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Abstract

Background: Ischemic neuropathy is a major complication in patients undergoing hemodialysis (HD) with arteriovenous (AV)
fistula.

Objectives: The aim of this study was to investigate the relationship between cubital tunnel syndrome and chronic HD via forearm
AV fistula.

Methods: All HD patients with forearm AV fistulas, who were referred to the hemodialysis ward of Rasoul-e-Akram and Hashemine-
jad hospitals from February 2014 to February 2015 and met the inclusion criteria, were enrolled in the study. They were asked about
ulnar neuropathy symptoms and were under physical examination and electrophysiological studies for cubital tunnel syndrome
at the time of recruitment and 1-year follow-up.

Results: A total of 90 HD patients were included in the study. The mean age of the participants was 53.65 & 17.89 years (range,
22 - 86 years), and 53 (59%) patients were male. Cubital tunnel syndrome was not detected in the patients. There was a significant
difference in tingling and muscle weakness of the hand and forearm under chronic HD via forearm AV fistulas (P < 0.05). There
was no significant relationship between chronic HD via forearm AV fistula and neurological symptoms, including pain and muscle
atrophy of the hand and forearm (P> 0.05).

Conclusions: This research concludes that chronic HD via forearm AV fistula does not lead to cubital tunnel syndrome in HD pa-

tients.
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1. Background

There has been an increase of 3% - 4% in the number
of patients undergoing dialysis every year as a result of the
high incidence of chronic kidney disease (CKD) secondary
to different medical problems, such as diabetes and hyper-
tension (1). Application of arteriovenous (AV) fistulas has
increased from 27.9% to 62.5% between 1998 and 2013 (1).

Although about 60% of patients with renal failure de-
velop peripheral neuropathy as numbness, tingling, and
extreme sensitivity to normally unpainful stimuli, there
are some mononeuropathies, such as carpal tunnel syn-
drome (CTS), ulnar neuropathy at the elbow, and peroneal
nerve neuropathy at the fibular head in patients with CKD
(2). The hemodynamic effects of AV fistula or repeated in-
flation of the blood pressure cuff during HD may lead to
ischemic peripheral neuropathy (2). In addition, tumoral
calcinosis, amyloid deposition, and increased extracellular
fluid volume may affect peripheral nerves in this popula-
tion (2).

Patients undergoing HD are prone to ulnar neuropa-
thy because of polyneuropathy secondary to underlying
diseases, such as diabetes or renal failure, vascular access,
and upper extremity position during HD (3). Studies have
reported an increase in ulnar neuropathy among HD pa-
tients (4). The ulnar nerve may be entrapped along the sul-
cus behind the medial condyle of humerus or between the
heads of the flexor carpi ulnaris muscle; therefore, symp-
toms of ulnar nerve palsy (delayed or gradual) can appear
similar to median nerve entrapment in carpal tunnel (5).
If ulnar neuropathy is not diagnosed or treated properly; it
leads to functional impairment because of prolonged ax-
onal degeneration (4).

Patients with mild symptoms can be treated conserva-
tively, especially through steroid injections. However, in
case of moderate and severe entrapment, surgical treat-
ment (transposition of the ulnar nerve) is the only defini-
tive solution (6). The main complaints of patients with
CTS include pain, loss of power in the hands, and paresthe-
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sia in the fourth and fifth fingers (7). On physical exami-
nation, hypothenar muscles are atrophic in prolonged en-
trapments. The fifth finger and medial half of the fourth
finger have some grade of hypoesthesia (8). The definitive
diagnosis of CTS and lesion localization are accomplished
via physical examination, as well as electrodiagnostic stud-
ies (9).

2. Objectives

We conducted this study to evaluate the relationship
between CTS and chronic HD via AV fistula.

3. Methods

1. The present study was approved by the institutional
review board of Iran University of Medical Sciences (code,
2076). All subjects gave written consents to participate
in the study. Patients who referred to the HD ward of
Rasoul-e-Akram and Hasheminejad hospitals, Tehran, Iran,
from February 2014 to February 2015 were included in this
prospective study.

2. The inclusion criteria were as follows: 1) age above 18
years; 2) AV fistula in the cubital or forearm area in only 1
upper extremity for at least 1year under HD (3 sessions per
week); 3) medical stability; and 4) elbow extension with a
lateral pad during HD sessions. Onthe otherhand, patients
with a history of upper limb surgery, fracture and defor-
mity, and lack of written consent were excluded.

3. All the patients were asked about the symptoms of
CTS, including sensory or-motor symptoms related to the
ulnar nerve (numbness, tingling, pain, muscle weakness,
and muscle wasting) during the study and after at least 1
year of dialysis. One investigator (S.T.) performed the fol-
lowing physical examinations at the specified intervals: el-
bow flexion test (10), tunnel test (11), and compression test
(12).

4. Electrodiagnostic study of the upper extremity was
performed for all patients in the mentioned periods at the
neurology department of Rasoul-e-Akram hospital. Ulnar
neuropathy in the elbow (CTS) was diagnosed based on
the following criteria: > 10 ms drop in ulnar motor con-
duction velocity (MCV) across the elbow, ulnar MCV across
the elbow < 45 ms, ulnar sensory nerve action potential
(SNAP) <12 pv, and ulnar compound muscle action poten-
tial (CMAP) < 5 mv (2).

5. Data were analyzed using SPSS version 22. Pvalue less
than 0.05 was considered statistically significant.

4. Results

In this study, 90 HD patients met the inclusion criteria
and were enrolled in the study. The mean age of the pa-
tients was 53.65 =+ 17.89 years (range, 22 - 86 years), and 53
(59%) were male. The mean duration of HD in patients was
5.44 =% 5 years (range, 1- 31 years). In 70 (78%) patients, the
left hand had vascular access.

In total, 33 patients had at least 1 symptom of ulnar
nerve disorder, including numbness, tingling, pain, mus-
cle weakness, and muscle wasting. None of the patients
had CTS according to the mentioned electrodiagnostic cri-
teria. Since we did not detect CTS in this study, we decided
to evaluate the association between the symptoms of ulnar
nerve disorder (tingling, pain, atrophy, and muscle weak-
ness) before and after at least 1 year of dialysis.

There was asignificant difference in tingling and mus-
cle weakness of the hand and forearm before and after HD.
On the other hand, there was no significant difference in
the number of patients with forearm pain and muscle at-
rophy of the hand and forearm before and after HD (Table

1).

Table 1. Association Between Forearm AV Fistulas and Symptoms of Ulnar Nerve Dis-
order

Variables Stages PValue

Baseline After atleast1year of

HD

Tingling 35 14 0.001
Muscle weakness of 43 23 0.001
the hand and
forearm
Forearm pain 25 15 0.089
Muscle atrophy of the 19 15 0.629

hand and forearm

Abbreviation: HD, Hemodialysis.

5. Discussion

CTS is the second most common neurological periph-
eral neuropathy of the upper extremities (12). It has been
shown that development of granulation tissues in the el-
bow, the consequent effect of pressure on the ulnar nerve,
and nerve displacement produce the symptoms of CTS in
HD patients (13). Peripheral neuropathy is the most com-
mon complication of end-stage renal failure, especially
when HD is started with major delay (14).

Large myelinated fibers tolerate more pressure from
biological changes, associated with renal failure. Reduced
nerve conduction is quite common in this situation (14).
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Various studies have demonstrated that increasing the
number of dialysis sessions per week can improve nerve
conduction velocity and neuropathy in patients with renal
diseases (15). Besides, it can change nerve fibers in the pro-
cess of dialysis from the passive and off mode to the active
mode and participate in neurotransmission (16).

Recent studies have shown the high prevalence of ul-
nar neuropathy in HD patients (2, 4). In the present study,
we did not detect any cases of CTS. To the best of our knowl-
edge, only one study has exactly evaluated CTS in HD pa-
tients (17). There are also few case reports about this con-
dition (18, 19). The present study showed that in carefully
selected patients (no history of fracture, surgery, or defor-
mity) with optimal elbow position during HD (elbow ex-
tension with a lateral pad), the prevalence of CTS is not
high. In other words, chronic HD with AV fistulais notarisk
factor for CTS in patients with HD. Our finding was compat-
ible with a study by Jung et al. (17), which evaluated CTS in
HD patients.

In the present study, we also found that symptoms of
ulnar nerve disorder, including tingling and muscle weak-
ness, significantly decreased after applying HD via AV fis-
tula for at least 1 year. In other words, taking advantage of
HD via forearm AV fistula reduces the symptoms of ulnar
nerve disorder, such as tingling and muscle weakness in
the hand and forearm. However, no relationship was ob-
served between chronic HD via forearm AV fistula and neu-
rological symptoms, including pain and muscle atrophy of
the hand and forearm.

Vahdatpour et al. similarly reported that the incidence
of ulnar neuropathy in patients undergoing HD via fistula
was not significantly different from that of peritoneal dial-
ysis patients (4). Talebi et al., using electrophysiological
assessment after AV fistula placement (after 1 week and 3
months), found that all the nerves of the upper limbs (ra-
dial, median, and ulnar) were affected by the structure of
HD vascular access in patients with chronic renal damage
(20). Also, Salgado et al. concluded that no damage to the
ulnar nerve was found in HD patients after vascular access
(21).

Finally, in this study, after evaluating patients with at
least 1 year of HD via AV fistula, symptoms of ulnar neu-
ropathy not only did not increase, but also reduced. There-
fore, chronic HD with forearm AV fistula does not increase
the risk of CTS.

The present study had some limitations. First, we did
not detect any cases of CTS in this study; therefore, our
analyses may not be sufficiently precise. Second, we eval-
uated all patients under chronic HD, while evaluation of
patients before and after applying AV fistulas is more de-
sirable. Third, the sample size of this study was not rela-
tively large, and absence of significant differences in some
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symptoms of ulnar nerve can be related to the low sample
size. Fourth, this study was conducted only in 2 hospitals
of Tehran. Therefore, it is not generalizable to other loca-
tions, and we propose a multicenter study with a large sam-
ple size to overcome these limitations.

In brief, this study concludes that chronic HD via fore-
arm AV fistula in HD patients does notlead to an increase in
CTS.On the contrary, it causes areduction in the symptoms
of ulnar nerve disorder, including paresthesia and muscle
weakness.

Footnotes

Authors’ Contribution: « Study concept and design,
Alireza Pahlevansabbagh; acquisition of data, Shayan
Tavabi, Alireza Pahlevansabbagh, and Mohsen Motalebi;
analysis and interpretation of data, Mohsen Motalebi
and Marzieh Nojomi; drafting of the manuscript and
critical revision, Shayan Tavabi, Alireza Pahlevansabbagh,
Hossein Farahini, Mohsen Motalebi, and Marzieh Nojomi;
study supervision, Alireza Pahlevansabbagh and Hossein
Farahini.

Conflicts of Interests: The authors declare no conflicts of
interest.

References

1. Mulder DW, Lambert EH, Bastron JA, Sprague RG. The neuropathies
associated with diabetes mellitus. A clinical and electromyographic
study of 103 unselected diabetic patients. Neurology. 1961;11(4)Pt
1:275-84. [PubMed: 13773672].

2. Nardin R, Chapman KM, Raynor EM. Prevalence of ulnar neuropathy
in patients receiving hemodialysis. Arch Neurol. 2005;62(2):271-5. doi:
10.1001/archneur.62.2.271. [PubMed: 15710855].

3. Swenson ]D, Hutchinson DT, Bromberg M, Pace NL. Rapid onset of
ulnar nerve dysfunction during transient occlusion of the brachial
artery. Anesth Analg. 1998;87(3):677-80. [PubMed: 9728852].

4. Vahdatpour B, Maghroori R, Mortazavi M, Khosrawi S. Evalua-
tion of Ulnar neuropathy on hemodialysis patients. | Res Med Sci.
2012;17(10):905-10. [PubMed: 23825987].

5. Descombes E, Dessibourg CA, Fellay G. Acute encephalopathy due
to thiamine deficiency (Wernicke’s encephalopathy) in a chronic
hemodialyzed patient: a case report. Clin Nephrol. 1991;35(4):171-5.
[PubMed: 1855320].

6. Gousheh J, Iranpour A. Association between carpel tunnel syndrome
and arteriovenous fistula in hemodialysis patients. Plast Reconstr
Surg. 2005;116(2):508-13. [PubMed: 16079682].

7. Rogers NM, Lawton PD. Ischaemic monomelic neuropathy in a
non-diabetic patient following creation of an upper limb arte-
riovenous fistula. Nephrol Dial Transplant. 2007;22(3):933-5. doi:
10.1093/ndt/gfl722. [PubMed: 17166858].

8. Fraser CL, Arieff Al. Nervous system complications in uremia. Ann
Intern Med. 1988;109(2):143-53. doi: 10.7326/0003-4819-109-2-143.
[PubMed: 2837930].

9. Klein C, Halevy A, Gandelman-Marton R, Halpern Z, Weissgarten J,
Averbukh Z, et al. Nerve conduction abnormalities in the arms of
patients with arteriovenous fistula. Ren Fail. 1996;18(1):85-9. doi:
10.3109/08860229609052777. [PubMed: 8820504].


http://www.ncbi.nlm.nih.gov/pubmed/13773672
http://dx.doi.org/10.1001/archneur.62.2.271
http://www.ncbi.nlm.nih.gov/pubmed/15710855
http://www.ncbi.nlm.nih.gov/pubmed/9728852
http://www.ncbi.nlm.nih.gov/pubmed/23825987
http://www.ncbi.nlm.nih.gov/pubmed/1855320
http://www.ncbi.nlm.nih.gov/pubmed/16079682
http://dx.doi.org/10.1093/ndt/gfl722
http://www.ncbi.nlm.nih.gov/pubmed/17166858
http://dx.doi.org/10.7326/0003-4819-109-2-143
http://www.ncbi.nlm.nih.gov/pubmed/2837930
http://dx.doi.org/10.3109/08860229609052777
http://www.ncbi.nlm.nih.gov/pubmed/8820504
http://shafaorthoj.com
WWW.SID.IR
WWW.SID.IR

Tavabi S et al.

10.

1.

12.

14.

15.

16.

Buehler MJ, Thayer DT. The elbow flexion test. A clinical test for
the cubital tunnel syndrome. Clin Orthop Relat Res. 1988(233):213-6.
[PubMed: 3402126].

Calfee RP, Manske PR, Gelberman RH, Van Steyn MO, Steffen ], Gold-
farb CA. Clinical assessment of the ulnar nerve at the elbow: reli-
ability of instability testing and the association of hypermobility
with clinical symptoms. ] Bone Joint Surg Am. 2010;92(17):2801-8. doi:
10.2106/]BJS.J.00097. [PubMed: 21123610].

Cutts S. Cubital tunnel syndrome. Postgrad Med J. 2007;83(975):28-31.
doi: 10.1136/pgmj.2006.047456. [PubMed: 17267675].

. Daugirdas ], Blake P, Ing T. Vascular access for hemodialysis. Hand-

book of Dialysis. Philadelphia: Lippincott & Wilkins; 2001.

Shende VS, Sharma RD, Pawar SM, Waghmare SN. A study of median
nerve entrapment neuropathy at wrist in uremic patients. Indian |
Nephrol. 2015;25(4):229-33. doi: 10.4103/0971-4065.144425. [PubMed:
26199474).

Rashid Farrokhi F, Asadi A, Moazed V. Evaluation of the relationship
between serum zinc and peripheral neuropahty in chronic hemodial-
ysis patients [In Persian]. Razi ] Med Sci. 2004;11(39):39-47.

Adi Beyk B, Mansouri B, Rayegani M. Uremic neuropathy and elec-
trodiagnostic changes in dialyzed patients [In Persian]. Pejouhandeh.

17.

18.

19.

20.

21

2002-2003;7(4):313-8.

Jung TD, Park CY, Lee YS. Arteiovenous fistula effects on peripheral
nerve in patients with chronic renal failure. ] Korean Acad Rehab Med.
2003;27(1):85-9.

Shinohara T, Tatebe M, Okui N, Yamamoto M, Kurimoto S, Hirata
H. Cubital tunnel syndrome caused by amyloid elbow arthropa-
thy in long-term hemodialysis patients: report of 4 cases. | Hand
Surg Am. 2011;36(10):1640-3. doi: 10.1016/j.jhsa.2011.07.009. [PubMed:
21849238].

Konishiike T, Hashizume H, Nishida K, Inoue H, Moriwaki K. Cubital
tunnel syndrome in a patient in long-term haemodialysis. | Hand Surg
Br. 1994;19(5):636-7. [PubMed: 7822927].

Talebi M, Salari B, Ghannadan H, Kakaei F, Azar SA. Nerve conduction
changes following arteriovenous fistula construction in hemodialy-
sis patients. Int Urol Nephrol. 2011;43(3):849-53. d0i: 10.1007/s11255-010-
9740-9. [PubMed: 20419395].

Salgado OJ, Chacon RE, Henriquez C. Ulnar-basilic fistula: indica-
tions, surgical aspects,” puncture technique, and results. Artif Or-
gans. 2004;28(7):634-8. doi:10.1111/§.1525-1594.2004.07370.x. [PubMed:
15209856].

Shafa Ortho J. 2017; 4(4):e58685.


http://www.ncbi.nlm.nih.gov/pubmed/3402126
http://dx.doi.org/10.2106/JBJS.J.00097
http://www.ncbi.nlm.nih.gov/pubmed/21123610
http://dx.doi.org/10.1136/pgmj.2006.047456
http://www.ncbi.nlm.nih.gov/pubmed/17267675
http://dx.doi.org/10.4103/0971-4065.144425
http://www.ncbi.nlm.nih.gov/pubmed/26199474
http://dx.doi.org/10.1016/j.jhsa.2011.07.009
http://www.ncbi.nlm.nih.gov/pubmed/21849238
http://www.ncbi.nlm.nih.gov/pubmed/7822927
http://dx.doi.org/10.1007/s11255-010-9740-9
http://dx.doi.org/10.1007/s11255-010-9740-9
http://www.ncbi.nlm.nih.gov/pubmed/20419395
http://dx.doi.org/10.1111/j.1525-1594.2004.07370.x
http://www.ncbi.nlm.nih.gov/pubmed/15209856
http://shafaorthoj.com
WWW.SID.IR
WWW.SID.IR

