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Introduction

ABSTRACT
Background: The nutritional status and functional status of patients are important prognostic factors. The
aim of the study was to assess the relationships between patients’ nutritional status and the outcome of
endovascular intervention in patients with chronic lower limb ischemia during one-year follow-up.
Materials and methods: In 79 consecutive patients subjected to endovascular intervention due to chronic
leg ischemia following examinations were performed before and after 3 and 12 month after surgery:
physical examination, Minimal Nutritional Assessment (MNA) score, Nutritional Risk Screening 2002 score
(NRS2002), Barthel, ADL, IADL scale, ankle-brachial index (ABI), claudication distance on the treadmill
and handgrip strength.
Results: More than half of patients were initially overweight or obese. Following 3 months after the surgery,
improvement in lower limb symptoms was observed, together with significant increase in ABI, claudication
distance, total MNA score and IADL scale. The risk associated with malnutrition (MNA questionnaire),
Barthel score and hand grip strength showed a statistically significant relationship with the subjective
feeling of improvement after surgery. Its absence was more frequent in patients characterized by higher
risk of malnutrition, with less muscular strength and poorer fitness.
Conclusions: Endovascular treatment of lower limbs ischemia improved not only symptoms of leg ischemia
but also the general functional status of patients. The initial nutritional status, functional status and hand
grip strength of patients with chronic lower limb ischemia were associated with a better clinical outcome
of endovascular intervention.
Key words: nutritional status, functional status, lower limbs ischemia, revascularization, endovascular
treatment
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indicate that it is shifted to the right side, far beyond the
BMIWHO'’s ranges regarded as correct ones [1-9]. This

Nutritional status is one of the most important de-
terminants of the health condition of a patient requiring
hospitalization. Recent reports indicate that the relation-
ship between in-hospital mortality and the body mass
index (BMI) values forms the U-shaped curve [1]. The
increase in the in-hospital mortality in patients with low
body mass (left arm of the curve) is relatively easy to ex-
plain. It usually results from the final stage of chronic and
wasting diseases [1]. Therefore, the course of the right
arm of the U-shaped curve draws more attention, as it
concerns patients with a better prognosis. Many studies

effect is often referred to as the “obesity paradox” and
consists in a better prognosis of overweight patients
and mildly obese patients as compared to patients
with normal body weight and with similar severity of
atherosclerosis of the lower limbs [10].

The nutritional status of patients and the risk asso-
ciated with the nutritional status are assessed on the
basis of: (a) a nutritional history, sometimes generated
in the form of validated questionnaires (NRS-2002; Sub-
jective Global Assessment, SGA;, Malnutrition Universal
Screening Tool, MUST; Mini-Nutritional Assessment,
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MNA) [4]; (b) physical examination including anthropo-
metric measurements (height, weight, BMI, abdominal
circumference, arm circumference, thickness of skin
folds); (c) body composition analysis (bioelectric im-
pedance, BIA, dual energy x-ray absorptiometry, DXA,
computed tomography, CT, magnetic resonance,
MR); (d) biochemical markers of malnutrition (albumin,
cholesterol, hemoglobin, transferrin and leptin concen-
tration albumin, absolute lymphocyte count in blood);
and (e) complex clinical and biochemical indicators of
nutrition, mainly based on history, measurements of cur-
rent and ideal body weight, and results of biochemical
tests (e.g. nutritional risk index NRI; geriatric nutritional
index, GNRI; instant nutritional assessment, INA; Prog-
nostic Nutritional Index, PNI; prognostic inflammation
and nutritional index, PINI; Onodera’s (Preoperative)
Prognostic Nutritional Index, OPNI [4]. An important
and recently appreciated indicator for assessment of
the patient’s nutritional status is the determination of the
amount of muscle tissue, or more precisely its deficien-
cy, called sarcopenia [11-15]. Itis known that a patient
with sarcopenia is characterized by a worse prognosis,
even when his or her nutritional status is excessive (sar-
copenic obesity) [11-15]. The severity of sarcopenia is
assessed on the basis of: (a) measurement of human
body muscle mass (anthropometric measurements,
e.g. arm muscle circumference, arm muscle surface
area, shin circumference, body composition analysis)
[11-12], (b) fitness and functional status of a patient
(gait speed, step swing speed, and in the nursing
practice — using the Barthel, ADL or IADL scale); [12]
and (c) the strength of the hand grip measured with the
dynamometer [11].

The aim of the study was to assess the relations
between clinical advancement of chronic ischemia of
lower limbs and the nutritional and functional status of
patients treated endovascularly due to chronic lower
limb ischemia in a one-year of follow-up.

Material and methods
Subjects

Seventy nine consecutive patients subjected to en-
dovascular intervention due to chronic ischemia of the
lower limbs were examined in the study. The inclusion
criteria were as follows: (a) symptoms of chronic lower
limb ischemia sub-form of intermittent claudication (Cl),
defined as lower limb pain after walking of a specific
distance, the length of which was limited by daily activity
of a patient) and a decrease in the ankle-brachial index
ABI < 0.9 or sub-form of critical limb ischemia (CLI),
corresponding to 4-6 class of severity of symptoms
according to Rutherford (resting pain of the lower limbs,
mitigated by putting a lower limb down, with or without

lesser or greater necrosis of a foot) with the coexistence
of a decrease in ABI < 0.4; (b) consent to participate in
the study. While the exclusion criteria were as follows:
(a) acute limb ischemia, (b) qualification for primary
amputation, (c) no consent to participate in the study.

Methods

Each patient’s medical history was taken in the form
of a research questionnaire, assessing the nutritional
status by means of the Minimal Nutritional Assessment
(MNA) and Nutritional Risk Screening 2002 (NRS2002)
questionnaires, and the patient’s functional status was
assessed using Barthel, ADL and IADL questionnaires,
the physical examination was performed as well as the
value of the ankle-brachial index (ABI), the distance of
claudication on the treadmill in the standard protocol
(8.2 km/h, slope of 12°) and the handgrip strength of
both hands was assessed using the KERN dynamom-
eter. The clinical grade of lower limb ischemia was
assessed according to the Rutherford classification.

Each patient underwent at least one-year follow-up
and follow-up visits were arranged 3 and 12 months
after surgery. During a follow-up visit, handgrip
strength, claudication distance, functional status on the
above-mentioned functional scales and the occurrence
of measured endpoints were assessed.

Measured end-points

The values of the parameters subject to evaluation
were the measured end-points for the analysis of the
output data. However, in the annual follow-up after the
first hospitalization, the following end-points were as-
sessed: death regardless of the cause, death caused by
cardiovascular failure, stroke, need for rehospitalization,
number of rehospitalizations, subjective improvement
after surgery, loss of self-care ability, score in the MNA
questionnaire, on the Barthel, IADI and ADL scale.

Bioethics committee

The study has been carried out on the basis of
the consent No. KB 643/2015 of the local Bioethics
Committee. The study has been performed in line with
the amended Declaration of Helsinki. Each patient
expressed in writing his/her consent to participate in
the study.

Statistical analysis

The statistical analysis was performed using the
licensed 13 version of Dell STATISTICA 13.0 (Dell Incl.,
USA.) software. The distribution of variables was ex-
amined using the Shapiro-Wilk W test. The results are
presented as a mean *+ standard deviation and abun-
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dance in subgroups of patients with a given feature and
percentage of the entire cohort. Statistical significance
of the average difference between subgroups was eval-
uated using the Student’s t test and the Chi-squared
test. The differences for p < 0.05 were deemed statisti-
cally significant. The statistical significance of particular
variables in the multivariate analysis was determined by
means of logistic regression and proportional hazards
model (Cox model) in the survival analysis module.

Results

The groups of patients divided according to the
severity of lower limb ischemia into those with critical
ischemia (CLI) and intermittent claudication (IC) did
not differed in relation to the values of clinical variables
examined (demographic data, atherosclerosis risk fac-
tors, score in nutritional questionnaires, anthropometric
parameters of the nutritional status, hand grip strength
and score on functional status assessment scales) be-
sides values of variables being a diagnostic criteria for
IC and CLI, such as ABI and walking distance (Tab. 1).
More than half of the analyzed patients were overweight
or obese (Tab. 1). The value of BMI did not discriminate
patients with a respective clinical grade of leg ischemia
(Tab. 1). As revealed by the assessment on the second
day after the surgery, the revascularization of the lower
limbs resulted in a hemodynamic and clinical benefit in
over 80% of the treated patients, which was reflected,
among others, in the increase in ABI value and the
distance of claudication (Tab. 1). After 3 months, 35%
and 23% of treated patients with CLI and IC reported
worsening of symptoms, respectively; however, none
of them required further surgery or amputation.

The risk associated with malnutrition was deter-
mined using the NRS2002 and MNA questionnaire.
After 3 months following the surgery, a significant
increase was observed in the total MNA score (Fig. 1),
as regards the first and second part of the questionnaire
and B module, which suggested a decrease in the
risk of malnutrition. However, both initial MNA score
and determined at 3 month after intervention were
placed in the score range showing lack of nutrition-
related risk (24-30 score). There was a statistically
significant relationship between the score of the MNA
questionnaire and the vascular segment affected by
the revascularization procedure. The lowest score,
and therefore the greatest risk associated with the
nutritional status, was observed in patients requiring
revascularization at the below the knee (BTK) seg-
ment (Fig. 2). Patients requiring BTK revascularization
had also the lowest average handgrip strength during
the one-year follow-up (Fig. 3). However, the highest
muscle strength before the surgery was presented by

patients who reported a subjective improvement in the
pain of lower limbs after revascularization, while the
patients with worsening in limb pain intensity after re-
vascularization had the least handgrip strength (Fig. 3).
The strength of a grip of the dominant hand before
the revascularization procedure in the examined pa-
tients was also associated with: (a) cigarette smoking,
(b) need of rehospitalization within 3 and 12 months after
surgery (e.g., readmitted vs. non-hospitalized patients
within 12 months = 24.7 = 12.1 kg vs. 40.0 = 11.7 kg,
p = 0.008), and (c) the clinical severity of lower limb
ischemia before surgery (decreased in an inversely
proportional way to the score on Rutherford scale;
R = - 0.22, p = 0.043). At the 3-month visit after the
revascularization of the lower limbs, the functional status
of the patients, determined using the IADL scale, also
significantly improved (Fig. 3). The changes measured
using Barthel and ADL scale were not significant.

Statistically significant correlations were demon-
strated between the right hand grip strength measured
by the dynamometer and the total score in the MNA
questionnaire (r = 0.22, p < 0.05), the score on the
Barthel scale (r = 0.25, p < 0.05), amplitude of ABI
value (R = 0.32, p = 0.005) and absolute walking
distance (R = 0.31; p = 0.006) after intervention. The
value of the initial Barthel score also correlated with the
subjective assessment of surgery effect (improvement,
no-effect, worsening; r = 0.32, p < 0.05), so patients
who declared improvement after surgery were initially
more functionally fit and patients with a lower degree
of fitness more often felt no improvement after the
surgery, and sometimes even reported worsening.
On the other hand, the score for the Barthel scale
was negatively correlated with the clinical severity of
lower limb ischemia on the Rutherford scale (r = -0.26,
p < 0.05). Multivariate analysis based on the Cox logistic
regression and proportional hazards method did not
determine statistically significant variables of predictive
value for the occurrence of measured endpoints (data
not shown in detail).

Discussion

In this study, the authors performed the analysis
of the relations between symptoms severity of chronic
lower limbs ischemia and the nutritional and functional
status of patients undergoing endovascular leg revascu-
larization due to IC and CLI. The lower limb revascular-
ization procedure, in addition to statistically significant
lengthening the claudication distance and increasing
the ankle-brachial index (Tab. 1), also improved a pa-
tient’s general functional status expressed as the IADL
score (Fig.4) and nutritional risk of a patient expressed
by the MNA questionnaire score (Fig. 1). However, the

www.journals.viamedica.pl/medical_research_journal 57



MEDICAL RESEARCH JOURNAL 2018, vol. 3, no. 2

Table 1. Clinical characteristics of patients with critical lower limb ischemia and with intermittent claudication

Parameter

Age (years)

Sex (male gender, n, %)

BMI (kg/m2)

BMI (normal, overweight, obesity, n, %)

Difference between current and ideal weight (kg)
Quotient of the current to ideal weight (%)

Percentage of patients with body mass deficiency (%)
Right handgrip strength measured with dynamometer (kg)
Left handgrip strength measured with dynamometer (kg)
Diabetes (n, %)

Arterial hypertension (n, %)

Cardiac failure (n, %)

History of myocardial infarction (n, %)

History of TIA/stroke (n, %)

smoking of cigarettes (ex-/ current smoker)

ABI of right limb before surgery

ABI of left limb before surgery

ABI after the surgery on the treated limb
ABI increase after surgery > 0.15

Walk test before intervention (m)

Walk test after surgery (m)

Rutherford classification (3/4/5), n, %

MNA total score (maximally 30 points)
MNA part 1 (maximally 14points)
MNA part 2 (maximally 16 points)
Barthel scale (maximally 100 points)
ADL scale (maximally 7 points)

IADL scale (maximally 24 points)

Treated vascular segment (aortic and iliac / femoro-popliteal

segment / below the knee)

The effect of the surgery after 3 months (improvement / no
improvement / deterioration, n, %)

10 (35.7%)

12 (23.6%)

Critical chronic Intermittent o]
leg ischemia (n = 28) claudication (n = 51)
64.25 + 7.90 61.35 + 6.91 0.09
22 (78.6%) 36 (70.6%) 0.23
26.33 + 4.36 26.25 + 5.09 0.95
12 (42.9%) 19 (37.3%) 0.78
10 (35.7%) 17 (33.3%)
6 (21.4%) 13 (25.5%)
11.6 £ 12.6 12.7 = 14.7 0.75
118.4 = 19.9 119.7 = 22.7 0.80
5 (17.9%) 11 (21.6%) 0.63
33.73 = 10.85 31.93 = 13.34 0.54
31.23 = 10.35 30.63 + 12.07 0.82
11 (39.3%) 18 (35.3%) 0.54
22 (78.6%) 34 (66.7%) 0.27
4 (14.3%) 7 (13.7%) 0.64
7 (25%) 20 (39.2%) 0.44
3 (10.7%) 5 (9.8%) 0.44
15 (53.6%) 27 (52.9%) 0.10
11 (39.3%) 23 (45.1%)
0.48 £ 0.39 0.64 = 0.19 0.01
0.35 £ 0.32 0.61 = 0.19 < 0.001
0.64 + 0.29 0.86 = 0.20 < 0.001
23 (82.1%) 44 (86.3%) 0.99
54.46 + 33.98 105.20 = 56.3 < 0.001
204.04 = 103.96 291.20 = 90.29 < 0.001
0 51 (100%) < 0.001
17 (60.7%) 0
11 (39.3%) 0
2554 +2.16 25.75 + 2.49 0.71
12.57 + 1.60 12.71 + 1.64 0.73
12.96 + 1.18 13.02 = 1.20 0.84
98.04 + 8.54 98.92 + 4.72 0.55
5.96 + 0.19 5.94 = 0.31 0.72
2211 £ 2.47 22.82 £ 1.92 0.16
6 (21.4%) 19 (37.3%) 0.42
16 (57.2%) 32 (62.7%)
6 (21.4%) 0
13 (46.4%) 25 (49.7%) 0.57
5 (17.9%) 14 (27.7%)

analysis of the segment in which revascularization was
performed, showed that this improvement in nutritional
status was not observed in patients whose endovascular
surgery was performed in BTK arteries (Fig. 2). Better
initial nutritional status, greater muscle strength and

a higher degree of fitness before vascular intervention
were also associated with a subjective assessment of
endovascular procedure outcome, and patients who
reported no improvement in lower limb discomfort had
the smallest average hand grip strength determined
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ANOVA: F(2, 36) = 3.73, p = 0.034

28.0
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27.01

26.51 T
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26.0- 25.9 /

25.57
25.1
25.01 -

MNA score

24.51

24.01

23.51

23.0
I I I
Before intervention  After 12 months After 3 months

Figure. 1. Scores of the MNA questionnaire obtained before the surgery and on subsequent follow-up visits after
revascularization of the lower limbs

ANOVA: F(4, 32) = 2.74, p = 0.046
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Figure. 2. Scores obtained in the MNA questionnaire before the surgery and on subsequent follow-up visits after
revascularization of the lower limbs depending on the vascular segment subjected to the surgery
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ANOVA: F(2, 16) = 4.96 ; p = 0.021
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Figure. 3. The average handgrip strength measured on subsequent visits within 12 months of follow-up depending on
the subjective assessment of the treatment effect (ANOVA, the main effect)

ANOVA: F(2, 36) = 3.73, p = 0.034
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Figure. 4. Scores obtained in the IADL questionnaire for the assessment of patients functional status before the surgery
and on subsequent follow-up visits after revascularization of the lower limbs
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during three subsequent follow-up visits (Fig. 3). In the
available literature there are no analyses that are similar
to the analysis carried out in this study, apart from the
work of Landry et al. [16]. However, the results obtained
indirectly corroborate with the reports of other authors
who indicated to the prognostic significance of patients’
nutritional status, determined mainly by the BMI value,
as regards the effect of revascularization of the limbs
and the occurrence of possible complications [10,
16-21]. It is also known that patients with chronic lower
limb ischemia are characterized by impaired fitness
[22-28], and supervised walking training and physical
activity help reduce the severity of the chronic limb isch-
emia symptoms [29-32], which allows explaining the
demonstrated better prognosis regarding the outcome
of revascularization treatment in stronger and more fit
patients, like those who have a better chance of earlier
returning to full physical activity after the surgery.

The high incidence of overweight and obesity in the
study group, expressed in high BMI values (Tab. 1), re-
flected its prevalence in the general population. Accord-
ing to the WOBASZ 2011-2014 study (Multi-center Na-
tional Population Health Examination Survey), the prev-
alence of overweight (< 25 kg/m2 < BMI < 30 kg/m2)
among the Polish population amounts to 43.2% in men
and 30.5% in women, and obesity (BMI > 30 kg/m?)
prevalence amounts to 24.4% among men and 25.4%
among woman [33].

Handgrip strength and the score in the MNA ques-
tionnaire proved to be factors related to the outcome of
endovascular treatment of chronic lower limb ischemia
and this problem certainly requires further research on
the role of muscle and fatty tissue in the pathogenesis
of frailty [34], poor functional status of patients with
lower limb ischemia, as well as pathogenesis of in-stent
restenosis and progression of atherosclerosis, which
are the main factors responsible for the recurrence
of symptoms after endovascular surgery. McDermott
et al. [22-28] analyzed this issue earlier, but have not
confirmed the relationship between ABI values and the
strength of the hand grip.

Conclusions

1. Endovascular revascularization of the lower limbs
not only reduced severity of symptoms of leg
ischemia but also improves the scoring in complex
activities of patients’ daily living.

2. The better nutritional and functional patients’ status
as well as their greater handgrip strength were as-
sociated with a better clinical effect of endovascular
surgery, which suggests the need for patients’
rehabilitation on each stage of advancement of leg
ischemia.
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