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Abstract
Background
Low physical fitness is often found in patients undergoing hemodialysis. It may be possible that the recovery of impaired motor function with rehabilitative training might be affected when the patient is on hemodialysis. So far, however, no researcher has clinically investigated this issue in post-stroke patients. The purpose of this study is to clarify the difference of functional recovery during the convalescent phase between post-stroke patients with and without hemodialysis.

Methods
A cohort of 82 post-stroke hemiparetic patients who were admitted to our rehabilitation hospital, were subjected. On the day of admission and discharge, some clinical parameters including Functional Independence Measure (FIM) and Functional Ambulation Category (FAC) were evaluated for each patient. The changes during the hospitalization and the values at the discharge in these parameters were statistically compared between the patients with and without hemodialysis.

Results
The FIM motor score at the discharge was significantly lower in hemodialysis patients than non-hemodialysis patients (64.7 ± 21.2 points in hemodialysis patients and 81.8 ± 28.0 points in non-hemodialysis patients, p < 0.05). In addition, the frequency of FAC at the discharge of ≥ 3 was significantly lower in hemodialysis patients than non-hemodialysis patients (40.0% in hemodialysis patients and 72.2% in non-hemodialysis patients, p < 0.05).

Conclusion
In patients undergoing hemodialysis seem to experience a worse functional recovery during the convalescent phase compared to those not undergoing hemodialysis. We might have to modify the rehabilitative program during the convalescent phase after stroke if the patient was on hemodialysis.
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The study was registered with the UMIN Clinical Trials Registry (UMIN000042273).
Background
Currently, it is estimated that there are more than 330,000 patients with hemodialysis due to diabetic nephropathy, chronic glomerulonephritis, and nephrosclerosis [1]. The deterioration of renal function is often associated with not only the decrease of physical fitness but also the loss of muscle mass in the body [2–4]. In addition, it is not uncommon that stroke occurs in the patients undergoing maintenance hemodialysis [5, 6]. In such cases, the efficacy of rehabilitative training can be impaired, since the improvement of physical fitness and the increase in muscle mass cannot be easily achieved in the patients undergoing hemodialysis [7]. However, so far, no researcher clinically investigated this issue in post-stroke patients. It may be possible that functional recovery in post-stroke patients on hemodialysis is worse compared to those not undergoing hemodialysis. Therefore, the purpose of this study is to clarify the difference of functional recovery during the convalescent phase between post-stroke patients with and without hemodialysis.
Methods
Subjects
The study protocol was approved by the ethics committee of International University of Health and Welfare Ichikawa Hospital and informed consent was obtained from the all patients (ID number of 46). The study design was approved by the appropriate ethics review board and conforms to the provisions of the Declaration of Helsinki (as revised in Tokyo 2004) and its later amendments. Patient information was anonymized and de-identified prior to the analysis of this study. This is a retrospective analysis of a prospectively enrolled consecutive cohort of patients who were admitted to our convalescent rehabilitation ward in order to receive long-term rehabilitative training during the period between October 2, 2013, and January 25, 2017. Inclusion criteria for this study were as follows: (1) Patients with a diagnosis of stroke, (2) hemiparesis at the admission to our ward, (3) walking disturbance due to the hemiparesis (in need of a cane, some assistance of a wheelchair), (4) age at the admission between 18-100 years, (5) time between the stroke onset and the admission to our ward of less than 90 days, (6) history of a single stroke only, (7) no active physical or mental illness requiring acute medical management, and (8) no significant disturbance of consciousness at the admission.
The convalescent (Kaifuku-ki) rehabilitation ward provides interdisciplinary sub-acute rehabilitative training for patients requiring assistance in activities of daily living (ADL) after acute hospitalization. Patients with stroke are eligible for the admission to the convalescent rehabilitation ward. For the studied post-stroke patients, rehabilitative training such as physical therapy, occupational therapy, and speech-swallowing therapy was provided daily during their hospitalization. Usually, total duration of rehabilitative training was 2-3 h a day [8]. As physical therapy, according to their severity of hemiparesis, muscle strengthening training, basic movement training, sitting training, standing training, and walking training were mainly provided. As an occupational therapy, task-specific training (ADL training) was mainly provided. Task-specific training is defined as subjects practice context-specific motor tasks and receive some form of feedback [9]. In rehabilitation, task-specific training focuses on improvement of performance in functional tasks through goal-directed practice and repetition [10].
Clinical assessment
Clinical evaluation was performed at the admission to our ward and at the discharge of the ward. Following data such as, age gender, time between onset and admission, subtype of stroke, side of hemiparesis, body mass index (BMI), some hematological data (hemoglobin, albumin, CRP, eGFR), and comorbidities were collected at the time of admission. In addition, FIM score, Geriatric Nutritional Risk Index (GNRI), grip strength, Functional Ambulation Category (FAC), and modified Rankin Scale (mRS) were also evaluated at the admission. The FIM consists of 18 categories of disability evaluation and each category is rated on a 7-point scale. The sub-total summed scores of motor and cognitive subscales (FIM motor and cognitive score) are used to quantify functional independence. At admission, for the evaluation of nutritional status, GNRI was calculated based on the serum albumin level and body weight by using the following equation [11]. Grip strength was measured using a Smedley dynamometer (Grip-D, TAKEI, Niigata, Japan) for the non-paralyzed side. Subjects were maintained in a sitting position, with their elbows flexed to 90° with a neutrally rotated forearm. The maximal grip strength in kilograms was recorded from 3 trials in the non-paralyzed side. FAC assesses ambulation status by determining how much human support the patient requires when walking. This 6-grade scale ranges from independent walking outside (category 5) to non-functional walking (category 0). A score of 3 on the scale indicates that a patient can walk only with verbal supervision or guarding. A score of 4 or 5 describes an independent ambulator. Therefore, if the category is ≥ 3, the patient can be considered able to walk without any assistance. At the time of discharge, FIM score, FAC, and mRS were evaluated, and the change in these parameters during the hospitalization were assessed.
In this study, the study subjects were divided into two groups such as hemodialysis group and non-hemodialysis group. A patient was classified into hemodialysis group when the patient had been continuously on hemodialysis for at least 12 months before the admission and received regularly hemodialysis during the hospitalization to our ward. Usually, 3-4 h session of hemodialysis was provided 3 times a week at the Department of Nephrology at our hospital. We proposed rehabilitative program for the patients so that the intensity and the duration of rehabilitative training could not be different between the two groups. For the patients on hemodialysis, however, rehabilitative program on the day of dialysis was modified. On the day of dialysis, averagely, rehabilitative training was provided for 40 min before the beginning of the dialysis. In some cases, rehabilitative training was skipped on the day of hemodialysis. All other studied patients not undergoing hemodialysis was classified into non-hemodialysis group.
Sample size calculation
The FIM at discharge was the one of primary endpoint of this study, and calculation of the sample size was made based on a previous study that reported functional outcome of stroke patients [12]. Based on a = 0.05, power = 0.8, and effect size = 0.38, it was calculated that total of 210 patients were needed.
Endpoint and statistical analysis
Primary outcome measure was FIM and ambulation status evaluated by FAC at the time of discharge. All statistical analyses were performed with the use of SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). We performed Kolmogorov-Smirnov test to assess the normality of the datasets. Comparison of clinical characteristics and FIM between two groups was tested by unpaired Student’s t test, Mann-Whitney U test for each variables and by chi-square test for categorical variables. The extents of the changes in these 2 parameters were compared using unpaired Student’s t test. The comparison of the frequency of favorable FAC of ≥ 3 and mRS of ≤ 2 at the discharge was performed using chi-square test. For this study, a p value less than 0.05 was considered statistically significant.
Results
The flowchart of this study is displayed in Fig. 1. In total, for this study, 82 post-stroke hemiparetic patients were included. Among these patients, 10 patients (hemodialysis group) had been on hemodialysis before the admission to our ward and were on hemodialysis during the hospitalization in our ward. The other 72 patients (non-hemodialysis group) did not undergo any hemodialysis treatment. All the patients in hemodialysis group received treatment session of 3-4 h hemodialysis three times a week during their admission to our ward. In the comparison of baseline clinical characteristics between two groups, as shown in Table 1, no significant difference was found in age, gender, BMI, time between onset and admission, length of stay at hospital, subtype of stroke, side of hemiparesis, and comorbidities (p > 0.05). Similarly, hematological date and physical ability date are displayed in Table 2. Hemoglobin, albumin, eGFR, GNRI, and grip strength at admission were significantly lower in hemodialysis group than non-hemodialysis group (p < 0.05). No patient experienced any severe complications associated with hemodialysis during the admission. Table 2 shows functional recovery in hemodialysis groups and non-hemodialysis groups. Hemodialysis group had lower FIM total and cognition score at discharge than non-hemodialysis group, but there were a non-statistically significance between both groups (p > 0.05). In hemodialysis group, on the other hand, FIM motor score was significantly lower than non-hemodialysis group (p < 0.05). There were no significant differences in gain of FIM total, FIM motor, and FIM cognition between both groups (p > 0.05). Hemodialysis group had lower FAC at discharge and gain of FAC than non-hemodialysis group, but there were a non-statistically significance between both groups (p > 0.05). Furthermore, there was no significant difference in frequency of mRS ≤ 2 at discharge in both groups (p > 0.05). Although frequency of FAC ≥ 3 at discharge was significantly lower in hemodialysis group than non-hemodialysis group (p < 0.05).
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Fig. 1Flowchart of the study. FAC, functional ambulation category

Table 1Clinical characteristics of studied patients


	 	All patients
(n = 82)
	HD group
(n = 10)
	Non-HD group
(n = 72)
	P value

	Age, year, mean (SD)
	71.9 (12.7)
	68.3 (6.5)
	72.3 (13.3)
	n.s.

	Gender, n (%)
	Females
	38 (46.0)
	7 (70.0)
	31 (43.0)
	n.s.

	Males
	44 (54.0)
	3 (30.0)
	41 (57.0)
	n.s.

	BMI, kg/m2, median (IQR)
	21.3 (18.9-23.9)
	19.2 (18.1-21.7)
	21.4 (19.6-23.9)
	n.s.

	Time between onset and admission, day, mean (SD)
	28.7 (11.5)
	30.8 (6.5)
	28.4 (12.0)
	n.s.

	Length of stay at hospital, days, mean (SD)
	85.0 (51.0)
	107.4 (56.1)
	72.3 (43.2)
	n.s.

	Subtype of stroke, n (%)
	Cerebral infarction
	61 (74.3)
	5 (50)
	56 (77.8)
	n.s.

	Intracerebral hemorrhage
	15 (18.3)
	4 (40)
	11 (15.2)
	n.s.

	Subarachnoid hemorrhage
	4 (4.9)
	0 (0)
	4 (5.6)
	n.s.

	Chronic subdural hematoma
	2 (2.5)
	1 (10)
	1 (1.4)
	n.s.

	Side of hemiparesis, n (%)
	Right
	32 (39.0)
	2 (20.0)
	30 (41.6)
	n.s.

	Left
	36 (43.9)
	8 (80.0)
	28 (38.9)
	n.s.

	Comorbidities, n (%)
	Hypertension
	40 (48.8)
	7 (70.0)
	33 (45.8)
	n.s.

	Diabetes
	18 (22.0)
	4 (40.0)
	14 (19.4)
	n.s.

	Heart disease
	20 (24.4)
	5 (50.0)
	15 (20.8)
	n.s.

	Cancer
	5 (6.1)
	2 (20.0)
	3 (4.2)
	n.s.

	Orthopedic disease
	6 (7.3)
	2 (20.0)
	4 (5.6)
	n.s.

	Cause of chronic renal failure, n (%)
	Diabetic nephropathy
	 	4 (40)
	 	 
	Polycystic renal disease
	 	3 (30)
	 	 
	Chronic glomerulonephritis
	 	1 (10)
	 	 
	Others
	 	2 (20)
	 	 

HD Group hemodialysis group, Non-HD Group non-hemodialysis group, SD standard deviation, BMI body mass index, IQR interquartile range


Table 2Comparison of Hematological date and physical ability


	 	All patients
(n = 82)
	HD group
(n = 10)
	Non-HD group
(n = 72)
	P value

	Hemoglobin at admission, g/dL, mean (SD)
	13.1 (2.2)
	10.2 (1.2)
	13.5 (2.0)
	< 0.05

	Albumin at admission, g/dL, mean (SD)
	4.0 (0.5)
	3.3 (0.5)
	4.1 (0.4)
	< 0.05

	CRP at admission, mg/dL, median (IQR)
	0.2 (0.1-0.4)
	0.2 (0.1-0.3)
	0.2 (0.1-0.4)
	n.s.

	eGFR, mL/min/1.73 m2, mean (SD)
	51.5 (28.6)
	3.9 (1.8)
	58.1 (23.9)
	< 0.05

	GNRI at admission, median (IQR)
	100.4 (92.3-105.4)
	88.5 (86.8-89.9)
	101.6 (95.7-105.7)
	< 0.05

	mRS at admission, median (IQR)
	4 (3-4)
	4 (4-4)
	4 (3-4)
	n.s.

	mRS ≤ 2 at discharge, n (%)
	41 (50.0)
	3 (30.0)
	38 (52.8)
	n.s.

	Grip strength at admission, kg, mean (SD)
	20.1 (9.1)
	13.6 (6.0)
	20.9 (8.8)
	< 0.05

	FAC
	At admission, median (IQR)
	2 (1-3)
	1.5 (0-2)
	2 (1-3)
	n.s.

	At discharge, median (IQR)
	4 (3-5)
	2.5 (1.3-3.8)
	4 (3-5)
	n.s.

	Gain during admission, median (IQR)
	1.0 (0.0-2.0)
	1.0 (0.3-1.0)
	1.0 (0.0-2.0)
	n.s.

	≥ 3 at discharge, n (%)
	56 (68.2)
	4 (40.0)
	52 (72.2)
	< 0.05

	FIM score at admission, score
	Total mean (SD)
	78.9 (20.0)
	69.4 (23.5)
	80.2 (28.5)
	n.s.

	Motor mean (SD)
	60.3 (28.4)
	48.1 (20.5)
	62.0 (29.1)
	n.s.

	Cognition median (IQR)
	24.0 (20.0-28.8)
	22.0 (20.0-24.5)
	25.0 (20.0-30.3)
	n.s.

	FIM score at discharge, score, median (IQR)
	Total
	108.5 (90.3-120.0)
	94.5 (78.0-116.5)
	112.5 (92.5-121.0)
	n.s.

	Motor
	84.5 (66.0-91.0)
	67.0 (52.0-85.0)
	86.0 (68.3-94.0)
	< 0.05

	Cognition
	30.0 (25.3-33.0)
	26.5 (24.5-30.5)
	30.0 (25.8-33.0)
	n.s.

	FIM gain during Admission, score
	Total mean (SD)
	21.7 (15.5)
	22.4 (13.5)
	21.6 (15.8)
	n.s.

	Motor mean (SD)
	19.4 (14.9)
	16.6 (10.3)
	19.8 (15.5)
	n.s.

	Cognition median (IQR)
	4.0 (2.0-6.8)
	6.0 (3.0-8.5)
	4.0 (1.8-6.0)
	n.s.


HD Group hemodialysis group, Non-HD Group non-hemodialysis group, SD standard deviation, eGFR estimated glomerular filtration rate, GNRI geriatric nutritional risk index, mRS modified Rankin scale, IQR interquartile range, FAC functional ambulation category, FIM functional independence measure



Discussion
To the best of our knowledge, this is the first clinical study which investigated the difference in the functional recovery between post-stroke patients with and without hemodialysis. Previous study have demonstrated that 60% of the patients are able to walk independently after stroke. [13]. Kutner et al. found that hemodialysis patients who are unable to walk had a particularly high mortality rate [14]. Therefore, we believe that regaining gait is one of the important goals in the rehabilitation of stroke patients undergoing hemodialysis. Among our patients, no adverse event associated with the introduction of rehabilitation training was found. Smart et al. [15] showed that exercise training is safe for hemodialysis patients. Forrest [7] reported that rehabilitation services appear to be beneficial for the inpatients undergoing hemodialysis. It seems that the rehabilitative training in convalescent rehabilitation ward can be considered to be a safe and feasible intervention for post-stroke patients undergoing hemodialysis.
The present study revealed that post-stroke patients undergoing hemodialysis had lower grip strength and lower GNRI than those not undergoing hemodialysis. Johansen et al. [16] showed that hemodialysis patients had lower muscle strength than healthy subjects. Therefore, the results of this study are considered compatible with these previous studies. Isoyama et al. [17] reported that higher serum concentration of inflammatory cytokines such as CRP is associated with lower muscle strength. Kim et al. [18] investigated that hemodialysis patients had lower physical activity compared to healthy subjects and that low physical activity are associated with low muscle strength in hemodialysis patients. Furthermore, Montazerifar et al. [19] showed that serum levels of albumin were significantly lower in hemodialysis patients than in healthy subjects. We speculate that higher inflammatory cytokines, lower physical activity, and malnutrition may have lowered muscle strength in hemodialysis patients before stroke onset.
Post-stroke patients undergoing hemodialysis had lower FIM-motor score at discharge compared to post-stroke patients not undergoing hemodialysis. In addition, the frequency of the patient who had regained walking ability (FAC ≥ 3) at discharge was significantly lower in post-stroke patients undergoing hemodialysis than in post-stroke patients not undergoing hemodialysis. Only few studies have investigated the functional recovery of hospitalized patients with chronic kidney disease. Forrest [7] investigated the recovery of ADL in hemodialysis patients hospitalized in a rehabilitation hospital and revealed that functional recovery was significantly slower in the patients undergoing hemodialysis than in those not undergoing hemodialysis. Power [5] has reported that the dialysis treatment itself may influence the recovery from acute stroke. These findings suggest that hospitalized patients with hemodialysis are less likely to recover their physical ability, which is in accordance with our study findings. Previous studies have reported that neurological severity and muscle strength can predict the walking ability and ADL at discharge in stroke patients [20–23]. Post-stroke patients with hemodialysis may have not only lower muscle strength but also more severe neurological symptoms compared to post-stroke patients without hemodialysis. Furthermore, Ormerod et al. [24] demonstrated that arterial stiffness is independently associated with neurologic deficit after acute stroke. On the other hand, brain-derived neurotrophic factor (BDNF) may be lower in post-stroke patients undergoing hemodialysis than post-stroke patients not undergoing hemodialysis. Zoladz et al. [25] compared serum BDNF between hemodialysis patients and healthy adults. The result of their study showed that serum BDNF levels in hemodialysis patients are significantly lower than those in healthy adults. In addition, they found that single hemodialysis treatment reduces serum BDNF concentration in hemodialysis patients. Therefore, it seems that neurologic severity may be higher in post-stroke patients undergoing hemodialysis than post-stroke patients not undergoing hemodialysis at rehabilitation hospital admission. Furthermore, in this study, post-stroke patients undergoing hemodialysis had lower frequency of rehabilitation on dialysis days than post-stroke patients not undergoing hemodialysis patients. It may have inhibited the improvement in walking ability and ADL in post-stroke patients undergoing hemodialysis. Forrest et al. [26] found that the efficiency of ADL is improved by ensuring rehabilitation session on hemodialysis day. A recent meta-analysis showed that efficacy and safety of intradialytic exercise for hemodialysis patient [27]. In the future clinical setting, more sessions of rehabilitation may be desired to be provided for the patients on hemodialysis, including intradialytic exercise.
The present study has some certain limitations. Firstly, this is a retrospective analysis comparing clinical outcome between post-stroke patients with and without hemodialysis. In addition, the number of studied patients was relatively small. Therefore, the results of this study cannot be applied to the general population of hospitalized hemodialysis patients. Secondly, the detailed data regarding walking function and muscle mass is not available for studied patients. For example, 6-min walk test and body composition should have been evaluated serially in the studied patients. Thirdly, we could not investigate which clinical factors can influence the functional outcome in post-stroke patients on hemodialysis. It may be interesting to clarify such clinical factors in post-stroke patients with hemodialysis.
Conclusion
We clarified the difference in functional recovery between post-stroke patients with and without hemodialysis. The extent of the functional recovery during the convalescent phase was significantly smaller in the patients on hemodialysis compared to those without hemodialysis. We might have to modify the rehabilitative program during the convalescent phase after stroke if the patient was on hemodialysis.
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