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Introduction and Outline of the Thesis 

Introduction and Outline of the Thesis 

Methods to assess nutritional status 
In developed countries and several developing countries, clinicians have become 
increasingly aware of the prevalence of malnutrition among hospitalized patients (1-11). 
These surveys have shown that 20-50% of hospital admissions suffer from nutritional 
depletion. Clinicians have also learnt that malnourished patients are at a higher risk of 
developing complications while undergoing treatment (12). These complications include 
increased mortality, sepsis, abscess formation, other infections such as pneumonia, 
postoperative wound healing difficulties and organ failure (respiratory, renal, hepatic, 
immune function etc). Some authors have used the term "nutrition-associated 
complications" to highlight the relationship between malnutrition and these adverse 
events (13-16). 
There is a lot of methods of assessing the nutritional status of hospitalized patients. The 
four widely applied traditional methods (body weight loss as a marker of nutritional 
status, anthropometry, plasma proteins as markers of protein-energy malnutrition and as 
part of prognostic nutritional indexes) rely heavily on objective anthropometric 
measurements and laboratory test results. Nutritional assessment can also be based on the 
findings of routine history taking and physical examination, the so-called subjective global 
assessment (SGA) of nutritional status. SGA was originally used to predict outcome in 
surgical patients; however, its use has been applied for other purposes and in other 
populations. Validation of SGA as a screening tool for surgical patients was done by 
Detsky et al in 1984 (17). Since that time, SGA has been modified by different 
researchers and clinicians to make the method applicable to other patient groups (18-20). 
Validation of these modified SGA applications has not been thoroughly done. Further 
work in establishing validity and reliability of each version of SGA in different patient 
populations should be done to enable clinicians and researchers to properly use this 
nutritional assessment tool. At present many methods are propagated that bear 
resemblance to the SGA method (MUST, PNI, NRF), and that all suffer from the same 
problems: they do measure nutritional status only to a limited degree and instead assess 
factors that increase the risk of developing malnutrition. The specificity, sensitivity and 
predictive value of these methods is therefore limited. 
In terms of objective methods of assessing nutritional status, several methods are available 
to measure body composition and function. A very important component of the body is 
muscle mass which is the major part of body cell mass. Body cell mass is the active living 
part of the organism and its size may be considered to reflect health or depletion. 
Malnutrition has been defined as lack of intake or uptake of food, leading to diminished 
function. Depletion of cell mass would due to its size specifically regard muscle mass. A 
very important aspect of diminished function would therefore be diminished muscle 
strength. There are several ways to determine muscle strength, the most often used 
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method being hand dynamometry. Hand grip strength has been used successfully to 
predict postoperative complications and mortality and has been directly related to 
nutritional status (16, 21-26). This measurement has been shown to be reproducible when 
care is taken to execute the measurement carefully. Muscle strength is not only related to 
the absolute muscle mass but also to muscle metabolism. In inflammatory states, muscle 
force is compromised (27-30). Insight in these complex relationships may be obtained by 
relating muscle strength to levels of serum albumin, which is known to be especially 
decreased during inflammation, and much less by starvation without inflammation (28, 
31). 
Bioelectrical impedance spectroscopy (BIS) is another technique to assess nutritional 
status. This technique allows measurement of body extracellular water (ECW), 
intracellular water (ICW) and total body water (TBW). BIS is based on differences in 
conducting properties of different tissues and measures resistance of a current when it 
passes through the body. During the measurement an alternating current of different 
frequencies is sent through the body, via electrodes placed on hands and feet. At low 
frequencies the current is unable to penetrate the cell membrane which acts as a capacitor. 
The measured resistance is the result of conductance through the extracellular fluid. At 
higher frequencies the current is able to pass through the cell membrane and the measured 
resistance is a reflection of both ECW and ICW. From all measured resistance values the 
resistance of ECW and ICW can be extrapolated. These values are used in equations from 
mixture sciences to calculate ECW and ICW. TBW is calculated as the sum of ECW and 
ICW. BIS has the potential benefits of being non-invasive, portable and able to provide 
instant results. However, prediction equations for body composition have the tendency 
to be population-specific (32). Many factors can be responsible for this "population 
specificity". Factors known to have an impact on the prediction of total body water from 
bioelectrical impedance are gender, age, and body water distribution (32). Body 
impedance is also affected by body built. It has been shown in various studies that the 
contribution of the limbs to total body impedance is disproportional to the amount of 
body water in these body segments (33),(34). Ethnic groups can differ in body built. 
Therefore, theoretically, the relationship between total body impedance and total body 
water may differ among different ethnic groups (35-37). At present, almost all BIS 
studies to measure body composition have been carried out in Europe and North America, 
thus most assumptions are based on data obtained from Caucasians (35, 38). 
The dilution of compartment specific indicators or tracers is often used as the gold 
standard for the measurement of the volume of different body compartment. Deuterium 
dilution is used as reference method for TBW (39) and Bromide dilution for ECW (40). 
At present, these dilution methods are the best methods available yielding acceptable 
accuracy in clinical studies (41). Both the dilution methods and BIS primarily measure the 
volume of fluid compartments. 
BIS has been criticized regarding two assumptions underlying the measurement and 
calculations. 
The first assumption is that specific resistivity of fluid compartments is constant, while 
in fact resistivity may change during disease (42). The common denominator underlying a 



Introduction and Outline of the Thesis 

multitude of disease processes consists of inflammatory activity. One of the underlying 
assumptions of the BIS method is that total cell size and volume determine its 
capacitance. This is unlikely however because the integrity of the membrane and 
consequently its membrane potential (its porosity) is an additional factor determining its 
capacity to store an electrical charge . In this respect capacitance and muscle strength may 
be influenced by similar factors: size and inflammatory activity (43). Of the BIA/BIS 
measure specifically Phase angle (PA) and membrane capacitance (Cm) are of interest 
because they are determined by cell volume and integrity of the cell membrane. This may 
explain why strong correlations have been found between basal metabolic rate and Cm in 
healthy persons (44). The Phase angle (PA) can be calculated from R and Xc at any 
frequency, but usually 50 kHz is used. Several studies on the PA in relation to 
malnutrition and severity of illness have been published (45, 46). PA decreases with age 
(47) and with nutritional depletion (48),(49) and has prognostic value in different disease 
states like HIV (50), colon cancer (51), and lung disease (52). PA has also been found to 
correlate well with basal metabolic rate (53) . On the basis of these considerations these 
measures may be hypothesized to be valuable for assessment of overall health status and 
to have predictive power for outcome. 
The second assumption is that the human body behaves as a cylinder that homogeneously 
conducts the electrical current while in fact the geometry of the human body is much more 
complex (see previous page). 
Vietnam is located in South East Asia. Its population amounts to approximately 85 
million on an area of 330,363 square kilometers. There are two deltas in Vietnam. These 
are the Mekong River Delta in the South and the Red River Delta in the North. To the 
best of our knowledge, only two of the studies directly or indirectly dealing with 
nutrition in Vietnam (54-63), dealt with investigations of anthropometric measures of 
nutritional state of the adult and labouring population of Vietnam in the recent decade (54, 
63). The nutritional screening of patients at risk of depletion is not routine in most 
hospitals of Vietnam in general and of the Mekong Delta region in particular. As a 
consequence, many malnourished surgical patients continue to be ignored and untreated. 
Therefore, malnutrition associated morbidity and mortality are still occurring frequently. 
BIA/BIS mediated assessment of body composition has, till now, not been reported in a 
Vietnam population. To assess the value of these techniques to measure body 
composition it is necessary to validate BIS with a gold standard in a Vietnamese 
population. Ideally a solid measure for body cell mass should be employed, based on 
tracer dilution methods. Although we tried to use deuterated water to measure fat free 
mass and Bromide to measure extracellular volume, the results suggested that we had dealt 
with technical difficulties. This did not allow us to attach much significance to the data 
obtained. Anthropometry yields reliable data at the group level, but is less reproducible at 
the individual level. We nevertheless attached much importance to the measures obtained 
by this technique, due to little variance if applied by well trained investigators. 
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Aims of the thesis 

1- To investigate the prevalence of malnutrition in elective abdominal surgical patients. 
2- To determine the relationship between preoperative nutritional status and the outcome 
of major abdominal surgery. 

Outline of the thesis 

In chapter 2, SGA of nutritional status will be applied in patients who are scheduled to 
undergo abdominal surgery. Also, the incidence of malnutrition in patients undergoing 
minor and major abdominal operations is investigated. We will try also to establish, 
whether SGA class is indicative of infectious complications after major surgery Can Tho 
university hospital in the Mekong River Delta, Vietnam. 
In chapter 3 we will determine in a prospective study which variable or which group of 
variables predicts the development of postoperative complications. Anthropometric 
measurements, laboratory tests, BIA and postoperative complications will be investigated 
in patients undergoing abdominal surgery. 
In chapter 4 SGA of nutritional status in surgical patients is compared with objective 
anthropometric and functional measurements. We will try to confirm that there is a strong 
association between handgrip strength and MAMC and will test the hypothesis that 
there is also an association between handgrip strength and inflammation. 
In chapter 5 we will apply indicator dilution methods in healthy volunteers to validate 
BI A/BID techniques in assessing body composition. Both the use of mixture equations 
and the use of single frequency BIS with application of a proposed equation specific for 
three Singapore ethnic groups will be evaluated. 
In chapter 6 the relationship between different BIS variables (FFM, FM, fluid volumes, 
PA, Cm) on the one hand and anthropometric, biochemical and functional variables on the 
other hand in preoperative patients will be studied. 
In chapter 7 the results will be comprehensively discussed. 
In chapter 8 a short summary of the study will be presented in English and Vietnamese. 
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Abstract 

Background & aims: In most hospitals in Vietnam, clinical assessment of nutritional 
status has yet to become part of the routine clinical history taking and physical 
examination. It is the aim of this study to apply subjective global assessment (SGA) of 
nutritional status in the Mekong Delta, Vietnam, to determine the incidence of 
malnutrition according to SGA and to know whether there was an association between 
SGA class and infectious complications. 

Methods: A prospective, cross-sectional study design was used. SGA of nutritional 
status was applied. Patients were rated as well-nourished (A), moderately-malnourished 
(B), or severely-malnourished (C). Infectious complications (wound infection, intra-
abdominal abscesses, anastomotic leakage) were recorded. 

Results: Of the 438 patients assessed, 194 (44.3%) were classified as A, 126 patients 
(28.8%) were classified as B and 118 patients (26.9%) were classified as C. Of the 274 
patients who underwent major abdominal surgery assessed, 61 patients (22.3%) were 
classified as A, 97 patients (35.4%) were classified as B and 116 patients (42.3%) were 
classified as C. Weight loss and percent weight loss, muscle wasting, loss of subcutaneous 
fat, functional capacity and significant gastrointestinal symptoms correlate significantly 
with the severity of SGA class (p < 0.001). The rate of postoperative infectious 
complications was higher in patients classified as SGA class C (33.6%) than as class A 
(6%) and B (11%). 

Conclusions: A high rate of malnutrition was found, applying SGA of nutritional 
state in surgical patients in Vietnam. Malnutrition was associated with an increase in 
infectious complications. Special attention should be paid to weight loss, muscle wasting, 
loss of subcutaneous fat, functional capacity, and gastrointestinal symptoms. 

Keywords: Subjective Global Assessment, malnutrition, surgical patients, Mekong 
Delta, Vietnam 
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Introduction 

Malnutrition occurs among patients either because of their primary disease (e.g. 
malignancy, tuberculosis), because the procedures they undergo in order to treat the 
primary disease prevent them from receiving adequate nutritional intake for prolonged 
periods of time (e.g. surgery) or because they do not eat enough or do not have enough 
food to eat. 

During the past four decades clinicians have become increasingly aware of the 
prevalence of malnutrition among hospitalised patients.1"11 These surveys have shown 
that 20-50% of the patients admitted to the hospital suffer from nutritional depletion. 
Clinicians have also recognized that malnourished patients are at a higher risk of 
developing complications while undergoing treatment.12 These complications include 
death, sepsis, abscess formation, other infections such as pneumonia, postoperative 
wound healing difficulties and respiratory failure. Some authors have used the term " 
nutrition-associated complications" to highlight the relationship between malnutrition and 
these adverse events.13"16 

The nutritional status of hospitalised patients can be assessed by a variety of 
methods. The four widely applied traditional methods (the use of body weight loss as a 
marker of nutritional status, anthropometric methods of nutritional assessment, the use of 
plasma proteins as markers of protein-energy malnutrition and the prognostic nutritional 
indexes) rely heavily on objective anthropometric measurements and laboratory test 
results. Nutritional assessment can also be based on the findings of routine history taking 
and physical examination, the so-called subjective global assessment (SGA) of nutritional 
status. SGA was originally used to predict outcome in surgical patients; however, its use 
has been applied for other purposes and in other populations, Validation of SGA as a 
screening tool for surgical patients was performed by Detsky et al.17 in 1984. Since that 
time, SGA has been altered by different researchers and clinicians to make the method 
applicable to other patient groups.1*"20 Validation of the altered SGA formats has not 
been thoroughly done. Further work in establishing validity and reliability of each version 
of SGA in different patient populations should be done to enable clinicians and 
researchers to properly use this nutritional assessment tool. 

In Vietnam, till now, a limited number of surveys have been reported in this area. They 
regard nutritional factors, dietary intake, food consumption pattern, macronutrient intake, 
child malnutrition, micronutrient status of primary school girls, nutritional status of 
middle-aged Vietnamese in Ho Chi Minh City and use of body mass index in the 
assessment of adult nutritional status in Vietnam.21"29 Only one report has been published 
regarding malnutrition in the clinical setting. This study was performed in the provincial 
hospital of Quang Ngai in the period from 1965 to 1971.30 We have not found 
publications regarding SGA or malnutrition in hospitalized patients. In Can Tho General 
Hospital, nutritional assessment was not a routine part of the work-up of patients that 
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were scheduled for surgery. Some surgeons and physicians considered the presence of low 
albumin and the presence of ankle edema to reflect a compromised nutritional state. The 
first aim of this study was therefore to apply SGA of nutritional status in patients who 
were about to undergo abdominal operation. The second aim of the study was to 
determine the incidence of malnutrition in patients who underwent minor and major 
abdominal operations and to know whether SGA class was indicative of infectious 
complications after operation in the Mekong River Delta, Vietnam. 

Subjects and methods 

Study population 

The study group consisted of patients who were scheduled to undergo elective 
abdominal surgery. These were consecutive patients who were admitted to Can Tho 
General Hospital with 580 beds in a city with 1,300,000 inhabitants and a total of 2,000 
beds. The hospital attracts referrals from a region with 2,700,000 inhabitants. A major 
abdominal operation was defined as an operation in which the length of the laparotomy 
wound was more than 5 cm. All patients who underwent laparotomy with the length of 
incision less than 5 cm and who underwent laparoscopic surgery, such as laparoscopic 
cholecystectomy, choledocholithotomy, deroofing of liver cyst were categorized as minor 
abdominal surgery. Patients with dementia, status after cerebrovascular accident were 
excluded. Other exclusion criteria were the necessity to undergo emergency operations, 
such as for peritonitis and acute intestinal obstruction. From 14 November 2002 to 6 
May 2004, 438 patients were included in the study. 

Study methods 

The study was a prospective, cross-sectional study. SGA of nutritional status of each 
patients was performed by one member of a group of three surgeons. Each was taught to 
perform SGA in a similar fashion. SGA is based on patient's history i.e. degree and 
pattern of weight loss, change of oral intake, presence of gastrointestinal symptoms ( 
nausea, vomiting, diarrhea and anorexia), functional level and physical examination (loss 
of subcutaneous tissue, muscle wasting, presence of edema or ascites).Three of these 
features of physical examination are recorded as normal (0), mild (H-), moderate (2+), or 
severe (3+). After all of the features have been assessed, patients are rated as well 
nourished (A), mildly malnourished (B), or severely malnourished (C). 
After operation all patients are monitored on a daily basis for the occurrence of 
complications. All complications either documented on the chart or observed by study 
group are recorded. Daily monitoring continues from the beginning day until the day of 
death, discharge, or postoperative day (POD) # 30, whichever comes first. Patients 
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discharged before POD # 30 were monirored for complications that had occurred between 
discharge and POD # 30 by personal letter or telephone interview. Some complications 
are progressive. On a given day, a patient can have more than one complication, but only 
one complication in a given class is recorded - the one that is most severe in that class. 
Definition and classification of postoperative complications is described in the study 

11 protocol. Infectious complications (wound or intra-abdominal infection) were recorded. 

Statistical methods 
Statistical techniques 
SGA class is a categorical variable. Some variables such as gastrointestinal symptoms, 
change in dietary intake, functional capacity, loss of subcutaneous fat, muscle wastage, 
edema and ascites are also categorical On the contrary, weight loss and percentage of 
weight loss are continuous variables. However, in order to compare our results with other 
authors, a continuous variable can be transformed into a categorical one, e.g. percentage of 
weight loss, when we use it as continuous variable to calculate mean values of continuous 
variables and their correlation with SGA class. On the other hand, when we recode the 
percentage of weight loss to three levels for instance, < 5%, between 6% and 10% and 
>10%, to calculate the proportion of subjects in these three categories and their 
correlation with SGA class, it is transformed into a categorical variable. To describe means 
and proportions across the three SGA classes, x2 one-way analysis of variance were 
used. In addition, rank correlation coefficients (Kendall's tau b) were calculated and 
tested for statistical significance using SPSS 11.5 software for windows. 

Results 

Gender 

Of the 438 patients assessed, 218 (49.8%) were men and 220 (50.2 %) were women, In 
the major surgical group, 151 (55.5%) were men and 123 (44.9%) were women. 

Classification of diseases 

Two hundred and seventy-four patients (62.6%) underwent major abdominal operations 
and 164 patients (37.4%) underwent minor abdominal operations. 
Groups of diseases are shown in table 1. 
All patients with cancer underwent major surgery (142 patients) and 132 patients with 
benign GI disease, common bile duct stones, other bilio-pancreatic benign diseases were 
investigated in major surgery group. 
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Table 1 Classification of diseases 

Diagnosis Frequency Percentage 
Gastrointestinal cancer 113 25.8 

Esophagus 2 
Stomach 50 
Duodenum 3 
Colorectum 58 

Bilio-pancreatic cancer 29 6.6 
Gastrointestinal benign diseases 42 9.6 
Cholecystolithiasis 134 30.6 
Choledocholithiasis 70 16.0 
Other bilio-pancreatic benign diseases 11 2.5 
Liver cyst 

Total 

3 0.7 
Abdominal hernias 36 8.2 

438 100.0 

SGA for total population 

Of the 438 patients assessed, 194 (44.3%) were classified as A, 126 patients (28.8%) 
were classified as B and 118 patients (26.9%) were classified as C (Table 2). 

Table 2 Classification of Subjective Global Assessment 

SGA class* Total 
A B C 

Total patient group 
Male 79 60 79 218 
Female 115 65 40 220 

Total 194 126 118 438 

Major surgery 
Male 22 51 78 151 
Female 39 46 38 123 

Total 61 97 116 274 

* A - well nourished, B - moderately malnourished, C = severely malnourished 
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Of the 274 patients who underwent major abdominal surgery, 61 patients (22.3%) were 
classified as A, 97 patients (35.4%) were classified as B and 116 patients (42.3%) were 
classified as C (Table 2). 

In the major surgical group, four SGA-A patients (6%) developed complications, 
whereas the number of patients in SGA-B and SGA-C that developed complications 
amounted to 9 (11%) and 39 (33.6%), respectively. The incidence of complications 
developing in patients with SGA-C class was significantly higher than in patients with 
SGA-A and SGA-B. 

Regarding the clinical features, weight loss and percent weight loss increased 
consistently across the SGA classes, with the highest values of each occurring in class C. 
Each variable was significantly correlated with SGA class, as shown by the values of 
Kendall's tauj> (p < 0.001). 

In table 3, the association between clinical features of SGA of nutritional status presented 
as categorical or ordinal variables and the SGA class is shown. For each clinical 
characteristic, a large proportion of the patients with "normal" levels are classified as A, 
fewer are classified as B and fewer again are classified as C. On the contrary, the most 
"severe" levels of these characteristics are seen in class C, fewer in class B and much 
fewer in class A. Table 3 also shows that the degree of abnormality of each variable is 
clearly correlated with the SGA class. Muscle wastage, loss of subcutaneous fat, 
categorical weight loss, functional capacity and significant gastrointestinal symptoms 
have the highest correlation coefficients. 
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Table 3 Proportion of subjects in categorical variable levels and their correlation with 
SGA class 

Characteristic Level 
A 

* 

SGA class 
B C 

Correlation 
Coefficient 
(Kendall's 
tau b)f 

<5% 0.86 0.50 0.08 
Weight loss category 6 - 1 0 % 0.13 0.36 0,17 0,65 

> 10% 0.01 0.14 0.75 
Normal 0.56 0.25 0.01 
Suboptimal solid 0.43 0.72 0.81 

Change in dietary intake Suboptimal liquid 0.00 0.02 0.13 0.50 
Hypocaloric liquids 0.00 0.01 0.05 
S larvation 0.01 0.00 0.00 

Significant GI* Absent 0.76 0.25 0.03 0.60 
symptoms Present 0.24 0.75 0.97 

Normal 0.64 0.31 0.00 
Functional capacity Suboptimal 0.35 0.59 0.42 0.61 

Bed rest 0.01 0.10 0.58 
None 0.95 0.16 0.01 

Loss of subcutaneous fat Mild 0.04 0.56 0.08 0.84 
Moderate 0.01 0.26 0.37 
Severe 0.00 0.02 0.54 
None 0,98 O.il 0.02 

Muscle wastage Mild 0.01 0.75 0.08 0.88 
Moderate 0.01 0.14 0.57 
Severe 0.00 0.00 0.33 
None 1.00 0.95 0.72 

Edema Mild 0.00 0.03 0.20 0.34 
Moderate 0.00 0.01 0.06 
Severe 0.00 0.01 0.02 
None 1.00 1.00 0.85 

Ascites Mild 0.00 0.00 0.11 0.26 
Moderate 0.00 0.00 0.03 
Severe 0.00 0.00 0.01 

* A, well nourished; B, moderately malnourished; C, severely malnourished. 
f p <0.001. 

1GI is abbreviated for gastrointestinal. 

30 



Subjective Global Assessment as Screening Tool for Malnutrition 

Discussion 

In principle, employing meticulous history taking of the patient and careful physical 
examination, SGA is not a difficult method to assess nutritional status.8'32,33 When we 
assessed 438 patients, the results give similar conclusions as published by other authors.8, 

34 Weight loss is one of the most important features of the history. Weight loss and 
percent weight loss correlate significantly with the severity of SGA class. At the time of 
writing the proposal to apply SGA of nutritional status to patients in our department, we 
were concerned regarding the reliability of weight reports of the patients, who came to a 
large extent from rural regions. If they would not know their usualy weights, it would be 
impossible to use SGA to assess their nutritional status. Fortunately, only very few 
patients did not weigh themselves. Consequently, only few of these patients together 
with patients suffering from memory loss needed to be excluded from the study. Detsky 
recommended that in addition to considering the degree of weight loss, it is important to 
know the pattern of the weight loss. Patients who lost weight in the period of 6 months 
before operation but had regained some weight prior to admission (although their current 
weights are still less than their usual weights) are considered to have a better nutritional 
state than patients with continuous weight loss. In our study, the pattern of weight loss 
was assessed in a small number of patients, precluding analysis. Besides weight loss, 
muscle wasting, loss of subcutaneous fat, functional capacity and significant 
gastrointestinal symptoms are crucial physical findings when SGA is performed. Changes 
in dietary intake, edema ( ankle and sacral) and ascites are important features, but they are 
less important than those mentioned above. 

Different methods of assessing nutritional status in surgical patients have been used, and 
different prevalences of malnutrition have been reported. In this chapter, we report the 
prevalence of malnutrition in surgical patients as assessed by SGA. Detsky et al.8 studied 
202 patients who underwent major gastrointestinal surgery in Toronto, Canada. He found 
that SGA class B and C comprised 31% of the total population studied. Ten out of a total 
of 202 patients developed major complications during their hospitalization. These 202 

T C 
patients had all undergone GI major surgery. In another study of Gupta et al. ' in 
advanced colorectal cancer, a prevalence of malnutrition of 52% was reported. This 
prevalence was especially high because of the advanced stage of colorectal cancer. In the 
study of Rojratsirikul et al.36 in Songkla, Thailand, the prevalence of malnutrition was also 
high. However, these data were obtained in a pediatric patient population about to 
undergo surgery. In the study of Bauer and Capra33 in Brisbane, Australia, the prevalence 
of malnutrition was very high because of cancer in patients aged 56 ±15 years. Although 
we had anticipated that the prevalence of malnutrition in hospitalized patients in Vietnam 
would be high, the incidence that we found (55.7%) was higher than we expected. 
Awareness that this is the case should be increased among surgeons, who plan surgery for 
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this patient population, because undernutrition may lead to an increase in postoperative 
infectious complications. Better insight in the risks involved while performing operations 
in malnourished patients may change our surgical approach, diminishing the incidence of 
complications. The high incidence of postoperative infectious complications in SGA class 
C patients indicates that preoperative nutritional repletion should be applied and assessed 
in these patients. 

Conclusion 

Application of SGA of nutritional state in surgical patients is feasible in Vietnam. Special 
attention should be paid to weight loss, muscle wasting, loss of subcutaneous fat, 
functional capacity, and significant gastrointestinal symptoms. 

The incidence of malnutrition determined by SGA was very high in patients that were 
about to undergo abdominal surgery in the Mekong River Delta, Vietnam. Patients 
considered to be severely malnourished (SGA class C) had a higher rate of infectious 
complications than patients in classes A and B. 
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CHAPTER 3 

Nutritional risk factors for postoperative infectious 
morbidity in patients undergoing abdominal surgery in 

the Mekong River Delta, Vietnam. 
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Original article 

Abstract 

Background: Malnutrition compromizes postoperative recovery of patients. The aim of 
the present study was to identify nutrition related factors that predict the development of 
postoperative complications in patients undergoing elective surgery. 
Methods: Nutritional assessment was performed in 262 patients before major elective 
abdominal operations. Postoperative infectious complications were recorded until 
postoperative day # 30, discharge or death. The independent samples Student t-test, log 
likelihood chi-squares, odds ratio and multiple logistic regression analysis were used to 
analyze the data. 
Results: Seventeen patients (6.6%) developed minor and 46 patients (17.6%) major 
infectious complications. Age and percentage of weight loss were significantly higher, and 
mid arm muscle circumference/m2, handgrip strength/m2, B1A phase angle, membrane 
capacitance/m2 and fat free mass index significantly lower in the complicated group. In a 
multivariate analysis only handgrip strength/m2 (OR-O.699, 0.602-0.812) and percentage 
weight loss (OR= 1.056, L009-1.105) remained significant risk factors. Men had a higher 
risk to develop infectious complications than women. Conclusion: Simple bedside tests 
like handgrip strength corrected for length and a history of weight loss identify patients 
with a high risk to develop postoperative infectious complications. Men have a higher 
risk than women. 

Keywords: 
Percentage weight loss (%WL), bioelectrical impedance analysis (BIA), handgrip strength, 
midarm muscle circumference (MAMC), fat free mass index (FFM1), phase angle (PA), 
membrane capacitance (Cm), infectious complications, abdominal surgery, gender 
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Introduction 

In surgical practice, many factors play a role in the development of postoperative 
infectious complications. Important variables are the overall physical health of the 
patient, including nutritional status \ the magnitude of the planned operative procedure, 
organ dysfunction of the patient, the experience of the surgeon, the pathology 
encountered and the quality of the anesthetic and postoperative care. In recent decades, 
involuntary weight loss, various anthropometric indices, muscle function (handgrip 
strength), plasma albumin, plasma transferrin, plasma protein and combinations of these 
variables have been used as potential risk indicators for postoperative complications2-7. 
More recently, bioelectrical impedance analysis (BIA) has been used and improved and is 
potentially applicable for monitoring nutritional status of hospitalized patients. BIA is an 
easy, non-invasive, portable bedside technique allowing measurement of fat free mass and 
fat mass and changes therein during treatment. Some studies have revealed that lean body 
mass depletion at hospital admission is associated with an increased length of hospital 
stay 8> 9 and with postoperative infectious complications 10. The data obtained by 
bioelectrical impedance analysis and specifically phase angle (PA) have been found to be a 
prognostic marker in several clinical conditions, such as HIV infection, liver cirrhosis, 
chronic obstructive pulmonary disease, hemodialysis, sepsis, lung cancer, advanced 
colorectal cancer and advanced pancreatic cancer n"18. PA is determined by both 
resistance and reactance values and therefore reflects a composite of cellular mass and 
function n> l5, which may therefore theoretically and hypothetically be a good parameter 
for the general condition of the patient and therefore the risk of a poor outcome. 
In order to determine which variable or which group of variables can be used to obtain a 
more precise prediction of the development of postoperative complications, we studied 
prospectively a consecutive group of patients scheduled for elective abdominal surgery. 
Anthropometric, laboratory and BIA measures were obtained. Another objective was to 
assess whether simple bedside methods like anthropometric measures and values for 
muscle strength had similar discriminative capacity as modern sophisticated techniques. 
This is relevant because simple measures enhance applicability in less wealthy or less 
well equipped intra- and extramural health care facilities around the world. 

Patients and methods 

Study population 
The study was performed in a prospective fashion in Can Tho General Hospital - the 
affiliated hospital of Can Tho University School of Medicine, Mekong River Delta, 
Vietnam. From 14 November 2002 to 6 May 2004 all patients who were consecutively 
admitted to Can Tho General Hospital for elective major abdominal surgery were included 
in the study. A major abdominal operation was considered to be performed if the length 
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of the laparotomy wound amounted to more than 5 cm. All patients who underwent 
laparotomy with the length of incision less than 5 cm and who underwent laparoscopic 
surgery, such as laparoscopic cholecystectomy, removal of common bile duct stones, 
deroofing of liver cysts were excluded. Patients suffering from dementia, or having a 
history of cerebrovascular accidents were also excluded. Other exclusion criteria were the 
necessity to undergo emergency operations, such as for peritonitis or acute intestinal 
obstruction. 

Study methods 
On the day prior to the elective operation, nutritional assessment was performed in all 
patients. Subjective global assessment of nutritional status of each patient was performed 
by one member of a group of three surgeons. To obtain percentage of weight loss during 
the past six months (%WL), current weight was measured and usual weight, defined as 
the body weight of 6 months previously, was recorded. Percentage of weight loss (%WL) 
was subsequently calculated as: 

usual weight - current weight 
% WL = x 100. 

usual weight 

Anthropometric measurements consisting of height, triceps skinfold thickness and mid-
arm circumference of the dominant arm were performed. Based on current weight and 
height, the body mass index was calculated (BMI = weight / height2 = kg/m2). For 
measurement of triceps skinfold thickness (TSF), a Holtain skinfold caliper was used. 
The TSF of the dominant arm was measured with the arm extended, half-way between the 
tip of the acromion and the olecranon process. This procedure was carried out on three 
occasions, and the mean value was calculated. Midarm circumference (MAC) was 
measured with a tape at the same site and in the extended position. Subsequently midarm 
muscle circumference (MAMC) was calculated (MAMC = MAC - tt TSF). MAMC was 
corrected for height by calculating MAMC divided by height squared and expressed as 
MAMC/m2. 
Handgrip strength of the dominant hand was measured with a mechanical JAMAR 
handgrip dynamometer. This dynamometer can be adjusted for hand size by changing the 
concave unit to fit the size of the hand. Patients were required to sit with the arm flexed in 
the elbow in a 90° angle. The dominant arm was measured in triplicate. This allowed 
familiarization with the technique and provided the opportunity to improve performance. 
After an instruction, the patient squeezed the handle as forcefully as possible for a few 
seconds and then released their grip. Patients were encouraged verbally and the highest 
score was used in the analysis. Handgrip strength was also corrected for height by 
calculating handgrip strength divided by height squared (kg/m2). 
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A fasting blood sample was obtained to measure albumin, total serum protein, C-reactive 
protein (CRP), hemoglobin and lymphocytes. These laboratory tests were validated by 
the Laboratory of Clinical Chemistry, Maastricht University Hospital, The Netherlands. 
Bioelectrical impedance measurements were performed with a Hydra ECF/ICF (Model 
4200) bio-impedance spectrum analyzer (Xitron Technologies, Inc. San Diego, California, 
USA) using 50 programmed frequencies ranging from 5KHz to 1MHz. Patients were 
lying supine on a bed with legs separated and arms abducted from the body. A tetrapolar 
electrode arrangement as described by Lukaski et al. was used19. Phase angle (PA) at 50 
kHz frequency is composed of the mean of the right and the left PA (PA = (Reactance * 
180) / (Resistance * 7T). From all impedance measurements at the 50 frequencies Xitron 
software calculated the membrane capacitance and the resistance of intracellular (Ricw) 
and extracellular fluid (Recw) by fitting the data to a Cole-Cole plot20. Recw and Ricw 
were used to calculate fat free mass (FFM) by use of Hanai mixture equations provided 
by the manufacturer. Membrane capacitance (Cm) is a measure of the ability of the 
membrane to store electrical charge. Cm of the whole body is determined by total cell 
surface area and membrane thickness and porosity. Cm is affected by the aspect ratio 
(length to cross-sectional area) of the body's conductor. Therefore, values were corrected 

r y n 

for height^ (Cm/m ). In addition to these BIA variables also body composition (FFM and 
FM) was calculated based on resistance measurements. These were based on prediction 
equations provided by the manufacturer. FFM index (FFMI) was calculated by dividing 
FFM values by height squared (m2). 
After operation all patients were monitored on a daily basis for the occurrence of 
complications. All complications either documented in the patient files or observed by the 
project group were recorded. Daily monitoring continued from the first preoperative day 
until the day of death, discharge, or postoperative day (POD) # 30. Patients discharged 
before POD# 30 were monitored for post discharge complications by personal, letter or 
telephone interview until POD # 30. When patients had more than one complication, only 
the severest complication in a given class was recorded. Definitions and classifications of 
postoperative complications were determined by the study protocol21 and as indicated in 
the guidelines for prevention of surgical site infection 22. In order to analyze data, all 
minor complications i.e. urinary infection due to catheterization before operation, grade I 
and grade II wound infection and respiratory tract infection not requiring mechanical 
ventilation were excluded from further analysis. The rationale for this is that these 
infections are difficult to diagnose correctly and are generally self limiting. 
Statiscal methods 
Continuous variables were expressed as means and standard deviations (sd). The 
Kolmogorov-Smirnov test was used to test the normality of distribution of variables. To 
compare the means of continuous variables for both uncomplicated and complicated 
patients the independent samples Student t-test was used. If variables were not normally 
distributed, the Mann-Whitney test was applied. Categorical variables were expressed as 
frequencies and percentages. To analyze the association between cancer and non-cancer 
patient groups on the one hand and complicated and non-complicated groups on the other 
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a cross tabulation with the chi-square test was used. For the univariate relationship 
between risk (or protective) variables (or factors) the log likelihood chi-squares (and its p-
value) and the odds ratio with its 95% confidence interval (CI) were used. The multiple 
logistic regression analysis was firstly used to search for the best-fitting model. For this 
purpose all relevant risk or protective variables were entered into the regression model 
and by backward elimination each non- significant effect was removed from the model. 
Subsequently, the resulting model containing only significant effects (the 'direct effects' 
model) was enlarged by the forward testing of each first-order interaction effect between 
all pairs of its risk or protective variables. The finally resulting model is presented as a 
table with net odd ratios with 95% Confidence Intervals (CI) for each variable. A p-value 
of less than 0.05 was considered to be statistically significant. All data analyses were 
performed by SPSS-pc version 12. 

Results 

During the 18 months study period, 262 patients were admitted for major abdominal 
procedures. Gastrointestinal cancer and hepato-bilio-pancreatic cancer accounted for 51.5 
percent of the indications for operation (Table 1). The second most common disease was 
tropical common bile duct stones, resulting from infestation with Ascaris lumbricoides. 

Table 1: Type of disease diagnosis for major surgery 

DIAGNOSIS FREQUENCY PERCENTAGE 
Gastrointestinal cancer 108 41.2 
Esophagus 2 
Stomach 49 
Duodenum 2 
Colorectum 55 
Gastrointestinal benign diseases 39 14.9 
Hepatobilio-pancreatic cancer 27 10.3 
Common bile duct stones 67 25.6 
Other bilio-pancreatic benign diseases 21 8.0 
Total 262 100.0 

An uncomplicated postoperative course was observed in 195 (75.6%) patients. Seventeen 
patients (6.6%) developed minor infectious complications and forty six patients (17.6%) 
developed major infectious complications (table 2). Nine patients died (3.4%) within the 
postoperative period. The diagnoses of these nine patients were gastrointestinal cancer 
(7/9), cancer of the pancreatic head (1/9) and tropical common bile duct stones (1/9). Of 
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the 135 cancer patients, 34 (25.2%) developed complications. Postoperative mortality 
and morbidity was higher in cancer patients than in non-cancer patients (p<0.05). 

Table 2: Severity and type of postoperative complications 

Complications Number 
None 195 (75.6%) 
Minor 17 (6.6%) 
Major 46(17.8%) 

Wound infection 32 
Anastomotic leakage 9* 
Septic shock 4 
Upper GI hemorrhage 1 

* included 5 deaths due to anastomotic leakage. 
GI : gastrointestinal 

Age and percentage of weight loss were significantly higher in the group with 
complications (table 3). MAMC/m2, handgrip strength/m2, PA, Cm/m2 and FFMI were 
significantly lower in the group with complications compared with the group without 
complications. The values of serum albumin, protein and hemoglobin were not 
significantly different between both groups. 
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Table 3: Characteristics of nutritional parameters in groups with or without complications 
in men and women, (n-262) 

Parameters 
Outcome 
Complication No complications P value 

Men 
n 31 111 
Age 59.7 ± 15.8 51.3 ± 16.1 0.01 
% weight loss 12.7 ± 10.4 8.7 ± 7.0 <0.05 
MAMC/m2 7.3 ± 0.7 8.0 ± 0.9 0.001 

A 

Handgrip strength/m 7.5 ±2.9 10.4 ± 3.0 <0.001 
Albumin 35.8 ±5.2 37.3 ±5.5 0.193 
Protein 70.5 ±8.1 69.9 ± 8.5 0.748 
Hemoglobin 10.7 ±2.6 11.5 ± 2.2 0.098 
PA 5.3 ± 0.9 5.7 ± 0.9 <0.05 
Cm/m2 0.37 ±0.13 0.45 ±0.15 0.009 
FFM index 12.7 ± 1.7 14.3 ±2.1 <0.001 

Women 
n 15 105 
Age 64.1 ± 18.8 49.3 ± 16.2 0.001 
% weight loss 13.5 ± 10.2 6.0 ± 6.5 <0.001 
MAMC/ m2 7.8 ±0.9 8.5 ± 1.1 <0.05 

A 

Handgrip strength/ m 5.4 ± 1,6 8.1 ±2.5 <0.001 
Albumin 36.7 ± 6.3 37.5 ±5.1 0.604 
Protein 68.0 ±9.6 71.2 ±8.2 0.162 
Hemoglobin 10.5 ± 1.8 11.2 ±2.0 0.222 
PA 4.7 ± 0.9 5.4 ± 0.8 0.001 
Cm/m2 0.29 ±0.13 0.40± 0.13 0.002 
FFM index 11.8 ±2.0 12.9 ± 1.9 <0.05 

MAMC: midarm muscle circumference, PA: phase angle, Cm: membrane capacitance, 
FFM:fat free mass 

After removal of the 9 deceased patients from follow-up, the morbidity rate amounted to 
16.2 % in 253 patients. The most important risk or protective factors proved to be 
handgrip strength/m2, MAMC/m2, percentage weight loss, SGA, age, Cm/m2, FFMI, PA A A 
and gender. Handgrip/m , MAMC/m , Cm/m , FFMI and PA are protective: when values 
are higher, there is less post-operative morbidity (table 4). 
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Table 4: Univariate relationships between postoperative morbidity and eleven relevant 
variables (n=^253) 

Predictors OR 95% CI 
Lower Upper 

Log likelihood 
Chi-square 

p value 

Age 1.04 1.02 1.06 13.47 0.001 
Gender 0.44 0.21 0.90 5.34 0.021 
SGA 0.35 0.18 0.70 4.57 0.022 
%Weight loss 1.09 1.05 1.14 16.88 0.001 
MAMC/ m2 0.41 0.27 0.62 21.59 0.001 
Handgrip/ m2 0.73 0.64 0.84 25.28 0.001 
Albumin 0.96 0.90 1.02 1.53 0.22 
Protein 0.98 0.94 1.02 0.86 0.35 
Hemoglobin 0.90 0.78 1.05 1.80 0.18 
FFM index 0.75 0.63 0.90 10.86 0.001 
PA 0.58 0.40 0.85 8.28 0.004 
Cm/m2 0.013 0.001 0.19 11.41 0.001 

MAMC: midarm muscle circumference, PA: phase angle, Cm: membrane capacitance, 
FFMI: fat free mass index, OR: odds ratio, CI: confidence interval, SGA: subjective global 
assessment (malnourished and well nourished) 

Risk factors appear to be percentage of weight loss and age. Female patients had a 
significantly lower post-operative morbidity than male patients (10% versus 20 %). 
Serum albumin, protein and hemoglobin in this study were not significantly associated 
with post-operative morbidity. Multiple logistic regression analysis was performed with 
these eleven variables and gender as a twelfth factor. The 'direct effects' model found, 
contained eventually only the statistically significant effects of handgrip strength/m2, 
percentage weight loss and gender (table 5). The sensitivity of the model amounted to 
73.4% and the specificity to 74.5% (Area under the curve parameter: 0.816 (0.754-
0.878); standard error: 0.032). To correct these effects for age, this variable was 
deliberately added to the 'direct effects' model , regardless whether it had statistically 
significant effects or not. The six pair-wise first-order interactions between the four 
remaining variables were not statistically significant. 

47 



Nutritional Risk Factors in Patients in the Mekong River Delta 

Table 5: Logistic regression results for postoperative morbidity (n=253, 0=no morbidity, 
1 =morbidityj 

Predictors OR 95% CI Log p value 
likelihood 
Chi-
square 

Lower Upper 
Gender 0.239 0.101 0.564 10.74 0.001 
Handgrip strength / m2 0.699 0.602 0.812 17.93 0.001 
% weight loss 1.056 1.009 1.105 5.62 0.018 

OR: odds ratio, CI: confidence interval 

Discussion 

Major surgery is still fraught with complications. Complication rates vary in many 
studies between 10 -40% 2) 7. In a large study of Khuri et al it was documented that at 
least one complication occurred in 17% of general surgical patients 23. Our study showed 
that minor and major complications amounted to 6.6% and 17.8%, respectively. In 
surgery for cancer postoperative morbidity is usually higher. In a study in patients with 
head and neck cancer, minor and major complication rates were 25% and 31%3. Because 
of the increased risk of morbidity and mortality in malnourished surgical patients 24,25, 
much research has been done to define clinical and laboratory parameters to assess 
nutritional status. No agreement exists as to how patients at risk should be identified. 
Many indices and scoring systems have been developed, but no single scoring system is 
used as a standard. In this study we wanted to explore whether relatively simple bedside 
or laboratory measures were specific enough to identify patients truly at risk to develop 
postoperative infectious complications. 

In 1936, Studley documented that in patients operated for chronic peptic ulcer disease, 
complication rate, including mortality, was 33,5% in patients with weight loss > 20% and 
3,5 % in patients who had lost less weight. Patients undergoing head and neck surgery for 
squamous cell carcinoma, that had lost more than 10% of their body weight during the six 
months before surgery had also a high risk for the occurrence of major postoperative 
complications3. In Windsor's study of patients undergoing elective surgery involving the 
upper GI tract, weight loss was a basic indicator of surgical risk, providing it is associated 
with clinically obvious impairment of organ function 26. In Sungurtekin's study, weight 
loss alone was not a good predictor of complications, but when used in the scoring 
system (SGA and NRI), the scoring systems were predictive for postoperative 
complications 4. In our study, percentage weight loss was significantly higher in the group 
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with complications than in the group without complications and was one of the most 
potent predictors of postoperative infectious complications. SGA however, was different 
between the two groups but lost its predictive value in the multiple logistic regression 
analysis. 

Handgrip strength is the most commonly used method to measure upper extremity 
muscle strength. It is a simple bedside test, which can be easily performed. It has been 
used successfully to predict postoperative complications and mortality 27~30. Moreover, 
Mahalakshmi found in 2004 that handgrip strength was a better predictor of 
postoperative complications than serum albumin31. 
Handgrip strength values in developing country populations are published only sparsely. 
Examples are values of Rwandan refugees 32 and people from rural Malawi, Thailand and 
Urban India 33. Normal handgrip strength values of Vietnamese population are not 
available. In our study, logistic regression analysis identified handgrip strength to be the 
most prominent predictive parameter for the occurrence of major postoperative infectious 
complications. A grip strength of 85% of the standard for age and sex was found to be the 
most decisive cut-off value for the prediction of postoperative complications in terms of 
sensitivity and specificity, predicting 74% of the complications (p< 0.05) 34. Following 
statistical rules we did not include the deceased patients into the analysis, although they 
died as a result of postoperative infection. When these would have been included the 
effects would have been similar but stronger. 
In one study on preoperative nutritional parameters and postoperative complications in 
440 patients with gastric cancer, PA was one of the three indices predicting postoperative 
complications 35. Bioelectrical impedance phase angle (PA) has been found to be a 
prognostic marker in several clinical conditions n"18. Our present study showed that 
phase angle, membrane capacitance/m and FFMI were significantly lower in the 
complicated group than in the uncomplicated one. However, in the final model, the effects 
of these predictors were not statistically significant any more. In the present patient 
population we found that SGA identifies a higher number of malnourished patients 
compared with data derived from anthropometry (MAMC) and function (handgrip 
strength) 36. Depletion of body cell mass (muscle mass) and plasma albumin 
concentrations as an indicator of inflammatory activity have been found to be separate 
risk factors for the development of postoperative infectious complications. In the present 
study these factors scored less well than handgrip strength. In the study mentioned above 
we found that handgrip strength was not only associated with MAMC but also with 
plasma albumin level. This last association persisted also when handgrip strength was 
controlled for MAMC, suggesting that low albumin levels, reflecting inflammatory 
activity, have an independent effect on handgrip strength. This may explain why handgrip 
strength as a composite measure of muscle mass and inflammatory activity is a more 
important risk factor than MAMC and albumin concentrations individually. PA has also 
been suggested to be an independent risk factor for the development of postoperative 
infectious complications. Cm has been less well studied in this respect. In principle they 
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are influenced by the same factors as handgrip strength, namely total body cell mass 
(largely muscle mass) and inflammation. This might explain why they are not statistically 
significant predictors to the model once handgrip strength has been incorporated. 
However, if handgrip strength is deleted from the model , the final model includes the 
protective effect of MAMC next to the risk of percentage weight loss , while the gender 
effect is replaced by the risk factor of age. 
Consequently we did not confirm the value of PA and Cm as prognostic indicators of 
morbidity and mortality. The advantage of these tools would have been that they do not 
rely on a sometimes unreliable history of weight loss or on laborious (anthropometry) or 
expensive (laboratory values) measurements or on the ability of the patient to actively 
cooperate to optimally measure handgrip strength. The usage of Cm as a risk factor only 
requires correction for height or height squared. The disadvantage of these tools is that 
somewhat sophisticated equipment is required (BIA/BIS), which not every hospital 
administrator is willing to purchase, and that special care should be taken to acquire 
reproducible results. 

In conclusion we have found that handgrip strength/m2 and percentage weight loss are the 
most important nutritional risk factors for the development of postoperative infectious 
complications. Although Cm/m2 and PA are significantly different between the patients 
that develop infectious complications and those that do not, they do not add to the model 
once handgrip strength has been incorporated. These findings are fortunate because 
percentage weight loss and handgrip strength can be easily obtained without great 
financial investment all around the world. However, when undergoing elective major 
abdominal surgery one might prefer to be a woman. 

50 



Nutritional Risk Factors in Patients in the Mekong River Delta 

References 

1. Correia MI, Waitzberg DL. The impact of malnutrition on morbidity, mortality, 
length of hospital stay and costs evaluated through a multivariate model analysis. 
Clin Nutr 2003;22(3):235-9. 

2. Detsky AS, Baker JP, O'Rourke K, Johnston N, Whitwell J, Mendelson RA, et al. 
Predicting nutrition-associated complications for patients undergoing 
gastrointestinal surgery. JPEN J Parenter Enteral Nutr 1987;11(5):440-6. 

3. van Bokhorst-de van der Schueren MA, van Leeuwen PA, Sauerwein HP, Kuik 
DJ, Snow GB, Quak J J. Assessment of malnutrition parameters in head and neck 
cancer and their relation to postoperative complications. Head Neck 
1997; 19(5):419-25. 

4. Sungurtekin H, Sungurtekin U, Balci C, Zencir M, Erdem E. The influence of 
nutritional status on complications after major intraabdominal surgery. J Am Coll 
Nutr 2004;23(3):227-32. 

5. Wang AY, Sea MM, Ho ZS, Lui SF, Li PK, Woo J. Evaluation of handgrip 
strength as a nutritional marker and prognostic indicator in peritoneal dialysis 
patients. Am J Clin Nutr 2005;81(l):79-86. 

6. Alvares-da-Silva MR, Reverbel da Silveira T. Comparison between handgrip 
strength, subjective global assessment, and prognostic nutritional index in 
assessing malnutrition and predicting clinical outcome in cirrhotic outpatients. 
Nutrition 2005;21(2):113-7. 

7. Hunt DR, Rowlands BJ, Johnston D. Handgrip strength—a simple prognostic 
indicator in surgical patients. JPEN J Parenter Enteral Nutr 1985;9(6):701-4. 

8. Pichard C, Kyle UG, Morabia A, Perrier A, Vermeulen B, Unger P. Nutritional 
assessment: lean body mass depletion at hospital admission is associated with an 
increased length of stay. Am J Clin Nutr 2004;79(4):613-8. 

9. Kyle UG, Genton L, Pichard C. Hospital length of stay and nutritional status. 
Curr Opin Clin Nutr Me tab Care 2005;8(4):397-402. 

10. Fritz T, Hollwarth I, Romaschow M, Schlag P. The predictive role of bioelectrical 
impedance analysis (BIA) in postoperative complications of cancer patients. Eur J 
Surg Oncol 1990;16(4):326-31. 

11. Schwenk A, Beisenherz A, Romer K, Kremer G, Salzberger B, Elia M. Phase angle 
from bioelectrical impedance analysis remains an independent predictive marker in 
HIV-infected patients in the era of highly active antiretroviral treatment. Am J 
Clin Nutr 2000;72(2):496-501. 

12. Ott M, Fischer H, Polat H, Helm EB, Frenz M, Caspary WF, et al. Bioelectrical 
impedance analysis as a predictor of survival in patients with human 
immunodeficiency virus infection. J Acquir Immune Defic Syndr Hum Retrovirol 
1995;9(1):20~5. 

51 



Nutritional Risk Factors in Patients in the Mekong River Delta 

13. Selberg O, Selberg D. Norms and correlates of bioimpedance phase angle in 
healthy human subjects, hospitalized patients, and patients with liver cirrhosis. 
Eur J Appl Physiol 2002;86(6):509-16. 

14. Faisy C, Rabbat A, Kouchakji B, Laaban JP. Bioelectrical impedance analysis in 
estimating nutritional status and outcome of patients with chronic obstructive 
pulmonary disease and acute respiratory failure. Intensive Care Med 
2000;26(5):518-25. 

15. Maggiore Q, Nigrelli S, Ciccarelli C, Grimaldi C, Rossi GA, Michelassi C. 
Nutritional and prognostic correlates of bioimpedance indexes in hemodialysis 
patients. Kidney Int 1996;50(6):2103-8. 

16. Toso S, Piccoli A, Gusella M, Menon D, Bononi A, Crepaldi G, et al. Altered 
tissue electric properties in lung cancer patients as detected by bioelectric 
impedance vector analysis, Nutrition 2000;16(2):120-4. 

17. Gupta D, Lammersfeld CA, Burrows JL, Dahlk SL, Vashi PG, Grutsch JF, et al. 
Bioelectrical impedance phase angle in clinical practice: implications for prognosis 
in advanced colorectal cancer. Am J Clin Nutr 2004;80(6): 1634-8. 

18. Gupta D, Lis CG, Dahlk SL, Vashi PG, Grutsch JF, Lammersfeld CA. 
Bioelectrical impedance phase angle as a prognostic indicator in advanced 
pancreatic cancer. Br J Nutr 2004;92(6):957-62. 

19 Lukaski HC, Johnson PE, Bolonchuk WW, et al: Assessment of fat free mass 
using bioelectrical impedance measurement of human body. Am J Clin Nutr 41: 
810-817,1985. 

20. Lorenzo de A, Andreoli A, Matthie J, Withers P. Predicting body cell mass with 
bioimpedance methods: a technological review. J Appl Physiol 1997; 82(5): 1542-
58. 

21. Buzby GP, Knox LS, Crosby LO, Eisenberg JM, Haakenson CM, McNeal GE, 
Page CP, Peterson OL, Reinhardt GF, Williford WO: Study protocol: a 
randomized clinical trial of total parenteral nutrition in malnourished surgical 
patients. Am J Clin Nutr 1988; 47:366-81. 

22. Mangram AJS Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for 
prevention of surgical site infection, 1999:250-278. 

23. Khuri SF, Daley J, Henderson W, Barbour G, Lowry P, Irvin G, et al. The 
National Veterans Administration Surgical Risk Study: risk adjustment for the 
comparative assessment of the quality of surgical care. J Am Coll Surg 
1995; 180(5):519-31. 

24. Mughal MM, Meguid MM. The effect of nutritional status on morbidity after 
elective surgery for benign gastrointestinal disease. JPEN J Parenter Enteral Nutr 
1987; 11 (2): 140-3. 

25. Reilly JJ, Jr., Hull SF, Albert N, Waller A, Bringardener S. Economic impact of 
malnutrition: a model system for hospitalized patients. JPEN J Parenter Enteral 
Nutr 1988;12(4):371-6. 



Nutritional Risk Factors in Patients in the Mekong River Delta 

26. Windsor JA, Hill GL. Weight loss with physiologic impairment. A basic indicator 
of surgical risk. Ann Surg 1988;207(3):290-6. 

27. Klidjian AM, Foster KJ, Kammerling RM, Cooper A, Karran SJ. Relation of 
anthropometric and dynamometric variables to serious postoperative 
complications. Br Med J 1980;28l(6245):899-901. 

28. Milne JS, Maule MM. A longitudinal study of handgrip and dementia in older 
people. Age Ageing 1984; 13( 1 ):42-8. 

29. Phillips P. Grip strength, mental performance and nutritional status as indicators 
of mortality risk among female geriatric patients. Age Ageing 1986;15(l):53-6. 

30. Guo CB, Zhang W, Ma DQ, Zhang KH, Huang JQ. Handgrip strength: an 
indicator of nutritional state and the mix of postoperative complications in 
patients with oral and maxillofacial cancers. Br J Oral Maxillofac Surg 
1996;34(4):325-7. 

31. Mahalakshmi VN, Ananthakrishnan N, Kate V, Sahai A, Trakroo M. Handgrip 
strength and endurance as a predictor of postoperative morbidity in surgical 
patients: can it serve as a simple bedside test? Int Surg 2004;89(2):115-21. 

32. Pieterse S, Manandhar M, Ismail S. The association between nutritional status and 
handgrip strength in older Rwandan refugees. Eur J Clin Nutr 2002;56(10):933-9. 

33. Chilima DM, Ismail SJ. Nutrition and handgrip strength of older adults in rural 
Malawi. Public Health Nutr 2001;4(l):ll-7. 

34. Webb AR, Newman LA, Taylor M, Keogh JB. Handgrip dynamometry as a 
predictor of postoperative complications reappraisal using age standardized grip 
strengths. JPEN J Parenter Enteral Nutr 1989;13(l):30-3. 

35. Yamanaka H, Nishi M, Kanemaki T, Ho soda N, Hioki K, Yamamoto M. 
Preoperative nutritional assessment to predict postoperative complication in 
gastric cancer patients. JPEN J Parenter Enteral Nutr 1989;13(3):286-91. 

36. Pham NV, Cox-Reijven PL, Wodzig WK, Greve JW, Soeters PB. SGA and 
measures for muscle mass and strength in surgical Vietnamese patients. Nutrtion 
2007 Apr; 23(4):283-91. 

53 



Nutritional Risk Factors in Patients in the Mekong River Delta 

54 



SC? A and Measures for Muscle Mass and Strength 

CHAPTER 4 

SGA and measures for muscle mass and strength in 
surgical Vietnamese patients 
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SC? A and Measures for Muscle Mass and Strength 

Abstract 
Objective: 
This study compared the outcome of the Subjective Global Assessment (SGA) in preop-
erative surgical patients with objective measurements of muscle mass and strength and with 
biochemical data. A secondary aim was to test the influence of inflammatory activity on 
muscle strength. 
Methods: 
Two hundred seventy-four consecutive patients who were admitted for elective major 
abdominal surgery were assessed using the SGA, anthropometry, muscle strength, and 
laboratory measurements (hemoglobin, protein, albumin, C-reactive protein, and 
lymphocytes). Normal values for midarm muscle circumference (MAMC) and handgrip 
strength were obtained in a healthy control group. For all other variables, normal values 
available for the Vietnamese population were used. 
Results: 
Of 274 patients (151 men, 123 women) assessed, 61 (22.3%) were classified as SGA 
class A(well nourished), 97 patients (35.4%) as class B(moderately malnourished), and 
116 patients (42.3%) as class C(severely malnourished). There were significant 
differences in age, body weight, percentage of weight loss, triceps skinfold thickness, 
MAMC, and serum albumin across the three SGA classes. Almost all patients rated class 
A had normal MAMC and handgrip strength. However, a large proportion of patients 
rated as B or C also had normal MAMC and handgrip strength (38% of men, 50% of 
women). Handgrip strength per square meter correlated with serum albumin (r - 0,278, P 
< 0.001) and this correlation persisted when handgrip strength was controlled for 
MAMC (r = 0.296, P < 0.001 in men; r = 0.237, P< 0.01 in women). 
Conclusion: 
The SGA correctly identifies patients with normal muscle mass and strength but a 
substantial number of patients rated SGA B or C have normal muscle mass and strength. 
Muscle strength is not only positively associated with muscle mass but also negatively 
with inflammatory activity. 

Keywords: 
Subjective Global Assessment; Body mass index; Midami muscle circumference; 
Handgrip strength; Malnutrition; Albumin; Inflammatory activity; Surgical patients 
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Introduction 

Nutritional assessment is subject to much confusion. This is the result of the lack of 
consensus regarding the definition of malnutrition. Several ways to assess malnutrition 
have been proposed, which use dietary and medical histories, weight loss, anthropometry, 
and biochemical variables in varying degrees. The Subjective Global Assessment (SGA) is 
an example of this approach, employing history, weight loss, and physical examination to 
arrive at a score without actually measuring body composition precisely. If we define 
malnutrition as a state in which body cell mass is diminished, leading to diminished 
function, nutritional assessment should actually include measurement of cell mass and 
function. In practice in the third world and in our hospitals, body cell mass is diminished 
not only by deficient uptake or intake of food (components) but also by disease and more 
specifically an inflammatory state. By now it has been become clear that disease 
decreases body cell mass by its catabolic effect, but also that inflammatory activity in-
dependently diminishes the ability of the organism to respond adequately to an exterior 
challenge (trauma, infection) even when body cell mass is still relatively well preserved. 
More precise measurement of nutritional state and the function of the organism should 
therefore include not only measurement of cell mass but also assess inflammatory state. 
Ideally one should arrive at measurements that are a composite of these two aspects. 

Several investigators have shown that 20-50% of patients admitted to the hospital 
have nutritional depletion, which is indicated by several factors including weight loss [1-
4]. A loss greater than 10% within 6 mo may decrease the ability to heal wounds or to 
generate an adequate immune response to trauma and infection [1,5]. Operative mortality 
has been shown to increase in patients with a weight loss greater than 15-25% [6]. 
The SGA evaluates nutritional status (and severity of illness) by encompassing the 
patient's history and physical parameters [1,7]. This method has been shown to be 
reproducible, We found in a recent study that patients classified as severely malnourished 
with SGA (class C) have significantly higher rates of infectious complications than do pa-
tients rated class A(well nourished) and class B(moderately malnourished) [8]. 
Nevertheless, many patients rated class C have favorable outcomes, and the question 
arises as to whether the SGA adequately identifies patients at risk for a poor 
postoperative outcome. 

In the patient cohort under study we have identified in a multivariate analysis the most 
significant risk factors for postoperative infectious complications, i.e., preoperative 
weight loss, handgrip strength, and gender (unpublished observations). In a univariate 
analysis the SGA showed a significant relation with postoperative complications but in 
the multivariate analysis the SGA lost its predictive value. Handgrip strength has been 
used successfully by other investigators to predict postoperative complications and death 
and has been directly related to nutritional status [9-15]. In the present study we 
assessed whether those patients in the Mekong delta of Vietnam rated moderately or 
severely malnourished by the SGA were truly malnourished, when we define malnutrition 
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as a state of decreased body cell mass and diminished function. The same patients were 
studied and anthropometry was employed as a measurement of body cell mass and hand 
dynamometry as a measurement of function. Muscle strength is related not only to 
absolute muscle mass but also to muscle metabolism. In inflammatory states, muscle force 
is compromised [16-19]. Insight into these complex relations may be obtained by relating 
muscle strength to levels of serum albumin, which is known to be especially decreased 
during inflammation and much less by starvation without inflammation. 

We and other investigators have found the SGA to have predictive value with regard to 
postoperative outcome. The main aim of this study was to compare the SGA of nutri-
tional status with objective anthropometric and functional measurements that equally 
have been found to predict poor outcome. A secondary aim was to confirm that there is a 
strong association between handgrip strength and midarm muscle circumference 
(MAMC) and to explore the hypothesis that there is also an association between 
handgrip strength and inflammation. 

Materials and methods 

Study population 

The study was performed prospectively in Can Tho General Hospital, the affiliated 
hospital of Can Tho University of Medicine and Pharmacy, Mekong River Delta in 
Vietnam. The study was approved by the medical ethical committee of this hospital. All 
consecutive patients who were admitted to Can Tho General Hospital for elective major 
abdominal surgery were included in the study. A major abdominal operation was 
considered to be performed when the laparotomy wound was longer than 5 cm. All 
patients who underwent laparotomy with an incision shorter than 5 cm and who 
underwent laparoscopic surgery, such as laparoscopic cholecystectomy, common bile 
duct exploration, and deroofing of liver cysts, were excluded. Patients who had a history 
of dementia or cerebrovascular accidents were also excluded. Other exclusion criteria were 
the necessity to undergo emergency operations, such as for peritonitis and acute 
intestinal obstruction. From November 14, 2002 to May 6, 2004, 274 patients were 
included in the study. 

Study methods 

On admission, all patients underwent nutritional assessment. A medical history was 
obtained and a physical examination performed. The SGA of nutritional status was 
executed using the protocol developed by Detsky et al. [1]. Patients were classified as 
class A (well nourished), B (moderately malnourished), or C (severely malnourished) [1]. 

Anthropometric assessment of weight, height, triceps skinfold (TSF), and midarm 
circumference (MAC) of the dominant arm was performed. Based on current weight and 
height, body mass index (BMI; weight in kilograms divided by height squared in meters) 
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was calculated. For measurement of TSF thickness, a Holtain skin fold caliper was used. 
The TSF of the dominant arm was measured with the arm extended, half-way between 
the tip of the acromion and the olecranon process. This procedure was carried out on 
three occasions, and the mean value was calculated. MAC was measured at the same site 
and in the extended position. 

Table 1 
Types of diseases for major surgery 

DIAGNOSIS FREQUENCY % 
Gastrointestinal cancer 113 41 i 2 

Esophagus 2 
Stomach 50 
Duodenum 3 
Colorectum 58 

Gastrointestinal benign diseases 41 15.0 
Bilio-pancreatic cancer 29 10.6 
Common bile duct stones 70 25.5 
Bilio-pancreatic benign diseases 21 7.7 
Total 274 100.0 

Subsequently MAMC was calculated (MAMC = MAC - Jt TSF). MAMC was 
corrected for height by dividing the measured value by height (meters) squared. 

Handgrip strength of the dominant hand was measured with a dynamometer. A 
mechanical JAMAR handgrip dynamometer (Sammons Preston, Bolingbrook, ÏL, USA) 
was used. This dynamometer can be adjusted for hand size by adapting the concave unit 
to the size of the hand under study. Patients were required to sit with the arm flexed at the 
elbow in a 90'11 angle. The dominant arm was measured in triplicate. This allowed 
familiarization with the technique and provided the opportunity to improve performance. 
After explaining the procedure to the patients, they squeezed the handle as forcefully as 
possible for a few seconds and then released their grip. Patients were encouraged verbally 
and the best score was used in the analysis. Handgrip strength was also corrected for 
height by dividing the measured value by height (meters) squared. 

A fasting blood sample was obtained to measure albumin, total protein, C-reactive 
protein, hemoglobin, and lymphocytes. These laboratory tests were validated by the lab-
oratory of Clinical Chemistry, Maastricht University Hospital, Maastricht, The 
Netherlands. 

To compare the values obtained in patients for BMI, serum albumin, serum total protein, 
serum C-reactive protein, hemoglobin, and lymphocytes with normal values, we employed 
normal values used in Vietnam [20-22]. Because no good references were available for 
handgrip strength and MAMC, we measured values in 40 healthy adults including 20 men 
and 20 women (men: age range 24—77 y, mean age 42.3 ± 17.1 y; women: age range 23-84 
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y, mean age 47.4 ± 16.5 y) from the Mekong River Delta. These individuals were 
randomly selected and used as controls when the SGA according to Detsky et al. [1] had 
rated them in class A (well nourished) [1]. In a previous study we found that class A 
individuals have normal MAMC and handgrip strength [8]. Mean values and standard 
deviations were calculated. Cutoff points were set at mean of -2 SD. Subsequently 
MAMC and handgrip strength were corrected for height by dividing the measured value 
by height (meters) squared. Cutoff values for all other variables were set at values that 
were below the normality range given for the Vietnamese population [20]. 

Statistical methods 

The data were analyzed with SPSS 11.5 for Windows (SPSS, Inc., Chicago, IL, USA). 
Differences between continuous variables (e.g., results of anthropometry, functional 
capacity, and laboratory tests) of different groups that were classified according to the 
SGA were assessed with one-way analysis of variance. Spearman's rank correlation coeffi-
cients were calculated for association between scores and variables. Data are presented as 
mean ± SD. Differences were considered to be statistically significant at P< 0.05. 
Agreement between the two levels of subnormal limits and normal limits of each objective 
measurement and each pair of three classes of SGA was analyzed by the k statistic. The 
value of k varies from 0 to 1; a value £ 0.4 indicates that chance alone can account for the 
observed agreement and a value of 1 indicates perfect concordance. 

Results 

During the 18-mo study period, 274 patients (151 men, 123 women) were admitted for 
major abdominal procedures. The diagnoses of these patients are presented in Table 1. 

Of the 274 patients who were assessed, 61 (22.3%) were classified as SGA class A, 97 
(35.4%) were classified as class B, and 116 (42.3%) were classified as class C (Table 2). 
Men were considered to be at risk for severe malnutrition (51.6%) more often than women 
(30.9%). There were differences in age, body weight, percentage of weight loss, TSF, 
MAMC, and serum albumin across the three SGA classes. There were only significant 
differences in handgrip strength and serum total protein between SGA-A and SGA-C and 
between SGA-B and SGA-C, but not between SGA-A and SGA-B. Differences in 
hemoglobin levels existed across SGA groups. It is striking that even in class A almost 
50% of patients had hemoglobin levels below the reference values for the Vietnamese 
population (reference for men 14.6 ± 0.6, for women 13.2 ± 0.5). One of the main causes 
of low hemoglobin in well-nourished patients as determined by the SGA was cancer 
(Table 3). Hemoglobin in cancer patients was lower than that in non-cancer patients in 
men and women. No significant differences in C-reactive protein and lymphocyte count 
were found across the three SGA classes (Table 4). 
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Table 2 
Classification of SGA in patients undergoing major surge/y. 

Sex SGA class (%) Total Sex 
A B C 

Male 22(8.0) 51(18.6) 78(28.4) 151(55) 
Female 39(14.3) 46(16.8) 38(13.9) 123(45) 
Total 61(22.3) 97(35.4) 116(42.3) 274(100) 
A = well nourished\ B = moderately malnourished\ C = severely 
malnourished; SGA, Subjective Global Assessment 

Table 3 
+ 

Hemoglobin concentration (g/dL) 
Cancer patients Non-cancer patients P 

Male 90 11.1 ±2.5 61 11.9 ±2.2 <0.05 
Female 52 10.4 ±2.2 71 11.6 ± 1.6 0.001 
* Data are presented as numbers of patients and mean ± SD 
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Table 4 
Patient characteristics, anthropometric and laboratory data 

Total population Class A Class B Class C 
Age (y) 52.5 ± 16.8 44.6 ± 15.2 51.2 ± 15.5 * 

_ s 

57.8 ± 16.9 , u 
i i > » 

Weight (kg) f 46.7 ±7.1 52.2 ± 7 . 0 46.9 ±5 .5 43.3 ± 6.6 
I « I I 

Percent WL (%)f 8.4 ± 7.8 1.6 ± 3 . 6 5.5 ± 5.5 14.2 ± 6.8 
BMI (kg/m2)T 18.5 ± 2.8 21.3 ± 2 . 7 18.8 ± 2.0 * 16.9 ±2 .1 

C* I I 

Skin fold (mm) 1 9.0 ± 5.2 13,6 ± 6.4 8.9 ±4 .5 * 6.6 ± 3.2 • 
MAMC (cm)* 20.3 ± 2.3 21.5 ± 2 . 6 20.6 ±1.9"* 

| | 

19.3 ± 1.9 
Handgrip (kg) f 22.3 ± 8.8 24.8 ± 8 . 9 23.7 ± 8.3 19.6 ± 8 . 6 , u 

j t i " i 

Albumin (g/L) * 
Protein (g/L) f 

37.1 ±5 .3 40.0 ± 4.5 3 7 i 5 « 1 35.3 ± 5.2 
i i t a 

Albumin (g/L) * 
Protein (g/L) f 70.3 ± 8.3 73.6 ± 6.6 71.2 ± 8 . 3 67.8 ± 8.5 

i . 

Hemoglobin (g/dL) 
CRP (mg/dL)' 

11.3 ±2 .2 12.4 ± 1.3 11.5 ± 2.0 * 10.5 ± 2.5 
i . 

Hemoglobin (g/dL) 
CRP (mg/dL)' 9.5 ±5 .9 10.3 ± 6 . 6 9.4 ± 6.5 9.3 ± 5 . 0 
Lymphocyte/nL 1 2.073 ± 848 2.132 ± 936 2.118 ±967 2.005 ± 6 6 0 

A, well nourished; B, moderately malnourished; C, severely malnourished; BMI, body mass index; 
MAMC, mid-arm muscle circumference; CRP, C reactive protein; SGA, Subjective Global Assessment; 
WL, weight loss. 

* Data are presented as mean ± SD 
1 Correlated significantly with SGA (p < 0.05-0.001), 
[ Did not correlate significantly with SGA. 
s significantly different with class A (p <0.05 - 0.001). 
" significantly different with class B (p <0.05 - 0.001). 

Figure 1 shows that almost all SGA-A male patients and all SGA-A female patients had 
normal MAMC and handgrip strength but that a substantial number (for men: 37 of 51 
patients in class B [73%], 20 of 78 patients in class C [26%]; for women: 41 of 46 
patients in class B [89%], 20 of 38 patients in class C [55%]) had normal values. Some 
SGA-C patients had good handgrip strength but low MAMC. Figure 1 also shows a 
good correlation between MAMC and handgrip strength in men but a poor correlation in 
women. At the group level MAMC did not differ substantially between men and 
women, whereas handgrip strength was greater in men than in women, which implies 
that at a given MAMC men have greater handgrip strength than do women. 
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square meter (dashed lines represent cutoff values) and according to the SGA for male 
and female patients. SGA, Subjective Global Assessment. 
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A relatively high level of agreement was found between low HMI in severely 
malnourished patients and a normal BMI in the well nourished ones ( k = (J.670, P 

0.001). Nevertheless, ol 116 considered to have a high risk for malnutrition, 22 
patients had a normal BMI (Fig l\. In addition, most patients in the SCiA-A group had 
normal HMI and M AM ( per meter squared and a substantia) proportion of S( iA-B 
and S(iA~C patients had a low BMI but a normal MAMC/nr. specially in SCJA-B 
patients low BMI did not correlate well with handgrip strength per square meter (Fig. 
3). 

A fair correlation was observed between handgrip strength per square meter and 
serum albumin tr 0.27X, P < O.fHU k When handgrip strength was controlled for 
MAMC this correlation persisted tr 0.2%, P < 0.001 in men; r 0.237, P < 0.01 
in women). 
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No good correlation was observed between BMI and serum albumin. Almost all 
patients considered to belong to SGA-A had normal BMI and normal serum albumin 
(Fig. 4). Figure 4 shows that many lean patients with a low BMI had normal serum 
albumin. 

Discussion 

Malnutrition in patients is caused by a combination of a decreased uptake of food and 
inflammatory activity. Although different definitions are used for malnutrition, agree-
ment exists that the malnourished state is characterized by loss of body cell mass, in 
turn leading to compromised body functions. The lack of an accepted valid reference 
method complicates the discussion about the best method to assess nutritional status. 
Several recent and older reports indicated that weight loss and handgrip strength were the 
most important risk factors for the development of postoperative infectious 
complications. In a recent study we found that gender also is a major risk factor for the 
development of infectious complications (unpublished observations). In the present 
study we compared the results of the SGA with objective measurements for muscle 
mass and muscle strength and with biochemical data, indicative of inflammatory activity. 
The different measurements often used to assess nutritional status focus on different 
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aspects of disease-related malnutrition and can not be used interchangeably. Used in 
combination, however, they can broaden our insight. 

We found in this study that according to the SGA 42.3% of patients were considered to 
be at risk for severe malnutrition (class C) and 35.4% for moderate malnutrition (class B), 
and 77.7% for malnutrition when combining classes B and C. Men were considered to be 
at risk for moderate (33.8%) and severe (51.6%) malnutrition more often than women 
(37.4% and 30.9%, respectively). These figures are approximately similar as the highest 
incidences of malnutrition in surgical patients reported in the literature (Table 5). 

Table 5 
Incidence of malnutrition in surgical patients 

Study Country No. of Malnutrition 
patients determined by SGA 

Detsky e ta l [1] Canada 202 31.0% 
Gupta et al. [29] USA 217 52.0 % 
Rojratsirikul et al. [30] Thailand 78 35.9 % 
Bauer and Capra [31 ] Australia 65 75.0 % 
Sungurtekin et al. [32] Turkey 100 44.0 % 
Present study Vietnam 274 77.7 % 

SGA, Subjective Global Assessment 

The lowest incidences are reported by groups from Thailand and Canada (31% and 
36%, respectively). The SGA-B and SGA-C scores found in our study may be explained 
by the large proportion of cancer patients with advanced cancer stages, but most likely 
also by the fact that there still is endemic malnutrition in the Mekong delta [20]. We 
found low hemoglobin levels in our control group, which supports this possibility. We 
could not compare MAMC and handgrip strength measurements in the control group 
with those in other studies in Vietnam because, to the best of our knowledge, such studies 
do not exist. 

In our study, BMI was the only measurement of anthropometry in which there was 
substantial concordance with the SGA in classifying well-nourished and severely mal-
nourished patients. This is probably because the first clinical impression of the patient is 
very much determined by the presence of body fat and therefore has a major influence on 
the final attribution to an SGA class. However, we found in this study that BMI did not 
prove to be a good objective parameter because many patients with a low BMI had nor-
mal MAMC, normal handgrip strength, normal serum albumin, and normal hemoglobin. 
This means that BMI provides only a very general impression of the relation between the 
weight and height of a patient. It does not furnish reliable information regarding body 
composition and muscle function and is therefore not a very good indicator of nutritional 
status of surgical patients. 

The definition of malnutrition that we used includes normal body cell mass 
(predominantly muscle) and function. We assessed body cell mass and function by 
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measuring MAMC and handgrip strength. Our data indicate that almost all patients 
considered not at risk for malnutrition by the SGA (class A) had normal MAMC and 
handgrip strength. However, in the SGA-B and SGA-C groups a substantial number of 
patients had normal muscle mass and strength. Especially in men the percentage of 
patients considered to be malnourished by the SGA had normal MAMC and hand-grip 
strength. The reason may be that men are leaner than women, leading to low BM1 values, 
which may have a major effect on the final attribution to SGA classes. It follows that 
especially low BMI should have less effect in assessment methods than is presently the 
case. The data obtained do not allow us to explain the modest correlation between 
MAMC and handgrip strength in women. It is also striking that MAMC in women was 
similar to that in men, whereas strength was weaker. We have the impression that women 
tried as hard as men to achieve optimal force. Potential influences may be exerted by 
gender or level of physical labor. 

Measurement of muscle strength is subject to inter- and intraobserver variabilities when 
not executed properly and is influenced not only by muscle mass but also by disease -
related factors. However, this also applies to some degree to more sophisticated 
measurements such as the bioimpedance measurement. The advantage is that it is a rapid 
and cheap method that can be applied and executed in any hospital setting. Further, the 
present patients under study were about to undergo elective surgery and were not acutely 
ill or in pain. In such patients these measurements have been shown to be reproducible 
when care is taken to execute the measurements carefully. 

Hemoglobin, total protein, and specifically albumin are often called nutritional 
parameters. In this population, hemoglobin proved to be low in patients in all SGA 
classes and in patients with normal MAMC and handgrip strength. This may be due to 
endemic anemia in the Mekong delta. Albumin levels were normal in SGA-A but varied 
from normal to low in SGA-B and SGA-C. There was a modest correlation between 
albumin and handgrip strength per square meter. This may be explained by the fact that 
longstanding inflammatory activity as evidenced by low albumin may lead to low MAMC 
or by the fact that muscle cannot contract adequately in the presence of inflammation. 
The finding of a persistent correlation when controlled for MAMC suggests that 
inflammation independently diminishes muscle strength. This is a real possibility because 
evidence has been presented in the literature that inflammatory activity negatively 
influences muscle strength [16-19]. 

In the literature the prevalence of patients estimated to be malnourished as determined 
by the SGA differs widely from 31% to 52% because of different study populations 
[1,23,24]. 

In our study, as in those by Iiirsch et al. [25] and Sungurtekin et al. [26], body weight, 
serum albumin, serum total protein, hemoglobin, and anthropometric data were 
significantly lower in the malnourished group, and age and percentage of weight loss 
correlated significantly with malnutrition scores. 

In one study of 100 surgical patients, Mourao et al. [27] also recognized the 
importance of weight loss in nutritional assessment. They found that weight loss > 10% 
was the only measurement that agreed with Kondrup's Nutritional Risk Assessment, 
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British Association for Parenteral and Enteral Nutrition (BAPEN) Malnutrition Screening 
Tool, Nutrition Screening Initiative, Admission Nutritional Screening Tool, and the SGA 
( k = 0.86 - 0.94, P <; 0.05). The SGA was highly sensitive (100%) and specific (69%) 
and was the only method with a significant Youden value (0.7). 

In Spain, Planas et al. [28] assessed the nutritional status of patients by using 
anthropometric measurements (BMI, TSF thickness, and upper-arm muscle 
circumference) and the SGA technique [28]. They found that anthropometric data and the 
SGA technique were not concordant, reflecting the limitations of markers of nutritional 
status. 

In conclusion, the SGA classes correlate significantly with age and percentage of 
weight loss. Body weight, BMI, MAMC, handgrip strength, serum albumin and total 
protein, and hemoglobin differed significantly across SGA classes. BMI was the only 
measurement of anthropometry that was relatively well concordant with the SGA in 
classifying patients as class A or C. The concordance in the attribution of patients to 
class B was low. A substantial portion of these patients had normal MAMC and 
handgrip strength and normal biochemical variables. We must therefore conclude that the 
SGA qualifies a larger proportion of patients as malnourished when compared with the 
aforementioned measurements. It is likely that very low BMI values correctly indicate 
malnutrition but that BMI values below the cutoff point, but not extremely low, are not 
good indicators of malnutrition in this Vietnamese population. Similarly high BMI values 
are not good indicators of adequate muscle mass and function. 

As expected, there was a close correlation between MAMC and handgrip strength in 
men, but the correlation in women did not reach significance. However, there also was an 
independent effect of albumin levels on handgrip strength. We propose that these 
findings imply that muscle strength is positively associated with muscle mass but neg-
atively with inflammatory activity. 

Based on our results we recommend using the SGA in combination with simple 
objective measurements such as MAMC and handgrip strength to assess nutritional 
status in surgical patients. 
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Abstract 

Background 
Bioelectrical impedance spectroscopy (BIS) is an attractive, noninvasive method for 
measuring body composition. However, prediction equations for body composition are 
generally population-specific. Results of body composition research using BIA or BIS in 
a Vietnamese population have not been reported. The aim of this study was therefore to 
apply BIS in healthy volunteers to validate this technique in assessing body composition. 
Methods 
Thirty healthy volunteers (13 males and 17 females) were included in the study. 
Impedance measurements were performed at the same time with a gold standard method 
in which Deuterium dilution is used as reference method for total body water (TBW) and 
Bromide dilution for extracellular water (ECW). Both the use of mixture equations and the 
use of single frequency BIA with application of a proposed equation, specific for three 
Singapore ethnic groups were evaluated. 
Results 
A good correlation between TBW measured by Deuterium dilution technique and by BIS 
was obtained (r - 0.892, p < 0.001). However, BIS underestimated TBW (4 litres) 
compared with the dilution method. The correlation between ECW determined by the 
dilution method and BIS was 0,769. ECW determined by BIS was 2,1 L overestimated 
compared with the Br-dilution method. Furthermore, a negative correlation between the 
error and the size of ECW was found. The correlation between TBW predicted by the 
equation of Deurenbeig and TBWdil was 0,850, comparable with the correlation between 
TBWbis and TBWdil. TBWdeurenberg also underestimated TBW by almost 4 L, In 
contrast, comparison of TBWbis with TBWdeurenberg showed a higher correlation 
coefficient (0,949, P<0,001) and a mean difference between the methods of only 0,7 L. 
The fact that the bias for ECW is negative indicates that not incomplete ingestion is the 
potential error source but probably evaporation of indicator mixture. This leads to a 
decrease of the Deuterium intake but not of the Bromide intake. In this case the assumed 
Deuterium intake was higher than the actual intake leading to a higher dilution. 
Conclusion 
The dilution method may not have been performed accurately. The error source may 
reside in evaporation of the deuterium oxide from the indicator mixture. More 
comparative studies in healthy people but also in diseased subjects should be conducted 
in Vietnam. 
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Introduction 

Multiple studies have demonstrated that malnutrition is one of the major causes of 
increased morbidity and mortality among hospitalized patients. The nutritional status of 
hospitalized patients can be assessed by a variety of methods in which measurement of 
body composition is becoming a standard assessment in many clinical and nutrition-
related studies There is great need for a simple valid method to measure body 
composition in a clinical setting. Laboratory methods such as indicator dilution 
techniques, computerized tomography, whole-body counting of ^K and neutron 
activation analysis for total body nitrogen are very accurate but also expensive, 
cumbersome, and require sophisticated instrumentation and highly trained technicians 2. 
Densitometry, underwater weighing, is less expensive but not suited for patients. 
Techniques based on anthropometric measurement are not reliable enough for use in the 
individual patient. Furthermore, many indirect methods that rely on assumptions are not 
valid during disease states. Changes in fluid balance leading to over- or underhydration 
will alter the density of the fat free mass. In these situations hydrodensitometry and 
skinfold measurement are not applicable. 

Bioelectrical impedance spectroscopy (BIS) is a technique to measure body 
extracellular water (ECW), intracellular water (1CW) and total body water (TBW). BIS is 
based on differences in conducting properties of different tissues. BIS measures resistance 
of a current when it passes through the body. During the measurement an alternating 
current of different frequencies is sent through the body, via electrodes placed on hands 
and feet. At low frequencies the current is unable to penetrate the cell membrane which 
acts as a capacitor. The measured resistance is the result of conductance through the 
extracellular fluid. At higher frequencies the current is able to pass through the cell 
membrane and the measured resistance is a reflection of both ECW and ICW. From all 
measured resistance values, the resistance of ECW and ICW can be extrapolated. These 
values are used in equations from mixture sciences to calculate ECW and ICW. TBW is 
calculated as the sum of ECW and ICW. 
BIS has the potential benefits of being non-invasive, portable and able to provide instant 

results. However, prediction equations for body composition have the tendency to be 
population-specific 3. Many factors can be responsible for this "population specificity'5. 
Factors known to have an impact on the prediction of total body water from bioelectrical 
impedance are gender, age, and body water distribution 3. Body impedance is also affected 
by body build. It has been shown in various studies that the contribution of the limbs to 
total body impedance is disproportional to the amount of body water in these body 
segments 4,5. Ethnic groups can differ in body build. Therefore, theoretically, the 
relationship between total body impedance and total body water may differ among 
different ethnic groups. At present, almost all BIS studies to measure body composition 
have been carried out in Europe and North America, thus most assumptions are based on 
data obtained from Caucasians. 
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In Vietnam, till now, no body composition research using BIA or BIS has been 
reported. In order to apply BIS to Vietnamese patients, it is necessary to validate BIS 
with a gold standard. The dilution of compartment specific indicators or tracers is often 
used as the gold standard for the measurement of the volume of different body 
compartment. Deuterium dilution is used as reference method for TBW 6 and Bromide 
dilution for ECW 7. At present, these dilution methods are the best methods available 
yielding acceptable accuracy in clinical studies 8,9,10. Both the dilution methods and BIS 
primarily measure the volume of fluid compartments. 

The aim of this study was therefore to apply BIS in healthy volunteers to validate this 
technique in assessing body composition. Both the use of mixture equations and the use 
of single frequency BIS with application of a proposed-equation specific for three 
Singapore ethnic groups 1 will be evaluated. 

Subjects and methods 

Study population 
Thirty healthy volunteers (13 males and 17 females) were included in the study. 

Written informed consent was obtained from all participants. The study was approved 
by Scientific and Ethic Committee of Can Tho General Hospital which is affiliated with 
Can Tho University of Medicine and Pharmacy, Vietnam. 

Study methods 
Anthropometric measurements 

Before anthropometry was measured, by taking the history and doing physical 
examination, all volunteers had been confirmed to have good health. Weight was measured 
to the nearest 0.1kg and height to the nearest 0.1cm after subjects had voided. From 
weight and height, body mass index (BMI) (kg/m2) was calculated. 

Bioelectrical impedance measurement 
Impedance measurements were performed just before the subjects drank the indicator 
mixture and after the subjects had been in a supine position for 10 minutes. Subjects were 
lying supine on a bed with legs separated and arms abducted from the body. A tetrapolar 
electrode arrangement as described by Lukaski et al. was used n . Impedance was 
measured with a Hydra ECF/ICF (Model 4200) bio-impedance spectrum analyzer 
(Xitron Technologies, Inc. San Diego, California, USA) using 50 programmed 
frequencies ranging from 5 kHz to 1 MHz. The extrapolated resistance of ECW and ICW 
were used in mixture equations provided by manufacturer to calculate body composition. 
Because the relationship between total body impedance and total body water can differ 
among different ethnic groups, we also use Deurenberg's prediction equation to estimate 
total body water 1 using the impedance index at 100 kHz frequency: 
for females: TBW - O.545*H2/Z100 + 4.3 
for males: TBW - 0.549*Ii2/Z10o + 4.5 
Subsequently these TBW values were compared with results from mixture equations and 
with deuterium TBW. 
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Body fluid compartments 
Total body water (TBW) and extracellular water (ECW) were measured by Deuterium 
oxide (D20) dilution and Sodium Bromide (NaBr) dilution respectively. The bottles 
containing the indicator dilution mixture were prepared in Maastricht, The Netherlands 
and subsequently shipped to Vietnam. They were kept at room temperature (about 26 
°C) during one month. Approximately three weeks before the experiment the indicator 
dilution mixture was distributed into 50 small bottles of 50ml by the pharmacist. These 
bottles were sealed by rubber caps and then covered by plastic paper and kept at room 
temperature, before they were ingested by the volunteers during two weekends. 
In the morning, overnight fasted volunteers emptied their bladder. Blood samples were 
collected followed by ingestion of 50 ml of a mixture which contained 20 ml D20 (D20: 
99.84 atom percentage excess) and 30 ml 150 mM NaBr. After 4 hour interval, the second 
blood samples were also obtained for Deuterium and Bromide analysis respectively. 
During the 4 hour interval, volunteers stayed in the hospital. They were allowed to move 
freely and to drink 500 ml water during the first three hours after ingestion of the mixture. 
Eating was not allowed. Blood samples coagulated for 1 hour and then, coagulated blood 
samples were centrifuged for 10 minutes. All serum samples were stored at - 20 °C and 
were sent to University Hospital Maastricht to be analyzed. Deuterium was analyzed by 
a mass spectrometric method described by van Kreelr 6. Bromide was analyzed by ion 
chromatography 12. 
TBWdil was calculated by correcting the Deu-dilution space with 4% for exchange of 
labile hydrogen l3. ECWdil was calculated by correcting the Br-dilution space with 0.9 for 
non-extracellular distribution of Br and with 0.95 for the Donnan equilibrium l4. The Br-
dilution method for ECW is estimated to have an accuracy of 5% 7,8. The accuracy of 
TBW measurements by Deu-dilution has been reported to be 1.5% 8'9. 

Statistical methods 
All data were analyzed by using SPSS 11.5 for Windows (SPSS Inc. Chicago, IL, USA). 
Results are expressed as an mean (SD). Absolute values of variables were compared 
between methods by paired-samples T tests. Results of TBW and ECW which were 
measured by BIS were compared with those measured by the dilution method by Bland 
and Altman analysis15. P-values of less than 0.05 were considered significant. 

Results 

Thirty-three healthy volunteers were included in the study. Data of three persons were 
excluded because results of dilution methods were irrational with a Deuterium TBW/body 
weight ratio higher than 73 percent. Subsequently data of thirty healthy volunteers (13 
male and 17 female) with a mean age of 48.2 (16.8) years and a mean BMI of 22,4 (2.6) 
kg/m2 were analyzed. The characteristics of population are shown in table 1. 
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Table I; Population characteristics 

Parameters Mean ± sd 
Age ( y) 48.2 ± 16.8 
Height (cm) 158.6 ±7.0 
Weight (kg) 56.5 ±8.8 
Body mass index (kg/m2) 22.4 ± 2.6 
Total body water ( dilution) (L) 35.7 ±6.4 
Extracellular water ( dilution)(L) 11.7 ± 1.7 
Total body water (BIS) (L) 31.3 ±7.3 
Extracellular water (BIS) (L) 13.7 ±2.4 

A good correlation between TBW measured by Deuterium dilution technique and by BIS 
was obtained (r = 0,892, p < 0.001)(as shown in figure 1A). However, the mean 
difference between the methods (bias) was more than 4 litres (table 2). This means that 
BIS underestimated TBW compared with the dilution method. The standard deviation of 
the difference was also large (table 2). This results in wide limits of agreement (figure IB). 
There was no significant correlation between the difference of the 2 methods and the 
volume of TBW. 
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Figure 1. Comparison of total body water (TB W) measured with deuterium dilution (Deu) 
and bioelectrical impedance spectroscopy (BIS). A: The correlation between the two 
methods. B: Difference between the two methods against their mean value. The horizontal 
line indicates the mean difference (bias) and the dotted lines indicate the 95% limits of 
agreement. 

For ECW the dilution method and BIS showed a correlation of 0,769. ECW was 2,1 L 
overestimated (table 2) compared with the Br-dilution method. Furthermore, a negative 
correlation between the error and the size of ECW (see figure 2B) was found. 
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Figure 2. Comparison of extracellular water (ECW) measured with Bromide dilution (Br) 
and bioelectrical impedance spectroscopy (BIS). A: The correlation between the two 
methods, B: Difference between the two methods against their mean value. The horizontal 
line indicates the mean difference (bias) and the dotted lines indicate the 95% limits of 
agreement> 

The correlation between TBW predicted by the equation of Deurenberg and TBWdil was 
0,850, comparable with the correlation between TBWbis and TBWdil TBWdeurenberg 
also underestimated TBW by almost 4 L (fig. 3, table 2). In contrast, comparison of 
TBWbis with TBWdeurenberg showed a higher correlation coefficient (0,949, P<0,001) 
and a mean difference between the methods of only 0,7 L (fig 3). 
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Figure 3. Comparison of total body water (TBW) measured with bioelectrical impedance 
spectroscopy (BIS) and Deurenberg's equation (using the impedance index at 100 KHz 
frequency). A: The correlation between the two methods. B: Difference between the two 
methods against their mean value. The horizontal line indicates the mean dijference (bias) 
and the dotted lines indicate the 95% limits of agreement. 

Table 2 : Comparison of body fluid compartments measured with 
dilution techniques and bioimpedance spectroscopy (BIS)1 

Volume (L) 
(SD) 

Difference 
between 
methods 

Correlation 
coefficient 
with 
dilution 

TBW 
dilution 
BIS mixture 
BIA Deurenberg's 

35.7 (6.4) 
31.3 (7.3)* 
32.0 (6.3)' 

4.4 (3.3) 
3.7 (3.5) 

0.892 
0.850 

ECW 
Dilution 
BIS 

11.7(1.7) 
13.7 (2.4)* -2-1 0-5) 0.784 

1 Mean valuest SD in parentheses. 
* Significant different from dilution value, paired T-test (P<0.001). 
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Discussion 

The majority of body composition studies, reported in the literature is performed in 
Caucasians and much of the information on validity methods and assumptions are 
available only for this ethnic group16. It is assumed that these assumptions are also valid 
for other ethnic groups. However, this is not the case. Prediction equations for body 
composition have the tendency to be population specific3. As far as we know, no studies 
regarding bioelectrical impedance spectroscopy in Vietnam have been published. It is 
therefore necessary to validate BIS with a gold standard in healthy people before BIS is 
clinically applied. Unfortunately, this study demonstrates that the results of. BIS and 
dilution techniques are different. In the current study BIS underestimated TBW by 4.4 L 
and overestimated ECW by 2.1 L. This is not acceptable because this study was 
performed in healthy individuals with a normal hydration state. In the study of van 
Marken Lichtenbelt17 on 29 healthy adults better correlations were achieved, r = 0.990 
for TBWBIS and TBWdeuterium and r - 0.970 for ECWBIS and ECWbromide dilution. 
In another study of Simpson 18 in healthy volunteers, there was a good correlation (r = 
870) between estimates of ECW using dual frequency BIA and NaBr dilution, with the 
former overestimating ECW by approximately 1 L. Although TBW measurements 
obtained by single and dual frequency BIA correlated well with estimates using tritium 
dilution (r = 0.980 and 0.970 respectively), single frequency BIA underestimated TBW 
by approximately 1 L and dual frequency BIA by approximately 5 L compared to tritium 
dilution. In the study of Cox-Reijven , the authors validated the spectrum approach and 
compared different methods for screening nutritional depletion in patients with 
gastrointestinal disease. They found that BIS underestimated TBW by 3 L and 
overestimated ECW by 0.64 L. 
Because the correlation coefficient between Deurenberg TBW and TBWdil was 
comparable with the correlation between TBWbis and TBWdil and lower than values 
reported in the literature, our data appear to indicate that the dilution method may not 
have been performed accurately. The high correlation between Deurenberg TBW and 
TBWbis can be explained by the fact that resistance values used in the equation correlate 
with each other. In Deurenberg's study, the impedance index at 100 KHz frequency was 
used to construct a regression equation based on TBW measured by deuterium dilution. 
Our results show that the mean difference between TBWbis and TBWdilution is 
comparable with the difference between TBWdeurenberg and TBWdilution. In both cases 
the bias is positive and large (about 4 L underestimation by BIA and BIS). This finding 
also points in the direction of limitation of the dilution method. The fact that the bias for 
ECW is negative indicates that not incomplete ingestion is the potential error source but 
probably evaporation of indicator mixture. This leads to a decrease of the Deuterium 
intake but not of the Bromide intake. In this case the assumed Deuterium intake was 
higher than the actual intake leading to a higher dilution. Calculation of TBW then would 
result in falsely high values. 
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The finding that TBWbis was consistent with results obtained by Deurenbergs' equations 
for TBW justifies the use of BIS, but proper validation studies should be repeated in the 
future. 
At present, many studies addressing BIS validity with dilution methods as gold standard 
in hospitalized patients have been published such as in hemodialysis patients (19, 20), in 
obese patients (21), in patients with severe weight loss (22), with gastrointestinal disease 
(23) and in elderly patients (24). Such validation studies have not been carried out in 
Vietnam in healthy, nor in diseased populations. In order to apply BIS in Vietnamese 
populations the technique should be validated not only in healthy people but also in 
diseased subjects. 

Conclusion 

BIS estimates of TBW and ECW did not correlate well with dilution methods and showed 
for a large bias for TBW. Evaporation of the deuterium oxide from the indicator mixture 
may explain the discrepant results. BIS results computed with mixture equations yields 
results for TBW that are comparable with results obtained employing specific equations 
published by Deurenberg for populations in Singapore. More studies not only in healthy 
people but also in diseased subjects should be conducted in Vietnam 
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Abstract 
Background and aims 
Bioelectrical impedance spectroscopy (BIS) is attractive for nutritional assessment 
because it is a bedside method, easy to perform and non-invasive. The aim of the study 
was to evaluate the relationship between different BIS variables (fat free mass (FFM), fat 
mass (FM), fluid volumes, phase angle (PA), membrane capacitance (Cm)) on the one 
hand and anthropometric, biochemical and functional variables on the other hand in 
patients before surgery. 
Methods: 
262 consecutive patients who were admitted for elective major abdominal surgery were 
included in the study. On the day prior to the elective operation, nutritional assessment 
consisting of percentage of weight loss, anthropometry, handgrip strength, biochemical 
tests and BIA were performed in all patients. Phase angle was calculated directly from 
body resistance and reactance. All the values of different BIS variables (FFM, FM, fluid 
volumes, PA, Cm) were compared with other objective measures indicative of nutritional 
and functional disturbances. 
Results: 
The best correlation was found between Cm and Handgrip strength (r = 0.652, p < 0.001) 
and between PA and handgrip measures and MAMC were good but lower than with 
handgrip strength. FFM index also significantly correlated with MAMC and handgrip 
strength but correlations were less significant than with Cm and PA. Values of Cm and 
PA exhibit fairly good correlations with albumin and handgrip strength when controlling 
for muscle mass (MAMC or FFM) for both sexes. The sensitivity and specificity of 
Cm/m2 (73.6% and 72.3%, respectively) and PA in classifying malnourished and well 
nourished patients (75.5% and 71.8%, respectively) when used with handgrip strength/m2 

as reference method were higher than with MAMC/m2 as a reference. (For Cm/m2 :70.0% 
and 72,1%, respectively; for PA: 58.3% and 68.8%, respectively). 
Conclusions: 
Simple, quick objective measurements like BIS, handgrip strength, midarm muscle 
circumference can furnish a good indication of nutritional status. The advantage of these 
measures is that no complicated equations to calculate fat free mass and fat mass at the 
whole body level are required. 

Keywords: 
Bioelectrical impedance spectroscopy (BIS), handgrip strength, midarm muscle 
circumference, fat free mass (FFM), fat mass (FM), phase angle (PA), membrane 
capacitance (Cm), 

92 



Bioelectrical Impedance Spectroscopy in Assessing Nutritional Status 

Introduction 

Undernutrition has been documented to occur frequently in surgical patients (1-3), and 
has been associated with a higher incidence of morbidity and mortality (4-8). 
Undernutrition is characterized by loss of body cell mass by functional disturbances in 
muscle force, immune function and cognition. Body compartments are changed in 
undernutrition (9). Therefore, measurement of body composition is an important 
component of overall nutritional evaluation in hospitalized patients (10-12). 
Bioimpedance analysis (BIA) was the first technique making use of measuring the 
resistance against an alternating electrical current of 50 Hz to assess body compartments. 
Bioelectrical impedance spectroscopy (BIS) theoretically is a technique to measure total 
body water (TBW), extracellular water (ECW) and intracellular water (ICW). BIS is based 
on differences in conducting properties of different fluid compartments. BIS, like BIA, 
measures resistance to a current when it passes through the body. During the 
measurement, unlike BIA, an alternating current of different frequencies is sent through 
the body, making use of electrodes placed on hands and feet. At low frequencies the 
current is unable to penetrate the cell membrane which acts as a capacitor. The measured 
resistance is the result of conductance through the extracellular fluid and therefore is a 
measure of extracellular water (ECW)- At higher frequencies the current is able to pass 
through the cell membrane. With the use of the Cole-Cole model the resistance of the 
ECW and ICW can be extrapolated. These resistance values can be used in 1-Ianai mixture 
equations to calculate ECW, ICW and TBW (13). Based on these fluid volumes fat free 
mass and fat mass can be calculated. BIS has been validated in different types of 
hospitalized patients (14),(15). BIS has the benefit of being non-invasive, makes use of 
portable equipment and is able to provide instant, relatively accurate results. However, 
BIS also has been criticized regarding two assumptions underlying the measurement and 
calculations. The first is that specific resistivity of fluid compartments is constant, while 
in fact resistivity may change during disease (16). The second assumption is that the 
human body behaves as a cylinder that homogeneously conducts the electrical current 
while in fact the geometry of the human body is much more complex. Recently, it has 
been proposed that phase angle (PA) in case of single frequency (BIA) and membrane 
capacitance (Cm) in case of multiple frequencies can be used to classify nutritional status 
of patients. Cm theoretically measures the capacitance of all membranes in the body to 
store electricity and is therefore dependent on body cell mass, which predominantly 
consists of muscle mass. Consequently on theoretical grounds Cm should correlate well 
with muscle mass. An additional factor that may influence Cm however is the integrity of 
the cell membrane which may be compromised in patients that are undernourished or 
subject to inflammatory activity (13). In the literature strong correlations have been found 
between basal metabolic rate and Cm in healthy persons (17). 
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The Phase angle (PA) can be calculated from R and Xc at any frequency, but usually 50 
kHz is used. Several studies on the PA in relation to malnutrition and severity of illness 
have been published (18,19). PA decreases with age (20) and with nutritional depletion 
(21),(22) and has prognostic value in different disease states like HIV (23), colon cancer 
(24) , and lung disease (25) . PA has also been found to correlate well with basal 
metabolic rate (26). 
The exact biological meaning of Cm and PA is not completely understood. Because they 
not only reflect BCM, but also appear to be indicators of cell membrane function, these 
measures might be valuable for assessment of overall health status and may have 
predictive power for outcome. 
In an earlier study we found that handgrip strength is positively influenced by muscle 
mass and negatively by inflammatory activity as indicated by albumin levels. We 
therefore undertook a study to analyse the value of different BIS variables by comparing 
them with other objective measures indicative of nutritional and functional disturbances. 
We hypothesized that correlations should exist between Cm or PA and albumin levels, 
mid arm muscle circumference and handgrip strength. The strongest correlation should 
exist between Cm and handgrip strength because both have been found to correlate with 
muscle mass and inflammatory activity. To the best of our knowledge such studies have 
not been performed previously in Vietnam. 
It was the aim of the present research to study the relationship between different BIS 
variables (FFM, FM, fluid volumes, PA, Cm) on the one hand and anthropometric, 
biochemical and functional variables on the other hand in patients before surgery. 

Subjects and methods 
Study population 
This prospective study was performed in Can Tho General Hospital - the affiliated 
hospital of Can Tho University School of Medicine, Mekong River Delta, Vietnam. 
All consecutive patients who were admitted to Can Tho General hospital for elective 
major abdominal surgery were included in the study. A major abdominal operation was 
considered to be performed when the length of laparotomy amounted to more than 5 cm. 
All patients who underwent laparotomy with the length of incision less than 5 cm and 
who underwent laparoscopic surgery, such as laparoscopic cholecystectomy, 
choledocholithotomy, deroofing of liver cysts were excluded. Patients with dementia or a 
history of a cerebrovascular accident were also excluded. Other exclusion criteria were the 
necessity to undergo emergency operations, such as for peritonitis and acute intestinal 
obstruction. From 14 November 2002 to 6 May 2004, two hundred sixty two patients 
were included in the study. 

Study methods 
During the first 72 hours after admission, a medical history of the patient was obtained 
and a physical examination performed. Height and weight were measured. A fasting blood 
sample was obtained to measure albumin, total serum protein, C-reactive protein (CRP), 
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hemoglobin and lymphocytes. These laboratory tests were validated by the Laboratory of 
Clinical Chemistry, Maastricht University Hospital, The Netherlands. 
In addition all patients underwent the following tests of nutritional assessment: 
- Anthropometric assessment of triceps skinfold and mid-arm circumference of the 
dominant arm. For measurement of triceps skinfold (TSF) thickness, a Holtain skin fold 
caliper was used. The TSF of dominant arm was measured with the arm extended, half-
way between the tip of the acromion and the olecranon process. This procedure was 
carried out three times, and the mean value was calculated. For measurement of midarm 
circumference (MAC) the MAC was measured at the same site and in the extended 
position. Midarm muscle circumference (MAMC) was calculated using the formula: 

MAMC = MAC - jt TSF 
MAMC was corrected by height squared (MAMC/ m2) in order to allow comparison 
with values of a reference population. 
- Handgrip strength of the dominant hand was measured with a mechanical JAMAR 
handgrip dynamometer. This dynamometer can be adjusted for hand size by changing the 
concave unit which is set together with the handle. Patients were required to sit with the 
arm flexed in the elbow in a 90° angle. The dominant arm was measured in triplicate. This 
allowed familiarization with the technique and provided the opportunity to improve 
performance. After an explanation the patient squeezed the handle as forcefully as 
possible for a few seconds and released. Patients were encouraged verbally and the best 
score was used in the analysis. Handgrip strength was also corrected by height squared 
(m2). 
- Bioelectrical impedance measurements were performed with a Hydra ECF/ICF (Model 
4200) bio-impedance spectrum analyzer (Xitron Technologies, Inc. San Diego, California, 
USA) using 50 programmed frequencies ranging from 5 kHz to 1 MHz. Patients were 
lying supine on a bed with legs separated and arms abducted from the body. A tetrapolar 
electrode arrangement as described by Lukaski et al. was used (27). PA at 50 KHz 
frequency is the mean of the right and the left PA. PA can be calculated with the 
following equation: 

PA = (Capacitance * 180) / (Resistance * /r). 
Membrane capacitance (Cm) is a measure of the ability of membrane to store electrical 
charge. Cm of the whole body is determined by total cell surface area and membrane 
thickness and porosity. Cm is affected by the aspect ratio (height to cross-sectional area) 
of the body's conductor. PA and Cm with other BIA data i.e. fat free mass (FFM), fat 
mass (FM), TBW, ECW and ICW were collected. FFM index, FM index (FMI), TBW 
index and ICW index are calculated by dividing absolute values by height squared (rrr). 

To obtain normal values for hemoglobin, MAMC and handgrip strength, we undertook a 
Study in 40 healthy adults (20 men and 20 women) from urban and suburban areas of Can 
Tho city. These individuals were randomly selected and used as controls when subjective 
global assessment (SGA) according to Detsky (28) had rated them in class A (well 
nourished). In an earlier study we found that class A individuals have normal MAMC and 
handgrip strength (29). Mean and standard deviations were calculated for the absolute 
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values as well as for the values corrected for height squared. Cut-off points were set at 
mean minus 2 standard deviations (sd). Characteristics of the control group are shown in 
table 1. 

Table 1: Demography of control group 

Parameters Unit Male (20) Female(20) 
Mean ± sd Range Mean ± sd Range 

Age year 42.i ± 16.8 47.5 ±15.8 

Weight kg 59.9 ±8.1 43.7-76.1 52.9 ± 7 . 7 37.5-68.3 

Height cm 163.4 ± 5 . 4 152.6-174.2 154.4 ± 5 . 4 143.2-165.2 

MAMC cm 23,9 ± 1.9 20.1-27.7 19.5 ± 1.6 16,3-22.7 

MAMC/ height2 cm/nr 8.9 ±0 .7 7.6-10.2 8.3 ±0 .8 6.7-9.7 

Handgrip kg 40.3 ± 10.5 19.3-61.3 22.5 ± 4.2 14.1-30,9 

Handgrip/height2 kg/m 15.0 ±3 .5 8.0-22.0 9.1 ±2 .0 5.1-13.1 

Hemoglobin o/dL G» 
13.9 ± 1.4 11.2-16.6 12.4 ± 1.4 9.7-15.1 

MAMC: midarm muscle circumference 

In order to calculate the sensitivity and specificity of FFM index, Cm/m2 and PA for 
classifying patients as malnourished or well nourished, we used the cut-off values of 
MAMC/m2 and handgrip strength/m2 of the male and female control groups. 

Statistical methods 
All data were analysed by using SPSS 11.5 for Windows (SPSS Inc. Chicago, IL, USA). 
Differences of continuous variables between male and female were assessed with 
independent samples T test. Data are presented as mean ± standard deviation. Pearson 
product-moment correlations coefficient analysis was performed to test the linear 
relationship between continuous variables. Partial correlation was performed to test 
whether the third factor can have influence to the relationship between the first two 
factors. To compare the ability of FFM index, Cm/m2 and phase angle to identify patients 
with nutritional depletion, the sensitivity (percentage of depleted patients classified as 
depleted) and specificity (percentage of not depleted patients classified as not depleted) 
were calculated with normal values for MAMC/m2 and handgrip strength/m2 as reference 
methods For all tests P-values of less than 0.05 were considered significant. 

Results 

During the 18 months study period, 262 patients were admitted for major abdominal 
procedures. Gastrointestinal cancer and hepato-bilio-pancreatic cancer accounted for 51.5 
percent of the patients (table 2). The second commonest disease was tropical common 
bile duct stones on the basis of infestation with Ascaris lumbricoides. 
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Table 2: Types of diseases for major surgery 

DIAGNOSIS FREQUENCY PERCENTAGE 
Gastrointestinal cancer 108 41.2 

Esophagus 2 
- Stomach 49 

Duodenum 2 
Colorectum 55 

Gastrointestinal benign diseases 39 14.9 
Hepatobilio-pancreatic cancer 27 10.3 
Cho ledocholithi asi s 67 25.6 
Benign bilio-pancreatic diseases 21 8.0 
Total 262 100.0 

Height, MAMC/m2, handgrip strength, handgrip strength/m2, FF M index, TB W index, FM 
index, ICW index Cm} Cm/m2 and PA, were significantly different between male and 
female patients, (table 3). 
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Table 3: Characteristics of the study population 

Parameters All patients Males(142) Females(120) 
Mean ± sd Mean ± sd Mean ± sd 

Age (year) 52.2 ± 16.7 53.1 ± 16.3 51.1 ± 17.1 
Weight (kg) 46.6 ±7.3 47.4 ± 6.8 45.6 ± 7.7* 
Height (m) 1.59 ±0.07 1.63 ±0.06 1.53 ±0 .05" 
MAMC (cm) 20.3 ±2.3 20.7 ±2.1 19.8 ± 2.4* 
MAMC/ m2 (cm/ nr) 8.1 ±1.1 7.8 ±0.9 8 . 4 ± i . r 
Handgrip strength (kg) 22.5 ±8.7 26.0 ±8.8 18.3 ± 6 . 4 " 
Handgrip /m2 (kg/m2) 8.8 ± 3.1 9.7 ±3.2 7.8 ± 2.7** 
FFM index (kg/m2) 13.4 ± 2.1 14.0 ±2.1 12.8 ±2.0** 
TBW index (L/m2) 10.1 ±1.6 10.5 ± 1.5 9.6 ± 1.4** 
FM index (kg/m2) 5.1 ±2.3 3.8 ± 1.5 

* * 

6.6 ± 2.2 
ICW index (Um2) 5 < 4 1 * 1 5.6 ± 1.1 5.1 ± 1.0** 
ECW/ICW 0.90 ±0.15 0.89 ±0.15 0.92 ±0.15 
PA 5.5 ±0.9 5.6 ± 0.9 5.3 ±0.8* 
Cm (n. Farad) 1.05 ±0.38 1.2 ±0.4 0.9 ±0,3** 
Cm /m2 (n.Farad/m2) 0.41 ±0.14 0.43 ±0.15 0.39 ±0.13* 

MAMC: midarm muscle circumference; FFM: fat free mass; TBW: total body 
water; TBW: total body water; FM: fat mass; JCW: intracellular water; ECW: 
extracellular water; PA: phase angle; Cm: membrane capacitance, m2: height squared 
Significant differences between males andfemales: * P < 0.05 ** P < 0.001 

We compared Cm, PA and FFM index on the one hand with MAMC and Handgrip 
strength on the other hand. The best correlation was found between Cm and Handgrip 
strength (r = 0.652, p < 0.001) and between PA and handgrip measures and MAMC 
were good but lower than with handgrip strength (table 4). FFM index also significantly 
correlated with MAMC and handgrip strength but correlations were less significant than 
with Cm and PA (table 4). 
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Table 4: Correlation coefficients (r) between anthropometric, laboratory data and BÎÀ 
phase angle, membrane capacitance and FFM index 

Parameters 
Phase angle 

r 

Membrane 
capacitance 

r 

Fat free mass index 

r 
Age - 0.487** - 0.316** - 0.200* 
% weight loss - 0.235** - 0.275** -0.310** 
BMI 0.335** 0.422** 0.601** 
MAMC 0.407** 0.522** 0.661** 
Handgrip 0.607** 0.652** 0.509** 
Albumin 0.359** 0.307** 0.146* 
Protein 0.417** 0.362** 0.217** 
Hemoglobin 0.397** 0.389** 0.323** 
CRP » 0.007 0.023 0.053 
Lymphocyte 0.139* 0.126* 0.062 

*P< 0.05; **P< 0.001 
BMI: body mass index 
MAMC: midarm muscle circumference 
CRP: C reactive protein 
FFM: fat free mass 

Impedance values PA, Cm, FFM index and ICW index, obtained in men correlated 
better with handgrip strength than values obtained in women (table 5). Similar 
differences between correlations in men and women were obtained for impedance values 
and MAMC (table 5). Serum albumin, protein and hemoglobin correlated with PA, Cm, 
FFM index and ICW index as shown in table 5. However, CRP and lymphocytes did not 
correlate with any of the BIS variables. 
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Table 5: Correlation between anthropometric, laboratory data and BJA phase angle, 
membrane capacitance and FFM index in men and women 

MALE 
PARAMETERS Phase angle Cm FFM index ÏCW index 

r r r r 
Age -0.506** -0.408** -0.362** -0.421** 
% weight loss -0.238 * -0.323** -0.396** -0.368** 
BMI 0.412** 0.567** 0.757** 0.692** 
MAMC 0.526** 0.674** 0.660** 0.644** 
MAMC/m2 0.458** 0.515** 0.634** 0.601** 
Handgrip 0.597** 0.640** 0.482** 0.558** 
Handgrip/m2 0.616** 0.631** 0,518** 0.591** 
Albumin 0.412** 0.420** 0.243 * 0.316** 
Protein 0.431** 0.373** 0.249 * 0.322** 
Hemoglobin 0.428** 0.410** 0.326** 0.373** 
CRP -0.009 -0.004 -0.084 -0.017 
Lymphocyte 0.132 0.123 0.068 0.108 
FEMALE 
PARAMETERS Phase angle Cm FFM index ICW index 
Age -0.506** -0.283 * -0.067 -0.156 
% weight loss -0.317** -0.397** -0.355** -0.280 * 
BMI 0.415** 0.595** 0.752** 0.682** 
MAMC 0.327** 0.546** 0.628** 0.558** 
MAMC/m2 0.295 ** 0.466** 0.617** 0,550** 
Handgrip 0.572** 0.542** 0.394** 0.430** 
Handgrip/m2 0.599** 0.548** 0.424** 0.460** 
Albumin 0.316** 0.212** 0.060 0.104 
Protein 0.434** 0.439** 0.229 * 0.252 * 
Hemoglobin 0.339** 0.355** 0.309 ** 0.314** 
CRP 0.028 0.137 0.036 0.034 
Lymphocyte 0.124 0.084 0.008 0.042 
*p< 0.05 
**p = 0.001 
BMI: body mass index, MAMC: midarm muscle circumference, CRP: C reactive protein, Cm: 

membrane capacitance, FFM: fat free mass, ICW: intracellular water. 

Values of Cm and PA exhibit fairly good correlations with albumin and handgrip strength 
when controlling for muscle mass (MAMC or FFM) for both sexes (table 6), but the 
correlation is better with absolute handgrip strength. This partial correlation between 
handgrip strength and Cm or PA controlled for MAMC was significantly stronger in 
females compared with males. The correlation between albumin and BIS variables also 
decreased by controlling for MAMC or FFM but to a lesser extent. 
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Table 6: Correlation matrix for albumin, handgrip strength, Cm and PA with and without 
correction for MAMC or FFM by partial correlation, 

Albumin Handgrip strength 
Control 
variables 

Male Female Male Female 

Cm No Control 0.42** 0.21* 0.64** 0.54** 
MAMC 0.34** 0.19* 0.43** 0.50** 
FFM 0.35** 0.19* 0.41** 

* * 0.50 
PA No Control 0.41** 

* 

0.32 0.60** 0.57** 
MAMC 0.33** 0.30** 0.43** 

* * 

0.53 
FFM 0.33** 0.28** 0.39** 0.42** 

Cm: membrane capacitance, PA: phase angle, MAMC: mid arm muscle circumference, FFM: fat free mass. 
(*p< 0.05 and ** p < 0.005), 

In the patients in which MAMC and handgrip strength were below the cut-off values 
determined in the control group mean FFMI, Cm/m2 and PA were lower than in patients 
with normal values both in males and females (table 7). 

Table 7: Mean values of FFM index, Cm/m2 and PA in patients with MAMC/m2 and 
handgrip/m2 below or above the lower cut-ojf values found in the control group. A: for 
men and B: for women. 

A 
Men FFM index Cm/nr PA 

MAMC/m2 

< limit 12.6 ±1.6** 0.34 ±0.11** 5.2 ±0.8** 
> limit 14.9 ± 1.9 0.49 ±0.14 5.9 ±0.9 

Handgrip/m2 

< limit 12.6 ± 1.7** 0.32 ±0.10** 4.9 ± 0.8** 
;> limit 14.4 ± 2.1 0.47 ±0.15 5.8 ±0.9 

B 
Women FFM index Cm/m2 PA 

MAMC/m2 

< limit 
* * 

10.4 ± 1.2 0.21 ±0.09** 4.7 ± 0.8* 
ä limit 12,9 ± 1.9 0.40 ±0.13 5.3 ±0.8 

Handgrip/m2 

< limit 11.4 ±2.0** 0.28 ±0.14** 4.4 ±0.8** 
£ limit 13.0 ± 1.9 0.41 ±0.13 5.5 ± 0,7 
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Significant difference between groups (*p < 0.05, ** p < 0.005). MAMC: midarm muscle circumference, 2 
FFM: fat free mass, Cm: membrane capacitance. PA: phase angle. The lower limits for MAMC/m and 

2 
handgrip/ m calculated from control group and used for men and women to classijy them as well or 
malnourished. 

Table 8 shows the sensitivity and specificity of FFM index, Cm/m2 and PA in classifying 
malnourished and well nourished patients with MAMC or handgrip strength as reference 
method. The sensitivity and specificity of Cm/m2 (73.6% and 72.3%, respectively) and 
PA (75.5% and 71.8%, respectively) when used with handgrip strength/m2 as reference 
method were higher than with MAMC/m2 as a reference. (For Cm/m2:70.0% and 72.1%, 
respectively; for PA: 58.3% and 68.8%, respectively). 

Table 8: Sensitivity and specificity of FFM indext Cm/ m2 and PA in classifying 
malnourished and well nourished patients based on MAMC/ m2 and handgrip strength / 
m2 references. 

Sensitivity(%) Specificity(%) 
FFM index 

MAMC/ m2(reference) 72.1 70.7 
Handgrip strength/m2(ref.) 70.7 68.9 

Cm/ m2 

MAMC/ m2(reference) 70.0 72.1 
Handgrip strength/ m2 (ref.) 73.6 72.3 

PA. 
MAMC/ m2(reference) 58.3 68.8 
Handgrip strength/ m2 (ref.) 75.5 71.8 

MAMC: midarm muscle circumference, FFM: fat free mass, Cm: membrane capacitance. PA: phase 
angle. 

Discussion 

In this study we confirmed that BIS derived estimates of FFM correlate well with 
MAMC and BMI. More importantly, it was found in this study that Cm and PA 
correlated with MAMC and Alb, but most strongly with handgrip strength. With this 
finding we provided supportive evidence for the hypothesis that Cm and handgrip 
strength are not only influenced by body cell (muscle) mass but also by muscle function. 
In the literature very few data exist regarding Cm. Phase angle, however, has been 
demonstrated to be influenced by the relative contributions of fluid (resistance) and 
cellular membranes (capacitance) of the human body (30), (31). By definition, phase angle 
is positively associated with capacitance and negatively associated with resistance (30). 

102 



Bioelectrical Impedance Spectroscopy in Assessing Nutritional Status 

Lower phase angles suggest cell death or decreased cell integrity, whereas higher phase 
angles suggest large quantities of intact cell membranes (31). In earlier studies we have 
shown that handgrip strength is not only influenced by muscle size but also by 
inflammation, because inflammatory activity decreases the ability to contract 
(29),(32),(33). In other areas of medicine this also has been demonstrated (34), (35). In 
view of the fact that muscle size and disease influence both handgrip strength and Cm in 
similar ways we investigated relationships between BIS derived variables and handgrip 
strength. The present study shows that there were good correlations between handgrip 
strength, and PA or Cm. In addition, MAMC was also positively associated with PA and 
Cm but the correlation coefficient was lower than for handgrip strength. Miki Nagano et 
al also reported a correlation between PA and MAMC in pediatric patients (36). 
In the present study correlations between handgrip strength, and PA and Cm in men were 
significantly better than in women. When corrected for MAMC this correlation was still 
higher for men. This implies that other factors than muscle mass must influence muscle 
strength. Potential influences may be the fact that men perform more manual labour, and 
possibly are more inclined to do their best to perform well in a physical test than women. 
Finally hormonal differences may also influence muscle strength. 
Among BIA parameters, we focused on PA because it can be obtained directly from 
resistance and reactance. Also, PA values can be obtained in patients whose weight and 
height cannot be measured. Moreover, it does not depend on regression equations, 
thereby eliminating a large source of random error. 
Whether PA can be used as a nutritional assessment tool in hospitalized patients depends 
on its sensitivity and specificity. In an earlier study we found that SGA correctly 
identifies well nourished patient but overestimates the number of malnourished patients. 
Our data suggest that in fact PA and Cm perform just as well or even better than SGA. 
Some previous studies have tried to address this question. For example, Selbeig et al 
showed that PA was higher in control subjects than in hospitalized patients. Schwenk et 
al (23) hypothesized that PA could be interpreted as a global marker of malnutrition in 
HIV-infected patients. In patients with liver cirrhosis, PA was speculated to be a marker 
of clinically relevant malnutrition characterized by both increased extracellular volume and 
decreased body cell mass (31). In the study of Ploumis Passadakis et al.(37) , it was 
found that there was a proportional decrease in PA with the severity of malnutrition 
determined by SGA. Similarly, Miki Nagano et al. (36) in one study of pediatric patients 
also found that malnourished patients showed lower PA than well nourished children. In 
another study in Brasil, Barbosa-Silva et al.(9) also showed that PA decreased 
significantly with worsening nutritional status according to SGA, which implies that BIA-
PA is to some degree allows detection of changes in nutritional status. In patients with 
advanced colorectal cancer and with advanced pancreatic cancer, it was found that 
patients with higher PA had longer median survival time (24),(3 8). Our study showed 
that if we considered cut-off values of MAMC/m2 and handgrip strength/m2 of control 
group as references, not only PA, but also Cm and FFM index were significantly lower in 
the malnourished than in the well nourished group. PA is derived from single frequency 
BIA whereas membrane capacitance (Cm) is derived from multiple frequency BIS. Our 
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study showed that there was good correlation between PA and Cm. Unfortunately few 
data exist regarding Cm and the assessment of nutritional status. Theoretically Cm 
furnishes a better measure of the ability of the body to store an electric current, and 
should therefore be a better measure of the complex of total body cell membranes and 
their integrity. Indeed we found that Cm correlated as well or better than PA with 
MAMC and especially handgrip strength. The role of PA and Cm in assessing a 
composite of body cell mass and its integrity depends on their value to identify patients 
that are malnourished (low body cell mass: low MAMC) and have limited functional 
capacity (handgrip strength). Despite the fact that at the group level there is a highly 
significant correlation between these parameters, specificity and sensitivity were not high 
enough to detect an individual as being malnourished with high reliability. However, in 
comparison with the results obtained from validation of SGA with simple techniques to 
estimate muscle mass and function Cm (in BIS) or PA (in BIA) were as reliable or better 
than SGA. This conclusion only applies to the population of preoperative patients that 
we studied. 
The value of PA at the group level is supported by the study of Maggiore Q (16) in renal 
failure patients, who also showed that post-hemodialysis PA appeared to be the best 
index of nutritional status, being significantly correlated with serum albumin and MAMC. 
In the study of Fein (39) it was also concluded that PA was correlated with all of the 
biochemical markers of nutrition, such as albumin and total protein. The value of FFM 
index in nutritional assessment has been confirmed by Pichard (40). He concluded that 
FFM index was significantly lower in patients than in control subjects. In our present 
study, FFM index was also significantly lower in the malnourished than in the well 
nourished group. 
In the available literature no data exist regarding body composition analysis performed 
with BIS in Vietnam. The data obtained in the present study demonstrate that the value 
of BIA or BIS is as high or higher than SGA when used as a screening tool. To increase its 
performance more insight is necessary in the pathogenesis of malnutrition and the effects 
that pathophysiology has on electrophysiologic events occurring in health and disease. 

Conclusion 

Simple, quick objective measurements like BIS, handgrip strength, midami muscle 
circumference can furnish a good indication of nutritional status. The advantage of these 
measures is that no complicated equations to calculate fat free mass and fat mass at the 
whole body level are required. Their value is strengthened by the possiblity that they do 
no only furnish information regarding body composition but that they also may be risk 
factors for the development of infectious complications. These factors should therefore be 
taken into account when surgery is considered and should guide the surgeon in considering 
extensive aggressive or limited defensive surgery to diminish the occurrence of life 
threatening postoperative complications. 
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Assessment of nutritional status 

Assessment of nutritional state includes both subjective and objective measurements. 
However, no agreement exists with regard to the definition of malnutrition. Generally, 
malnutrition is defined as a state resulting from lack of uptake or intake of nutrition 
leading to diminished body weight and diminished function. Over the years, general 
agreement has developed that of the components of body weight especially Fat Free 
Mass (FFM) and more specifically cellular mass are the crucial determinants of 
nutritional state. Cells constitute the living active part of the organism and their size and 
integrity determine the health and ability of the organism to function properly. In health 
this means that the body feels well, is able to perform manual labour, can concentrate and 
perform intellectual labour. In acute disease, it implies that the body can generate an 
adequate healing response to the acute trauma or the acute illness. 
The confusing issue in the definition is that it focuses on nutrition whereas shrinkage of 
cellular mass may also be caused by inflammatory activity. Almost without exception, 
malnutrition is the result of the combined action of overnutrition/undernutrition and 
inflammatory/infectious activity. Most children suffering from endemic malnutrition are 
infected with parasites or other microorganisms in the non-oedematous but especially in 
the oedematous malnourished groups. Malnutrition in these children very likely results 
from a vicious circle, including insufficient food intake, parasitic infection, inflammatory 
activity in the intestine, leading to diarrhoea and insufficient intake. In later stages 
inflammatory activity may continue without demonstrable parasitic infection.1 Along the 
same lines chronic inflammatory diseases like rheumatoid arthritis, psoriasis, Crohn's 
disease, COPD, end stage renal failure also induce shrinkage of cellular mass, which 
cannot be completely countered by nutritional measures, but which contributes to the 
malnourished state. 
The importance of inflammatory activity is supported by the fact that in many 
"nutritional risk indexes" both anthropometric data and inflammatory parameters are 
included, because they have been shown to be significantly correlated with the occurrence 
of complications, bad quality of life etc. The risk indexes that include inflammatory 
parameters have higher predictive power than when anthropometric data are taken alone 2" 
8. The screening methods also include crude anthropometric measures as well as severity 
of disease, but the only true measurement consists of weighing (body weight; BW) and 
measuring height (meter) to calculate body mass index (BMI) expressed as kg/m2. These 
screening methods include the assessment of the risk of insufficient food uptake and the 
degree of inflammation/ size of the operative trauma/ severity of disease. The view that 
diminution of the body cell mass (BCM) may result from combinations of insufficient 
nutrition and inflammatory activity has led to endeavours to include metabolism in the 
definition. It has also led to the practice to call patients depleted rather than 
undernourished. Depletion as a term to indicate loss of BCM has met some political 
resistance however because the term may obscure the notion that lack of sufficient 
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nutrition is a major factor, contributing to the depleted/ undernourished state, 
necessitating implementation of worldwide programs to supply sufficient food to the 
many populations at risk. Taking this into account, it may be preferable to maintain the 
term "Malnutrition". Another problem with "depletion" as definition is that overnutrition 
(more calories taken up than expended) is not included in the definition whereas 
"Malnutrition" includes both over- and undernutrition (fewer calories taken up than 
expended). In view of these considerations, malnutrition should be viewed as a situation 
in which body composition is abnormal and simultaneously in which there is diminished 
function. 
Undernutrition (negative nutrient balance) leads to loss of adipose tissue but importantly 
also to loss of body cell mass. The amount of adipose tissue present is a major factor 
determining the duration of successful starvation during which body cell mass and protein 
can be spared, and consequently determining the duration of survival. When more adipose 
tissue is available, more fat will be lost and less body cell mass.9 Loss of body cell mass 
diminishes the ability to respond adequately to trauma or disease. It is difficult to acquire 
a reliable measure of body cell mass in practice, especially because in starvation, severe 
obesity and even more so in disease the ratio BCM/FFM and also the ratio tissue solids/ 
tissue water (normally 27/73%) substantially decrease. 10-14 Consequently many data on 
FFM, relying on the assumptions that these ratios are stable in starvation/obesity/disease 
overestimate BCM and tissue solids, which represent the active metabolizing part of the 
body. In spite of the fact that FFM may overestimate the amount of tissue solids, low 
FFM/Height2 remains a significant predictor of mortality in logistic regression analyses in 
many populations. 15~17 

The above mentioned description of malnutrition emphasizes that function should be 
diminished. The changes in body composition should have interfered with normal 
function (muscle, cognitive, immune function). When weight loss is modest or if there are 
only slight losses of body fat mass, this may not be the case and the weight loss and the 
changes in body composition are irrelevant. Function may also be compromised by 
inflammatory activity, already present before the new trauma or disease. Inflammatory 
activity of longer duration leads also to shrinkage of body cell mass, specifically muscle 
mass. However, the presence of inflammatory activity also interferes independently with 
the ability to recover successfully from trauma or disease.18"22 Inflammatory activity also 
diminishes quality of life, longevity, physical mobility 22~35, as well as the ability to cope 
successfully with exogenous noxious influences (acute disease, trauma).5> 36-38 

Patients lose BCM and are in a negative protein balance after (surgical) trauma. When 
they do not recover well for instance due to infection, they continue to lose BCM and 
become malnourished. In this situation the inflammatory state persists and the body will 
not respond well to a renewed or ongoing challenge (second hit).39-43. 
If patients recover well from the inflammatory response they develop polyuria and a 
negative fluid balance (decreasing body weight as a sign of shrinking extracellular water), 
their plasma albumin increases, edema is lost, they improve clinically, and plasma Na, Hb, 
Alb increase. If recovery of surgical trauma is successful, these clinical signs start 
occurring approximately 3 days after operation. After prolonged periods of sepsis the 
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turning point is only reached when sepsis is adequately cleared, but the recovery process 
develops much slower and may require months to a year. 
The fact that inflammatory markers in most nutritional risk indexes 2 '7,44 improve the 
sensitivity/specificity of indexes predicting the risk of malfunction (e.g. infectious 
complications) has led to the practice of naming them nutritional markers, which they are 
not since they do not adequately reflect body composition. However, when there is 
chronic inflammatory activity the body becomes catabolic and body cell mass (especially 
muscle mass) decreases, which explains why there is generally a crude correlation between 
inflammatory parameters and parameters for body composition. 10 After acute trauma or 
disease, inflammatory parameters may be elevated but cell mass may still be relatively 
normal. On the other hand, due to insufficient uptake or intake of food, but only modest 
inflammatory activity, substantial amounts of body cell mass may have been lost while 
inflammatory parameters are only mildly elevated. 
The strong negative predictive value of these inflammatory parameters with regard to an 
adequate immune/host response results from the fact that the body responds less well in 
the presence of inflammatory activity, still present after an earlier stressful event 
("second hit" phenomenon; see above), even when body cell mass is still well preserved. 
In clinical practice, this may explain why patients that are re-operated within 24-48 hours 
after the first operation tolerate this second surgical trauma relatively well, whereas after 
longer intervals between the first operation and the re-operation, patients are more prone 
to heal badly and to develop infectious complications. Similarly, an infection occurring in 
the post-traumatized state may have much more deleterious consequences (multiple organ 
failure) than when the infection occurs (as a first hit) in a metabolically stable situation. 
43,45 

Regardless of how malnutrition is described, adequacy of function should be considered as 
the most important factor, determining the quality of defence mechanisms of the organism 
and quality of life. In conclusion, it should be born in mind that several different factors 
may influence body composition and function. 39^3>45 

How to separate the influence of changes in body composition 
from the effect of inflammatory activity? 

In this thesis we tried to separate the influence of changes in body composition from the 
influence of inflammatory activity on clinical outcome. We found that, as usual, measures 
of body composition were significantly different between patients developing infectious 
complications and those that did not. Especially the difference in loss of body weight 
(BW), midarm muscle circumference (MAMC), and handgrip strength were highly 
significant just as values of BI A/BIS (FFM index, ICW index, phase angle, membrane 
capacitance). In the multivariate analysis loss of BW and handgrip strength remained 
significant. In this model PA and Cm did not add to the model once handgrip strength was 
incorporated. 
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Interestingly in this patient group albumin did only show a trend as a predictor whereas 
in many studies it had a significant predictive effect with regard to infectious outcome. 46~ 
48 This may be explained by the fact that the range of albumin levels was rather small. 
Handgrip strength scored better than MAMC but correlated well with albumin levels 
especially when handgrip strength was expressed per unit of muscle mass, namely 
MAMC. It follows that in the presence of low Albumin levels, muscle is less strong than 
in its absence. This is confirmed in studies in neurobiology26,49. 

On the basis of these findings we propose that the high predictive value of handgrip 
strength results from the fact that this measure is determined by at least two factors: 
muscle size and inflammatory activity. This explains its high predictive value with regard 
to the development of infectious complications. Many studies also showed that handgrip 
strength has been used successfully to predict postoperative complications and mortality. 
50-55 

Interestingly in our patient cohort, women were less strong than men when strength was 
controlled for size. Apart from a true gender difference, this may also be explained by 
other factors like for instance men performing more manual labour. Also the correlations 
between handgrip strength and MAMC were much less strong in women than in men. 
Comparable findings have been found in patients with renal disease.56 Muscle force was 
much less influenced by inflammatory activity in women than in men. 
It is possible that phase angle (PA) and membrane capacitance (Cm) would score as well 
or better than handgrip strength as predictors of infection. This requires somewhat more 
sophisticated equipment, which not every hospital would want to purchase. Importantly 
PA does not require any body measure and Cm only body length. A practical advantage 
of handgrip strength is that the equipment to measure it, is cheap and easy to purchase. In 
addition, little training is required to achieve good reproducibility. 
Our study showed that not only PA, but also Cm was significantly lower in the 
malnourished than in the well nourished group. Theoretically, Cm furnishes a better 
measure of the ability of the body to store an electric current, and should therefore be a 
better measure of the complex of total body cell membranes and their integrity. 
The fact that PA and Cm are significantly different between groups with and without 
complications agrees with the high predictive value of handgrip strength because these 
BIA/BIS parameters are also very much dependent on cell mass and inflammatory 
activity. PA has indeed been found by other authors to be a risk factor for the 
development of postoperative complications.57"59 Few data exist regarding Cm and the 
assessment of nutritional status. When using BIS, further studies addressing the potential 
value of Cm as a risk factor are needed. 
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Malnutrition in Vietnamese hospitalized surgical patients 

In Vietnam, a very limited number of surveys has been reported regarding the assessment 
of nutritional status. In the adult population, nutritional factors have been published, 
including dietary intake, food consumption pattern, and macronutrient intake. Nutritional 
status of middle-aged Vietnamese in Ho Chi Minh City has been assessed and body mass 
index has been used in the assessment of adults in Vietnam.60"64 In the paediatric 
population, surveys have been produced addressing rates of malnutrition and 
micronutrient status of primary school girls. 65-67 No reports are available regarding 
malnutrition in hospitalized patients. In all hospitals of this country, nutritional 
assessment was not a routine part of the work-up of patients, scheduled for surgery. We 
therefore conducted these studies. The present study is the first to perform SGA, to 
evaluate the role of anthropometry and handgrip strength, and to use BIS in the 
assessment of nutritional state in hospitalized patients. 
Although we had anticipated that the prevalence of malnutrition in hospitalized patients 
in Vietnam would be high, the incidence found (55.7%) was higher than we expected. 
Awareness should be increased among surgeons, who plan surgery for this patient 
population, because undernutrition may lead to an increase in postoperative infectious 
complications. Better insight in the risks involved while performing operations in 
malnourished patients may change the surgical approach, diminishing the incidence of 
complications. Application of SGA, handgrip strength, and bioelectrical impedance 
spectroscopy in surgical patients is feasible in Vietnam. 
Screening methods are increasingly applied in developed countries,68,69 True assessment 
of nutritional state can be performed by assessing muscle force, inflammatory activity 
(albumin levels), and body composition (anthropometry). A crucial question to ask is 
whether the patient has lost weight in view of the fact that we found that this is a strong 
predictor of the development of complications. It is necessary to be aware of these risk 
factors, and to perform a good clinical examination for loose skin, oedema etc and then 
relate the values obtained to control values. In this study, we have focused on muscle 
function. There is no consensus how to measure muscle force, and it is important to 
achieve consensus how to acquire reliable measures for muscle force but also for immune 
function and cognitive function. These last two functions were not addressed in this 
thesis. 

Recommendations for the future 

Because of very high prevalence of malnutrition in hospitalized surgical patients and the 
high incidence of postoperative infectious complications in severely malnourished 
patients, application of methods for nutritional screening and risk assessment for not only 
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inpatients but also outpatients should preferably be done routinely in all hospitals in 
Vietnam. Subsequently, preoperative nutritional intervention should be considered for 
malnourished patients that are about to undergo abdominal surgery. In addition, surgeons 
should adapt their surgical strategy in patients that are malnourished, including limiting 
the risk and the size of the operative trauma. 
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Summary 

SUMMARY 
The prevalence of malnutrition of hospitalized patients is still very high in every country 
in the world and especially in developing countries. A compromised nutritional state has 
adverse effects on recovery and increases postoperative morbidity and mortality. 
Therefore, early diagnosis and treatment of the malnourished state can improve the 
quality of treatment. 
There are several methods of assessing nutritional status of hospitalized patients. 
However, each method has its advantages and limitations. No method has been proved to 
be superior and to be applicable in all clinical settings. The question is raised which 
method or which combination of methods identifies patients at risk to develop 
postoperative complications best. At present, no studies regarding subjective global 
assessment (SGA), handgrip strength and bioelectrical impedance spectroscopy (BIS) in 
Vietnamese patients have been published. 
The aims of the studies presented in this thesis were to investigate the prevalence of 
malnutrition in elective abdominal surgical patients in Vietnam, to determine the 
relationship between preoperative nutritional status and postoperative infectious 
complications of major abdominal surgery, and to compare SGA with anthropometry, 
handgrip strength, laboratory measures and BIS. 

Prevalence of malnutrition in Vietnamese surgical 
patients 

In a population of 438 patients who underwent abdominal operations (chapter 2) the 
prevalence of malnutrition was 55,7% rated by SGA. If only patients who underwent 
major abdominal operations were taken into account (274 patients), the prevalence of 
malnutrition was 77.7%. It is concluded that SGA yields a high rate of malnutrition in 
surgical patients in Vietnam. 

Malnutrition and infectious complications 

In the patients undergoing major abdominal surgery (chapter 2) the rate of postoperative 
infectious complications was higher in patients classified as SGA class C (33.6%) than 
patients classified as class A (6%) and B (11%). We concluded that malnutrition was 
associated with an increase in infectious complications. 
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Risk factors of infectious complications 

Handgrip strength nr and percentage weight loss were found to be the most important 
nutritional risk factors lor the development of postoperative infectious complications in 
abdominal surgical patients (chapter 3) Although ( m m and PA are significantly 
different between the patients that develop infectious complications and those that do 
not, they do not add to the model once handgrip strength has been incorporated. These 
findings are fortunate because percentage weight loss and handgrip strength can be easily 
obtained without high costs all around the world. 

SGA and measures for muscle mass and strength 

In chapter 4 we compared SGA of nutritional status with objective anthropometric and 
functional measurements that were found to be the best predictors of poor outcome 
(chapter 3), We found that the SGA correctly identifies patients with normal muscle mass 
and strength. However a substantial number of patients rated SGA B or C have normal 
muscle mass and strength. An additional finding was that muscle strength is not only 
positively associated with muscle mass but also negatively with inflammatory activity. 

The value of bioelectrical impedance spectroscopy in 
assessing nutritional status of Vietnamese surgical 

patients 

In chapter 5 we aimed to validate BIS in healthy volunteers with indicator dilution 
methods (deuterated water and bromide). Good correlations were found between BIS and 
TBWdil (r - 0.892, p < 0.001) and BIS and KCWdil <r = 0.769, p < 0.001). Similar 
correlations were found (r ~ 0.850, p < 0.001) when equations of Deurenberg derived 
from a Singapore Asian population were applied to the outcome of our IMS measures. 
However, BIS underestimated TBW (4 L) and overestimated ECW (2.1 L) compared with 
the dilution methods. On the basis of these discrepant results and values for TBWdil as 
percentage of BW higher than 73% in three patients we conclude that evaporation of the 
water in the indicator mixture may have occurred in some indicator mixtures. 
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Relationship between BIS variables and conventional 
measures of nutritional state 

In chapter 6, the relationship between different BIS variables (fat free mass (FFM), fat 
mass (FM), fluid volumes, phase angle (PA), membrane capacitance (Cm) on the one 
hand and anthropometric, biochemical and functional variables on the other hand was 
evaluated patients before surgery. In view of the fact that handgrip strength was found to 
be the best predictor of postoperative infectious morbidity we used handgrip strength as 
the predominant reference value. We found that the best correlation was found between 
Cm and handgrip strength (r = 0.652, p < 0.001) and between PA and handgrip strength (r 
= 0.607, p < 0.001). 

Conclusion 

We conclude that several simple, quick objective measurements like BIS and handgrip 
strength furnish a good indication of nutritional status. The advantage of these measures is 
that no complicated equations are required to calculate fat free mass and fat mass at the 
whole body level. Handgrip strength and preoperative weight loss as the best predictors 
of postoperative infectious complications, furnish easily accessible tools to estimate risks 
in surgery. 
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Samenvatting 

Ondervoeding komt overal ter wereld veel voor en en zeker in ontwikkelingslanden, Het 
woord ondervoeding is een minder goede term dan het Engelse "malnutrition" om twee 
redenen. In de eerste plaats houdt het Engelse woord zowel overvoeding als ondervoeding 
in. In de tweede plaats suggereert het Nederlandse woord "ondervoeding" dat er louter 
sprake is van een negatieve nutriënt balans. In werkelijkheid is "ondervoeding" praktisch 
altijd het gevolg van een negatieve nutriëntbalans en van ontstekingactiviteit als gevolg van 
ziekte, trauma, stress etc. Daar in het Nederlandse spraakgebruik "malnutritie" een 
ongewone term is, wordt "ondervoeding" als benaming van "malnutritie" gebruikt. 
Ondervoeding heeft negatieve effecten op het resultaat van behandeling, leidt tot een 
verminderde kwaliteit van leven, en tot verhoogde morbiditeit en mortaliteit. Het is 
daarom van belang ondervoeding snel op te sporen en zo mogelijk te behandelen. 
Er zijn verschillende manieren om de voedingstoestand van patiënten vast te stellen. Al 
deze methoden hebben echter hun voor- en nadelen. Geen enkele methode heeft echter 
bewezen superieur te zijn en toepasbaar in alle mogelijke situaties. Het is de vraag welke 
methode zich het beste leent om bij patiënten die operaties moeten ondergaan het 
voedinggerelateerde risico vast te stellen om postoperatieve complicaties te krijgen. 
Subjective Global Assessment (SGA), spierkrachtmetingen (handknijpkracht) en 
Bioimpedantie metingen zijn nooit eerder in Vietnam bij klinische patiënten verricht. 
Het doei van de studies, beschreven in dit proefschrift, was om de prevalentie van 
ondervoeding vast te stellen bij Vietnamese patiënten die electieve buikoperaties moesten 
ondergaan. Tevens was het de bedoeling de gevolgen vast te stellen van de preoperatieve 
voedingstoestand voor postoperatieve infecties, en om vast te stellen in hoeverre SGA als 
screeningsmethode de voedingstoe stand juist inschat, vergeleken met anthropometrie, 
handknijpkracht, laboratoriumgegevens en biompedantiemeting. 

Prevalentie van ondervoeding in Vietnamese 
chirurgische patiënten 

De prevalentie van ondervoeding bij 438 patiënten die buikoperaties ondergingen 
(hoofdstuk 2) bedroeg 55.7%, gemeten met SGA. Bij de patiënten die alleen grote 
buikoperaties ondergingen (274 patiënten), werden 77.7% geclassificeerd als ondervoed. 
Deze prevalentie is hoger dan in het algemeen gepubliceerd is. Het is mogelijk dat dit het 
gevolg is van het feit dat in dit deel van Vietnam ondervoeding endemisch is. 

SGA en postoperatieve infecties 
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Het percentage postoperatieve infecties was hoger bij de patiënten die geclassificeerd 
werden in SGA klasse C (33.6%) dan bij patienten in SGA klasse A (6%) en B (11%). 
Met name in patiënten in SGA klasse C is de kans op postoperatieve infecties sterk 
verhoogd. Er zijn geen belangrijke verschillen tussen patiënten in klasse SGA A en B. 

Voedingsgerelateerde risicofactoren en postoperatieve 
infecties 

Ilandknijpkracht/m2 en percentage gewichtsverlies zijn de belangrijkste metabole 
risicofactoren voor het ontstaan van postoperatieve infecties (hoofdstuk 3). Hoewel 
Cm/m en PA verschillen tussen patiënten die complicaties ontwikkelen en patiënten die 
een ongecompliceerd postoperatief beloop hebben, voegen zij niet toe aan het model, als 
handknijpkracht in het model is opgenomen. Dit is een gelukkige bevinding omdat 
percentage gewichtsverlies en handknijpkracht gemakkelijk vastgesteld kunnen worden 
zonder grote financiële kosten. Zij kunnen daarom wereldwijd worden toegepast. 

SGA, spiermassa en spierkracht 

In hoofdstuk 4 is SGA van de voedingstoestand vergeleken met anthropometrie en 
metingen van functie, die de belangrijkste risicofactoren bleken te zijn in het onderzoek 
beschreven in hoofdstuk 3. Het bleek dat SGA patiënten correct identificeert met normale 
spiermassa en spierkracht. Echter, een belangrijk deel van de patiënten, geklassifïceerd in 
SGA klasse B en C, bleken een normale spiermassa en spierkracht te hebben. Spierkracht 
bleek niet alleen positief geassociëerd te zijn met spiermassa maar ook met het plasma-
albumine als maat voor inflammatoire activiteit. 

De waarde van BIS voor het bepalen van de 
voedingstoestand van Vietnamese chirurgische 

patiënten 

In hoofdstuk 5 zijn de resultaten beschreven van validering van BIS met indicator-
verdunningsmethoden in gezonde vrijwilligers (gedeutereerd water en bromide). Goede 
correlaties werden gevonden tussen BIS en TBWdil ( r = 0.892, p < 0.001) en BIS en 
ECWdil ( r = 0.769, p < 0.001). Vergelijkbare correlaties werden gevonden (r = 0.850, p < 
0.001) als de formules van Deurenberg werden toegepast op de uitkomst van de BIS 
metingen. BIS onderschatte totaal lichaamswater (TBW) echter (4 liter) en overschatte 
extracellulair water (ECW) (2.1 liter) vergeleken met de verdunningsmethoden. Op basis 
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van waarden voor TBWdil die hoger zijn 73% van het actuele lichaamsgewicht in drie 
patiënten concluderen we dat verdamping van water uit het indicatormengsel plaats moet 
hebben gevonden. 

Relatie tussen BIS variabelen en conventionele 
metingen van de voedingstoestand 

In hoofdstuk 6 werd de relatie onderzocht tussen verschillende BIS variabelen vetvrije 
massa (FFM), vetmassa (FM), vloeistof volumina, fasehoek (PA), membraan capacitantie 
(Cm) enerzijds en anthropometrische, biochemische en functionele variabelen anderzijds, 
Patienten werden geëvalueerd voor operatie. Daar handknijpkracht de beste voorspeller 
van postoperatieve infecties bleek te zijn, gebruikten we handknijpkracht als de 
belangrijkste referentiewaarde. De beste correlatie werd gevonden tusssen Cm en 
handknijpkracht (r - 0.652, p < 0.001) en tussen PA en handknijpkracht (r = 0.607, p < 
0.001). 

Concluderend geven BIS uitkomsten zoals PA en Cm, en handknijpkracht een goede 
indruk van de functionele status van de patiënt. Afhankelijk van de definitie voor 
ondervoeding kunnen BIS en handknijpkracht ook beschouwd worden als maat voor de 
voedingstatus. Het voordeel van deze metingen is dat geen ingewikkelde berekeningen 
hoeven te worden uitgevoerd om vetvrije massa en vetmassa te berekenen. 
Handknijpkracht en preoperatief gewichtsverlies zijn de beste voorspellers van 
postoperatieve infectieuze complicaties en zijn overal ter wereld eenvoudig te bepalen. 
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Ty lé mac bênh suy diiili diröng trong só bênh nhan nhap vién cliêu tri nói tril van cón rat 
cao a moi niróc trén thé ziól, ctac biét ó cac niróc dans phat trien. Suv dinh diröne lam 
chain qua trinli hoi pliuc va lam gia tang ty Ie bièn chüng cüng nliir ty lé tir vong sau 1110. 
Vi va\\ chan doan va dién tri sóm tinh trans suv dinh dircma có the cai thièn diroc chat 
liro'ng dien tri. 
Có mót só plnrong phap danh gia tinh trang dinh diröng cüa bèidi nhan. Tuy nhiên, mói 
phirong phap dêu có irn diêni va giói haa cüa nó. Chua có phirong phap nap clnrng to 
dirge tinh mi viêt virot troi va có thé ap dung cho moi tinh huóng lam sang. Van ctê dat ra 
la plnrong phap nao liogc sir kêt hop cüa nhïrng plnrong phap nao có the nhan biet dirgc 
mót cacli cliinli xae nliat iilimm bênh nlian có nguv co bi biéu chmia sau 1110. Hièn nav. 
cliira có cóng trhih nghién eiru nao dirgc cóng bó vè phirong phap danh gia lam sang toan 
dién (SGA. subjective global assessment), plnrong phap do lire co co ban tav (handgrip 
strength) va do phó tro kliang sinh dién hoe trén bênh nhan Viét Nam, 
Muc tièu cüa nhüns ïmliiên eim triiili bav trong luan an nav la khao sat tv lé mac bênh 

« i f 

suy dinh diröng trén bênh nhan Viêt Nam dirge mö chuong trinh vê htmg. xac dinh mói 
tirong quan giira tinh trang dinli diröng tnróc mó va xuat dó bién clnrng nhiêm triing sau 
phau thuat lón vè bung, va so sanh plnrong phap danh gia lam sang toan dién vói phirong 
phap nlian trac hoe. phirong phap do lire eo co ban tav. cac plnrong phap xét nghièni va 
phirong phap do phó tró kliang sinh dien hoe (BIS). 

t 

Ty lê mac bênh suy dinh dirötig cüa bênh nhan ngoai ldioa Viet Nam 
Trong tóng só 438 bênh nhan dirge phau thuat bung {chuong 2) ty lê suy dinh diröng theo 
plnrong pliap danh gia lam sang toan dien la 55,7%. Nèu chi tinh só bênh nlian mó dai 

b . • f t 

phau (274 bênh nlian). ty lê suy dinli diröng la 77.7%. Có thé kêt luan rang phuong phap 
danli gia lam sang toan dién da phat hien ty lê mac benh suy dinh diröng cüa benh nlian 

i w 

nsoai klioa Vièt Nam la rat cao. 
f 

Suy dinh diroiig va biên chüiig nhiêm trüng 
Trong só bênh nhan dirgc mó ctai phau (ehxrong 2) xuat do biên chüng nhiêm trimg sau 
mó cao hou han trong suy dinh diröng nrire dó C (33,0%) so vói mire dó A (6%) va mirc 
dó B (1 1%). Chüng tói kef luan rang suy dinh diröng sê di kèm vói nguy co gia tang vê 
biên ehüiig nhiêm triing sau mó. 

f ; f M 

Cac yêu to nguy co1 cüa biên chirng nhiêm trüng 
Lxtc eo ca ban tay/nr va ty % s\tt can la nlimig yêu tó nguy eo dinh diröng quan trong 

9 * - m m*. 

nliat dir doan kha nang xay ra biên clnrng nhiêm triing sau pliau thuat bung (chirong 3). 
Mac du Cm/nr va góc phase (PA) có sir kliac biet có y nghïa gifta bênh nlian bi biên 
clnrng nhiêm trung so vói bênh nlian khöng bi bièn clnrng nhiêm triing, nhimg liai yêu tó 
nav bi loai ra kliói bieu mau thóns kê khi dira lire co eo ban tav vao biêu mau thóns kê, - , Cï, • - -
Nliirng kêt qua nay la dien may man vi ty lê ° o silt can va lire co co có the dê dang tliu 
thap dirge a moi noi trèn tliê giói ma klións; pliai tón kém nliiêu. 
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Phirons phâp dinh giä lâm vàng toàn diên \à câc phmmg phap clo khôl ctr va lire etr 
I î i l i a d n w m \ cliiine ft i so m i S ( t A lmc plan mg iî*î nhân Uâe \ a du dure 
aam: • phmtng phap <U <\u>:k elimiu nniih la \ cu tu nen dum M uhnt ve ket qua viu mo 
ïcliiMiiL» vr < 'iü'uïir toi phat hïên m îànsr SGA u i the nhân bief ehinh xae tinh turne dinh 
dinaiLi eua nhiriiii teih nkrn eu kina eo \*\ lire eo CO hmh thuóne. Tu y iiluen. vàn eu mot 
so bvuîi nhan dtroe phan loai eo mue do Iî va ( van eu Un*i co va lire eu eo Huh thinmu 
Lue en co khóiiu ein iv le tlmâu voi khm eo ma eon îv le uuhieh vôi hoaî tinh viem 

Qâ tri eua phrnrng phap do phô triV khâng sinh diçn hoc trong \ i fc dânh già tinh 
trang dinh dufrng eua bênh nhân ngoai khoa Mét Nam 
lions chmmii 5. elnim: Un nubien emi BIS ri en nguôi tiuh n^uyen Yiet Nam khoe tuaith 
vôi tien clama vâng la phrnnm phap pha loani; chat ein Ün uurôe tinna tinh va bromide). 
Chimg toi glu nhan co mn tircma quaa tut mira thé tich nuoe loan pliait va thé tich nirôe 
neoai bau eua phm.tng phap ÜIS va phirong phap pha loans n 0.8(C. p (MM | va u -
0.761). p 0.001 ), Tumi s tu. moi firing quaii rot eung da dutre hin thây khi âp dung cac 
phi rong muh eua Deraenberg ngluen eua nr nguoi Sm^apoie gœ A vôi ptnrcmg phâp 
BIS eua ehung toi i j - 0 850, p 0JKÜ i luv liliiea khi so sailli \xh eae plunnig {)hâp plia 
loànç. BIS da tinh hut thé tich iiirtic toaa plwii iduói î lit) và taili thira tliè tieli ïuröc 
nuoai hao Iqiut 2.1 lit}. Xài ahrnig ket qua heu trâi n g w e nay và ket qua thé tich avrere 
toàn phaa eua phtroam pluip plia loauir lai eao hn\ eau aâni» thue te trèn mot su nsirm tinh 
aguyên, ehuag toi ket hiâa mm û bèc liai airàe tir hua h<yp chat chi thi ràt eo the da xay 
ra 
Tioae eliU(îîiii titrôe phau thuât ehûae toi daali atói lien hé aura cac thons só kliac 
ahau eua pluraig phap BIS: klioi ea IFFML khui ma (FMk the tich dich, góc pha (PA). 
capacitance mâng te bao \Cm} \à\ eae thôag si> cm phiroag phâp do nhân trâe, siali hoa 

* * • 

vâ ehûe aaa^. \"oi két qua aslaéa emi tntöc do alu ahan lue co co ban tav là veu tô tien 
J . I 4 . . f < . , » „ 

doaa tôt nliat kha aâmi xa% ra bien chmiu alaeai înnar. efiiinii toi lav sue eo eo hàu lav 
i i * * f r w 

lam gia tij döi chien chiah Cluing tôt pliât laça ia rang môi tuemg quaa tôt allât xay ra 
gara Cm va sue co eo ban tay u ^ 0,652. j> 0.W1 ) và giûa gœ pha vâ sue eo eo bàa ray 
i r - 0 . 6 0 1 p 0.001). 
Clnmg tôi kèt luau eae phtretag pliâp do Uiaeli quaa. aliauli chông, don giaa alnr BIS vâ 
site co co ban tav dành 2ta diroc tmli traas dinh dirons Tinh tièa loi eua eae phirong 
phâp nay la không pliai cân den aliirag phtrong triah phire tap dé tinh khoi mô không mù: 
kliôi mo eua eo thè. Suc eo eo hàn tav va tv le phan îiâui sur can înrôe mo - nlurna véu to 
tien doâa tôt nliat tuen ehmig ahièin trimg co thé dé dàng th\rc In^a dm;e dé tien doâa eae 
nguv co troag phàn thugt tien thé giói. 
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