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    Abstract
Objective: Neuropathy is seen in approximately 70% of patients in the predialysis stage; it is more common in individuals with pruritus, which may be an indicator of neuropathy. The aim of this study was to evaluate the presence of neuropathy and pruritus in the predialysis stage. Methods: The study included 60 patients in the predialysis stage and 30 volunteer controls. Neuropathic symptoms and severity and frequency of itching were recorded. The polyneuropathy (PNP) protocol and sympathetic skin responses (SSRs) were examined. Results: Electromyographic PNP was detected in 28.3% of the patients and pruritus in 36.7%. There was no significant difference in terms of neuropathy and SSR between the groups with and without pruritus (P > 0.05). Body mass index (BMI,P < 0.05) and uric acid levels (P = 0.022) were higher in the group with pruritus. The group in the predialysis stage was divided into two groups according to the stages. There was no difference between the groups in terms of neuropathy and pruritus (P > 0.05), whereas the amplitude and velocity of the median nerve, amplitude and velocity of the tibial nerve, amplitude of the sural nerve, and velocity of the peroneal nerve motor were found to be higher in the control group than in the two groups in the predialysis stage. Furthermore, a prolongation of the distal latency median motor nerve was found in two groups in the predialysis stage compared with the control group (P > 0.05). There was no significant difference between the two groups in terms of the presence of neuropathic symptoms and pruritus (P > 0.05). Conclusion: More than one-third (36.7%) of the patients had pruritus. Increased BMI and uric acid levels showed that it could be important to evaluate the patients in the predialysis stage.
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    Introduction


    Chronic renal failure (CRF) is a significant health problem in developed and developing countries and causes a decrease in the quality of life worldwide. It is known that patients with CRF have an increased risk of morbidity due to numerous complications associated with the disease.[bookmark: ft1][1] Peripheral neuropathy (uremic neuropathy) is the most common neurologic complication, affecting 90% of patients undergoing dialysis. Studies have reported that neuropathy is significant in 70% of patients in the predialysis stage.[bookmark: ft1][1],[bookmark: ft2][2]


    One of the most important problems affecting the daily life of patients with end-stage kidney disease is pruritus caused by uremia. The pathophysiology of uremic pruritus is still unknown, but its etiology is thought to involve neuropathy.[bookmark: ft3][3] Pruritus in CRF may be a sign of peripheral neuropathy. Neuropathy, a common finding in patients with uremia, changes the perception of peripheral stimuli and creates a sense of itchiness with stimuli that do not cause pruritus under normal conditions.[bookmark: ft4][4] Similarly, the positive results of pregabalin and gabapentin used for the treatment of neuropathic pain in the treatment of pruritus emphasize the importance of neuropathy in the pathophysiology of pruritus.[bookmark: ft3][3]


    Although there are many studies on pruritus conducted with patients receiving dialysis treatment, there are few studies on pruritus conducted with patients in the predialysis stage. Taking this as a starting point, the present study aimed to evaluate the presence of neuropathy in patients in the predialysis stage through clinical and electrophysiologic examinations and to determine the frequency of pruritus and its related factors.


    Methods


    The study included 60 patients aged 30–75 years who were not diagnosed as having neuropathy due to CRF by the nephrology outpatient clinic and who were not on neuropathy pain treatment drugs and 30 volunteer controls. The exclusion criteria were as follows: Vitamin B12 deficiency, presence of a hypothyroid, diagnosis of hereditary neuropathy, receiving treatment for cancer, and thus being on drugs that might cause neuropathy and dermatologic disease history in the evaluation of pruritus. All patients underwent detailed neurologic examinations. Age, sex, body mass index (BMI), disease duration, disease stage, and medications were noted. Information was received regarding hypertension (HT), diabetes mellitus (DM), atherosclerotic heart disease (ASHD), rheumatologic disease history, and (if any) additional diseases. Laboratory examinations and glomerular filtration rate (eGFR [chronic kidney disease (CKD)-EPI]), which were routinely performed during admission to the nephrology outpatient clinic, were recorded. The neuropathy symptom score (NSS)[bookmark: ft5][5] was used to obtain data about neuropathy, a visual analog scale (VAS)[bookmark: ft6][6] was used to question the severity of pruritus in patients with pruritus, and the modified itch severity scale (ISS)[bookmark: ft7][7] was used to learn about the charcteristics of pruritus.


    All electrophysiologic studies were performed using a Medelec Synergy electromyography (EMG) device. In the polyneuropathy (PNP) protocol, the median and ulnar (sensory and motor) nerves in the left upper extremity, the tibial (motor) and sural (sensory) nerves in the right lower extremity, and the peroneal (motor) nerve in the left lower extremity were examined. Distal motor latencies, sensory and motor conduction velocities, and compound muscle action potential (CMAP) and sensory nerve action potential (SNAP) amplitudes of all nerves were recorded. To obtain data regarding sensory nerve conduction, the median and ulnar nerves were stimulated from the phalanx II and V, respectively, using the orthodromic technique. The recording electrode was inserted at the wrist in accordance with both nerve traces. To obtain data regarding sural sensory conduction, the recording was performed at the level of the external malleolus; approximately 10–12 cm proximal of the malleolus was stimulated. To obtain data regarding the motor nerve conduction in the upper extremity, stimulation was performed from approximately 7 cm proximal of the recording electrode and the antecubital region for the median nerve, as well as approximately 7 cm proximal of the recording electrode and the elbow alignment for the ulnar nerve.


    The sympathetic skin response (SSR) was studied in both hands. The active electrode was placed in the palm, the reference electrode on the back of the hand, and the grounding electrode in the proximal portion of the recording electrode. Electrical stimulation of 0.1 ms and 10–30 mA current was given from the wrist, from the stimulus area of the median nerve. At least three responses were recorded. The SSR was noted as present or absent.


    Our study was approved by the İstanbul Training and Research Hospital Hospital (974/2017), Ethics Committee (dated March 31, 2017, decision number: 974), and written informed consent was obtained from all participants.


    Statistical analysis


    The SPSS 22.0 program was used for statistical analysis. Mean, standard deviation, lowest median, highest median, frequency, and ratio values were used for descriptive statistics of the data. The distribution of the variables was measured using the Kolmogorov–Simirnov test. The Kruskal–Wallis and Mann–Whitney U-tests were used for quantitative independent data analysis. The Chi-square test was used for the analysis of independent qualitative data. The Fisher's exact test was used when Chi-square test conditions were not met.


    Results


    Of the 60 patients included in the study, 44 (73.3%) were female and 16 (26.7%) were male. The mean age of the study group was 59.6 ± 10.5 years. Of the 30 volunteers included in the control group, 11 were male (37%) and 19 were female (63%). The mean age of the controls was 50.1 ± 7.4 years. The concomitant diseases were HT (86.7%), DM (36.7%), ASHD (11.7%), and rheumatic diseases (8.3%).


    The mean duration of CRF in the patients was 6.7 ± 6.3 years (the most recent being recently diagnosed and the longest being diagnosed 34 years ago). According to the eGFR (CKD-EPI), six patients (10%) were at Stage I, eight patients (13.3%) were at Stage II, 16 patients (26.7%) were at Stage IIIa, 14 patients (23.3%) were at Stage IIIb, 15 patients (25%) were at Stage IV, and one patient (1.7%) was at Stage V.


    In the NSS, the mean total NSS (T-NSS) was 1.7 ± 1.5 (range, 0–5). There were no patients with motor symptoms in the NSS evaluation. Forty patients (66.7%) had positive sensory symptoms, 26 (43.3%) had autonomic symptoms, and 17 (28.3%) had negative sensory symptoms.


    PNP was found in 17 patients (28.3%), which was sensory type in 76.5% of patients and sensory-motor axonal type in the remaining patients; 58.8% of patients with PNP had diabetes. SSRs were obtained in 53 patients (83.3%) on the right and left hands. Pruritus was observed in 22 (36.7%) patients. The mean VAS score of the patients was 2.0 ± 3.3. The mean score of the modified ISS was 1.6 ± 3.2 (range, 0–16) [Table - 1].
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        	Table 1: Electromyography abnormalities and distribution of pruritus findings in patients with predialysis
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    No significant difference was found between the groups with and without pruritus in terms of age and sex (P > 0.05). Furthermore, no significant differences were found in terms of the stages of the disease and the concomitant diseases (P < 0.05 and P > 0.05, respectively). BMI (P < 0.05) and uric acid levels (P = 0.022) were significantly higher in the group with pruritus. No significant differences were found between the groups with and without pruritus in terms of T-NSS score, NSS-motor symptoms, NSS-positive sensory symptoms, NSS-negative sensory symptoms, presence of NSS autonomic symptoms, and presence of PNP with T-NSS score (P > 0.05) [Table - 2].
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        	Table 2: Neuropathic complaints and electromyography abnormalities with and without itching
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    The patients in Stages I, II, and IIIa were classified as Group I, and the patients in Stages IIIb, IV, and V were classified as Group II. Then, both groups were compared with the control group.


    The mean age of the volunteers in the control group was lower than the mean age of the patient group (P < 0.05). There was no significant difference between Group I and Group II in terms of mean age (P > 0.05). Similarly, there was no difference in terms of sex distribution among Group I, Group II, and the control group (P > 0.05).


    Left median nerve CMAP, left median nerve motor velocity, left median nerve SNAP, right tibial nerve CMAP, right tibial nerve velocity, right sural nerve amplitude, and left peroneal nerve motor velocity were significantly higher in the control group than in Group I and Group II (P < 0.05) [Table - 3]. In Group I and Group II, left median nerve motor distal latency was significantly longer than in the control group (P < 0.05).
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        	Table 3: The distribution of electromyography parameters in patient and control groups
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    No significant differences were found between Group I and Group II in terms of VAS scores, pruritus rates, and pruritus severity scores (P > 0.05). Similarly, there were no significant differences between the two groups in terms of T-NSS scores, NSS-motor symptoms, NSS-positive sensory symptoms, NSS-negative sensory symptoms, and NSS autonomic symptoms (P > 0.05). No significant correlation was found between the two groups in terms of the presence of PNP [Table - 4].
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        	Table 4: Distribution of neuropathic complaints and electromyography abnormalities among patient groups
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    Discussion


    Peripheral neuropathy in CRF has been reported in 15%–85% of the various studies, and it is a common cause of severe disability.[bookmark: ft8][8] Studies have reported a decrease in sensory and motor nerve conduction velocities and a decrease in sensory response amplitudes in the preclinical period.[bookmark: ft9][9] In our study, EMG analysis showed PNP in 28.3% of the patients. PNP was mostly sensory axonal type (76.5%) and the rest had sensory-motor axonal type. Similar to previous studies, we found a significant difference in some parameters of nerve conduction in our patients compared with the control group. Jasti et al. compared the clinical and electrophysiological parameters of peripheral neuropathy in predialysis patients according to the severity of renal failure, and the prevalence of peripheral neuropathy was found to be higher in the group with severe renal failure. Again, ulnar nerve SNAP, median nerve SNAP, median motor nerve CMAP, and velocity were the parameters that differentiated severe renal failure from mild-to-moderate renal failure.[bookmark: ft9][9] In our study, there was no significant difference in the comparison between stages and an abnormality in nerve conduction compared with the normal population. Left median nerve CMAP, left median nerve motor velocity, left median nerve SNAP, right tibial nerve CMAP, right tibial nerve velocity, right sural nerve amplitude, and left peroneal nerve motor velocity were significantly lower than, and prolongation of the distal latency median motor nerve was found in the two groups compared with the control group in our study. Jasti et al. reported that neuropathy was more frequent in the diabetic group.[bookmark: ft9][9] As is known, DM is one of the most frequent metabolic causes inducing neuropathy. In our study, 58.8% of the patients with neuropathy were diabetic. This was one of the factors limiting the study.


    The pathophysiology of pruritus, which is common in patients with CRF and affects daily life negatively, is not clear, just like peripheral neuropathy.[bookmark: ft3][3],[bookmark: ft8][8] Many hypotheses, especially neuropathic hypotheses, have been proposed.[bookmark: ft3][3] A study conducted with 402 patients in the predialysis stage by Solak et al.[bookmark: ft10][10] reported pruritus in 18.9% of patients, and another study conducted with 200 patients receiving both predialysis and hemodialysis treatment by Khanna et al.[bookmark: ft11][11] reported pruritus in 36% of patients. Similar to that finding, in the present study, we found that 36.7% of 60 patients in the predialysis stage had pruritus.


    In the literature, the relationship between pruritus and neuropathy is generally compared in patients undergoing dialysis, and it has been found statitiscally significant. To the best of this author's knowledge, no study has been conducted to examine pruritus and neuropathy in patients in the predialysis stage. In the present study, it was found that the frequency of electromyographically evidenced PNP was 27.3% in patients with pruritus and 28.9% in patients without pruritus. We observed no significant statistical difference between pruritus and neuropathy. In their study on pruritus and paresthesia, Zakrzewska-Pniewska and Jedras found a significant relationship.[bookmark: ft12][12] The fact that 72.7% of thee patients with pruritus had a high rate of positive sensory symptoms in the present study may suggest that pruritus is associated with the presence of symptoms, regardless of the presence of neuropathy evidenced by EMG.


    The frequency of PNP has been reported in varying rates in the literature. Aggarwal et al.[bookmark: ft1][1] and Krishnan et al.[bookmark: ft13][13] reported higher rates of neuropathy. In both studies, T-NSS scores higher than 2 (although it cannot be displayed electromyographically) were evaluated as symptomatic neuropathy. In our study, the lower neuropathy rate can be linked with the presence of neuropathy only through EMG evaluation. In the present study, 66.7% of the patients had positive sensory symptoms, 43.3% had autonomic symptoms, and 28.3% had negative sensory symptoms. Similarly, in a study conducted with 40 patients receiving hemodialysis treatment, Solak et al. reported that although neuropathic symptoms were present in all patients, 77.5% of the patients showed EMG changes consistent with peripheral neuropathy evidenced by EMG.[bookmark: ft3][3] Besides, the high rates of neuropathic symptoms in patients compared with the frequency of neuropathy may be attributed to small fiber neuropathy, which we could not be detected electromyographically. Sensory symptoms such as hot–cold intolerance, numbness, burning, freezing, and pain, and symptoms of autonomic dysfunction in patients with uremia show that small fiber neuropathy should be considered as a clinical entity in patients with CRF. It has recently been suggested that axonal depolarization in patients with uremia might be induced by a change in the function of the Na/K pump and that the inhibition of the Na/K pump by uremic neurotoxins might induce changes in nerve conduction by membrane depolarization.[bookmark: ft1][1] In the present study, we found that some electrophysiologic parameters were lower in the patient groups compared with the control group. Significant changes in the nerve conduction in some parameters compared with the control group suggest that the processes that cause neuropathy may be related to changes in cellular extensibility at the electrophysiologic level. This draws attention to the importance of electrophysiologic examinations in asymptomatic patients.


    In a study conducted by Khanna et al., who compared skin findings in patients receiving hemodialysis treatment and those in the predialysis stage, it was found that pruritus increased with the severity of the disease and was found to be unrelated to the duration of the disease.[bookmark: ft11][11] In the present study, contrary to our expectations, we found no statistically significant differences between Group I and Group II. A similar finding was reported in the study of Solak et al.[bookmark: ft10][10] This suggests that the presence of multiple skin conditions such as xerosis and the presence of multiple etiologies may affect pruritus, regardless of the stages.


    Studies on the underlying mechanisms in patients with CRF-associated pruritus have reported different demographic characteristics and laboratory findings. Although several studies have reported a relationship between males and pruritus,[bookmark: ft14][14] most studies observed no significant relationship between pruritus and the patient's age, sex, and type of underlying kidney disease.[bookmark: ft15][15] Many major studies found pruritus to be correlated with chronic diseases, smoking, increased BMI, increased white blood cells, low hemoglobin, and serum albumin levels,[bookmark: ft10][10],[bookmark: ft15][15],[bookmark: ft16][16] whereas some studies found no significant differences in serum creatinine, urea, uric acid, and hematocrit values.[bookmark: ft15][15] In the present study, there was no significant difference in many parameters, but the uric acid level was significantly higher in the group with pruritus.


    Prignano et al. reported that pruritus was more severe in overweight patients with psoriasis and linked this with the increase in folds due to weight, increased body temperature, and the possibility that sweating could aggravate pruritus.[bookmark: ft17][17] Most studies conducted with patients with CRF-associated pruritus reported no significant correlation between BMI and pruritus, whereas, in the present study, we found a more pronounced increase in BMI in the group with pruritus. This suggests that the anatomic tendency in overweight patients may cause an increase in pruritus.


    In the present study, autonomic symptoms were observed in 40.3% of the patients; this rate was 50% in the group with pruritus. SSR reflects sudomotor activity and is associated with sweat gland activation through the cholinergic system. Cholinergic dysfunction in uremic pruritus may cause SSR abnormalities.[bookmark: ft18][18] Studies with patients receiving dialysis treatment have correlated the abnormality of SSR amplitude with dysautonomia.[bookmark: ft12][12] Considering the frequency of autonomic neuropathy in our study, SSR was taken from most of the patients. Although the absence of SSR is considered pathological, there was no significant correlation between the presence of autonomic symptoms and SSR. We cannot comment on whether there was a change in these parameters because the amplitude and latencies of SSR were not taken into consideration in the present study for technical reasons, which is one of its limitations.


    Studies found that the RR interval in patients with uremia was abnormal.[bookmark: ft12][12],[bookmark: ft19][19] The RR interval in addition to erythrocyte sedimentation rate in these patients may provide more objective results in autonomic system evaluations.


    Conclusion


    Although the presence of neuropathy was not significantly greater in patients in the predialysis stage in our study, the frequent neuropathic symptoms and abnormalities in nerve conduction compared with the normal patient group suggest that small fiber neuropathy or urea levels may be affected at the cellular level. The relationship between pruritus and increased BMI and uric acid level found in 36.7% of the patients may be important in elucidating the possible mechanism of pruritus in patients in the predialysis stage. It may also highlight the positive effects of the prevention of weight gain and low uric acid levels on the quality of life of patients.
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R tibialis CMAP amp (mV) 47219, 4.6 5242.1,5.0 6.742.1,6.1 0.001 (K)
R tibialis NCV (m/s) 42.8+4.8,43.0 42.8+4.0,43.0 46.3+4.9,46.2 0.035 (K)
R tibialis DL (ms) 4.6£1.0, 4.4 4.6£0.6, 4.8 4.420.7,43 0379 (K)
R sural amp (Mv) 12,9479, 11.6 11.3£6.0,12.3 16.1+4.4, 16.1 0.007 (K)
L peroncal CMAP amp (mV) 32+12,33 3.0£1.6,2.7 3.6+1.4,32 0.088 (K)
L peroncal CMAP NCV (m/s) 47.6+6.3, 48.0 45.0+10.6, 47.0 50.745.9, 50.0 0.026 (K)
L peroneal DL (ms) 3.6£0.6,3.7 3.8+1.1,3.8 3440534 0.085 (K)
R SSRs

Negative 3(10) 4(13) 0.688 (7)

Positive 27(90) 26 (87)
L SSRs

Negative 2(7) 5(17) 0228 (7)

Positive 28 (93 25 (83

 Kruskal-wallis (Mann-Whitney U-test), 2 Chi-square test. L: Left, R: Right, CMAP: Compound motor action potential, DL: Distal latency,

NCV: Nerve conduction velocity, Amp: Amplitude, SNAP: Sensory nerve action potential, SSRs: Sympathetic skin responses, SD: Standard
T
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MeanzSD/n (%), median P
GroupI __ GroupII
Pruritus VAS score 1.8534,00 22+33,00 0322(M)
T-NSS 18+1.5,1.5  1.6+14,1.0 0.515(M)
NSS-motor symptoms
Negative 30 (100) 30 (100) -
Positive 0 0
NSS-positive sensory
symptoms
Negative 9 (30.0) 11(36.7)  0.584 (F)
Positive 21 (70.0) 19 (63.3)
NSS-negative sensory
symptoms
Negative 21(700)  22(733) 0774
Positive 9 (30.0) 8(26.7)
NSS-autonomic
symptoms
Negative 16 (53.3) 18(60.0) 0,602 (£)
Positive 14 (46.7) 12 (40.0)
Sensory 7(23.3) 6(20.0)
Sensory-motor 2(6.7) 2(6.7)
Pruritus
Negative 21(70.0) 17(56.7) 0284 (F)
Positive 9 (30.0) 13 (43.3)
Severity of pruritus 1.743.7,0.0  1.6+2.7,0.0 0.358 (M)

M: Mann-Whitney U-test, : Chi-Square test. T-NSS: Tofal
neuropathic symptom score, NSS: Neurological symptom score,
VAS: Visual analog scale, severity of pruritus (itch severity scale),
SD: Standard deviation





