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Summary. Background: The present study was designed to define the proportions of effective factors associ-
ated with feeding among intensive care unit (ICU) patients in predicting the Simplified Acute Physiology 
Score II (SAPS II) and Sequential Organ Failure Assessment (SOFA). Material and Methods: In a double 
blinded, randomized clinical trial, 32 critically ill patients were randomly assigned to one of four groups: ear-
ly-opened, delayed-open, early-closed, and delayed-closed enteral nutrition (EN). SAPS II and SOFA were 
calculated on day 1, 3, 5 and 7 and the contribution rates of different variables were determined. Results: The 
proportion of time of the provision of EN (Early vs. Delayed) and system for the delivery (Open vs. Closed) 
in determining SAPS II was 48% and 3% respectively. The proportion of time of the provision of enteral 
feeding in defining SOFA was 14%. Age and gender had no impact on determining SOFA. Proportion of 
system for the delivery of EN and time in defining SOFA was 47% and 24%, respectively. Conclusion: Time 
of the provision of EN is the most effective factor in determining SAPS II and SOFA in critically ill patients 
admitted in ICU, rather than the system of delivery. Clinical Relevancy Statement: Intensive care units (ICU) 
scales play important roles in decision making and are consisted of well-known factors. We found that other 
factors like early administration of enteral nutrition (EN) and type of formula are also crucial in predicting the 
score of these scales. This finding is clinically relevant for guiding health care staff to make the best decision 
for choosing an efficient time and system for delivery of EN.
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O r i g i n a l  a r t i c l e

Introduction 

Life expectancy has increased in the past half cen-
tury due to significant advances in healthcare preven-
tion, diagnosis and treatment approaches (1). Informa-
tion derivable from validated intensive care units (ICU) 
scales, which measure the severity of illness in the ICUs 
has increased. (2) These scales play an increasingly im-
portant role in decision making and could facilitate evi-
dence-based rationing of limited healthcare resources in 
the future (1). Commonly used ICU prognostic scoring 

models include the Simplified Acute Physiology Score 
II (SAPS II) and Acute Physiology and Chronic Health 
Evaluation II (APACHE II) (3). These scoring systems 
are rather complex, with a number of factors incorporated 
in the calculations, including physiological parameters (1, 
4). The SAPS II and APACHE II prognostic models are 
the most commonly used scoring systems for critically 
ill patients admitted to the ICU (5) and measure sever-
ity of illness by a numeric score based on physiological 
variables selected because of their impact on mortality: 
the sicker the patient, the more deranged the values and 
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the higher the score (2). In addition, SAPS II is designed 
for predicting outcome in ICU patients. It was developed 
in the 80s and a revised version was introduced in 1993 
(6). The SAPS II system predicts mortality and morbidity 
well, but also seems more suitable for ICU patients (4). 
The Sequential Organ Failure Assessment (SOFA) score 
makes possible the prediction of organ dysfunction over 
six organ systems (7), in addition to recognizing the se-
verity of their dysfunctions: respiratory, coagulation, liver, 
cardiovascular, renal, and neurological systems. Since its 
introduction, the SOFA score has also been used for pre-
dicting mortality, although it was not developed for this 
purpose. The SOFA score could be useful in providing 
therapeutic decision making and guiding resource alloca-
tion (7-9). Nutrition support is therefore considered to be 
an essential component in the management of critically 
ill patients. According to American and European clini-
cal practice guidelines, the enteral route is preferred for 
delivering early nutrition support (10, 11). Time of the 
provision of EN and system for its delivery are two im-
portant factors affecting outcomes in critically ill patients. 
We have just reported about the preferability of standard 
enteral feeding over hospital-prepared blended formula 
(12). In addition, it has been found that early enteral nu-
trition (EN) has an important effect on Tumor Necrosis 
Factor-α (TNF-α) and high sensitive C-Reactive Protein 
(hs-CRP) levels (13) among patients admitted to ICU. 
However, it remains a debatable issue which factor has 
the biggest effect on those scores. The present study was 
therefore conducted to determine the parameters that can 
influence dynamic changes of SAPS II and SOFA scores 
in critically ill patients. 

Material and Methods

This double blinded, randomized clinical trial was 
conducted in the surgical ICU of the Emam Reza Hos-
pital, Tabriz University of Medical Science (TUMS), Ta-
briz, Iran. Over 8 months, all patients admitted to the 
ICU were screened for study eligibility. Inclusion criteria 
were as follows: age of 18 – 65 years, a predicted stay in 
the ICU of more than 72 hours, APACHE II score (14) 
on admission of over 20, amenability to enteral feeding, 
no obstruction in the gastrointestinal (GI) tract, no GI 
bleeding, normal kidney function, and EN tolerance. Pa-

tients were excluded if they did not fulfill the follow-up 
period, received anti-inflammatory drugs or corticoste-
roids before admission, had GI bleeding or enteral feeding 
intolerance during the study period, were hemodynami-
cally unstable, immunosuppressed, had chronic organ 
failure, previous organ transplantation, were pregnant, 
received massive blood transfusion, their post-cardiopul-
monary resuscitation status was unknown, or follow-up 
was lost owing to hospital transfer. A total of 32 patients 
were included in the study and randomly assigned to one 
of four treatment groups as follows: (a) continuous early 
closed enteral feeding within 24-48 hours of admission 
to the ICU; (b) continuous delayed closed enteral feeding 
started after 48 hours admission to the ICU; (c) continu-
ous early open enteral feeding within 24-48 hours of ad-
mission to the ICU; and (d) continuous delayed open en-
teral feeding started after 48 hours admission to the ICU. 
Computer-generated random numbers were utilized for 
randomization. Enteral products had identical opaque 
packaging with no differences in appearance, texture, 
or smell. Investigators and health care providers were 
blinded to treatment allocation. As categorized by oth-
ers (15), closed enteral feeding consisted of industrialized, 
sterile and liquid enteral formulas packed in bags ready 
to be administered. Open enteral feeding was character-
ized by being produced in a restricted and specific area 
in which industrialized powder nutrients are mixed. All 
subjects had received EN by means of a modern continu-
ous enteral feeding pump (16) consonant with the level 
of accuracy and features required in current markets (17). 
Early EN was defined as set out in guidelines (18, 19). 
Study patients were respectively followed-up until they 
had completed a follow-up of 7 days. 

Measurements
For all patients, SAPS II scores were calculated as 

defined in the original literatures, as was the risk of death 
according to the published logistic equations (20), as well 
as SOFA. SAPS II and SOFA were evaluated on 1st, 3rd, 
5th and 7th day of ICU admission. The SAPS II includes 
12 physiology variables, age, type of admission and three 
underlying disease variables (6). The SOFA score is the 
sum of the scores of six variables, each representing an or-
gan system: respiratory, cardiovascular, hepatic, coagula-
tion, renal and neurological; graded from 0 to 4 according 
to the degree of organ dysfunction or failure (21). 
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Ethical issues
The research followed the tenets of the Declara-

tion of Helsinki; written informed consent was obtained 
from patients or their kin. The study protocol was ap-
proved by the Tabriz University of Medical Sciences 
ethics committee (Code: 92205).

Statistical methods
The influential variables were adjusted between 

systems for the delivery of formula (Open and Closed) 
and time of the provision of EN (Early and Delayed) on 
the 1st day. Normality of variables was tested using Q-Q 
plot; then Mauchly’s W test was checked to identify a 
covariance matrix of data, and finally repeated measures 
ANCOVA was performed using Minitab Software ver-
sion 17. Holm-Sidak was used for post-hoc compari-
sons. We used the following ANCOVA formula:

VDV were used for SAPS II and SOFA, sepa-
rately. The results include P-values for comparing multi 
and univariates. The first P-value (P-valuetime) is for 
comparing variations in four times of intervention, the 
second P-value (P-valueformula) is for comparing the Open 
and Closed groups, the third P-value – (P-valueMethod) is 
for comparing the Early and Delayed groups, and the 
fourth P-value (P-valueMethod*Formula ) is for comparing in-
teractions of Open and Closed groups with Early and 
Delayed groups. P-valueGender and P-valueage were used for 
controlling gender and age as confounding variables, re-
spectively. The level of significance was set at 0.05 and 
all results were expressed as Mean±SEM (standard error 
of mean).

Results 

Of the 32 patients, 24 participants completed the 
study period. The reasons of withdrawal were as fol-
lows: additional surgery, readmission, acidosis, dialysis, 
additional blood transfusion, abnormal results, and in-
complete blood sample (Figure 1). There were no sig-
nificant differences between the groups regarding their 
gender and age (Table 1). As presented in Table 2, mean 
SAPS II scores had no significant difference between the 
Open and Closed formula (P=0.131). The mean SAPS 
II score was lower in the Early group compared to the 
Delayed group. Figure 2 shows that the effective propor-
tion of time of the provision of EN (Early vs. Delayed) 
on SAPS II was 48%. Age and gender did not have any 

Figure 1. The flow chart of patients’ enrollment and disposition

Table 1. Demographic characters of patients

Open formula Closed formula
PV

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

Gender
Male 3(%50) 4(%66.67) 3(%50) 2(%33.33)

0.303
Female 3(%50) 2(%33.33) 3(%50) 4(%66.67)

Age 38.8±2.82 34.8±2.82 33.1±2.75 36.9±2.73 0.462

Disease
Trauma 6 (%100) 5 (%83.33) 5 (%83.33) 5 (%83.33)

--
Multiple Trauma 0 1 (%16.66) 1 (%16.66) 1 (%16.66)

Place of 
feeding

From Nose 6 (%100) 5 (%83.33) 6 (%100) 5 (%83.33)
--

From Gut 0 1 (%16.66) 0 1 (%16.66)

P-Value reported by Cochran’s and Mantek-Haenszel test
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confounding effect. The proportion of system for the de-
livery of formula (Open vs. Closed) and time on SAPS 
II were 3% and 27%, respectively. The effects of time of 
the provision of EN (Early vs. Delayed) (Pv=0.000) and 
time (Pv=0.000) were significant on levels of SAPS II. 
Levels of SAPS II were statistically higher in Delayed 
enteral feeding than in those who received Earlier feed-
ing (Pv=0.000). The Holm-Sidak test showed that levels 
of SAPS II were lower on the 1st day (Pv=0.008), 3rd day 
(Pv=0.005), 5th day (Pv=0.000), and 7th day (Pv=0.000) in 
those who received Earlier EN compared to the Delayed 
group. Figure 3 presents the modification in SAPS II lev-
els based on the four groups. 

SOFA was greater in the Open formula group 
in comparison to those who received Closed formula 

(PV=0.000), and its score was lower in the Early enteral 
group compared to the Delayed (PV=0.000) groups 
(Table 2). There was a significant interaction between 
the Closed vs. Open formula as well as the Early vs. 
Delayed groups. The proportion of time of the provi-
sion of EN (Early vs. Delayed) in predicting SOFA was 
14%. Age and gender did not have any confounding 
effects regarding SOFA. The proportion of the system 
for the delivery of formula (Open vs. Closed) and time 
was 47% and 24%, respectively. The effects of the system 
for the delivery, time of the provision of EN (Early vs. 
Delayed), and time on SOFA were statistically signifi-

Table 2. Modifications in SAPS II and SOFA

Formula   Open  Closed Open VS. 
Closed 

Formula

Early VS. 
Delayed

Interaction Time Gender

Feeding Time Early Delayed Early Delayed

Variable Date
–
X ± SE

–
X ± SE

–
X ± SE

–
X ± SE

SAPS II

1 45±1.44 41.17±0.31 42.5±0.76 41.33±0.33

0.131 0.000 0.032 0.000 0.168

3 46±0.97 48.67±0.21 47±0.86 48.5±0.22

5 44.59±0.2 47.67±0.84 42±0 47.33±0.33

7 41.17±0.79 44.76±0.17 40.33±0.42 44.67±0.49

Pv 0.020 0.000 0.000 0.000

SOFA

1 4.95±0.12 4.82±0.16 5.32±0.06 4.96±0.13

0.000 0.000 0.011 0.000 0.440

3 5.22±0.13 5.4±0.13 5.4±0.05 5.39±0.1

5 6.19±0.16 7.03±0.1 5.49±0.07 5.77±0.09

7 6.12±0.08 6.75±0.05 4.9±0.1 5.45±0.12

Pv 0.000 0.000 0.000 0.000

Lawley-Hotelling Test 0.000 0.000 0.007 0.000 0.313

Figure 2. Proportion of effective factors on SAPS II

Figure 3. 95% Confidence Interval based on type of formula 
(Open VS. Closed) and method of feeding (Early VS. Delayed) 
in different dates 
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cant. The mean of SOFA was statistically higher in the 
Open group compared to those in the Closed formula 
(Pv=0.000). In addition, SOFA was statistically higher 
in the Delayed group compared to the Early formula 
(Pv=0.000). SOFA score increased from the 1st day 
until the 5th day, then decreased (Pv=0.000). Figure 5 
presents the modification in SOFA levels based on the 
four groups. Based on the Holm-Sidak test results, lev-
els of SOFA had a significant interaction on the 5th day 
(Pv=0.021). The Lawley-Hotelling test has confirmed 
for the findings related to SAPS II and SOFA (Table 
2). The proportion of the system for the delivery of for-
mula, time of the provision of EN, and time in predict-
ing both SAPS II and SOFA scores were 33%, 27%, 
and 25%, respectively. Age and gender did not have any 
confounding effects (Figure 6).

Discussion

To the best of our knowledge, the present study is 
the first study in which the effective proportion of dif-
ferent factors was monitored in predicting SAPS II and 
SOFA among ICU patients. Our findings showed that 
SAPS II was significantly lower in those who received 
Early EN compared to the Delayed group. Time of the 
provision of EN (Early vs. Delayed) and time were the 
most effective factors affecting the levels of both SAPS 
II and SOFA. Although the proportion of the system for 
the delivery of formula was an important factor in defin-
ing the SOFA score, it was not a major factor for SAPS 
II. The SAPS II score provides a reliable prediction of 
mortality without having to specify a primary diagnosis. 
The variables in the SAPS II score are readily available 
and the calculation of the score is rapid (22). SAPS II had 
the highest accuracy in relation to severe purulent bacte-
rial meningitis (23)and subjects with hematological ma-
lignancies (24). EN is possible in the majority of patients 
with severe hemodynamic failure, but usually results in 
hypocaloric feeding. EN should be considered in patients 
with careful abdominal and energy monitoring (25).

Here, it was found that early and closed EN could 
play more important roles in predicting the score of 
scales related to ICU patients’ prognosis. This finding 
can help health care staff to make the best decision for 
choosing an efficient time and system for delivery of 
EN. Early EN has been related to less mortality, gut 
dysfunction, ventilator-associated pneumonia, and the 
duration of mechanical ventilation and ICU stay. Early 
EN is recommended to be initiated in major trauma 

Figure 5. Confidence Interval SOFA based on type of formula 
(Open VS. Closed) and method of feeding (Early VS. Delayed) 
in different dates 

Figure 4. Proportion of effective factors on SOFA

Figure 6. Effective factors on SAPS II and SOFA
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patients, patients with major burns, and ICU patients. 
Here, we found that the SOFA score was significantly 
lower in patients receiving early EN. Kompan et al., 
have shown that starting early EN during the first 24 
hours of hospitalization in ventilated multiply injured 
patients decreased upper digestive intolerance com-
pared to delayed EN. The odds ratio of pneumonia was 
7.2 in the delayed EN group vs. the other group. Simi-
larly, the multiple organ dysfunction (MOD) score in 
multiply injured patients was lower in those who start-
ed EN early (26). A recent Retrospective Review (27) 
in mechanically ventilated patients with septic shock 
found an improvement in the length of intensive care 
unit stay (LOS) and the duration of mechanical ven-
tilation (DOMV) in those receiving <600 kcal/d EN 
within 48 hours compared to those receiving no EN or 
≥600 kcal/d within 48 hours. A meta-analysis (28) on 
3 RCTs evaluating the benefits of early EN in trauma 
ICU patients showed that the rate of mortality was 
significantly lower; however the quality of the studies 
was inadequate. Based on the review by Yang et al., (29) 
there are some controversies with respect to the effect of 
early EN on gastrointestinal blood flow and perfusion 
in critically ill patients with hemodynamic instability. 
The effectiveness of early EN following thoracic sur-
gery is also doubtful. It seems that the patient’s condi-
tion is an important factor in predicting the outcomes. 
Our patients undergoing closed EN exhibited lower 
SOFA scores. Closed EN feeding systems provide some 
benefits over Open EN. As a result of preparing these 
formulas in a sterile environment, the risk of microbial 
contamination and consequent infection is lower. It is 
also time-saving in comparison to Open EN (30). There 
are also some disadvantages including costs (31), and 
change in medication administration route (32). Using 
Closed EN in patients vulnerable to infection is highly 
recommended. Despite the advantages of the closed TF, 
because of the greater proportion of the early EN ap-
proach in predicting scores related to physiological and 
organ dysfunction assessment, the use of this method 
is recommended. Economic analysis of supplying early 
EN to critically ill patients reported by Doig et al., (28) 
demonstrated that using this method can lower costs. 
This can be regarded as another proof of the efficiency 
of early EN. 

Conclusion 

The effective proportion of early administration 
of EN is much more important than the type of for-
mula (Open vs. Closed). Therefore, early EN must be 
considered a priority for ICU patients.

Limitations 

Limitations of the present study include the re-
stricted sample size.
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