
509

Nutr Hosp. 2014;30(3):509-513
ISSN 0212-1611 • CODEN NUHOEQ

S.V.R. 318

Revisión
Surgical infection and malnutrition
Daniel A de Luis1, Jesus M Culebras2 , Rocio Aller1 and Jose María Eiros-Bouza3

1School of Medicine and Research Unit, Institute of Endocrinology and Nutrition, Hospital Rio Hortega, University of Valladolid. 
Valladolid. Spain. 2Member of the Royal Academy of Medicine and Surgery of Valladolid. and of the Institute of Biomedicine 
(IBIOMED) of the University of Leon. External Member of the Institute of Biochemical Research, Fundacion Jimenez Diaz 
University Hospital, Madrid, Spain. 3Department of Microbiology. Hospital Rio Hortega, University of Valladolid. Valladolid. 
Spain.

Abstract

Background: Malnutrition in surgical patients is asso-
ciated with delayed recovery, higher rates of morbidity 
and mortality, prolonged hospital stay, increased health-
care costs and a higher early re-admission rate. 

Methods: Data synthesis after review of pertinent li-
terature.

Results: The aetiology of malnutrition is multifacto-
rial. In cancer patients, there is an abnormal peripheral 
glucose disposal, gluconeogenesis, and whole-body glu-
cose turnover. Malnourished cancer patients undergoing 
major operations are at significant risk from periope-
rative complications such as infectious complications. 
Surgical aggression generates an inflammatory response 
which worsens intermediary metabolism.

Conclusions: Nutritional evaluation and nutritional 
support must be performed in all surgical patients, in 
order to minimize infectious complications. Enteral nu-
trition early in the postoperative period is effective and 
well tolerated reducing infectious complications, impro-
ving wound healing and reducing length of hospital stay. 
Pharmaconutrition is indicated in those patients, who 
benefit from enteral administration of arginine, omega 
3 and RNA, as well as parenteral glutamine supplemen-
tation. When proximal sutures are used, tubes allowing 
early jejunal feeding should be used.
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INFECCIÓN QUIRÚRGICA Y MALNUTRICIÓN

Resumen

Introducción: La malnutrición en pacientes quirúrgi-
cos está relacionada con un retraso en la recuperación, 
tasas más elevadas de morbilidad y mortalidad, estancia 
hospitalaria prolongada, mayores costes de atención sa-
nitaria y una tasa más elevada de re-hospitalización tem-
prana.

Métodos: Síntesis de datos tras la revisión de la biblio-
grafía pertinente.

Resultados: La etiología de la malnutrición es multi-
factorial. En pacientes con cáncer, existe una alteración 
en la utilización de la glucosa periférica, en la gluconeo-
génesis, y en la producción de glucosa en todo el cuerpo. 
Los pacientes con cáncer que se someten a operaciones 
mayores tienen un riesgo significativo de complicaciones 
perioperativas, como es el caso de las complicaciones de 
tipo infeccioso. La agresión quirúrgica genera una res-
puesta inflamatoria que empeora el metabolismo inter-
mediario.

Conclusiones: Es necesario realizar una evaluación 
nutricional y llevar a cabo un soporte nutricional en to-
dos los pacientes quirúrgicos con el fin de minimizar las 
posibles complicaciones infecciosas. La nutrición enteral 
justo al inicio del periodo postoperatorio es bien tolerada 
y resulta eficaz a la hora de reducir complicaciones infec-
ciosas, mejorando el proceso de curación de la herida y 
la duración de la estancia hospitalaria. La nutrición far-
macológica está indicada en pacientes que reciben admi-
nistración enteral de arginina, omega 3 y ARN, además 
de suplementación por vía parenteral. Cuando se utilizan 
suturas proximales, se deben emplear sondas que permi-
tan una alimentación yeyunal temprana.

(Nutr Hosp. 2014;30:509-513)

DOI:10.3305/nh.2014.30.3.7702
Palabras clave: Complicación infecciosa. Nutrición. Cirugía.

Correspondence: JM Culebras MD, PhD.  
Institute of Biomedicine (IBIOMED).  
University of Leon, Leon, Spain.  
E-mail: Jesus@culebras.eu
Recibido: 22-VI-2014. 
Aceptado: 22-VII-2014.

005_7702 Surgical Infection and Malnutrition.indd   509 22/09/14   15:28



510 Nutr Hosp. 2014;30(3):509-513 Jesus M. Culebras et al.

Introduction 

Malnutrition is associated with delayed recovery, 
higher rates of morbidity and mortality, prolonged 
hospital stay and both increased healthcare costs and a 
higher early re-admission rate. This fact has a negative 
effect upon hospitalized patients.1,2,3. 

The negative impact caused by malnutrition on a pa-
tient’s outcome was long ago demonstrated. In 1936, 
Studley4

 
showed that a 20% weight loss of usual body 

weight was correlated to a significant increase in the 
mortality rate of patients undergoing surgery for duo-
denal ulcer. On the other hand, infection after surgery 
is a central cause for increased morbidity and mortali-
ty, too. Alterations in both innate and adaptive immune 
function contribute significantly to increased suscepti-
bility to infections5. Finally, patients undergoing major 
gastrointestinal or cancer surgery, are at increased risk 
of developing complications, such as infectious com-
plications. 

Malnutrition and Metabolic consequences  
of operative stress 

Malnutrition is a pathologic depletion of the body’s 
lean tissues caused by starvation, or a combination of 
starvation and catabolic stress. The aetiology of this 
syndrome is multifactorial and multiple factors con-
tribute to it: reduced nutrient intake, changes in the 
ability to smell and taste; mechanical causes, such as 
dysphagia or bowel obstruction; and treatment-related 
factors, such as surgery, chemotherapy and radiation 
therapy. Although decreased nutrient intake is part-
ly responsible, a major contribution comes from the 
well described abnormalities in the host intermediary 
metabolism of carbohydrate, protein and fat6. In the 
particular case of cancer patients, there is an abnor-
mal peripheral glucose disposal, gluconeogenesis, and 
whole-body glucose turnover, which confirm altera-
tions in the carbohydrate metabolism of these patients. 
Futile cycling of glucose carbons (Cori cycle) has been 
shown to be increased in cancer patients7. The cachec-
tic cancer patient not only utilizes nutrients ineffecti-
vely, but he also seems unable to adapt to the malnou-
rished state by conserving lean body mass8, as healthy 
humans do. Malnourished cancer patients undergoing 
major operations are at significant risk from periope-
rative complications such as infectious complications 
(table I)9.

Malnutrition is characterized by atrophy and weak-
ness of the skeletal muscles (including the respiratory 
muscles), reduced heart muscle mass, impaired wound 
healing, skin thinning with a predisposition to decu-
bitus ulcers, immune deficiency, fatigue, apathy and 
hypothermia (table II).

During the last years a large body of data and re-
search has given a clear image of the process of ca-
tabolic stress and its relation to nutrition in surgical 

patients. Patients with severe tissue injury commonly 
develop a hypermetabolic response, termed the syste-
mic inflammatory response syndrome (SIRS), which 
is defined by the presence of two or more of the fo-
llowing elements: fever (or profound hypothermia), 
tachypnea, tachycardia and leukocytosis. During the 
postoperative period the patient is in a catabolic state 
where energy and protein are utilized from the body’s 
stores. Fat and protein stores become the primary re-
servoir, with an obligatory generation of the required 
glucose. Carbohydrate metabolism is altered during 
the uncomplicated postoperative period. Postoperati-
ve patients are typically hyperglycaemic and resistant 
to physiologic levels of insulin. Despite this finding, 
hepatic glucose production is elevated, with the princi-
pal source of the carbons being peripheral amino acids 
released from skeletal muscle. Protein wasting is be-
lieved to represent the metabolic cost of rapidly mo-

Table I
Incidence of infectious complications  

vs  nutritional status 

Infectious 
complications 

Well  
nourished  

% 

Malnourished 
(Moderately and 

severely) % 

Pulmonary infection 4.1 5.9 

Urinary infection 1.9 3.7 

Wound infection 2.1 1.7 

Sepsis 1.1 3.7 

Intraabdominal abscess 0.4 2.1 

Extraperitoneal abscess 0.2 0.8 

Septic coagulopathy 0.2 0.4 

Total 10.1 19.4 

Table II
Clinical features of protein energy malnutrition

• Reduced body weight 

• Reduced respiratory capacity 

• Reduced cardiac capacity 

• Muscle wasting 

• Decreased strength 

• Skin thinning 

• Hair loss 

• Decreased metabolic rate 

• Hypothermia 

• Apathy 

• Edema 

• Immunodeficiency 
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bilizing amino acids for wound healing and the syn-
thesis of immune cells and proteins. Skeletal muscle is 
the primary source of the amino acids used during the 
postoperative state. These amino acids are utilized in 
the liver for conversion to glucose and for the protein 
necessary for the defence of the body’s immune sys-
tem, as well as for the maintenance of organ function. 
Alanine and glutamine are the primary amino acids re-
leased from the periphery, with uptake by the liver, gut 
and kidneys. Part of these changes are secondary to in-
creasing levels of counterregulatory hormones (corti-
sol, glucagon, growth hormone)10. Moreover, surgical 
aggression generates an inflammatory response with 
changes in the concentration of acute-phase serum 
proteins (C-reactive protein, fibrinogen and ferritin), 
which worsens intermediary metabolism11.

The stress of surgical intervention combined with 
the alterations of intermediary metabolism in severely 
ill patients produces significant risk, such as infectious 
complications. Both parenteral nutrition and enteral 
nutrition have been utilized in an effort to prevent and 
reverse these nutritional consequences in surgical pa-
tients.

Tools for diagnosis of protein energy malnutrition 
in surgical patients 

In severe situations, diagnosis of malnutrition is 
evident from a physical examination, which reveals a 
combination of generalized fat and muscle loss typical 
of the disease, with a history of a weight loss and/or in-
adequate food intake. However, malnutrition is easiest 
to diagnose when fat stores are depleted, but it can oc-
cur without apparent fat loss in previously obese pa-
tients, in chronic protein deficiency without energy de-
ficiency, and in high loss protein-catabolic states. The 
lean tissues are the fat-free, metabolically active tis-
sues of the body, namely, the skeletal muscles, viscera, 
and the cells of the blood and immune system. They 
account for 35%–50% of the total weight of a healthy 
young adult. As the lean tissues are the largest body 
compartment, their rate of loss is the main determinant 
of total weight loss in most cases of malnutrition. For 
this reason, serial body weight measurements are very 
useful for assessing the evolution and severity of the 
disease (this is our first easy tool to assess malnutri-
tion in surgical patients). A weight loss of 40%–50% 
is usually incompatible with survival, whereas milder 
lean tissue depletions induce important biochemical 
and functional abnormalities. These abnormalities, 
together with an immune system dysfunction, are evi-
dent after involuntary weight loss over 10% and they 
become highly physiologically obtrusive when weight 
loss exceeds about 15%. 

Weight measurement, history of weight change and 
serial weight determinations are cheap and simple ways 
of measuring malnutrition. Although single weight de-
terminations may be altered by abnormal body com-

partment distribution and water retention, body weight 
determination should always be registered. A way to 
classify the severity of malnutrition is simply by the de-
gree of weight loss. For “normal” one can use the weight 
that would give a body mass index (BMI) of 23-24. In 
older adults, the lower end of the normal range for BMI 
is about 20, so one might consider malnutrition as mild 
or absent when the BMI is 20 or more (representing a 
weight deficit of 5%–15%), moderate when the BMI is 
over 16 but less than 20 (weight deficit of 16%–33%) 
and severe when the BMI is 16 or less (table III).

Biochemical parameters can be used to diagnose 
malnutrition, too. Serum albumin is an example. Howe-
ver some data must be taken to account. For example, 
serum albumin concentration is normal in successfu-
lly adapted malnutrition even when advanced, and it 
falls when adaptation fails. By contrast, serum levels 
of the hepatic secreted protein, prealbumin, are redu-
ced in energy deficiency and adapted malnutrition, and 
may be used to screen for patients whose food intake 
is inadequate and who need a surgical intervention. 
Nevertheless, because albumin and prealbumin are 
negative acute-phase proteins, their serum levels fall 
in response to metabolic stress even in the absence 
of malnutrition. The rapid fall in serum albumin that 
occurs in acute severe inflammation is caused by its 
redistribution into an expanded extracellular fluid 
compartment. Despite its lack of specificity, hypoalbu-
minemia is an important finding in nutritional assess-
ment. For example, a normal serum albumin concen-
tration in a starving patient is a favourable prognostic 
finding. Hypoalbuminemia has an adverse prognostic 
implication, irrespective of whether it is due to me-
tabolic stress or failed adaptation to malnutrition. As 
hypoalbuminemic patients are usually both catabolic 
and starving, the presence of hypoalbuminemia would 
mean that a careful nutritional assessment of these pa-
tients is necessary. 

Finally, many formulae have been proposed for the 
classification of malnutrition but no fully satisfactory 
classification method currently exists12 . Probably, the 
most universally accepted method for evaluating mal-
nutrition is the so-called subjective global assessment 
(SGA)13. SGA involves the assessment of 7 clinical pa-
rameters, followed by a personal judgement as to whe-
ther the patient has (A) no malnutrition, (B) possible 

Table III
Degree of Protein Energy Malnutrition according to  

BMI (Body mass index: Body weight/height2 (Kg/cm2)) 

Degree of PEM Body Mass Index 

Normal, 24 or more 

Mild, 20-24 

Moderate, 16-20 

Severe, 16 or less 
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or mild malnutrition, or (C) significant malnutrition 
(table IV). 

Nutritional support in surgical patients: 

The hypothesis that preventing or treating malnutri-
tion will improve a surgical patient’s clinical outcome, 
in particular infectious complications, is overwhel-
mingly biologically plausible, but in each case the an-
ticipated benefit must be balanced against the risks of 
artificial feeding. 

Oral nutrition is safest, cheapest and best. When 
nutritional needs cannot be met by modifications in 
the diet or its provision, forced feeding must be con-
sidered. When the alimentary tract cannot be used, the 
option of parenteral nutrition is available. In controlled 
clinical trials that involved this mode of nutrition the-
rapy, the clinical outcome was improved in advanced 
malnutrition, but patients with only mild malnutrition 
fared worse when treated in this aggressive fashion14. 
However, enteric nutrition must be the main access 
route in surgical patients. The functional and structural 
integrity of the gastro intestinal tract depends on whe-
ther or not the gut is used for enteral feeding. Ente-
ral feeding supports structural integrity and maintains 
mucosal mass, stimulates epithelial cell proliphera-
tion, as well as maintaining villus height and promo-
ting the production of brush border enzymes. It also 
stimulates the secretion of a sufficient volume of IgA 
and bile salts, both of which help coat bacteria within 
the GI tract, preventing adherence. Finally, enteral fee-
ding stimulates the production of mucus and promotes 
good intestinal contractility, helping to wash away the 
bacteria in a caudal direction. Alimentary exclusion, in 
the setting of a major insult or injury, may significantly 
increase systemic or bacterial challenge to the host15. 

In the last years, various nutritional formulas have 
been tested, using routines of access and administra-
tion schedules, to improve nutritional status in surgical 
patients and to decrease perioperative complications 
such as infectious complications. Diet containing su-
praphysiological quantities of glutamine, omega 3 fa-
tty acids, arginine, nucleotides and antioxidants were 
developed more than 20 years ago16 . These diets were 
called immune-enhancing diets, and these diets have 
been tested in multiple studies, mostly, in surgical and 
critically ill patients. Early reviews and meta-analyses 
suggested no change in mortality, but a decrease in 
postoperative infection rates and length of hospital stay 
with use of immunonutrition has been demonstrated 
(IN)17,18,19. In a recent metaanalysis, Cerantola et al20 
showed significantly reduced overall complications 
with immunonutrition when used before surgery, both 
before and after operation or after surgery. For these 
three timings of IN administration, odds ratios (Ors) of 
postoperative infection were 0.36 (0.24 to 0.56), 0.41 
(0.28 to 0.58) and 0.53 (0.40 to 0.71) respectively. Use 
of IN led to a shorter hospital stay: mean difference 
−2.12 (95 per cent c.i. −2.97 to −1.26) days. Periope-
rative IN had no influence on mortality. Some syste-
matic reviews have demonstrated significant reduction 
of infection and wound complications and the benefits 
of this IN required both arginine and fish oil in ente-
ral formulas21,22. Specifically, in head and neck cancer 
surgery, formulas enhanced with arginine improved 
the infection rate23,24. In this topic area, some questions 
have been answered and other remained unclear. For 
example, the volume of this immunoenhaced formu-
las has been recommended around 50-1000 ml during 
5-7 days containing omega 3 fatty acids, arginine and 
RNA19. The quantity of formula administered is also a 
matter of debate, A dose of 25 kcal per kg per day is 
about standard18. However, the timing of supplemen-
tation remains controversial. Perioperative administra-
tion could be better than postoperative alone. 

Guidelines of some Nutritional Societies have re-
marked the importance of specialized nutrition in gas-
trointestinal surgery25. These recommendations can be 
summarized:

Administration of enteral nutrition early in the 
postoperative period is effective and well tolerated; 
reducing infectious complications, improving wound 
healing and reducing length of hospital stay. 

Calorie-protein requirements do not differ from tho-
se in other critically-ill patients. 

In patients intolerant to enteral nutrition, especially 
if the intolerance is due to increased gastric residual 
volume, prokinetic agents can be used to optimize ca-
lorie intake. 

When proximal sutures are used, tubes allowing 
early jejunal feeding should be used. 

Pharmaconutrition is indicated in those patients, 
who benefit from enteral administration of arginine, 
omega 3 and RNA, as well as parenteral glutamine su-
pplementation.

Table IV
Recognition of advanced protein energy malnutrition  

by subjective global assessment 

•  Unremitting weight loss greater than 10% in the previous 
6 months, and especially in the last few weeks (failed 
adaptation) 

•  Food intake severely curtailed (objective evidence of 
starvation) 

•  Muscle wasting and fat loss 

•  Oedema or ascites 

•  Persistent gastrointestinal symptoms such as anorexia, 
nausea, vomiting or diarrhoea in the previous 2 weeks 
(strongly predicts inadequate food intake) 

•  Marked reduction in physical capacity (predicts poor 
intake and is evidence of its consequences) 

•  Presence of metabolic stress due to trauma, inflammation 
or infection (adaptation impossible) 
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 Parenteral nutrition should be started in patients 
with absolute contraindication for use of the gastroin-
testinal tract or as complementary nutrition if adequate 
energy intake is not achieved through the enteral route.

However, the last item has been discussed recent-
ly, because Heidegger et al26 have demonstrated that 
individually optimized energy supplementation with 
parenteral nutrition starting 4 days after ICU admis-
sion could reduce nosocomial infections and should be 
considered as a strategy to improve clinical outcome 
in surgical and medical patients in the intensive care 
units for whom enteral nutrition is insufficient.

In conclusion, nutritional evaluation and nutritional 
support must be two items to be performed in all sur-
gical patients, in order to minimize infectious compli-
cations, in a heterogeneous group of subjects such as 
surgical patients27,28,29,30.
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