity and mortality, prolonged
hospital stay and both increased healthcare costs and a
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higher early re-admission rate, due to a clear image of
the process of catabolic stress and its relation to nutrition in surgical patients (4). Tumor necrosis factor-α
(TNF-α) is one of the best described proinflammatory
cytokines and has a key role in regulation of inflammation and rises in trauma patients (5-7). It is not only a
potent stimulator of the activation of many cell types
such as macrophages/monocytes and NK cells but also
can induce cell survival or cell death by apoptosis (8).
Raised TNF-α level subsequent to trauma is damaging
to the body (9). High-sensitivity C-Reactive protein
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(hs-CRP) is another marker of systemic inflammation (10), which is a negative acute phase responder
in patients with in-hospital cardiovascular events after
coronary artery bypass grafting (11) and patients with
congestive heart failure (12). There are few studies regarding hs-CRP in ICU patients, but none of these
studies have evaluated effects of different enteral nutrition treatments or methods(13-15). Although the
expert committee of European Society for Clinical
Nutrition and Metabolism (ESPEN) recommended
that haemodynamically stable critically ill patients
should be fed early (within 24 hours of admission) using an appropriate amount of feed, there are no data
showing improvement in relevant outcome parameters
using early enteral feeding in critically ill patients (16).
Canadian Clinical Practice Guidelines reported there
are inadequate study results to make a recommendation on the prescription of enteral nutrition via open or
closed systems in ICU patients(17). So, better understanding regarding controlling inflammation in ICU
patients could provide better targeted care and help
prevent malnutrition, mortality as well as morbidity.
The purpose of this trial was to determine the effects of
closed vs. open treatments and early vs. delayed methods of enteral nutrition on TNF-α and hs-CRP in surgical ICU patients.

Material and Methods
This double blinded, prospective, randomized
clinical trial was conducted in surgical ICU, Emam
Reza Hospital of Tabriz University of Medical Science
(TUMS), Tabriz, Iran. The study received ethical approval from the ethics committee of TUMS (Code
No.: 92205) and written informed consent was obtained from patients or their relatives. Over 8 months,
all patients admitted to the ICU were screened for
study eligibility and randomly assigned to one of
two treatment groups (open vs. closed enteral feeding) and one of two methods (early vs. delayed).
Computer-generated random numbers were utilized
for randomization. Study patients were respectively
followed-up until they had completed a follow-up of
7 days. Inclusion criteria were: age of 18 – 65 years,
those predicted to be kept in the ICU for more than
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72 hours, APACHE II score (18)on admission of over
20, amenability to enteral feeding, no obstruction in
the gastrointestinal (GI) tract, no GI bleeding, normal kidney function and enteral nutrition tolerance.
Exclusion criteria were: patients who did not fulfill
the follow-up period, who received anti-inflammatory
drugs or corticosteroids before admission, GI bleeding
or enteral feeding intolerance during study period, hemodynamically unstable patients, immunosuppressed
patients, patients with chronic organ failure, patients
with previous organ transplantation, pregnant women,
those who received massive blood transfusion, postcardiopulmonary resuscitation status and unknown
outcome or losses of patient follow up due to transfer to other hospitals. A total of 25 patients were included in the study and divided into four groups. The
first group received continuous early closed enteral
feeding (EC) for 24-48 hours after admission to the
ICU, second group received continuous delayed closed
enteral feeding(DC) for 48 hours after admission to
the ICU, third group received continuous early open
enteral feeding (EO) for 24-48 hours after admission
in ICU and fourth group received continuous delayed
open enteral feeding(DO) for 48 hours after admission
in ICU. As categorized by others (19), closed enteral
feeding consisted of industrialized, sterile and liquid
enteral formulas packed in bags ready to be administered. Open enteral feeding was characterized by being produced in a restricted and specific area in which
powder industrialized nutrients are mixed. All subjects
had received enteral nutrition by means of a modern
continuous enteral feeding pump(20) consonant with
the level of accuracy and features required in current
markets (21). Early enteral nutrition was defined as set
out in guidelines (22, 23). Serum TNF-α and hs-CRP
was monitored on admission, 3rd, 5th and 7th day of
ICU stay.

Blood sampling
Blood samples were collected in glass tubes and
serum was extracted by centrifuger at 1,600 g for 15
minutes. Then, samples were frozen at refrigerator -70.
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TNF-α determination
Serum level of TNF-α was measured using a commercial enzyme-linked immunosorbent assay (ELISA)
kit(AviBion Human TNF-α ELISA kit, Orgenium
Laboratories Business Unit, Finland) guided by the
manufacturer’s instructions.

the second was P-valuetreatment for comparing the Open
and Closed groups, the third was P-valueMethod for comparing the Early and Delayed groups and the third
was P-valueGender for controlling gender as confounding
variables. The level of significance was set at 0.05 and
all results were expressed as Mean±SEM (standard error of mean).

High-sensitive C Reactive Protein determination

Results and Discussion

Serum hs-CRP concentration was determined based on immunoenzymometric assay
(Monobind Inc., Accu- Bind ELISA kit, hs-CRP:
3125-300, USA).

According to Table 1, gender had no confounding
effects on TNF-α (p=0.662) and hs-CRP (p=0.795).
For controlling unknown effects between TNF-α and
hs-CRP, multivariate test confirmed that there was
a current statistically significant difference between
treatments (open and closed systems) (P-valueTreatment=<
0.001) in each method (Early and Delayed)
(P-valueMethod< 0.001) in four times of intervention
(P-valueTime< 0.001), and TNF-α and hs-CRP had a
similar statistical significance, separately (PTime< 0.001,
PTreatment< 0.001, P-valueMethod< 0.001). For TNF-α, the
Sidak test showed that there were significant differences between methods (P<0.001) except the first day in
closed treatment. However, there were only significant
differences regarding methods of enteral feeding on
the 7th day in open treatment (P<0.001). For hs-CRP,
the Sidak test showed that there was no significance
difference between both the 1st and 7th days (P<0.001)

Statistical methods
The influential variables were adjusted between
two treatments (Open and Closed) and each method
(Early and Delayed) on the 1st day. Normality was
evaluated by Q-Q test and then Mauchly’s W test was
checked for identity covariance matrix, and finally repeated measure with control covariates test was used
by Minitab Software version 17. We used sidak as
post-hoc. The results include four P-values for comparing multi and uni variates. The first was P-valuetime
for comparing variations in four times of intervention,

Table 1. Mean±SE of TNF-α and hs-CRP between treatments and methods in different times
Treatments
Methods
TNF-α (pg/mL)

hs-CRP (µg/ml)

Multivariate test
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Open

Closed

Early (n=6) Delayed (n=6)

Time Treatments Methods Gender

Early (n=7)

Delayed (n=6)

1st day

67.60±3.41

65.85±2.47

68.24±3.17

68.13±3.55 <0.001

<0.001

3rd day

182.56±7.94

225.43±10.04

170.60±4.68

211.71±5.99				

5th day

160.38±8.89

202.36±12.22

148.44±3.69

179.18±2.05				

7th day

129.96±9.10

184.55±7.63

118.42±4.34

151.25±3.67				

1st day

3.17±0.16

3.12±0.03

3.20±0.10

3.07±0.052 <0.001

3rd day

3.46±0.12

3.77±0.03

3.35±0.08

3.51±0.02				

5th day

3.57±0.10

3.68±0.07

3.33±0.07

3.42±0.04				

7th day

2.84±0.08

3.38±0.04

3.03±0.08

3.29±0.05				

<0.001

<0.001

<0.001

0.795

0.001

<0.001

<0.001

0.595

0.662

29/09/16 11:35

Effects of four different enteral feeding methods on Tumor Necrosis Factor-α (TNF-α)

239

Figure 1. 95% CI of TNF-α (pg/mL)between treatments
(Open and Closed) and methods (Early and Delayed) in deferent times

Figure 2. 95% CI of hs-CRP (µg/ml) between treatments
(Open and Closed) and methods (Early and Delayed) in deferent times.

and also the 3rd and 5th days (P<0.001). However, the
1st and 7th days were significantly different from the 3rd
and 5th days (P<0.001). In this study, a statistically significant increment of TNF-α was observed in all study
groups during the 3rd day of examination but this increment statistically was lower in groups using early
forms of enteral nutrition (EC1th: 68.24±3.17 pg/mL;
EC3rd: 170.60±4.68 pg/mL; EO1th: 67.60±3.41 pg/mL;
EO3rd: 182.56±7.94 pg/mL) compare to delayed forms
(DC1th: 68.13±3.55 pg/mL; DC3rd: 225.43±10.04 pg/
mL; DO1th: 65.85±2.47 pg/mL; DO3rd: 225.43±10.04
pg/mL). During the 5th and 7th days of the study
TNF-α statistically reduced and this decrement was
more efficient in groups with early enteral nutrition
(EC5th: 148.44±3.69 pg/mL; EC7th: 118.42±4.34 pg/
mL; EO5th: 160.38±8.89 pg/mL; EO7th: 129.96±9.10
pg/mL) than groups with delayed forms (DC5th:
179.18±2.05 pg/mL; DC7th: 151.25±3.67 pg/mL;
DO5th: 202.36±12.22 pg/mL; DO7th: 184.55±7.63 pg/
mL). Hs-CRP like TNF-α firstly increased and then
decreased during the study period and the inflammatory factor was controlled efficiently in early forms
of EN. 7th determinations of hs-CRP in comparison
with first ones were significantly lower in early forms
of EN (EC1th:3.20±0.10 µg/ml; EC7th: 3.03±0.08 µg/

ml; EO1th: 3.17±0.16 µg/ml; EO7th: 2.84±0.08 µg/ml)
than delayed forms (DC1th: 3.07±0.052 µg/ml; DC7th:
3.29±0.05 µg/ml; DO1th: 3.12±0.03 µg/ml; DO7th:
3.38±0.04 µg/ml).
The present study seems to be, to the best of our
knowledge, the first study to test effects of enteral nutrition on serum levels of both TNF-α and hs-CRP
among traumatically ill patients in surgical ICU, simultaneously. Statistical analysis of the study data
showed that EC and EO enteral nutrition efficiently
control the inflammatory factors, TNF-α and hs-CRP,
better than delayed closed and delayed open enteral
nutrition. Increased levels of TNF-α and TNFRs have
been reported to be correlated with the severity of injury in the early post-injury period (24). In this study,
peak plasma concentrations of TNF-α and hs-CRP
were detected on the 3rd day after ICU admission;
these results are inconsistent with other studies (2426). The data further suggest that the trauma-induced
elevation in TNF-α and hs-CRP levels decreased in
early enteral nutrition (whether administered by open
or closed systems) more than delayed enteral feeding.
Marik et al. revealed statistically significant reductions in infection caused morbidity with early compared to delayed enteral feeding (27). Artinian et al.
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showed that early enteral feeding was associated with
a significant reduction of ICU and hospital mortality (28). Canadian Clinical Practice Guidelines stated
that early vs. delayed nutrient intake is associated with
a trend towards a reduction in mortality and infectious complications but not ICU or hospital length of
stay in critically ill patients(17). American Society for
Parenteral and Enteral Nutrition (ASPEN)guidelines
also reported that feeding should be initiated within
the 24-48 hours after admission in critically ill patients
(29) but ESPEN guidelines recommended such protocol just for haemodynamically stable ICU patients
(30). However, Khalid et al. showed that early enteral nutrition may be associated with reduced hospital
and ICU mortality in patients with unstable hemodynamic condition (31). Marik PE et al (32) pointed
out that early enteral feeding should be considered the
standard of care, and also as an indicator of the quality of care delivered in ICUs. The study results also
showed early closed enteral feeding had controlled
the hs-CRP and TNF-α better than early open feeding system. Mickschl et al. (33) and Wagner et al.
(34) revealed greater incidence of contamination for
the open system formulas than the closed system. So,
contamination may have a key explanatory role in the
above-mentioned study result. On the other hand a
randomized control trial on levels of hs-CRP in ICU
suggested that the microbial content of formula have
critical effects on the inflammatory markers (15).

Conclusion
The study results showed that early closed enteral
nutrition can more efficiently reduce both TNF-α and
hs-CRP in traumatic ICU patients than other feeding
methods. Thus, it may be concluded that early closed
enteral feeding is more effective than delayed enteral
nutrition. Early initiation of enteral nutrition should be
considered whether using liquid or powder formulas.
Acknowledgments
We thank ICU staff at Emam Reza Hospital for facilitating recruitment and taking blood.

08-Jazayeri - Effects.indd 240

References
1. Yip KF, Rai V, Wong KK. Evaluation of delivery of enteral nutrition in mechanically ventilated Malaysian ICU patients. BMC
anesthesiology. 2014;14:127.
2. Nilesh MR, Vilas PA, Ambadas JS, Nilesh M. formulation development of enteral nutrition products.
3. Seron-Arbeloa C, Zamora-Elson M, Labarta-Monzon L, Mallor-Bonet T. Enteral nutrition in critical care. Journal of clinical
medicine research. 2013;5(1):1.
4. de Luis DA, Culebras JM, Aller R, Eiros-Bouza JM. Surgical
infection and malnutrition. Nutr Hosp. 2014;30(3):509-13.
5. Svoboda P, Kantorová I, Ochmann J. Dynamics of interleukin 1,
2 6 and tumor necrosis factor alpha in multiple trauma patients.
Journal of Trauma and Acute Care Surgery. 1994;36(3):336-40.
6. Bradley J. TNF‐mediated inflammatory disease. The Journal of
pathology. 2008;214(2):149-60.
7. Majetschak M, Flohé S, Obertacke U, Schröder J, Staubach K,
Nast-Kolb D, et al. Relation of a TNF gene polymorphism to severe sepsis in trauma patients. Annals of surgery. 1999;230(2):207.
8. 
Surbatovic M, Veljovic M, Jevdjic J, Popovic N, Djordjevic
D, Radakovic S. Immunoinflammatory response in critically
ill patients: severe sepsis and/or trauma. Mediators Inflamm.
2013;2013:362793.
9. Spielmann S, Kerner T, Ahlers O, Keh D, Gerlach M, Gerlach H. Early detection of increased tumour necrosis factor alpha
(TNFalpha) and soluble TNF receptor protein plasma levels
after trauma reveals associations with the clinical course. Acta
Anaesthesiol Scand. 2001;45(3):364-70.
10. Ridker PM. High-sensitivity C-reactive protein and cardiovascular risk: rationale for screening and primary prevention. The
American journal of cardiology. 2003;92(4b):17k-22k.
11. Balciunas M, Bagdonaite L, Samalavicius R, Griskevicius L,
Vuylsteke A. Pre-operative high sensitive C-reactive protein
predicts cardiovascular events after coronary artery bypass grafting surgery: a prospective observational study. Annals of cardiac
anaesthesia. 2009;12(2):127-32.
12. Nakamura T, Funayama H, Kubo N, Yasu T, Kawakami M, Momomura S, et al. Elevation of plasma placental growth factor in
the patients with ischemic cardiomyopathy. International journal
of cardiology. 2009;131(2):186-91.
13. Honarmand H, Abdollahi M, Ahmadi A, Javadi MR, Khoshayand MR, Tabeefar H, et al. Randomized trial of the effect of
intravenous paracetamol on inflammatory biomarkers and outcome in febrile critically ill adults. Daru : journal of Faculty of
Pharmacy, Tehran University of Medical Sciences. 2012;20(1):12.
14. Nematy M, Mohajeri, S. A. R., Moghadam, S. A., Safarian,
M., Norouzy, A., Parizadeh, S. M. R., Azarpazhooh, M. R.,
Siadat, Z., Gharbi, N.S., Mobarhan, M.G.,. Nutritional status
in intensive care unit patients: a prospective clinical cohort pilot study. Mediterranean Journal of Nutrition and Metabolism.
2012;5(2):163-8.
15. Sanaie S, Ebrahimi-Mameghani M, Mahmoodpoor A, Shadvar K, Golzari SE. Effect of a Probiotic Preparation (VSL#3) on
CardiovascularRisk Parameters in Critically-Ill Patients. Journal
of cardiovascular and thoracic research. 2013;5(2):67-70.

29/09/16 11:35

Effects of four different enteral feeding methods on Tumor Necrosis Factor-α (TNF-α)

16. Kreymann KG, Berger MM, Deutz NE, Hiesmayr M, Jolliet
P, Kazandjiev G, et al. ESPEN Guidelines on Enteral Nutrition: Intensive care. Clinical nutrition (Edinburgh, Scotland).
2006;25(2):210-23.
17. Dhaliwal R, Cahill N, Lemieux M, Heyland DK. The Canadian
Critical Care Nutrition Guidelines in 2013 An Update on Current Recommendations and Implementation Strategies. Nutrition in Clinical Practice. 2014;29(1):29-43.
18. Xiao-Yu Zhou S-QB, Hong-Lin Chen, Song-Shi Ni. Comparing the APACHE II and the CPIS scores in predicting 30-day
3 mortality in patients with ventilator-associated pneumonia. Int
J Infect Dis. 2014.
19. Silva SM, Assis MC, Silveira CR, Beghetto MG, Mello ED.
Open versus closed enteral nutrition systems for critically ill
adults: is there a difference? Revista da Associacao Medica Brasileira (1992). 2012;58(2):229-33.
20. Joey Enteral Feed and Flush Pump with Pole Clamp, Progammable [product brochure]. Mansfield, MA: Covidien llc; 2012.
21. White H, King L. Enteral feeding pumps: efficacy, safety, and patient acceptability. Medical devices (Auckland, NZ). 2014;7:2918.
22. McClave SA, Martindale RG, Vanek VW, McCarthy M, Roberts P, Taylor B, et al. Guidelines for the Provision and Assessment of Nutrition Support Therapy in the Adult Critically Ill
Patient: Society of Critical Care Medicine (SCCM) and American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.).
JPEN J Parenter Enteral Nutr. 2009;33(3):277-316.
23. Dhaliwal R, Cahill N, Lemieux M, Heyland DK. The Canadian
critical care nutrition guidelines in 2013: an update on current
recommendations and implementation strategies. Nutrition in
clinical practice : official publication of the American Society for
Parenteral and Enteral Nutrition. 2014;29(1):29-43.
24. Liu C, Tang J. Expression levels of tumor necrosis factor-alpha
and the corresponding receptors are correlated with trauma severity. Oncology letters. 2014;8(6):2747-51.
Yousef AA, Suliman GA. The predictive prognostic values
25. 
of serum TNF-alpha in comparison to SOFA score monitoring in critically ill patients. BioMed research international.
2013:258029.

08-Jazayeri - Effects.indd 241

241

26. 
Yousef AA, Suliman GA. The predictive prognostic values
of serum TNF-alpha in comparison to SOFA score monitoring in critically ill patients. BioMed research international.
2013;2013:258029.
27. 
Marik PE, Zaloga GP. Early enteral nutrition in acutely ill patients: a systematic review. Critical care medicine.
2001;29(12):2264-70.
28. Artinian V, Krayem H, DiGiovine B. Effects of early enteral
feeding on the outcome of critically ill mechanically ventilated
medical patients. CHEST Journal. 2006;129(4):960-7.
29. McClave SA, Martindale RG, Vanek VW, McCarthy M, Roberts P, Taylor B, et al. Guidelines for the provision and assessment
of nutrition support therapy in the adult critically ill patient: Society of Critical Care Medicine (SCCM) and American Society
for Parenteral and Enteral Nutrition (ASPEN). Journal of Parenteral and Enteral Nutrition. 2009;33(3):277-316.
30. Kreymann K, Berger M, Deutz Ne, Hiesmayr M, Jolliet P, Kazandjiev G, et al. ESPEN guidelines on enteral nutrition: intensive care. Clinical nutrition. 2006;25(2):210-23.
31. 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.
2010;19(3):261-8.
32. Marik PE. Enteral nutrition in the critically ill: myths and misconceptions. Crit Care Med. 2014;42(4):962-9.
33. Mickschl DB, Davidson LJ, Flournoy DJ, Parker DE. Contamination of enteral feedings and diarrhea in patients in intensive
care units. Heart Lung. 1990;19(4):362-70.
34. Wagner DR, Elmore MF, Knoll DM. Evaluation of “closed” vs
“open” systems for the delivery of peptide-based enteral diets.
JPEN J Parenter Enteral Nutr. 1994;18(5):453-7.

Correspondence:
Prof Dr. Alireza Ostadrahimi,
Nutrition Research Center, Faculty of Nutrition,
Tabriz University of Medical Sciences, Tabriz. Iran.
E-mail: ostadrahimi@tbzmed.ac.ir

29/09/16 11:35

