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Abstract

Objective: This study was performed to determine the cut-off point of the Functional
Independence Measure (FIM) to discriminate patients with acute stroke who develop adverse
events during their stay in a stroke care unit (SCU).

Methods: All consecutive patients with stroke admitted to a single institute from January to
March 2015 were enrolled. They were divided into two groups according to their average daily
energy intake in the SCU: >66% or <66% of the target (high- and low-energy group, respec-
tively). A receiver operating characteristic curve was used to determine the cut-off point of the
FIM to predict adverse events in patients with acute stroke.

Results: The length of stay in the SCU was significantly longer and the serum C-reactive protein
level (CRP) was significantly higher in the low- than high-energy group (7 vs. 4 days and 2.15 vs.
0.20 mg/dL, respectively). The total FIM score cut-off value was 63 points.

Conclusions: An energy intake of <66% of the target was associated with a significantly longer
stay in the SCU and a higher CRP level. A total FIM score cut-off value of 63 points is useful to
discriminate patients with adverse events among those with acute stroke.
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Introduction

Stroke is a leading cause of death and func-
tional disability.! Each year, more than
700,000 strokes occur in the United States
and 300,000 occur in Japan.'” Based on
recent data regarding these two countries’
populations (325,886,000 and 126,748,000,
respectively),’ the annual occurrence rate of
stroke is 215 per 100,000 population in the
United States and 237 per 100,000 popula-
tion in Japan. These rates are very similar
despite differences in genetics and lifestyle.
Thus, the relatively common occurrence of
stroke makes it worthwhile to study how to
improve activities of daily living (ADL) fol-
lowing stroke not only in the Unites States
but also in other regions such as Asia. After
acute stroke, physical function is a key
indicator of quality of life and should be
appropriately assessed. In these patients,
swallowing disability may lead to malnutri-
tion associated with adverse events such as
pneumonia, longer hospitalization, and
poor rehabilitation outcomes.* During the
early period of a patient’s stay in a neuro-
intensive care unit (neuro-ICU) or stroke
care unit (SCU) after acute stroke onset,
nutritional management is reportedly criti-
cal to prevent malnutrition and poor func-
tional recovery.>® Another study also
showed that proper energy intake is inde-
pendently associated with improvement in
ADL® and reduction in the mortality
rate.” However, the proper amount of
energy to prevent adverse events during
the early period after stroke has not been
studied.® 2

Upon admission to the SCU, the physi-
cal dependence of patients with acute stroke
is often measured using several scales,
mainly the following four: the Barthel
Index (BI), developed in 1955; the Rankin
Scale (RS), developed in 1957; the modified
RS (mRS), revised in 1988; and the
Functional Independence Measure (FIM),
developed in 1989. Each of these scales
involves summing all items to obtain a
numerical score. Among them, the BI and
FIM include the eating function, whereas
the RS and mRS do not. Additionally,
compared with the BI, the FIM includes
only the cognitive functions of communica-
tion and memory. Because the eating func-
tion requires not only swallowing but
communication, the FIM was developed
even after the BI had become widespread
among rehabilitation areas. The total FIM
score is reportedly effective and reliable for
assessment of the severity of physical func-
tional disability and the burden of care in
inpatient rehabilitation settings.'® Research
on the total FIM score and achievements in
nutritional therapies after acute stroke has
also shown that the eating function in the
FIM is associated with physical function
recovery.'* Another study revealed that
nutritional improvement was strongly asso-
ciated with functional recovery.'

In this context, we performed the present
study to examine the hypothesis that nutri-
tional management with an energy intake of
<66% of the energy target is associated with
a poor outcome during a stay in the SCU.
This cut-off point of 66% of the energy target
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was set according to a guideline of nutrition
support for critically ill adult patients'® and
observational studies.'”'® Whether the cut-
off point on the total FIM score at admission
to the SCU is associated with poor outcomes
was also determined.

Methods

Patients

This study was designed as a retrospective
observational chart review. All consecutive
patients enrolled in this study had been
admitted to the SCU in a single institution
from January 2015 to March 2015 with a
diagnosis of stroke. The exclusion criteria
were a <7-day length of stay in the SCU
and missing data for the FIM scores,
height, or weight. Approval for the study
was obtained from the ethics committee of
the study institution (approval number:
120038). Given the nature of this study,
the requirement for informed patient con-
sent was considered unnecessary.

Data collection

The following data were collected from the
medical records on the day of SCU admission:

e Demographic parameters, including age,
sex, height, body weight, body mass
index, primary diagnosis (cerebral infarc-
tion or cerebral hemorrhage), and
Charlson Comorbidity Index score (a
comorbidities index including hyperten-
sion, diabetes, dyslipidemia, cerebrovas-
cular disease, and 15 other diseases)

e National Institutes of Health Stroke
Scale (NIHSS) score'”

e FIM score (both the NIHSS and FIM
total scores were evaluated on admission
by a licensed physical therapist or occu-
pational therapist, and the details of the
FIM structure are described later)

e Laboratory data during the SCU stay,
including the serum albumin and C-reac-
tive protein (CRP) levels

e Nutritional parameters, including energy
intake during the first 7 days after admis-
sion to the SCU (expressed as the average
daily energy intake during the first 7 days
after admission to the SCU in kcal/kg of
actual body weight/day) and whether oral
intake was available or not

e QOutcome parameters. The primary out-
come was the length of stay in the SCU,
and the secondary outcomes were the
highest CRP level during the first 7
days in the SCU and the presence of a
CRP level of >6.0 mg/dL* during the
stay in the SCU. The length of stay in
the SCU was determined by reference
to the guide to resource allocation of
intensive monitoring and care proposed
by the American College of Critical Care
Medicine.?' Patients were able to be dis-
charged from the SCU when their hemo-
dynamic and life-threatening conditions
had stabilized to allow movement to a
lower-acuity area or step-down unit.

Analysis |

All patients were divided into two groups
according to their average daily energy
intake during the first 7 days in the SCU:
>66% (E-H group) or <66% (E-L group)
of the target energy. All collected data were
compared between the two groups. The
target energy intake was set at 25 kcal/kg
of actual body weight/day as proposed by
the guidelines of the American Society for
Parenteral and Enteral Nutrition'® and
European Society for Parenteral and
Enteral Nutrition.?

Analysis 2

Assuming that one group defined in
Analysis 1 showed a significantly lower
FIM score associated with adverse events



4238

Journal of International Medical Research 46(10)

during the stay in the SCU, we used a
receiver operating characteristic (ROC)
curve for the total FIM score at admission
along with its sensitivity and specificity to
determine the cut-off point of the FIM
score at admission to predict adverse
events in patients with acute stroke.

Statistical analysis

The outcome parameters in the two groups
were divided into different categories and
compared using the Mann—Whitney U test
for continuous variables and the chi-square
test or Fisher’s exact test for categorical
variables. In the ROC curve analysis, the
area under the curve (AUC) and the 95%
confidence interval (CI) were also deter-
mined. The AUC with a 95% CI was con-
sidered if the AUC was 1.0, and an AUC of
0.5 was not considered to be confident. The
point with the larger Youden index, equal
to sensitivity + specificity — 1, was defined
as the superior cut-off point. Two-sided p
values of <0.05 were considered statistically
significant. All analyses were performed
using SPSS Statistics version 24 (IBM

Corp., Armonk, NY, USA), and signifi-
cance was examined at P <0.05.

Results

In total, 192 patients were enrolled. After
77 patients were excluded according to the
above-described exclusion criteria, the
remaining 115  patients  underwent
Analyses 1 and 2 (Figure 1). The patients’
demographics are shown in Table 1. The
total and motor and cognitive subscale
scores in the low- and high-energy groups
are shown in Table 2. All except three
motor items showed significant differences.

Results of Analysis |

The comparison of energy intake during the
first 7 days after admission to the SCU
showed that the length of stay in the SCU
was significantly longer and the CRP level
was significantly higher in the low- than
high-energy group (7 vs. 4 days and 2.15
vs. 0.20 mg/dL, respectively; both
P <0.001) (Table 3).

Admission To SCU in
a single institute
between Jan 2015 and Mar 2015
with diagnosis of stroke (n = 192)

Exclusion criteria (n = 77)

+ Length of stay of less than 7 days (n=7)

- primary diagnosis was not stroke (n = 23)

- missing data of FIM score (n = 34)

- primary diagnosis with subarachnoid hemorrhage
(n=10)

+ missing data of Height or weight (n = 3)

Subjects to analyze (n = 115)

Method 1

Comparison of outcome in two groups divided by their
cumulative amount of energy intake during the first seven
days in SCU < 66 % vs. 2 66 % of target of energy intake™.

Method 2

Calculate the FIM cutoff value at the time of admission
where target energy > 66% is possible in the first 7 days.
(using ROC CURVE)

Figure |. Flowchart of the study. SCU, stroke care unit; FIM, Functional Independence Measure; ROC,

receiver operating characteristic curve.
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Table |I. Demographic and anthropometric characteristics, stroke types, NIHSS scores, and comorbidity

indexes in the low- and high-energy intake groups

Total (n=115) Low (n=40) High (n=75) P value

Demographic

Age, years 71 (62,78) 72 (59, 79) 70 (63, 78) 0.567

Male sex 78 (68) 30 (75) 48 (64) 0.296
Anthropometric parameters

Height, cm 163 (154, 169) 165 (156, 170) 163 (154, 168) 0.320

Weight, kg 61 (51, 70) 64 (55, 74) 60 (51, 69) 0.182

BMI, kg/m? 23 (21, 26) 24 (21, 27) 23 (21, 25) 0.320
Type of stroke <0.001

Cerebral infarction 75 (65) 14 (35) 61 (81)

Cerebral hemorrhage 40 (35) 26 (65) 14 (19)
NIHSS score 52, 12) 15 (7, 17) 3(1,6) <0.001
Comorbidity

Cdl 2(1,4) 32,4 2 (1,4) 0.169

Old cerebral infarction 32 (28) 8(2) 24 (32) 0.196

Data are expressed as median (25%, 75% quartile) or n (%).

Target energy intake of <66% (low-energy group) vs. >66% (high-energy group): Mann—Whitney U test and chi-square
test or Fisher’s exact test for categorical variables. Target energy was set at 25 kcal/kg of actual body weight/day.

Low, low-energy intake group; High, high-energy intake group; BMI, body mass index; CCl, Charlson comorbidity index;
NIHSS, National Institutes of Health Stroke Scale; SCU, stroke care unit.

Results of Analysis 2

The ROC curve analysis showed that the
cut-off point of the total FIM score at
admission was 63 points. The AUC, sensi-
tivity, and specificity were 0.90, 82.7%, and
85.0%, respectively (Figure 2).

Discussion

FIM score as a predictor of functional
recovery following stroke

The NIHSS is the most widely used deficit
rating scale in modern neurology and is one
of several stroke severity evaluation scales.
Since its effectiveness was reported by Brott
et al." in 1989, it has been used frequently
in clinical practice and clinical research.
The higher the score of each item, the great-
er the severity, and the maximum score is 42
points. The influence of the nutritional
status on the clinical outcome after acute

stroke has also been evaluated, and one
study showed that the serum albumin level
and mRS score were strong, independent
predictors of mortality at 3 months after
acute stroke [hazard ratio, 0.91 (95% CI,
0.84-0.99) and 1.63 (95% CI, 1.20-2.22),
respectively].”  However, a systematic
review comparing multiple functional eval-
uation assessment tools, such as the mRS,
BI, NIHSS, and others, proved that the
FIM is the most clinically accurate predic-
tor of functional outcomes in post-stroke
populations.' This was one of the reasons
that we chose the FIM in the present study,
setting a cut-off point to identify post-
stroke patients who showed adverse events.

FIM as a disability scale of ADL

Multiple scales have been developed to
measure ADL after acute stroke. The BI,
RS, mRS, FIM, and NIHSS use numbers
to represent the sum of all items involved.
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Table 2. FIM scores at admission between the low- and high-energy intake groups

Total (n=115) Low (n=40) High (h=75) P value
Nutrition domain
% of target energy intake 80 (50, 97) 30 (14, 53) 93 (84, 104)  <0.001
Oral intake without EN/PN, n (%) 77 (67) 22 (55) 55 (73) 0.061
Admission FIM score
Total-FIM 75 (33, 91) 21 (18, 51) 88 (70, 99) <0.001
Motor-FIM 44 (16, 57) 13 (13, 28) 57 (44, 64)*  <0.001
Cognitive-FIM 31 (16, 35) 7 (5, 25) 34 (30, 35) <0.001
FIM scores Subcategories
Motor |. Eating Self-care 5(1,5) I (I, 4) 5@3,5) <0.001
Motor 2. Grooming Self-care (L) I (1) 53,7 <0.001
Motor 3. Bathing Self-care (I, 1) (I, 1) (I, 1) 0.848
Motor 4. Dress upper body Self-care 3(1,5) (I, 1) 43,4 <0.001
Motor 5. Dress lower body Self-care 4 (1, 4) I (1) 4(3,5) <0.001
Motor 6. Toileting Self-care 4(1,5) I (1, 1) 54,7 <0.001
Motor 7. Bladder management Sphincter control 7(1,7) (1) 7(7,7) <0.001
Motor 8. Bowel management Sphincter control 7(1,7) I (1) 7(7,7) <0.001
Motor 9. Bed/chair Transfers (mobility) 5 (I, 5) I (1, 1) 5(5,7) <0.001
Motor 10. Toilet Transfers (mobility) 5 (I, 5) (1) 54,7 <0.001
Motor | |. Tub/shower Transfers (mobility) (I, 1) (I, 1) (I, 1) 0.848
Motor 12. Walk/wheelchair Locomotion I (1,5) I (1, 1) 5(1,6) <0.001
Motor |3. Stairs Locomotion (L) I (1) (1) 0.177
Cognitive 14. Comprehension Communication 74,7 3(1,6) 7(6,7) <0.001
Cognitive |5. Expression Communication 7(3,7) 2(1,5) 7(7,7) <0.001
Cognitive |6. Social interaction Social cognition 7(3,7) I (1, 6) 7(7,7) <0.001
Cognitive 17. Problem-solving Social cognition 5@3,7) (1, 4) 7(57) <0.001
Cognitive 18. Memory Social cognition 6(2,7) I (I, 5) 75,7 <0.001

All data except oral intake are expressed as median (25%, 75% quartile).
Low, energy intake of <66% of target; High, energy intake of >66% of target (target energy was set at 25 kcal/kg of actual
body weight); FIM, Functional Independence Measure.

Table 3. Comparison of clinical outcomes in the low- and high-energy intake groups

Total (n=115) Low (n=40) High (n=75) P value
Length of stay in SCU, days 5@, 8) 7 (5, 10) 4 (3, 6) <0.001
Serum CRP, mg/dL 0.60 (0.12, 2.60) 2.15 (1.00, 5.41) 0.20 (0.10, 0.85) <0.001
Serum CRP of >6.0 mg/dL 14 (12) 10 (25) 4 (5) 0.005

Data are expressed as median (25%, 75% quartile) or n (%).

CRP, C-reactive protein; Low, energy intake of <66% of target; High, energy intake of >66% of target; SCU, stroke
care unit.

Percent of target energy intake of <66% vs. >66%: Mann—Whitney U test and the chi-square test or Fisher’s exact test for
categorical variables; target energy was set at 25 kcal/kg of actual body weight.

All but the NIHSS are assessment tools to
measure functional disabilities; the NIHSS
was developed to assess the severity of
stroke. The BI score was developed more

than 30 years ago and is calculated from
the amount of time and assistance required
by a patient.”* Since its development, the
FIM has become increasingly more
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Figure 2. Determination of the cut-off point of the Functional Independence Measure (FIM) using a
receiver operating characteristic curve. The cut-off point of the total FIM scale to discriminate patients with
poor outcomes was calculated as 63 points, with an area under the curve, sensitivity, and specificity of 0.90,

82.7%, and 85.0%, respectively.

widespread because it includes items to
assess cognitive functions.”> The FIM com-
prises 18 items: 13 define disabilities in
motor functions, and 5 define disabilities
in cognitive functions (Table 2). Each item
is rated on a 7-point scale [7=complete
independence (performed in a timely and
safe manner), 6=modified independence
(using a device), 5 =supervision,
4 =minimal assistance (subject 75%+),
3 =moderate assistance (subject 50%-),
2 =maximal assistance (subject 25%+),
and 0=total assistance (subject 0%+)].>*
A recent systematic review of 3,260 articles
reported that the FIM score measured at
admission has been well validated to predict
functional  ability during rehabilita-
tion periods.*

Determination of the cut-off FIM score to
predict adverse events in patients with
acute stroke

In general, a cut-off point is used to identify
subjects with a binary opposite status, such
as “presence” and “absence” of disease,
morbidity, or mortality. In the present
study, when the total FIM score of post-
stroke patients at admission was <63
points (as the cut-off point drawn from
the study), he or she might have a high like-
lihood of adverse events, such as a signifi-
cantly longer stay in the SCU or a higher
CRP level. To identify a relevant cut-off
point in the clinical setting, an ROC curve
is applied in biomedical research to evaluate
the effectiveness and accuracy of the
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measurement method used.?’* The accura-
cy of determining a cut-off point using an
ROC curve seems high enough to vali-
date.®® In contrast, however, a previously
reported study of 106 patients with acute
stroke determined an FIM cut-off point of
38.29 (95% CI, 34.07-42.25) and 70.62
(95% CI, 66.65-75.22) for discriminating
severe and moderate disability, respective-
ly.* The difference in cut-off points between
the previously reported study and ours
(shown in Figure 2) might have occurred
because of the difference in the study
aims. We aimed to distinguish patients
with adverse events, whereas the authors
of the previous study aimed to classify
patients by severity of functional disability.
In this context, our study might be the first
to show a cut-off FIM score with which to
predict the possibilities of adverse events,
such as a longer stay in the ICU and a
higher CRP level with infectious events
after acute stroke.

Association between lower energy intake
during early period in ICU and
adverse events

The reason why patients in the low-energy
group had a significantly lower energy
intake might be related to several factors
associated with their functional and meta-
bolic conditions. One reason might involve
the physical functional impairments as
shown by significantly lower total FIM
scores at  admission  (Table  2).
Additionally, a significantly lower eating
function score, which was included in the
FIM motor score (Table 2), might have
been associated with significantly poorer
eating function in the low-energy group
[expressed in oral intake without enteral
or parenteral support (%)] than in the
high-energy group (Table 2). The associa-
tion of a lower energy intake with signifi-
cantly poorer eating function suggests that
patients in the low-energy group with low

oral energy intake might have easily devel-
oped aspiration pneumonia. In a previously
reported study that examined factors
influencing aspiration pneumonia in older
adults, the odds ratio of aspiration pneu-
monia in older adults with deteriorated
swallowing function was 3.584 (95% CI,
1.948-6.502).° Moreover, dysphagia has
also been reported as an independent risk
factor for mortality.*® The latter study also
showed that the odds ratios of mortality at
30 days and 1 year after admission were
3.43 (95% CI, 1.34-8.79) and 7.99 (95%
CI, 3.43-18.6), respectively. In the present
study, the significantly lower energy intake
associated with a longer stay in the SCU
and higher CRP level in the low-energy
group might have been related to the signif-
icantly lower total FIM score and eating
score. In the other words, the low-energy
group might have been unable to tolerate
a higher amount of energy compared with
the high-energy group. As a result, a signif-
icantly higher CRP level and malnutrition
might occur in patients with low energy
intake during the acute period after
stroke. In our study, malnutrition at dis-
charge could not be estimated because the
study institute was an advanced acute
stroke hospital and the length of hospital
stay was too short. Malnourished patients
with stroke reportedly have a significantly
higher incidence of pneumonia
(P=0.048).*" Motor disability, aspiration
pneumonia, and malnutrition seem to
form a vicious circle in patients with
stroke. This might be interpreted that dys-
phagia as estimated by the FIM motor
score and malnutrition following stroke
seem to be risk factors and discharge out-
come indicators in the acute period.’*
However, because swallowing dysfunction
and the incidence of aspiration pneumonia
were not investigated in our study, further
studies must be conducted to examine these
relationships.
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Limitations of the study

This study has several limitations. First, it
was conducted as a retrospective observa-
tional study. Therefore, we did not examine
whether patients with an FIM point of <63
points and who were nutritionally managed
with an energy intake of >66% of the target
showed a decrease in the incidences of
adverse events. As a result, we also did
not assess whether the relationship between
the total FIM point at admission and the
average energy intake during the acute
period was due to causality or association.
Further prospective validation studies for
the cut-off FIM points must be conducted
to examine whether the predicted poor clin-
ical outcomes can be changed or improved
by intensive energy management of >66%
of the target. Second, patients with a diag-
nosis of subarachnoid hemorrhage were
excluded because these patients have less
direct motor neuronal damage than the
patients with cerebral infarction or hemor-
rhage who were included in this study. The
main purpose of this study was to deter-
mine the cut-off FIM points at admission;
therefore, only patients with pathological
entities that directly invade cerebral neu-
rons were included. To confirm the effec-
tiveness of the FIM and its cut-off point
with which to identify patients who might
have a poor outcome in the neuro-ICU, fur-
ther studies including patients with sub-
arachnoid hemorrhage must also be
conducted. Third, the types of strokes in
the low- and high-energy groups were sig-
nificantly different. The high-energy group,
in which the SCU stay was shorter and the
CRP value was lower, consisted of 81% of
patients with cerebral infarction; in con-
trast, the low-energy group consisted of
35% of patients with cerebral infarction.
A previous study showed that the FIM
score at admission in patients with cerebral
infarction was not significantly different
from that in patients with cerebral

hemorrhage;* this was also observed also
in our study (Table 1). Further prospective
studies must be designed to equally allocate
the types of strokes into two groups.
Fourth, the difference in outcomes of this
study might be explained by the difference
in the FIM scores at admission between the
two groups. The total FIM score in the low-
energy group was significantly lower than
that in the high-energy group (21 vs. 88,
respectively; P <0.001) (Table 1). This
lower FIM score in the low-energy group
might have been associated with the
patients’ poor outcomes. To test the possi-
bility of an association between the FIM
score and energy intake in patients with
acute stroke, prospective random allocation
of patients into low- and high-energy intake
groups is necessary. Finally, the sample size
was too small to draw definitive conclu-
sions. Studies with a larger sample size
are necessary.

Conclusion

For patients with acute stroke, an energy
intake of <66% of the target (equal to
16.5 kcal/kg of actual body weight/day)
during the first 7 days after admission
may be associated with a significantly
longer stay in the SCU and a higher CRP
level. Additionally, a cut-off point of 63
points on the FIM scale at admission
might be a predictor of adverse events,
such as a longer stay in the SCU and a
higher CRP level, as a result of infectious
comorbidities (mainly aspiration pneumo-
nia) among patients with acute stroke.
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