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Abstract:  Background Malnutrition is an independent factor of morbidity and mortality in patients at intensive care unit. 
The prognostic inflammatory and nutritional index (PINI) is frequently used as a marker of malnutrition but this scoring 
system was not studied in surgical intensive care units. The purposes of this study were to assist nutritional status with 
biomarkers and to search for a correlation between biological markers and prognosis, using the PINI. Methods A 
prospective, observational study was performed in the intensive care unit, started in July 2013. Twenty surgical patients, 
spent at least seven days at the intensive care unit were enrolled. An early nutritional care was given (first 24 hours). The 
patients were evaluated each week clinically and biologically (Albumin, Prealbumin, Orosomucoid, C-reactive protein) in 
order to establish the prognostic inflammatory and nutritional index (PINI = C-reactive protein x Orosomucoid / Albumin x 
Prealbumin). The correlation between variables was calculated, the Spearman rank-order correlation was used. Results The 
average age was 56+/-11 years, IGS II score was 48+/-17, APACHE II score was 25+/-12 and MODS ratio was 6+/-4. The 
mean duration of stay was 40+/-25 days, the mortality rate was 35%. The average calorie intake was 2300+/- 600 kcal. 
There was a weight gain and an increase of the Body Mass Index either in surviving and dead patients. There was an initial 
increase of the C-reactive protein and the orosomucoid rate during the acute phase of aggression followed by a progressive 
decrease. The nutritional proteins (albumin, prealbumin, retinol binding protein) were always low, despite a progressive 
increase. The PINI was initially high and decreased progressively but remained high (> 20).The Albumin and Prealbumin 
rate were correlated with the MODS ratio. There was a correlation between the orosomucoid rate and the organ failure. The 
PINI was correlated to the MODS ratio and to the IGS II but not with mortality. Conclusions The malnutrition in surgical 
patients at intensive care unit has an early onset and is always severe. Biological markers and PINI are correlated with 
organ failure but not with mortality. 
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1. Background 
Recent nutrition surveys in hospitals continue to suggest 

that upwards of 40-50% of patients, particularly those in 
the intensive care unit (ICU), have a moderate to severe 
degree of malnutrition and it has been shown that this 
degree of malnutrition has a significant negative impact on 

clinical outcomes [1]. 
Malnutrition in critical illness results in loss of body cell 

mass, alterations in mineral homeostasis, and derangements 
in organ system function. Typical manifestations of these 
derangements in critically ill patients include impaired 
immune function, prolonged dependence on mechanical 
ventilation, and increased rates of infection. These effects 
often are difficult to differentiate from the concurrent 
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illness and injury, but attempts must be made by 
practitioners to identify and correct nutritional disorders 
because they render patients vulnerable to infectious 
complications, increased health care costs, and lead to 
increased patient morbidity and mortality [2, 3]. 

Anthropometric data (skinfold thickness and arm muscle 
circumference), as well as clinical parameters  , while 
useful in ambulatory patients, are significantly less accurate 
measures of malnutrition in the critically ill patient, 
particularly in those who have fluid overload or renal 
dysfunction [1]. So, other Indices have been proposed to 
provide a reliable nutritional assessment of critically ill 
patients in intensive care units.  

The prognostic inflammatory and nutritional index (PINI) 
was proposed by Carpentier and Ingembleek in1985, it 
combines inflammatory proteins (C-reactive protein and 
orosomucoid) and nutrition proteins (albumin and 
transthyretin or prealbumin), to give more value for these 
biomarkers.  Despite a significant interest, this index has 
never been used for the evaluation of patients in surgical 
intensive care. 

The main aims of our study were: first to evaluate the 
nutritional status of surgical ICU patients by biological 
markers, and second, to look for a correlation between 
biological markers and prognosis using the PINI. 

2. Methods 
Over three months (1st July 2013 -30th September 2013) 

a prospective, observational study was performed in an 18-
bed medical surgical intensive care unit at Tunis military 
hospital. The approval of the ethics committee was not 
necessary given the strictly observational nature of the 
study. Inclusion criteria were: Patients admitted to surgical 
ICU and aged over 18 years, nutritional assessment done 
within 48 hours of admission, Length of stay in ICU more 
than one week. Were not included in this study: patients 
with chronic inflammatory disease or renal failure and 
requiring hemodialysis, patients aged less than 18 years. 
Patients who died in the first week were excluded from the 
study 

Data collected from the medical charts of the patients 
and from the treating physicians included gender, age, 
Body Mass Index  at admission(kg / m²), Acute Physiology 
and Chronic Health Evaluation II (APACHE II) score, 
simplified acute physiology II (SAPS II) score, index of 
gravity scale II (IGS II), reasons for hospitalization, 
complications and length of stay in ICU. Nutritional status 
on admission was assessed as: malnourished if 2 of the 3 
below criteria were present: weight loss <10% within the 
last 6 month, BMI < 19, wasting disease; they were 
considered « normal » with BMI = 20-30, and obese if 
BMI >30. Patients were weighted weekly during the stay. 

Organ failure was quantified by the Multiple Organ 
Dysfunction Score (MODS) on admission, and on weekly 
basis. 

Laboratory investigation included the following 

parameters; C-reactive protein (CRP), orosomucoid, 
albumin, prealbumin, retinol binding protein (RBP) and 
transferrin allowing calculation of the prognostic 
inflammatory and nutritional index (PINI). Such laboratory 
investigations were evaluated weekly until patients 
discharge from the ICU.The prognostic inflammatory and 
nutritional index was calculated using the following 
formula: PINI = CRP x Orosomucoid / Albumin x 
Prealbumin. 

All patients, were  initiated on enteral or parenteral (EN 
or PN) feeding, as early as possible after admission. The 
daily calorie and protein prescriptions were calculated from 
standard recommendations (calories 30 kcal/kg/d, proteins 
1.2 g/kg/d) after making appropriate adjustments for the 
severity of critical illness and comorbid conditions [4,5]. A 
meticulous record of the prescription and delivery of the 
volume, calories, and protein content of enteral (and/or 
parenteral) nutritional  supplements  was maintained. 

The routes of enteral tube feeding were noted. Methods 
for checking the position of the tube include air insufflation 
and auscultation of the epigastrium, and Chest X-ray. 

Enteral nutrition was given on continuous pump feeding, 
which means feeding over a 20 hour period. 

To reduce risk of aspiration, the head of the bed was 
elevated  around 30 degrees. 

Feeding tubes were flushed with 30 ml of water before 
and after administering each drug. 

Patients were monitored for tolerance of EN, determined 
by patient complaints of pain and/ or distention, physical 
exam, passage of flatus and stool and Gastric residual 
volumes. A residual volume of 300 ml was served as a 
trigger for withholding EN if associated with other 
abnormalities (nausea and vomiting, distention...). 

Statistical analysis was performed using SPSS 20.0 
statistical software. Continuous variables are expressed as 
mean ± standard deviation, while categorical variables are 
expressed with absolute and relative frequencies. The 
normality assumption of continuous variables was evaluated 
using the Kolmogorov Smirnov criterion. The correlation 
between variables was calculated, the Spearman rank-order 
correlation was used. Risk factors for mortality were tested 
first by univariate analysis. Those with a significance level of 
p ≤ 0.1 were included in a logistic regression with Wald 
method analysis as independent variables. All reported P 
values are two-tailed. Statistical significance was set at P < 
0.05. 

3. Results 
During the study period, 85 patients were admitted to the 

ICU, of whom 20, who fulfilled all the inclusion criteria, 
composed the study population. The demographic profile 
and baseline characteristics of the study population are 
depicted in Table 1. 

Nineteen (95%) patients received enteral nutrition, either 
alone (n =15) or in combination with parenteral nutrition (n 
=4).Only one patient have received parenteral nutrition 
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alone because of the inability to use the gastrointestinal 
tract.Parenteral nutrition was associated with enteral 
nutrition to reach the caloric intake target. The average 
calorie intake was 2300 ± 600 kcal/d. 

On admission 1 patient had a BMI <20, 18 were normal, 
and 1 had a BMI >27. Repeated weekly weight 
determinations were available in all patients. During the 
two first weeks, 18 patients gained weight, 2 were stable 
(BMI varied similarly).  

Complications associated with artificial feeding were: 
sinusitis and related upper respiratory infections, which are 
reported in 20% of patients fed through nasoenteric tubes, 
aspiration of gastric contents and the subsequent 
development of pneumonia, reported in 15 % of patients  
and diarrhea, occurred in 25% of patients.

Figures 1 shows kinetics of Biochemical Assessment of 
patients during ICU stay. In summary, there is an initial 
increase in the rate of CRP and orosomucoid, followed by a 
progressive decrease. Among the biochemical variables 
indicating the state of visceral proteins, there i
increase in the rate of prealbumin, albumin, RBP and 
transferrin. 

Table 1. Demographic Characteristics of Patients

Age (mean ±SD, years) 
Sex ratio (M / F) 
Body weight at admission (mean ± SD, kg) 
Body Mass Index  at admission (mean ± SD ,kg / 
m²) 
SAPS II at admission( mean ± SD) 
APACHE II at admission(mean ± SD) 
MODS on admission(mean ± SD) 
IGS  II  at admission( mean ± SD) 
Main reason for ICU admission, (n, %) 
Trauma 
surgical pathologies  
severe burns  
Mechanical ventilation (n, %) 
Vasoactive drug therapy (n, %) 
Routes of enteral tube feeding 
Nasogastric tube feeding  
Gastrostomy 
jejunostomy 
Length of stay in ICU (mean ± SD, days)) 
Caloric intake (mean ± SD ,kcal / d) 
Mortality (n, %) 

SAPS II: Simplified Severity Index II, APACHE II
Chronic Health Evaluation II, MODS: Multiple Organ Dysfunction Score, 
IGS II: index of gravity scaleII, ICU: intensive care unit.
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Figure 1. Kinetics of biochemical variables.

The PINI was initially high and decreased progressively 
but remained high (> 20) (Figure 2).

Figure 2. Evolution of PINI during hospitalization.

A positive correlation was found between IGS II, MODS 
and PINI (Figure 3) 
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Figure 3

A negative correlation was found between MODS and nutritional proteins (albumin and Prealbumin) (figure

Figure 4

Aiming to examine which parameters could predict 
mortality, we performed an univariate and a multivariate 

Table 2.

Risk factors 

Age (mean ±SD, years) 
BMI (mean ± SD ,kg / m²) 
SAPS II at admission( mean ± SD) 
APACHE II at admission(mean ± SD) 
MODS on admission(mean ± SD) 
IGS II at admission( mean ± SD) 
Length of stay in ICU (mean ± SD, days) 
PINI 
Albumin (mean,g/l) 
Prealbumin (mean,mg/l) 
RBP (mean,mg/l) 
CRP (mean,mg/l) 
Orosomucoid (mean,g/l) 

BMI: Body Mass Index  at admission, SAPS II : 
MODS : Multiple Organ Dysfunction Score, IGS II :
protein, CRP : C-reactive protein. 
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Figure 3. Correlation between IGS II, MODS and PINI. 

A negative correlation was found between MODS and nutritional proteins (albumin and Prealbumin) (figure

Figure 4. Correlation between albumin, prealbumin and MODS. 

Aiming to examine which parameters could predict 
mortality, we performed an univariate and a multivariate 

analysis including all collected data considered as 
risk factors. Only age was found to be significant (Table 2).

. Risk factors of mortality: Univariate and multivariate analysis. 

Died (n = 7) Survived (n =13) P,univariate analysis

63 ± 8 53 ± 10 0.027 
30±5 28±4 0.617 
50±17 47±12 0.774 
28±12 24±12 0.534 
7±4 6±3 0.206 
48±17 46±15 0.645 
46 ±25 42 ±20 0.530 
63.42 144.42 0.101 
23.25 27.81 0.974 
0.12 0.16 0.625 
0.022 0.030 0.288 
98.13 125.48 0.317 
2.12 1.72 0.741 

 simplified acute physiology score II, APACHE II : Acute Physiology and Chronic Health Evaluation II, 
IGS II : index of gravity scale II, PINI : prognostic inflammatory and nutritional index,
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4. Discussion 

This study examined the nutrition support of 20 very ill 
ICU patients with extensive ICU and hospital stays. In 
practice nineteen (95%) patients received enteral nutrition, 
either alone (n =15) or in combination with parenteral 
nutrition (n =4).Only one patient have received parenteral 
nutrition alone. Hill et al. reported in 1995 of nutritional 
support being given to 43% of ICU patients [6] In their 
survey 46% received only parenteral and 34% only enteral 
nutrition; 4% were fed orally and 16% were fed in more 
than one way. In 1997, Berger et al. reported that 40% of 
surgical ICU patients received nutritional support: 10% 
were on parenteral and 30% on enteral nutrition [7]. The 
European ICU survey by Preiser et al. revealed that two-
thirds of patients were receiving nutritional support: 58% 
enteral, 23% parenteral, and 19% a combination of the two 
[8]. Albert et al. reported en 2002 that nutritional support 
was given to 69% of ICU patients; enteral nutrition alone 
was given to 58% patients. Parenteral nutrition alone was 
given to 17% and combination of parenteral and enteral 
nutrition to 5% of the ICU patients [9]. 

The physical exam and anthropometry supply important 
information when evaluating the nutritional state of a 
patient. Interview and physical examination offer a contact 
with the patient that cannot be reproduced in the numbers 
of laboratory tests. The body mass index (BMI) is another 
simple indicator of the nutritional state. Although values 
between 18.5 and 24.9 kg/m², 19 considered eutrophic, less 
than 20 kg/m² are indicative of malnutrition and associated 
to a significant increase of mortality in different types of 
patients [10]. An unintentional loss of body mass greater 
than 10% in the last six months or a more rapid loss are 
prognostic of clinical evolution21 and classical signs of 
malnutrition.2 However, it may be difficult to determine 
the real loss of body mass in sick individuals, because of 
poor accuracy[11]. 

Nutritional status can also be assessed by measuring the 
visceral (or constitutive) protein pool, the acute-phase 
protein pool, nitrogen balance, and resting energy 
expenditure (REE). Albumin, which has a large pool and 
much longer half-life (14–20 days), is not indicative of the 
immediate nutritional status and may be skewed by 
changes in fluid status. Serum albumin concentration may 
be affected by albumin infusion, dehydration, sepsis, 
trauma, and liver disease, and it is independent of 
nutritional status. Thus, its reliability as a marker of 
visceral protein status is questionable. Prealbumin, (also 
known as transthyretin or thyroxine-binding prealbumin) is 
a stable circulating glycoprotein synthesized in the liver. It 
binds with retinol-binding protein and is involved in the 
transport of thyroxine and retinol. Prealbumin, so named by 
its proximity to albumin on an electrophoretic strip, has a 
half-life of 24 to 48 hours and reflects more acute 
nutritional changes. Prealbumin concentration is 
diminished in liver disease. Prealbumin is readily measured 

in most hospitals and is a good marker for the visceral 
protein pool [12]. 

For appropriate interpretation, biochemical assessment 
of protein status should take in consideration the metabolic 
response to stress and its effect(s) on serum proteins. In this 
regard, certain serum proteins such as albumin, transferrin, 
pre-albumin and retinol-binding protein (RBP) are the so-
called negative acute phase proteins, wheras C-reactive 
protein (CRP), ceruloplasmin and various others are 
positive acute phase proteins. It should also be borne in 
mind that nitrogen balance assessment is the only 
biochemical parameter that truly reflects visceral and 
somatic protein pools. When utilizing plasma protein for 
the assessment of protein status, the non-nutritional factors 
that are known to affect plasma proteins concentration need 
to be considered. Such factors include biological variation, 
physiological function, hydration status, patient posture at 
phlebotomy, hepatic and renal function and the acute phase 
response [13, 14, 15, 16]. 

Albumin, although a poor indicator of nutritional status 
in the critically ill patient is a sensitive indicator of 
morbidity, mortality and length of hospitalization [17] and, 
in the short term, can be used as a marker of injury and 
metabolic stress during the acute phase response. In trauma 
patients an albumin of ≤ 26 g/L has been shown to be a 
significant independent predictor of mortality and 
morbidity. The combination of a low albumin level and 
increased age was the most predictive of infection and 
mortality [18]. Pre-albumin correlates with short term 
changes in protein energy malnutrition and is a marker of 
protein intake. Two recent studies though indicate that pre-
albumin does not respond sensitively to nutrition support 
[14] particularly during the early period of the acute phase 
response due to the delayed return to anabolic status [14]. It 
is, however, a good marker of the systemic inflammatory 
response [14]. Only in the presence of stable inflammatory 
parameters does pre-albumin reflect adequacy of nutrition 
support [15]. The same difficulties in interpretation 
emerged in a study on retinol-binding protein [16.]In our 
study the Albumin and Prealbumin rate were correlated 
with organ failure but not with mortality. 

CRP is a sensitive but not a specific marker of 
inflammation. An abnormally high plasma CRP 
concentration is found in association with a wide variety of 
disorders, including infection, trauma, inflammatory 
arthritis and neoplasms [19]. Moderate elevations in CRP 
values may also reflect obesity, cigarette smoking or 
diabetes mellitus. CRP baseline values were also directly 
related to total mortality [20]. However, there is no 
convincing argument to link CRP with nutritional status 
[21]. 

The Prognostic Inflammatory Nutritional Index (PINI= 
[Orosomucoid × C-reactive protein (CRP)] divided by 
[albumin × prealbumin]) is a simple clinical assessment 
tool which aggregates two blood markers of inflammation 
(CRP and AAG) with two of nutrition (albumin and 
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prealbumin) into a single score. The prognostic value of the 
score is as follows: >30 = life risk, 21–30 = high risk, 11–
20 = medium risk, 1–10 = low risk and <1 = minimal risk; 
normal, healthy individual [22]. 

PINI has been found to be a reliable indicator of both 
nutritional status and prognosis in trauma, burns, and 
infection. However, it has been little evaluated in ICU [23, 
24]. The mean PINI score was remarkably elevated and 
even higher than the mean PINI scores reported in critically 
ill intensive care patients [22]. The PINI was correlated to 
the MODS ratio and to the IGS II but not with mortality.  

Findings from this investigation should be interpreted 
with caution. Although our analysis captured severity of 
illness, route of feeding, BMI, sex, and age, the results may 
have been confounded by unidentified and unmeasured 
clinical factors and individual patient characteristics that 
impacted percent goal of kilocalories delivered and patient 
outcomes in our regression model. For example, one 
limitation to this study is that some patients who received 
more kilocalories may have been hyperglycemic (data not 
captured), which may have negatively impacted patient 
outcomes. In addition, due to our limited overall sample 
size and the small sample size that were generated by the 
classification, a prudent approach should be taken when 
discerning between surgical and medical populations in 
regard to percent goal and clinical outcomes.  

Another limitation was that events that led to 
discrepancies between calorie prescription and delivery 
were not specifically recorded in the current study 

In addition, there are no clearly defined measures of 
outcome in critically ill patients that can be correlated to 
nutrition directly, and this makes the process of conducting 
clinical trials in the field of nutrition difficult. Association 
of low caloric intake with nosocomial bloodstream 
infections in medical ICU patients has been observed 
previously and may serve as another outcome measure, 
although in this case also it was unclear whether the 
relationship was causal or not.  

5. Conclusions 
The malnutrition in surgical patients at ICU has an early 

onset and is always severe. Albumin, prealbumin and PINI 
are correlated with organ failure but not with mortality. 

Future studies involving a larger number of patients and 
those that are designed specifically to determine the 
optimal timing and level of nutritional support to critically 
ill patients could help answer some of the unanswered 
questions that exist today in relation to critical care 
nutrition. 
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