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Vascular Surgery Patients at Risk for
Malnutrition Are at an Increased Risk of
Developing Postoperative Complications
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Background: Malnutrition is an important risk factor for adverse postoperative outcomes
such as infection and delayed wound healing, often resulting in longer hospital stay and
higher readmission and mortality rates. The aim of this study is to assess the relationship
between the risk for malnutrition prior to elective vascular surgery and postoperative
complications.
Methods: In this observational cross-sectional study, elective vascular surgery patients were
included from January 2015 until November 2018. Included were percutaneous, carotid, endo-
vascular, peripheral bypass, abdominal, lower extremity amputation, and other interventions.
The patients were assessed for risk for malnutrition using the Patient-Generated Subjective
Global Assessment Short Form (PG-SGA SF), whereby <4 points was defined as low risk,
4e8 points as medium risk, and �9 points as high risk for malnutrition. Postoperative complica-
tions were registered using the Comprehensive Complication Index. Univariate and multivariate
analyses were performed to evaluate the relationship between risk for malnutrition and postop-
erative complications.
Results: Of 468 patients, 113 (24.1%) were found to be at risk for malnutrition (PG-SGA
SF �4 points). Occurrence of postoperative complications (23.9% in the low risk vs.
51.9% in the high risk group, P ¼ 0.006), length of hospital stay (5.5 ± 4.3 days in the
low risk vs. 8.2 ± 5.1 in the high risk group, P ¼ 0.005), 30-day readmission (4.7% in
the low risk vs. 19.2% in the high risk group, P ¼ 0.009), and Comprehensive Complica-
tion Index (median score of 0 in the low risk vs. 8.7 in the high risk group, P ¼ 0.018)
varied significantly between the 3 PG-SGA SF groups. After multivariate analysis, the me-
dium risk for malnutrition group had a 1.39 (95% confidence interval 1.05e1.84) times
higher Comprehensive Complication Index than the low risk for malnutrition group
(P ¼ 0.02).
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Conclusions: Electively operated vascular surgery patients at risk for malnutrition are more
likely to develop postoperative complications. This finding suggests that improving the nutritional
status of vascular surgery patients prior to surgery has the potential to reduce the risk of
complications.
INTRODUCTION

Malnutrition is an important risk factor for adverse

postoperative outcomes such as infection and

delayed wound healing, often resulting in longer

hospital stay and higher readmission and mortality

rates.1e6 This is particularly the case in cardiac, hep-

atobiliary, and colorectal surgery, where malnutri-

tion has been associated with an increased risk of

developing postoperative complications.7e9 But

also in critical limb ischemia patients severe malnu-

trition has been demonstrated to be a risk factor for

death at 30 days postoperatively.10

According to the European Society for Clinical

Nutrition and Metabolism (ESPEN), malnutrition

is defined as: ‘‘A state resulting from lack of intake

or uptake of nutrition that leads to altered body

composition (decreased fat-free mass) and body

cell mass leading to diminished physical and mental

function and impaired clinical outcome from dis-

ease.’’11 Several screening tools, with varying de-

grees of complexity and a broad spectrum of

health parameters, can be used to assess malnutri-

tion in hospital patients, ranging from recent unin-

tentional weight loss to more comprehensive,

multidimensional instruments.12 In many of these

tools, the bodymass index (BMI) plays an important

role, where an elevated BMI is inversely propor-

tional with malnutrition. As such, decreased fat-

free mass, an important hallmark for malnutrition,

is overlooked in patients with a high BMI.11,13 In

the vascular surgery population over 60% of the pa-

tients are classified as overweight/obese (according

to BMI) and therefore, although unduly, do not

meet the criteria for risk for malnutrition.14,15

Thus, although aforementioned tools could be

used to recognize present malnutrition, they do

not adequately quantify risk for malnutrition.

The Patient-Generated Subjective Global Assess-

ment Short Form (PG-SGA SF) is a tool that takes

the presence of nutrition impact symptoms (i.e., fac-

tors hindering food intake) into account.16 The PG-

SGA SF not only recognizes patients with malnutri-

tion, but also patients at risk for malnutrition. By

identifying patients at risk and by optimizing predic-

tive variables preoperatively, further deterioration

of nutritional status and subsequent malnutrition

may be prevented. In general surgery, cardiac, and
vascular surgery patients, the prevalence of risk for

malnutrition ranges from 19% to 24%.4,7,17 Evi-

dence for a relationship between risk for malnutri-

tion and the occurrence of postoperative

complications in elective vascular surgery patients

is still lacking.

The aim of this study is to assess the relationship

between the risk for malnutrition (prior to elective

vascular surgery) and postoperative complications.
MATERIALS AND METHODS
Study Design
For this prospective, observational, cross-sectional

study, we included all elective vascular surgery pa-

tients at the University Medical Center Groningen

(UMCG), from January 2015 until November

2018, who gave oral consent and were able to com-

plete the PG-SGA SF. There were no exclusion

criteria. The majority of patients underwent surgery

within 3months after their last outpatient visit, dur-

ing which the measurements for this study were

performed. This study was granted dispensation for

the Dutch law on scientific medical research on hu-

man beings (WMO) obligation by the Medical

Ethical Committee of the UMCG (reference 2016/

322). Patient data were processed and electronically

stored in accordance with the Declaration of Hel-

sinki Ethical Principles for Medical Research

Involving Human Subjects.18 Data were analyzed

anonymously.
Baseline Variables
Collected data included age (in years), sex, BMI,

smoking (yes/no), alcohol consumption (yes/no),

hypertension (yes/no), comorbidities (Charlson Co-

morbidity Index), type of surgery (percutaneous, ca-

rotid, endovascular, peripheral bypass, abdominal,

lower extremity amputation, and other interven-

tions), American Society of Anaesthesiologists’

physical status classification system score (ASA

score), hospital length of stay (days), 30-daymortal-

ity (yes/no), and 30-day readmission to the hospital

(yes/no). The Charlson Comorbidity Index is a

weighted score that predicts 1-year mortality for pa-

tients based on co-existingmorbidities and age.19e21
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Percutaneous interventionswere classified as simple

interventions (angioplasty and simple stents), endo-

vascular interventions including endovascular

aneurysm repair (EVAR), thoracic TEVAR, fenes-

trated EVAR, and branched EVAR.
Assessment of Risk for Malnutrition
To assess the risk for malnutrition, patients

completed the PG-SGA SF Dutch version 3.7 inde-

pendently. This is a simple and validated screening

tool that has been demonstrated to be accurate in

discriminating between patients at risk formalnutri-

tion, and can be completed in less than 5min.16,22,23

It includes 4 boxes: Box 1 addresses the history of

weight loss (0e5 points); Box 2 evaluates changes

in food intake in the past month (0e4 points); Box

3 addresses presence of nutrition impact symptoms

in the past 2 weeks (0e24 points); and Box 4 evalu-

ates activities and function in the past month (0e3

points). In accordance with the PG-SGA triage sys-

tem, a total PG-SGA SF score of 0e3 points was cate-

gorized as low risk, 4e8 points as medium risk, and

�9 points as high risk for malnutrition.24
Postoperative Complications
Postoperative complications were registered and

analyzed using the Comprehensive Complication

Index, a tool that encompasses all postoperative

complications per hospital stay with regard to their

severity according to the ClavieneDindo classifica-

tion of surgical complications; it consists of 5 compli-

cation grades, including 4 subgrades.25 The

Comprehensive Complication Index takes the

quantity of appearance of each complication into ac-

count, summing all the postoperative complications

weighted according to their severity: ranging from

0 (no complications) to 100 (death).26
Statistical Methods
Categorical variables were presented as numbers and

percentages. Distribution was assessed by way of a

QeQ plot or histogram. Continuous variables were

presented as mean ± standard deviation for normally

distributed variables and as median with interquar-

tile range (IQR) for skewed or ordinal variables. Dif-

ferences between continuous variables were tested

with the analysis of variance for normally distributed

data and the KruskaleWallis test for variables with

skewed distribution. Differences between categorical

variables were analyzed with the chi-squared test.

Two-tailed P-values were used and significance was

set at P < 0.05. To analyze the relationship between

risk for malnutrition and the Comprehensive
Complication Index, a linear regression model with

backward selection was used. Since the Comprehen-

sive Complication Index had a skewed distribution,

the variable was transformed using the natural loga-

rithm (ln-transformation). After the analysis, the

resulting coefficient was transformed back to the

geometric mean. Besides the univariate unadjusted

analysis, a multivariate adjusted analysis was per-

formed with the confounders age, sex, BMI, hyper-

tension, ASA score, and type of surgery. These

variables were selected based on literature and sub-

ject matter knowledge. All statistical analyses were

performed with the Statistical Package for the Social

Sciences (IBM SPSS Version 23.0; SPSS Inc., Chi-

cago, IL, USA).
RESULTS
Participants and Descriptive Data
A total of 468 patients with a mean age of

67.8 ± 9.9 years were included, of which 335 were

men (71.6%). Baseline characteristics are listed in

Table I, with the patients stratified for risk for

malnutrition. Three hundred fifty-five patients

(75.9%) were found to be at low risk for malnutri-

tion, 86 patients (18.4%)were estimated asmedium

risk, and 27 patients (5.8%) at high risk for malnu-

trition. In total, 113 patients (24.1%) were at

medium-high risk for malnutrition. In the high

risk for malnutrition group, there were significantly

more women than in the low and medium risk

groups (P ¼ 0.001). Also, in the medium and high

risk for malnutrition groups the median ASA score

was significantly higher (respectively 3 [IQR 2e3]

and 3 [IQR 3e3]) in comparison with the low risk

group (2 [IQR 2e3], P < 0.001). The Charlson Co-

morbidity Index did not differ significantly between

the groups (P ¼ 0.212).

Table II shows median box scores of the PG-SGA

SF categorized per risk for the malnutrition group.

The median PG-SGA SF score of all patients was 1

(IQR 0e3), with scores ranging from 0 to 18. The

median score for history of weight loss (Box 1)

was 0 (IQR 0e0); changes in food intake (Box 2)

was 0 (IQR 0e0); for nutrition impact symptoms

(Box 3) was 0 (IQR 0e1); and for activities and func-

tion (Box 4) was also 0 (IQR 0e1).
Relationship between Risk for

Malnutrition and Postoperative

Complications
The data on risk for malnutrition and postoperative

complications are shown in Table III. One hundred



Table I. Baseline characteristics categorized per risk for malnutrition group

Parameter

Low risk
(PG-SGA SFa

0e3 points)

Medium risk
(PG-SGA SF
4e8 points)

High risk
(PG-SGA SF
�9 points) Total P-value

Number 355 (75.9%) 86 (18.4%) 27 (5.8%) 468 (100%) e
Age (years) 67.8 ± 9.9 66.3 ± 11.9 66.0 ± 12.0 67.4 ± 10.4 0.374

Sex 0.001

Male 268 (75.5%) 54 (62.8%) 13 (48.1%) 335 (71.6%)

Female 87 (24.5%) 32 (37.2%) 14 (51.9%) 133 (28.4%)

BMI 27.1 ± 4.8 26.6 ± 5.1 25.2 ± 5.9 26.9 ± 5.0 0.127

History of smoking 229 (66.2%) 63 (75.9%) 18 (78.3%) 310 (68.6%) 0.136

Using alcohol 145 (50.0%) 30 (41.7%) 10 (41.7%) 185 (47.9%) 0.367

Hypertension 222 (64.7%) 60 (71.4%) 19 (73.1%) 301 (66.4%) 0.386

Comorbiditiesb, median

(IQR)

4 (4e6) 5 (4e6) 5 (3e5) 4 (4e6) 0.212

Type of planned surgery

Percutaneous 77 (21.7%) 17 (19.8%) 3 (11.1%) 97 (20.7%) 0.003

Carotid 65 (18.3%) 13 (15.1%) 5 (18.5%) 83 (17.7%)

Endovascular 112 (31.5%) 24 (27.9%) 5 (18.5%) 141 (30.1%)

Peripheral bypass 41 (11.5%) 13 (15.1%) 5 (18.5%) 59 (12.6%)

Abdominal 29 (8.2%) 6 (7.0%) 2 (7.4%) 37 (7.9%)

Lower extremity

amputation

5 (1.4%) 1 (1.2%) 4 (14.8%) 10 (2.1%)

Other 19 (5.4%) 11 (12.8%) 2 (7.4%) 32 (6.8%)

ASAc, median (IQR) 2 (2e3) 3 (2e3) 3 (3e3) 3 (2e3) <0.001

Baseline characteristics are shown as n (%); continuous data as mean ± standard deviation; and ordinal and skewed data are given as

median with IQR.
aScored Patient-Generated Subjective Global Assessment Short Form (�FD Ottery 2005, 2006, 2015).
bAccording to the Charlson Comorbidity Index, a weighted index predicts 1-year mortality by measuring the burden of comorbidities

(range 0e19).
cASA score categorizes fitness of patients prior to surgery (range 0e5).

Table II. Box scores PG-SGA SFA categorized per risk for malnutrition group

PG-SGA SF group

Low risk (n ¼ 355) (PG-
SGA SFa 0e3 points)
Median (IQR)

Medium risk (n ¼ 86) (PG-
SGA SF 4e9 points)
Median (IQR)

High risk (n ¼ 27) (PG-
SGA SF �9 points)
Median (IQR)

Total (n ¼ 468)
Median (IQR)

Box 1

Weight history 0 (0e0) 0 (0e1) 1 (0e3) 0 (0e0)
Box 2

Food intake 0 (0e0) 0.5 (0e1) 1 (1e3) 0 (0e0)
Box 3

Symptoms 0 (0e0) 3 (0.75e3.75) 6 (4e7) 0 (0e1)
Box 4

Activity/function 0 (0e1) 1 (1e3) 2 (2e3) 0 (0e1)
Total score 0 (0e1) 5 (4e6) 11 (10e14) 1 (0e3)

aScored Patient-Generated Subjective Global Assessment Short Form (�FD Ottery 2005, 2006, 2015).
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twenty-one patients (25.9%) had one or more post-

operative complications. In the high risk for malnu-

trition group, 14 patients (51.6%) developed one or

more postoperative complications (P ¼ 0.006). The

length of hospital stay significantly differed between

the groups, varying from 5.5 ± 4.3 days in the low
risk for malnutrition group to 8.2 ± 5.1 days in the

high risk for malnutrition group (P ¼ 0.005). Also,

the 30-day readmission significantly differed, with

16 patients (4.7%) in the low risk and 5 patients

(19.2%) in the high risk for malnutrition group

(P ¼ 0.009).



Table III. Postoperative complications categorized per risk for malnutrition group

PG-SGA SFa group
Low risk (n ¼ 355)
(PG-SGA SF 0e3 points)

Medium risk (n ¼ 86)
(PG-SGA SF 4e9 points)

High risk (n ¼ 27)
(PG-SGA SF �9 points)

Total
(n ¼ 468) P-value

Occurrence of �1

postoperative

complications

85 (23.9%) 22 (25.6%) 14 (51.9%) 121 (25.9%) 0.006

Length of hospital

stay (days)

5.5 ± 4.3 6.3 ± 5.3 8.2 ± 5.1 5.7 ± 4.6 0.005

Comprehensive

Complication

Indexb, median

(IQR)

0 (0e0) 0 (0e8.7) 8.7 (0e20.9) 0 (0e8.7) 0.018

Thirty-day

readmission

16 (4.7%) 6 (4.7%) 5 (19.2%) 27 (6.0%) 0.009

Thirty-day

mortality

4 (1.1%) 4 (4.7%) 0 (0.0%) 8 (1.7%) 0.060

Nominal data are gives as n (%); normally distributed continuous data as mean ± standard deviation; and ordinal and skewed

continuous data as median (IQR).
aScored Patient-Generated Subjective Global Assessment Short Form (�FD Ottery 2005, 2006, 2015).
bAccording to the Comprehensive Complication Index, which takes all complications after a procedure and their respective severity

into account (range 0e100).

Fig. 1. Boxplot of postoperative complications, according

to the Comprehensive Complication Index, categorized

per risk for malnutrition group.
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The overall median Comprehensive Complica-

tion Index was 0 (IQR 0e8.7). As shown in Table

III and Figure 1, patients at low risk for malnutrition

had a median Comprehensive Complication Index

of 0 (IQR 0e0) and in the medium and high risk

group these numbers were respectively 0 (IQR 0e
8.7) and 8.7 (IQR 0e20.9) (P ¼ 0.018).

Table IV shows the linear regression analysis of

the relationships between risk for malnutrition

and postoperative complications. The medium risk

for the malnutrition group had a 1.35 (95% confi-

dence interval [CI] 1.01e1.80) times higher

Comprehensive Complication Index than the low

risk for malnutrition group (reference group), and

a 1.39 (95% CI 1.05e1.84) times higher Compre-

hensive Complication Index than the low risk for

the malnutrition group when adjusted for the con-

founders age, sex, BMI, hypertension, ASA, and

type of surgery. Both effects were statistically signif-

icant, that is, P ¼ 0.044 and P ¼ 0.02, respectively.

There was no statistically significant difference in

Comprehensive Complication Index between the

high and low risk for the malnutrition group in

both the unadjusted (P ¼ 0.28) and adjusted ana-

lyses (P ¼ 0.374).

In Table V, the multivariate linear regression

analysis, comprising only major vascular proced-

ures, is presented and shows that after adjusting

for confounders, the medium risk for the malnutri-

tion group had a significantly (P ¼ 0.032) higher

Comprehensive Complication Index than the low

risk for the malnutrition group.
DISCUSSION

This study shows that electively operated vascular

surgery patients with amedium risk formalnutrition

are more prone to develop postoperative complica-

tions than patients with low risk for malnutrition.

In the univariate analysis, the occurrence of postop-

erative complications, the length of hospital stay, and

the Comprehensive Complication Index varied

significantly between thedifferent risks formalnutri-

tion groups. In themultivariate analysis, the patients

with medium risk for malnutrition had a 1.39 times

higher Comprehensive Complication Index than



Table IV. Linear regression analysis of the relationship between risk for malnutrition and the

Comprehensive Complication Index

Risk for malnutrition category

Unadjusted Adjusteda

bb 95% CI P-value bb 95% CI P-value

Low risk for malnutrition

(PG-SGA SF 0e3 points)

Reference Reference

Medium risk for

malnutrition(PG-SGA SF

4e8 points)

1.35 1.01e1.80 0.044 1.39 1.05e1.84 0.020

High risk for malnutrition

(PG-SGA SF �9 points)

0.82 0.60e1.39 0.280 0.86 0.60e1.20 0.374

aAdjusted for age, sex, BMI, hypertension, ASA, and type of surgery.
bTransformed back.

Table V. Linear regression analysis of the relationship between risk for malnutrition and the

Comprehensive Complication Indexdonly major vascular proceduresa

Risk for malnutrition category

Unadjusted Adjustedb

bc 95% CI P-value bc 95% CI P-value

Low risk for malnutrition

(PG-SGA SF 0e3 points)

Reference Reference

Medium risk for malnutrition

(PG-SGA SF 4e8 points)

1.37 1.00e1.87 0.053 1.38 1.03e1.85 0.032

High risk for malnutrition

(PG-SGA SF �9 points)

0.85 0.58e1.24 0.402 0.88 0.61e1.27 0.475

aExcluding patients undergoing arteriovenous access surgery, percutaneous transluminal angioplasty interventions (including coil

embolization), and minor amputations (forefoot amputation, digits, and wound revisions).
bAdjusted for age, sex, BMI, hypertension, ASA, and type of surgery.
cTransformed back.
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the patients with low risk for malnutrition. As such,

at medium risk for malnutrition patients are at a

higher risk of developing more complications and/

or more severe complications.

In the busyoutpatient setting,methodically quan-

tifying thenutritional statusof a patient, for example,

by measuring fat-free mass and/or muscle strength,

has proven to be difficult.27 As a result, nutritional

status is often evaluated using body weight and/or

BMI and/or albuminemia, both of which have been

shown to be inadequate predictors.28,29 The nutri-

tional screening instrument used in this study was

found to be among the few instruments covering all

domains of ESPEN’s conceptual definition of malnu-

trition.30 Specifically, the PG-SGA SF captures

changes in weight and in food intake and identifies

nutrition-related impairments that can lead to future

malnutrition. Herewith, the PG-SGA SF more effec-

tively assesses the risk for malnutrition than other

tools covering fewer domains (which aremore suited

to assessing present malnutrition). As such, with the
PG-SGA SF’s enhanced risk assessment capability,

the implementation of preventivemeasuresdby die-

ticians as well as physicians, nurses, and physiother-

apists for instancedcan be better facilitated, as

opposed to reactive interventions when patients are

already malnourished.24

A previous study showed that the co-occurrence

of physical frailty and malnutrition was associated

with a much greater increase in adverse health out-

comes than malnutrition alone, suggesting that frail

patients with poor nutritional status are particularly

suitable candidates for preventive interventions.31

Moreover, preoperative rehabilitation programs

including endurance, strength, and high-intensity

training schedules have resulted in improved post-

operative clinical outcomes.32,33 In sum, combined

exercise and nutritional interventions are most

likely to lead to positive results in terms of postoper-

ative outcomes.34

The prevalence of risk for malnutrition that we

found in our study, respectively 24.1%, was
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comparable with the numbers that were found in

prior studies among hospitalized patients, ranging

from 15e32%.5,35,36 In general, malnutrition

upon hospital admission is associated with pro-

longed length of stay and higher mortality rates.37

Moreover, particularly in the case of surgical pa-

tients, the dampened immune response and

impaired wound healing increases the risk of (post-

operative) infections.38 Fortunately, various studies

have shown that malnutrition is reversible with the

suitable nutritional intervention; this process often

requires the use of oral nutritional supplements in

addition to dietary counseling.39e42 In vascular sur-

gery patients, a study investigating the effect of pre-

ventive nutritional measures on postoperative

outcomes is currently lacking. Adequate nutritional

screening can help detect patients at risk for malnu-

trition, thereby identifying candidates for preven-

tive measuresdpotentially a combination of both

nutrition and exercise interventions. Notably, in

severely malnourished patients, early and adequate

nutritional consultation has the potential to reduce

the length of hospital stay by an average of

3.2 days.39 Among cancer patients, nutritional treat-

ment significantly reduced the risk of adverse events

such as vomiting and gastrointestinal obstruction.40

Additionally, preventive nutritional interventions

were associated with improved functional and

cognitive status in elderly at risk for malnutrition.41

These findings, supported by our results, suggest

that similar interventions might also be helpful to

vascular surgery patients at risk for malnutrition,

potentially reducing surgical complications and hos-

pital length of stay, and improving functional and

cognitive outcomes.

This study has some limitations that need to be

addressed. First, we estimated the risk for (future)

malnutrition and we did not measure present nutri-

tional status. However, by assessing the risk, we

discovered that even the presence of risk factors for

future malnutrition leads to a higher risk of compli-

cations. Second, the PG-SGA SF was not previously

validated within the vascular surgery setting, but a

gold standard is currently lacking. Our findings sug-

gest that preoperative screening for nutritional risk is

a step in the right direction for improved individual

patient care, and that, also in the vascular surgery

setting, the PG-SGA SF is a valuable tool for this

end. Third, the PG-SGA SF is a questionnaire that

is completed by the patient individually; because of

various coping strategies and/or potential cognitive

impairments, problems may be under- or over-

reported leading to subsequent under- or overesti-

mation of the nutritional impairments. Fourth, the

number of patients in the 3malnutrition risk groups
was not equal, where particularly in the high risk for

malnutrition group the number of patients was rela-

tively low. Because of this skewed distribution, the

statistical power was limited potentially leading to

an underestimation of the effect and the significance

of the relationship between high risk for malnutri-

tion and postoperative complications in the multi-

variate linear regression analysis. Fifth, this

observational cross-sectional study took place at a

tertiary referral center that provides specialized

care; this may have led to inclusion of patients

whose data are somewhat less generalizable to other

groups or cohorts of vascular surgery patients.

Finally, we chose to include all the elective surgical

procedures, ranging from percutaneous interven-

tions to open abdominal surgery. The effect of risk

for malnutrition could have been more substantial

in specific intervention categories. Nevertheless, af-

ter an additional analysis with only the major

vascular procedures, the association between pa-

tients at medium risk for malnutrition and the risk

for postoperative complications remained

significant.

In conclusion, electively operated vascular sur-

gery patients with an estimated medium risk for

malnutrition are more likely to develop postopera-

tive complications. This finding suggests that pre-

ventive measures improving the nutritional status

prior to surgery has the potential to reduce the risk

of complications. Future intervention studies are

necessary to determine whether preventive strate-

gies will lead to better surgical outcomes.

The authors thank Articulate in Groningen

(articulateingroningen.com) for their Editorial Services.
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