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AbstRACt

objectives The aim of this study was to assess the relationship between the risk for malnu-
trition and postoperative complications in vascular surgery patients.

Design This is single-center prospective cohort study

Materials and Methods In 2015 and 2016, all vascular surgery patients visiting the out-
patient clinic at the University Medical Center Groningen (UMCG) were included in this 
study. During this visit the patients were assessed for risk for malnutrition using the Scored 
Patient-Generated Subjective Global Assessment Short Form (PG-SGA SF). In addition, 
data on age, sex, body mass index, smoking, alcohol, hypertension, comorbidities, type of 
planned surgery and ASA were collected. Postoperative complications were registered and 
analyzed using the Comprehensive Complication Index.

Results A total of 306 patients were included, with a mean age of 68.0 ± 10.6 years, of which 
226 were men (73.9%). The mean BMI was 26.6 ± 4.6 kg/m2. Seventy-four patients (24.2%) 
were found to be at risk for malnutrition, necessitating an intervention. The overall mean 
Comprehensive Complication Index was 6.8 ± 16.0. The mean Comprehensive Complica-
tion Index of patients at high risk for malnutrition was 5.3 points higher than those at 
low risk for malnutrition (P=0.008) and 4.1 points higher than those at medium risk for 
malnutrition (P=0.018).

Conclusions We found that a substantial proportion of vascular surgery patients, at medium 
to high risk for malnutrition at time of surgery, are more likely to develop postoperative 
complications. This finding suggests that awareness for nutritional status and preventive 
interdisciplinary interventions is indicated, to decrease the risk of postoperative complica-
tions in vascular surgery patients.
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IntRoDuCtIon

Malnutrition is an important risk factor for adverse postoperative outcomes, including 
infection and delayed wound healing, resulting in a longer hospital stay and higher read-
mission and mortality rates.1–6 Especially in cardiac, hepatobiliary and colorectal surgery, 
malnutrition has been associated with an increased risk for postoperative complications.7–10 
According to the European Society for Clinical Nutrition and Metabolism (ESPEN) mal-
nutrition is defined as: “a state of nutrition in which a deficiency or excess (or imbalance) of 
energy, protein, and other nutrients causes measurable adverse effects on tissue/body form 
(body shape, size and composition) and function, and clinical outcome”.11 There are several 
screening tools to assess risk for malnutrition, and although they all slightly differ with 
regard to included factors, the body mass index (BMI) plays an important role in many 
of these tools. However, in the vascular surgery population, over 60% is classified as over-
weight/obese and therefore they often do not meet the criteria for risk for malnutrition 
according to these tools.12,13 Moreover, a decreased fat-free mass is an important hallmark 
for malnutrition which is easily overlooked in patients with a high BMI.11,14 This may lead to 
an underestimation of the number of patients at risk for malnutrition in this specific group. 
Another drawback of these tools is that they do not include nutrition impact factors such as 
pain or nausea that might possibly lead to a reduced intake of food and could be optimized 
pre-operatively. 

In cardiac, general and vascular surgery patients, the prevalence of risk for malnutri-
tion is estimated at 19% and 24% respectively.4,9,15 However, the relation between risk for 
malnutrition, measured with a validated nutritional screening tool, and the occurrence 
of postoperative complications in vascular surgery patients is still lacking. Therefore, the 
aim of this study was to assess the relationship between the risk for malnutrition prior to 
vascular surgery and postoperative complications. 

MAteRIAls AnD MethoDs

study design
In this observational study, all vascular surgery patients scheduled for surgery at the Univer-
sity Medical Center Groningen (UMCG) from January 2015 until April 2016 were included 
in this study. The majority of patients underwent surgery within three months after their 
last outpatient visit, when also the measurements for this study were performed. During 
this outpatient visit, the patients were assessed for risk for malnutrition using the Scored 
Patient-Generated Subjective Global Assessment Short Form (PG-SGA SF) Dutch version 
3.7.16 For this study, the Medical Ethical Committee granted dispensation for the Dutch law 
regarding the patient-based medical research (WMO) obligation (reference 2016/322). As 
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a consequence no informed consent was obtained. Patient data were processed and elec-
tronically stored according to the declaration of Helsinki – Ethical principles for medical 
research involving human subjects.17 Data were analyzed anonymously.

baseline variables
Collected data included age (yrs), sex, body mass index (BMI), smoking (y/n), alcohol 
consumption (y/n), hypertension (y/n), comorbidities (Charlson Comorbidity Index), type 
of surgery, and American Society of Anesthesiologists (ASA) physical status classification 
system score (ASA). The Charlson Comorbidity Index is a weighted score, which predicts 
the 1-year mortality of a patient based on the coexisting medical conditions and age.18 

Assessment of malnutrition risk 
To assess the risk for malnutrition, patients completed the PG-SGA SF independently. 
The PG-SGA SF is a simple and validated screening tool that proved to be accurate in 
discriminating between patients at risk for malnutrition.20,21 The PG-SGA SF includes four 
boxes. Box 1 addresses the history of weight loss (0-5 points); Box 2 evaluates changes in 
food intake in the past month (0-4 points); Box 3 addresses presence of nutrition impact 
symptoms in the past two weeks (0-13 points); and Box 4 evaluates activities and function 
in the past month (0-3 points). ‘Low risk for malnutrition’ relates to a total PG-SGA SF score 
of 0 to 3 points, ‘medium risk for malnutrition’ was defined as a total PG-SGA SF score of 4 
to 8 points, and ‘high risk for malnutrition’ was defined as PG-SGA SF score ≥9 points, in 
accordance with the PG-SGA triage system.21

Postoperative complications
Postoperative complications were registered and analyzed using the Comprehensive Com-
plication Index, which is a tool that summarizes all postoperative complications with regard 
to their severity according to the Clavien-Dindo classification of surgical complications, 
consisting of 5 complication grades, including 4 subgrades.22 In short, grade one consists 
of any deviation from the normal postoperative course, without the need for surgical, 
endoscopic, radiological or pharmacological treatment (besides antiemetics, antipyretics, 
analgesics, diuretics and electrolytes). The second grade includes pharmacological treat-
ments, blood transfusions and parenteral nutrition. Third grade complications require 
surgical, endoscopic or radiological treatment. Grade four includes life-threatening compli-
cations requiring ICU management, whereas grade five concerns death of the patient. The 
Comprehensive Complication Index takes the quantity of appearance of each complication 
into account, accumulating all the postoperative complications weighted for their severity, 
ranging from 0 (no complications) to 100 (death).23 
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statistical methods
Categorical variables were presented as frequencies and percentages. Distribution was 
assessed by means of a Q-Q plot or histogram. Continuous variables were presented as 
mean ± standard deviation (SD) for normally distributed variables and as median ± inter-
quartile range (IQR) for skewed variables. Differences between continuous variables were 
tested with the Student t-test for normally distributed data, and the Mann-Whitney U test 
for skewed distributed data. Differences between categorical variables were tested with the 
Chi-squared test. Significant differences in Comprehensive Complication Indices between 
the three malnutrition risk categories were tested with the Kruskal-Wallis test. Two tailed P-
values were used and significance was set at P<0.05. To analyse the relationship between risk 
for malnutrition and the Comprehensive Complication Index, we used a linear regression 
model. The Comprehensive Complication Index had a skewed distribution so we trans-
formed the variable using the natural logarithm (ln-transformation). After the analysis, the 
resulted coefficient was transformed back to the geometric mean. Besides the crude analysis, 
an adjusted analysis was performed with the confounders age, BMI, hypertension, smoking, 
ASA, and type of surgery. All statistical analyses were performed with the Statistical Package 
for the Social Sciences (SPSS Version 23; IBM Corp.).

Results

Participants and descriptive data
A total of 306 patients with a mean age of 68.0 ± 10.6 years were included, of which 226 
were men (73.9%). Baseline characteristics are listed in Table 1, with the patients stratified 
for risk for malnutrition.

Median PG-SGA SF score for all patients was 1 (IQR: 0 to 3), with a range from 0 to 18. 
Two hundred thirty-two patients (75.8%) were found to be at low risk for malnutrition, 55 
patients (18.0%) were estimated as medium risk, and 19 patients (6.2%) at high risk for mal-
nutrition. As a result, 74 patients (24.1%) were considered to be at medium to high risk for 
malnutrition. The mean BMI of all patients was 26.6 ± 4.6 kg/m2, and BMI was significantly 
higher (P=0.046) in the ‘low risk for malnutrition’ group. Sex was unequally distributed 
between the groups; the ‘low risk for malnutrition’ group included relatively more men than 
the ‘high risk for malnutrition’ group (P=0.017). Furthermore, in the ‘medium‘ and ‘high 
risk for malnutrition’ group, patients were more likely to smoke (P=0.029).
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table 1. Baseline characteristics categorized per risk for malnutrition

Parameter Low risk 
(PG-SGA SF 
0-3 points)

Medium risk  
(PG-SGA SF 4-8 
points)

High risk  
(PG-SGA SF 
≥9 points)

Total P-value

number 232 (75.8%) 55 (18.0%) 19 (6.2%) 306 (100%) -
Age (years) 68.2 ± 10.2 67.5 ± 12.5 67.2 ± 11.2 68.0 ±10.6 0.886
sex 0.017
Male 180 (77.6%) 36 (65.5%) 10 (52.6%) 226 (73.9%) 
Female 52 (22.4%) 19 (34.5%) 9 (47.4%) 80 (26.1%) 
bMI (kg/m²) 26.9 ± 4.4 25.4 ± 4.4 25.3 ± 6.5 26.6 ± 4.6 0.046
smoking 73 (31.9%) 24 (43.6%) 11 (57.9%) 108 (35.3%) 0.029
using alcohol 102 (53.3%) 24 (53.3%) 7 (38.9%) 133 (53.0%) 0.458
hypertension 145 (63.3%) 39 (70.9%) 14 (73.7%) 198 (65.3%) 0.417
Comorbiditiesc 4.7 ± 1.7 5.4 ± 2.9 4.9 ± 1.8 4.8 ± 1.9 0.151
type of planned surgery 0.026
Percutaneous 57 (24.6%) 15 (27.3%) 1 (5.3%) 73 (23.9%) 
Carotid 45 (19.4%) 9 (16.4%) 4 (21.1%) 58 (19.0%) 
Endovascular 52 (22.4%) 8 (14.5%) 3 (15.8%) 63 (20.6%) 
Peripheral bypass 36 (15.5%) 10 (18.2%) 5 (26.3%) 51 (16.7%) 
Abdominal 23 (9.9%) 3 (5.5%) 1 (5.3%) 27 (8.8%) 
Lower extremity amputation 11 (4.7%) 10 (18.2%) 4 (21.1%) 25 (8.2%) 
Other 8 (3.4%) 0 (0.0%) 0 (0.0%) 9 (2.9%) 
AsAd 2.4 ± 0.6 2.7 ± 0.5 2.7 ± 0.5 2.5 ± 0.6 0.002

a Standard deviation. b Interquartile range. c According to the Charlson Comorbidity Index, a weighted index 
which predicts the 1-year mortality by measuring the burden of comorbidities (range from 0 to 19).  d American 
Society of Anesthesiologists score, categorizes the fitness of patients prior to surgery (range from 0 to 5)

Relation between risk for malnutrition and postoperative complications
The data on risk for malnutrition and postoperative complications are shown in Table 2 
and Figure 1. The overall mean Comprehensive Complication Index was 6.8 ± 16.0, with a 
range from 0 to 100. The patients at low risk for malnutrition had a mean Comprehensive 
Complication Index of 6.3 ± 15.1. For the ‘medium risk’ group and the ‘high risk’ group, the 
Comprehensive Complication Indices were respectively 7.5 ± 20.2 and 11.6 ± 13.1. 

table 2. Postoperative complications per risk for malnutrition category

PG-SGA SFa group Low risk 
(N=232) 
(0-3 points)

Medium risk
(N= 55) 
(4-9 points)

High risk
(N=19) 
(≥9 points)

Total
(N=306)

P-value

Comprehensive 
Complication Indexb

6.3 ± 15.1 7.5 ± 20.2 11.6 ± 13.1 6.8 ± 16.0 0.023

a Scored Patient-Generated Subjective Global Assessment Short Form (© FD Ottery 2005, 2006, 2015)
b According to the Comprehensive Complication Index, which takes all complications after a procedure and 
their respective severity into account (range from 0 to 100)
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The Comprehensive Complication Index of patients with a high risk for malnutrition was  
significantly higher than those with a low risk (mean difference 5.3 points, P=0.008). Also, 
Comprehensive Complication Index of the patients who were at ‘high risk’ was significantly 
higher than those at ‘medium risk’ (mean difference 4.1 points, P=0.018). 

Risk for malnutrition and postoperative complications

Figure 1 Differences between the mean Comprehensive Complication Index (CCI), categorized per risk for 
malnutrition.

Table 3 shows the results of the multivariable analysis of the relationship between risk for 
malnutrition and postoperative complications. The ‘medium risk for malnutrition’ group 
had a 1.39 (95% Confidence Interval [CI]: 0.93 – 2.08) times higher Comprehensive Com-
plication Index than the ‘low risk for malnutrition’ group (reference group), and a 1.40 (95% 
CI: 0.93 – 2.10) times higher Comprehensive Complication Index than the ‘low risk for 
malnutrition’ group when adjusted for the confounders age, BMI, hypertension, smoking, 
ASA, and type of surgery. The ‘high risk for malnutrition’ group had a 0.91 (95% CI: 0.60 
– 1.39) times higher Comprehensive Complication Index than the ‘low risk for malnutri-
tion’ group, and a 1.05 (95% CI: 0.68 – 1.60) times higher Comprehensive Complication 
Index than the ‘low risk for malnutrition’ group when adjusted for the same confounders as 
described above. 
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table 3. Multivariate linear regression analysis of the relationship between risk for malnutrition and postopera-
tive complications

Risk for malnutrition category
Unadjusted Adjusted b

βa 95% CI P-value βa 95% CI P-value

Medium risk for malnutrition
(PG-SGA SF 4-8 points)

1.39 0.93 – 2.08 0.106 1.40 0.93 – 2.10 0.106

high risk for malnutrition
(PG-SGA SF ≥9 points)

0.91 0.60 – 1.39 0.664 1.05 0.68 –1.60 0.830

a Transformed back
b Adjusted for age, BMI, hypertension, smoking, ASA and type of surgery

DIsCussIon

This study is the first in demonstrating that electively operated vascular surgery patients with 
a medium to high risk for malnutrition are more prone to develop postoperative complica-
tions than patients with low risk for malnutrition. The patients at high risk for malnutrition 
had a significantly higher Comprehensive Complication Index, which means that they have 
a higher risk at developing either more complications or a more severe complication, than 
those at low or medium risk for malnutrition.

In a busy outpatient setting, measuring or estimating the nutritional status of a patient, 
for example by measuring fat-free mass and muscle strength, can be difficult.24 As a result, 
nutritional status is often evaluated on body weight or BMI alone, which both proved to be 
not valid.25 The nutritional screening instrument used in this study (PG-SGA SF) is found to 
be among the few nutritional assessment instruments covering all domains of the conceptual 
definition of malnutrition, as defined by ESPEN and ASPEN.26 The PG-SGA SF is a sensitive 
instrument that can easily be used as a screening instrument and can be quickly completed 
by the patient in less than 5 minutes. It addresses weight change and changes in food intake 
and identifies nutrition-related impairments that can lead to future malnutrition.21 By iden-
tifying these domains, the PG-SGA SF assesses the risk for malnutrition. Therefore, a more 
preventive treatment can be implemented, instead of reactive treatment when the patient 
is already malnourished. These aspects of the PG-SGA SF enable the ability for not only 
for the dietitians but also for physicians, nurses and physiotherapists, to intervene when a 
patient is at risk for malnutrition.27 In surgical patients, malnutrition increases the risk of 
infections, due to a decreased immune response and impairs wound healing, leading to a 
poorer surgical outcome.28,29 In general, malnutrition in patients admitted to the hospital 
is associated with a prolonged hospital length of stay and higher mortality.30 In various 
studies, malnutrition has proved to be reversible with a suitable nutritional intervention. 
31–33  In vascular surgery patients, a study investigating the effect of preventive nutritional 
treatment on postoperative outcomes is currently lacking. Adequate nutritional screening 
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can help detect those patients at highest risk for malnutrition and identify patients in need 
for interventions, which may require both nutritional and exercise interventions.30, 34–37 
Early and adequate nutritional consultation for malnourished patients has the ability to 
reduce the hospital length of stay (LOS) with an average of 3.2 days in severe malnourished 
patients.31 In cancer patients, nutritional treatment significantly reduced the risk of adverse 
events.32 Moreover, preventive nutritional interventions were also associated with an im-
provement in functional and cognitive status in elderly at risk for malnutrition.33 These 
findings, supported by our results, suggest that a preventive nutritional intervention might 
also be helpful in vascular surgery patients at medium or high risk for malnutrition, to 
reduce complications and subsequently a shorter hospital length of stay.

This study has some limitations that need to be addressed. First, we estimated the risk 
for (future) malnutrition and we did not measure nutritional status. But by assessing the 
risk, we discovered that even the presence of risk factors for future malnutrition could 
lead to a higher risk for complications. Second, within the vascular surgery setting, the 
PG-SGA SF is not a validated instrument for nutrition assessment yet, but a gold standard 
is currently lacking. However, screening for nutritional risk is a positive step in improving 
the pre-operative care for the individual patient and the PG-SGA SF has proven to be a 
valuable tool, with good predictive validity. Third, the PG-SGA SF is a questionnaire that is 
completed by the patient him- or herself. Because of several coping strategies or cognitive 
impairments, the patient may report fewer or more problems than actually exist, leading to 
an under- or overestimation of the nutritional impairments. Fourth, the number of patients 
in the three malnutrition risk groups was not equal, and especially the number of patients in 
the ‘high risk for malnutrition’ group was very low. Because of this skewness, the statistical 
power was limited and this could have led to an underestimation of the relationship be-
tween risk for malnutrition and postoperative complications. We speculate that if the ‘high 
risk’ group had been larger, the association between risk for malnutrition and postoperative 
complications would have been stronger. Finally, our center is considered a tertiary referral 
center, providing advanced specialized care. This may have led to a selection of patients 
that may make our data somewhat less generalizable to other groups or cohorts of vascular 
surgery patients.

In conclusion, electively operated vascular surgery patients with an estimated medium to 
high risk for malnutrition are more likely to be at risk for developing postoperative compli-
cations. This finding suggests that preventive interdisciplinary interventions are needed in 
vascular surgery patients, to improve nutritional status and reduce the risk of postoperative 
complications. Future intervention studies are necessary to determine whether preventive 
strategies will lead to better surgical outcomes.



44

Chapter 3

ReFeRenCes

 1.  Hassen TA, Pearson S, Cowled PA, Fitridge RA. Preoperative nutritional status predicts the severity 
of the systemic inflammatory response syndrome (SIRS) following major vascular surgery. Eur J Vasc 
Endovasc Surg 2007;33(6):696–702. Doi: 10.1016/j.ejvs.2006.12.006.

 2.  Leide da Silva Nunes F, Calado Ferreira Pinheiro Gadelha P, Damasceno de Souza Costa M, Carolina 
Ribeiro de Amorim AC, Bezerra da Silva M da G. Nutritional status and its impact on time and 
relocation in postoperative complications of abdominal patients undergoing surgery. Nutr Hosp 
2014;30(3):629–35. Doi: 10.3305/nh.2014.30.3.7628.

 3.  Melchior J-C, Jean-Claude M, Préaud E, Emmanuelle P, Carles J, Juliette H, et al. Clinical and eco-
nomic impact of malnutrition per se on the postoperative course of colorectal cancer patients. Clin 
Nutr 2012;31(6):896–902. Doi: 10.1016/j.clnu.2012.03.011.

 4.  Thomas MN, Kufeldt J, Kisser U, Hornung H-M, Hoffmann J, Andraschko M, et al. Effects of malnu-
trition on complication rates, length of hospital stay, and revenue in elective surgical patients in the 
G-DRG-system. Nutrition 2016;32(2):249–54. Doi: 10.1016/j.nut.2015.08.021.

 5.  Kuppinger D, Hartl WH, Bertok M, Hoffmann JM, Cederbaum J, Bender A, et al. Nutritional screening 
for risk prediction in patients scheduled for extra-abdominal surgery. Nutrition 2013;29(2):399–404. 
Doi: 10.1016/j.nut.2012.06.013.

 6.  Schwegler I, von Holzen A, Gutzwiller J-P, Schlumpf R, Mühlebach S, Stanga Z. Nutritional risk is a 
clinical predictor of postoperative mortality and morbidity in surgery for colorectal cancer. Br J Surg 
2010;97(1):92–7. Doi: 10.1002/bjs.6805.

 7.  Liu Y, Xue X. Systematic review of peri-operative nutritional support for patients undergoing hepato-
biliary surgery. Hepatobiliary Surg Nutr 2015;4(5):304–12. Doi: 10.3978/j.issn.2304-3881.2014.12.09.

 8.  Jagielak D, Wernio E, Kozaryn R, Bramlage P, Gruchała-Niedoszytko M, Rogowski J, et al. The impact 
of nutritional status and appetite on the hospital length of stay and postoperative complications in 
elderly patients with severe aortic stenosis before aortic valve replacement. Kardiochirurgia I Torako-
chirurgia Pol = Polish J Cardio-Thoracic Surg 2016;13(2):105–12. Doi: 10.5114/kitp.2016.61042.

 9.  Chermesh I, Hajos J, Mashiach T, Bozhko M, Shani L, Nir R-R, et al. Malnutrition in cardiac surgery: 
food for thought. Eur J Prev Cardiol 2014;21(4):475–83. Doi: 10.1177/2047487312452969.

 10.  Tanaka T, Sato T, Yamashita K, Hosoda K, Nakamura T, Watanabe M. Effect of Preoperative Nutri-
tional Status on Surgical Site Infection in Colorectal Cancer Resection. Dig Surg 2017;34(1):68–77. 
Doi: 10.1159/000448123.

 11.  Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, et al. ESPEN guidelines on 
definitions and terminology of clinical nutrition. Clin Nutr 2017;36(1):49–64. Doi: 10.1016/j.
clnu.2016.09.004.

 12.  Davenport DL, Xenos ES, Hosokawa P, Radford J, Henderson WG, Endean ED. The influence of 
body mass index obesity status on vascular surgery 30-day morbidity and mortality. J Vasc Surg 
2009;49(1):140–7, 147.e1; discussion 147. Doi: 10.1016/j.jvs.2008.08.052.

 13.  Smeili LAA, Lotufo PA. Incidence and Predictors of Cardiovascular Complications and Death after 
Vascular Surgery. Arq Bras Cardiol 2015;105(5):510–8. Doi: 10.5935/abc.20150113.

 14.  Meier RF, Forbes A. Basics in Clinical Medical Nutrition. Nestle Nutr Inst Workshop Ser 2015;82:1–16. 
Doi: 10.1159/000381997.

 15.  Beek L ter, Banning LBD, Visser L, Roodenburg JLN, Krijnen WP, van der Schans CP, et al. Risk for 
malnutrition in patients prior to vascular surgery. Am J Surg 2017. Doi: 10.1016/j.amjsurg.2017.11.038.

 16.  Sealy MJ, Haß U, Ottery FD, van der Schans CP, Roodenburg JLN, Jager-Wittenaar H. Translation 
and Cultural Adaptation of the Scored Patient-Generated Subjective Global Assessment: An Inter-



45

Vascular surgery patients at risk for malnutrition have an increased risk for postoperative complications 

3

disciplinary Nutritional Instrument Appropriate for Dutch Cancer Patients. Cancer Nurs 2017:1. Doi: 
10.1097/NCC.0000000000000505.

 17.  WMA Declaration of Helsinki – Ethical Principles for Medical Research Involving Human Subjects 
– WMA – The World Medical Association. https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-human-subjects/.12/07/2017.

 18.  Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comor-
bidity in longitudinal studies: Development and validation. J Chronic Dis 1987;40(5):373–83. Doi: 
10.1016/0021-9681(87)90171-8.

 19.  Gabrielson DK, Scaffidi D, Leung E, Stoyanoff L, Robinson J, Nisenbaum R, et al. Use of an 
abridged scored Patient-Generated Subjective Global Assessment (abPG-SGA) as a nutritional 
screening tool for cancer patients in an outpatient setting. Nutr Cancer 2013;65(2):234–9. Doi: 
10.1080/01635581.2013.755554.

 20.  Abbott J, Teleni L, McKavanagh D, Watson J, McCarthy AL, Isenring E. Patient-Generated Subjective 
Global Assessment Short Form (PG-SGA SF) is a valid screening tool in chemotherapy outpatients. 
Support Care Cancer 2016;24(9):3883–7. Doi: 10.1007/s00520-016-3196-0.

 21.  Jager-Wittenaar H, Ottery FD. Assessing nutritional status in cancer: role of the Patient-Generated 
Subjective Global Assessment. Curr Opin Clin Nutr Metab Care 2017;20(5):322–9. Doi: 10.1097/
MCO.0000000000000389.

 22.  Dindo D, Demartines N, Clavien P-A. Classification of surgical complications: a new proposal with 
evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 2004;240(2):205–13.

 23.  Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien P-A. The comprehensive complication index: 
a novel continuous scale to measure surgical morbidity. Ann Surg 2013;258(1):1–7. Doi: 10.1097/
SLA.0b013e318296c732.

 24.  Williams JD, Wischmeyer PE. Assessment of perioperative nutrition practices and attitudes—A 
national survey of colorectal and GI surgical oncology programs. Am J Surg 2017;213(6):1010–8. 
Doi: 10.1016/j.amjsurg.2016.10.008.

 25.  Tangvik RJ, Tell GS, Guttormsen AB, Eisman JA, Henriksen A, Nilsen RM, et al. Nutritional risk pro-
file in a university hospital population. Clin Nutr 2015;34(4):705–11. Doi: 10.1016/j.clnu.2014.08.001.

 26.  Sealy MJ, Nijholt W, Stuiver MM, van der Berg MM, Roodenburg JLN, van der Schans CP, et al. 
Content validity across methods of malnutrition assessment in patients with cancer is limited. J Clin 
Epidemiol 2016;76:125–36. Doi: 10.1016/j.jclinepi.2016.02.020.

 27.  Ottery FD, Isenring E, Kasenic S, DeBolt SP, Sealy M, Jager-Wittenaar H. Patient-generated subjec-
tive global assessment. Clin Nutr Week 2015 2015.

 28.  Reid CL. Nutritional requirements of surgical and critically-ill patients: do we really know what they 
need? Proc Nutr Soc 2004;63(3):467–72.

 29.  Rosenthal R. Nutritional concerns in the older surgical patient. J Am Coll Surg 2004;199(5):785–91. 
Doi: 10.1016/j.jamcollsurg.2004.07.027.

 30.  Leiva Badosa E, Badia Tahull M, Virgili Casas N, Elguezabal Sangrador G, Faz Méndez C, Herrero 
Meseguer I, et al. Hospital malnutrition screening at admission: malnutrition increases mortality and 
length of stay. Nutr Hosp 2017;34(4):907–13.

 31.  Somanchi M, Tao X, Mullin GE. The facilitated early enteral and dietary management effectiveness 
trial in hospitalized patients with malnutrition. JPEN J Parenter Enteral Nutr 2011;35(2):209–16. Doi: 
10.1177/0148607110392234.

 32.  Pan H, Cai S, Ji J, Jiang Z, Liang H, Lin F, et al. The impact of nutritional status, nutritional risk, 
and nutritional treatment on clinical outcome of 2248 hospitalized cancer patients: a multi-



46

Chapter 3

center, prospective cohort study in Chinese teaching hospitals. Nutr Cancer 2013;65(1):62–70. Doi: 
10.1080/01635581.2013.741752.

 33.  Poscia A, Milovanovic S, La Milia DI, Duplaga M, Grysztar M, Landi F, et al. Effectiveness of nutri-
tional interventions addressed to elderly persons: umbrella systematic review with meta-analysis. Eur 
J Public Health 2017. Doi: 10.1093/eurpub/ckx199.

 34.  Hulzebos EH, Smit Y, Helders PP, van Meeteren NL. Preoperative physical therapy for elective 
cardiac surgery patients. In: Hulzebos EH, editor. Cochrane Database of Systematic Reviews, vol. 11. 
Chichester, UK: John Wiley & Sons, Ltd; 2012. p. CD010118.

 35.  Santa Mina D, Clarke H, Ritvo P, Leung YW, Matthew AG, Katz J, et al. Effect of total-body pre-
habilitation on postoperative outcomes: a systematic review and meta-analysis. Physiotherapy 
2014;100(3):196–207. Doi: 10.1016/j.physio.2013.08.008.

 36.  Posner BM, Jette AM, Smith KW, Miller DR. Nutrition and health risks in the elderly: the nutrition 
screening initiative. Am J Public Health 1993;83(7):972–8.

 37.  Hulzebos EHJ, van Meeteren NLU. Making the elderly fit for surgery. Br J Surg 2016;103(2):e12–5. 
Doi: 10.1002/bjs.10033.


	Chapter 3



