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CLINICAL STUDY

Electrophysiological Abnormalities in Upper Extremities After
Brachiocephalic A-V Fistulas Construction in

Predialysis Patients

Kamal Hassan,1,* Saab Amir,1 Sulla Michael,2 Waleed Simri,2

Mahmoud Haj,3 Shaul M. Shasha,1 and Batya Kristal1

1Nephrology and Hypertension Department, 2Neurology Department, and
3Ambulatory Surgery, Western Galilee Hospital, Nahariya, Israel

ABSTRACT

Background: Peripheral neuropathy is considered a common complication in patients

suffering from advanced chronic kidney disease (CKD). Superimposed peripheral

multiple neuropathies may complicate arteriovenous (A-V) fistulas construction. Aim:

To evaluate, prospectively, the influence of brachiocephalic A-V fistulas construction

on the peripheral nerves of the same extremity and to characterize the patients at risk

for developing ischemic and neurological complications. Patients and Methods:

Twenty patients suffering from advanced CKD were enrolled in the study: 10 diabetic

and 10 non-diabetic patients. All patients underwent electrophysiological evaluation

one week before, 3 weeks and 3 months after surgery. Median, ulnar and radial nerves

were studied. Results: In non-diabetic patients MNCV was normal before and after

surgery, but were significantly lower and reduced progressively and significantly after

surgery in diabetic patients (p�0.02). In both non-diabetic and diabetic patients

SNCV was reduced, but were significantly lower in diabetic patients before and after

surgery (p�0.03). In diabetic patients it reduced progressively and significantly after

surgery (p<0.01). Thirty percent of patients developed local edema and significant

decrease of CMAP of median nerve three weeks after surgery (p=0.02) with complete

resolution at three months. Conclusion: Diabetic uremic patients are at increased risk

to develop disabling neurological complications after the construction of A-V fistulas.
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Diabetes was the only predictive risk factor for developing these complications.

Prevention requires careful preoperative electrophysiological evaluation and postop-

erative follow-up.

Key Words: A-V fistula; Predialysis; Electrophysiological studies; Neuropathy;

Conduction velocity.

INTRODUCTION

Peripheral neuropathy is considered a common

complication in patients suffering from advanced

chronic kidney disease (CKD).[1,2] At the beginning

of dialysis, about two thirds of patients suffer from this

complication.[3 – 5] All types of chronic kidney disease

may be complicated with peripheral neuropathy.[6]

Peripheral nerve involvement in CKD can be one of

four types. The most common is distal, painless,

progressive, symmetrical sensorimotor polyneuropathy

evolving slowly over many months.[6] Second, mono-

neuropathy, including: carpal tunnel syndrome (CTS)

in patients receiving long-term hemodialysis[7 – 11] and

compression neuropathy.[12] Third, neuropathy result-

ing from associated systemic diseases, such as diabetes.

Fourth, ischemic monomelic neuropathy (IMN)

involves multiple distal mononeuropathies occurring

in an extremity following the construction of arterio-

venous (A-V) fistula in a proximal major limb artery

and usually involving both sensory and motor

branches.[3,13 – 17] It occurs predominantly in patients

suffering from diabetes mellitus and peripheral vascular

disease.[14,16,17] In IMN there are more than one major

peripheral nerve involvement in contrast to nerve

compression neuropathy from hematoma, abscess or

aneurysm where a single nerve is involved.[12,16] The

uremic neuropathy is often sub clinical and detectable

only by electrophysiological studies.[18 – 21] Approxi-

mately half of uremic predialytic patients without

neurological complaints had motor and sensory periph-

eral polyneuropathy.[21] Evidence of significant poly-

neuropathy is seen in 50–60 percent of patients who

have been receiving long-term hemodialysis.[5] Patho-

logically it is characterized by demyelination and

axonal degeneration.[2] The underlying basis of uremic

neuropathy is unknown but may be related to

accumulation and deposition of toxic substances

including methylguanidine and myoinositol.[22,23] Peri-

pheral multiple neuropathies may complicate A-V

fistulas performed for chronic hemodialysis.[13 – 17]

The aim of the study was to evaluate, prospec-

tively, the influence of brachiocephalic A-V fistulas

construction on the peripheral nerves in the same

extremity and to characterize the patients at risk for

developing ischemic and neurological complications.

Table 1. Electrophysiological results before and after brachiocephalic A-V fistulas construction in all predialysis patients enrolled

in the study.

Nerve Baseline 3 weeks 3 months p(0 – 3w) p(0 – 3m) p(3w – 3m)

MNCV Median 47.0±5.7 42.3±6.3 41.1±5.4 <0.01 <0.01 NS

Ulnar 48.3±6.9 46.0±8.6 43.4±9.0 NS <0.01 NS

Radial 53.8±8.0 47.3±8.9 43.6±7.1 <0.01 <0.01 NS

SNCV Median 40.6±7.8 32.3±6.2 33.5±6.2 <0.01 <0.01 NS

Ulnar 42.2±8.5 35.5±7.7 36.3±8.0 <0.01 <0.05 NS

MDL Median 4.1±1.3 4.6±1.6 6.4±1.2 NS <0.01 <0.01

Ulnar 3.4±1.2 4.1±1.6 4.7±1.2 NS <0.01 <0.01

Radial 3.6±1.4 4.0±1.1 5.1±1.6 NS <0.01 <0.01

SDL Median 3.9±1.4 5.9±1.3 6.8±1.4 <0.01 <0.01 <0.05

Ulnar 4.3±1.8 5.1±1.7 6.0±2.0 NS <0.01 NS

CMAP Median 5.6±2.5 5.1±2.7 5.1±2.6 NS NS NS

Ulnar 6.3±2.9 5.5±2.8 5.9±2.9 NS NS NS

Radial 5.0±1.3 5.1±1.6 5.3±1.4 NS NS NS

SNAP Median 13.5±9.9 10.1±9.1 10.6±9.8 NS NS NS

Ulnar 10.7±8.3 9.6±10.5 9.9±9.1 NS NS NS

The values are means±SD; MNCV and SNCV (m/sec), CMAP (mV), SNAP (mcV), MDL and SDL (msec).
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SUBJECTS AND METHODS

Twenty consecutive predialysis patients, ten non-

diabetic and ten diabetic patients were planned for

brachiocephalic A-V fistula construction for starting

chronic hemodialysis. The patients included in the

study were with creatinine clearance test (CCT) below

20 mL/min, without neurological complaints or evi-

dence of iron, vitamin B12 or folic acid deficiencies.

All patients underwent electrophysiological studies

after signing an informed consent form, which was

approved by the institutional review committee. Nerve

conduction studies (NCS) were performed using

Nicolet Viking IV instrument before surgery (baseline),

at three weeks and at three months after surgery. Motor

nerve conduction velocity (MNCV), compound muscle

action potentials (CMAP) and motor distal latency

(MDL) were recorded in median, ulnar and radial

nerves. Sensory nerve conduction velocity (SNCV),

sensory nerve action potentials (SNAP) and sensory

distal latency (SDL) were recorded in median and ulnar

nerves. SNCV were measured by antidromical stimu-

lation of the nerves applied at a frequency of 2 Hz and

twenty trials were averaged. All limbs studied were

warmed with heat lamp until the skin temperatures

recorded were in the range of 33–34�C. The patients

were followed every week in the predialysis clinic.

STATISTICAL ANALYSIS

Quantitative variables: age, CCT and electrophys-

iological parameters (MNCV, SNCV, MDL, SDL,

CMAP and SNAP) were described by means and

standard deviations. Nonparametric tests were used.

Friedman test was used to evaluate the changes in the

electrophysiological variables at baseline (before sur-

gery), three weeks and three months after surgery.

Mann Whitney test was used to compare these

variables between patients who developed local edema

and those who did not develop edema and between

non-diabetic and diabetic patients.

RESULTS

The patients’ mean age was 59.5±12.7 years

(range 26–75), mean CCT 12.5±3.9 mL/min (range

7.5–17.8). The duration of CRF and diabetes mellitus

were 5.2±1.1 years (range 2.8–7.3) and 11.0±1.4

years (range 8.3–17.5), respectively.

Statistical analysis indicated that that MNCV was

within or near normal range before the construction of

the brachiocephalic A-V fistulas. It reduced signifi-

cantly at three weeks and three months after operation

in median and radial nerves (p<0.01). It also reduced

significantly at three months in ulnar nerve (p<0.01,

Table 1). SNCV was reduced in median and ulnar

Table 2. MNCV before and after brachiocephalic A-V fistula construction in non-diabetic patients compared to diabetic patients.

Nerve Baseline 3 weeks 3 months p(0 – 3w) p(0 – 3m) p(3w – 3m)

Median ND 50.2±4.9 47.1±4.1 49.6±5.4 NS NS NS

D 43.7±4.6 37.5±4.2 32.6±7.6 <0.01 <0.01 <0.03

p 0.01 0.01 0.001

Ulnar ND 53.2±4.0 54.7±5.6 51.0±6.6 NS NS NS

D 43.4±5.4 37.3±3.7 35.4±5.8 <0.03 <0.01 NS

p 0.001 0.001 0.001

Radial ND 54.1±4.4 48.0±8.5 52.7±7.8 NS NS NS

D 46.0±7.2 40.1±6.1 36.7±10.3 <0.03 <0.01 <0.03

p 0.02 0.02 0.01

The values are means±SD; MNCV (m/sec).

Figure 1. MNCV of median, ulnar and radial nerves before

surgery (baseline), at three weeks and at three months after the

construction of brachiocephalic A-V fistulas in non-diabetic

(ND) patients compared to diabetic (D) patients.
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nerves before surgery and decreased progressively and

significantly after operation (p<0.05, Table 1). MDL

were within normal range before surgery and rose

significantly at three months in all nerves studied

(p<0.01, Table 1). SDL was abnormal before surgery

and rose significantly at three weeks and three months

in median nerve and at three months after surgery in

ulnar nerve (p<0.01, Table 1). CMAP of median, ulnar

and radial nerves and SNAP of median and ulnar

nerves were not affected from A-V fistula surgery.

In non-diabetic patients MNCV of median, ulnar

and radial nerves were normal before and after surgery,

but were significantly lower in diabetic patients

(p�0.02, Table 2, Fig. 1). In diabetic patients, MNCV

reduced progressively and significantly after surgery in

all nerves studied (p<0.03, Table 2, Fig. 1). In both

non-diabetic and diabetic patients SNCV of median

and ulnar nerves were reduced, but were significantly

lower in diabetic patients before and after surgery

(p<0.03, Table 3, Fig. 2). In diabetic patients SNCV

reduced progressively and significantly after surgery

(p<0.03, Table 3, Fig. 2). In non-diabetic patients,

MDL were within normal range before surgery and did

not change significantly after A-V fistula procedure in

all nerves studied (Table 4). In diabetic patients MDL

rose significantly after three months and was signifi-

cantly more elongated in diabetic patients (p�0.01,

Table 4). In both groups, SDL were abnormal before

and after surgery. It rose significantly after three

months and was significantly more elongated in

diabetic patients (p�0.01, Table 5). CMAP of median,

ulnar and radial nerves were normal before surgery, at

three weeks and three months in nondiabetic patients

but mildly and not significantly reduced in diabetic

patients. SNAP of median and ulnar nerves were

normal before and after A-V fistula surgery in

nondiabetic patients but were significantly reduced in

diabetic patients (Table 6). It progressively and

significantly decreased after surgery in diabetic patients

(p<0.03, Table 6).

Thirty percent of the patients developed local

edema and had a significant decrease of CMAP of

median nerve at three weeks after A-V fistula surgery

(p=0.02) with complete resolution at three months

(Table 7, Fig. 3).

DISCUSSION

In patients suffering from advanced CKD, periph-

eral neuropathy is considered a common complica-

tion.[1,2] Superimposed peripheral multiple neuropathies

may complicate the construction of A-V fistulas for

chronic hemodialysis.[13 – 17] Our study was aimed to

evaluate, prospectively, the influence of the surgical

construction of brachiocephalic A-V fistulas on the

peripheral nerves in the same extremity and to

characterize the patients at risk for developing ischemic

and neurological complications.

Statistical analysis of patients enrolled in the study

indicated that MNCV was within or near normal range

before surgery but reduced significantly after A-V

fistula construction (p<0.01, Table 1). SNCV was

Table 3. SNCV before and after brachiocephalic A-V fistulas construction in non-diabetic patients compared to diabetic patients.

Nerve Baseline 3 weeks 3 months p(0 – 3w) p(0 – 3m) p(3w – 3m)

Median ND 42.5±6.0 40.4±3.8 39.3±4.1 NS NS NS

D 38.1±3.0 30.2±2.9 26.1±3.9 <0.01 <0.01 <0.01

p 0.03 0.01 0.01

Ulnar ND 44.0±6.7 40.0±5.0 45.2±10.2 NS NS NS

D 39.1±10.0 31.0±9.6 27.0±6.2 <0.03 <0.01 <0.03

p 0.03 0.02 0.01

The values are means±SD; SNCV (m/sec).

Figure 2. SNCV of median and ulnar nerves before surgery

(baseline), at three weeks and at three months after the

construction of brachiocephalic A-V fistulas in non-diabetic

(ND) patients compared to diabetic (D) patients.
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reduced before surgery and decreased progressively

and significantly after operation (p<0.05, Table 1).

MDL were within normal range but SDL was abnormal

before surgery. They rose significantly after operation

(p<0.01, Table 1). CMAP and SNAP were not affected

from the construction of A-V fistulas. The reduction in

conduction velocities was more pronounced than the

reduction in action potentials and was found in all the

nerves. These results indicate demyelination, rather

than axonal injury and ischemic etiology rather than

local compression. The sensory conduction velocities

were more affected than the motor velocities. It is well

known that uremic and diabetic sensory neuropathy

precedes motor neuropathy.[1,21] Klein et al. eval-

uated fifteen patients with unilateral functioning A-V

fistulas and reported a reduction in the conduction ve-

locity of the ulnar nerve on the side of the functional

fistula.[24]

Some observations indicate that diabetic patients

are prone to develop neurological complications more

than other patients after the construction of A-V

fistulas.[14,16,17] Non-diabetic and diabetic patients were

compared. In non-diabetic patients MNCV was normal

before and after surgery. In diabetic patients, it was

reduced, notably lower and decreased progressively

and significantly after surgery (p�0.02, Table 2,

Table 4. DML before and after brachiocephalic A-V fistulas construction in non-diabetic patients compared to diabetic patients.

Nerve Baseline 3 weeks 3 months p(0 – 3w) p(0 – 3m) p(3w – 3m)

Median ND 4.0±1.7 4.2±1.0 4.1±1.5 NS NS NS

D 4.7±1.3 5.0±1.9 8.2±1.4 NS <0.01 <0.01

p NS NS 0.01

Ulnar ND 3.0±1.5 3.9±1.7 3.9±1.3 NS NS NS

D 4.0±1.0 4.4±1.4 5.9±1.1 NS <0.01 <0.01

p NS NS 0.01

Radial ND 3.2±1.6 3.8±1.6 3.8±1.4 NS NS NS

D 4.1±1.3 4.8±1.3 6.4±1.2 NS <0.01 <0.01

p NS NS 0.01

The values are means±SD; MDL (msec).

Table 5. SDL before and after brachiocephalic A-V fistulas construction in non-diabetic patients compared to diabetic patients.

Nerve Baseline 3 weeks 3 months p(0 – 3w) p(0 – 3m) p(3w – 3m)

Median ND 3.7±1.7 5.2±1.3 5.1±1.4 NS NS NS

D 4.3±1.3 6.4±1.6 8.3±1.3 <0.01 <0.01 <0.01

p NS NS 0.01

Ulnar ND 4.0±1.6 5.0±1.8 4.9±1.4 NS NS NS

D 4.6±1.6 6.0±1.4 7.8±1.2 NS <0.01 <0.01

p NS NS 0.01

The values are means±SD; SDL (msec).

Table 6. SNAP before and after brachiocephalic A-V fistulas construction in non-diabetic patients compared to diabetic patients.

Nerve Baseline 3 weeks 3 months p(0 – 3w) p(0 – 3m) p(3w – 3m)

Median ND 15.1±8.0 14.2±8.3 14.4±9.7 NS NS NS

D 7.6±6.1 5.2±3.9 3.2±1.9 NS <0.03 NS

p 0.03 0.01 0.002

Ulnar ND 14.3±8.4 12.0±13.4 14.7±9.5 NS NS NS

D 7.1±6.6 5.1±4.9 3.0±2.6 NS <0.03 NS

p 0.03 0.03 0.002

The values are means±SD; SNAP (mcV).
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Fig. 1). SNCV was reduced in both non-diabetic and

diabetic patients. It was notably lower and decreased

progressively and significantly after surgery in diabetic

patients (p�0.03, Table 3, Fig. 2). CMAP was normal

in non-diabetic patients but mildly and not significantly

reduced in diabetic patients after operation. SNAP was

normal before and after A-V fistula surgery in non-

diabetic patients (Table 6). It was notably reduced and

decreased progressively and significantly after opera-

tion in diabetic patients (p�0.03, Table 6). These

results demonstrated that diabetic patients are at high

risk to develop ischemic and neurological complica-

tions compared to non-diabetic patients after the

construction of A-V fistulas. Diabetic patients are

prone to develop diabetic neuropathy and vasculopathy.

Therefore, the peripheral nervous system become more

affected, especially the sensory parts, when these

patients develop uremia. These considerations may

explain why SNCV and SNAP were reduced in all

nerves studied more than MNCV and CMAP. Redfern

et al. reviewed twenty-two patients on hemodialysis

with ischemic or neurological complications.[16] Sev-

enteen of them were diabetic. Twelve patients

developed significant motor and/or sensory impairment

immediately after surgical construction of the A-V

fistula. Wytrzes et al. evaluated twenty patients with

proximal shunts for risk factors for brachial neuropa-

thy.[17] Although all patients had severe atherosclerosis

and many had polyneuropathy, they could not identify

predictive risk factors other than diabetes. These

reports are compatible with our results. We evaluated,

prospectively, predialysis patients before and after the

surgical construction of the A-V fistulas. Significant

motor and/or sensory impairments were found only in

diabetic patients.

Two diabetic patients developed severe symptom-

atic, ischemic and neurological complications after

surgery. Conduction velocities and amplitudes cannot

be recorded in all the nerves of the upper extremities

on the side of the fistula. Closure of the A-V fistulas

did not improve the neuropathy. Hye et al. reported six

episodes of IMN as a complication of upper extremity

dialysis grafts.[15] All patients had long-standing

diabetes mellitus. Five episodes occurred immediately

after operation. Electrophysiological studies showed

underlying diabetic neuropathy with severe multifocal

distal neuropathy. In IMN there are more than one

major peripheral nerve involvement in contrast to nerve

compression neuropathy from hematoma, abscess or

aneurysm where a single nerve is involved.[7,12,16,17]

Thirty percent of our patients developed significant

decrease of CMAP of median nerve at three weeks

after A-V fistula construction with complete resolution

at three months (p=0.02, Table 7, Fig. 3). Clinically,

these patients had local edema that cause transient re

versible compression neuropathy and resolved sponta-

neously at three months.

Although uremic patients had progressive athero-

sclerosis and polyneuropathy, non-diabetic patients did

not develop significant motor and/or sensory electro-

physiological impairments. Diabetic uremic patients are

at increased risk to develop disabling neurological

complications after the construction of A-V fistulas.

Moreover, diabetes was the only predictive risk factor

for developing these complications. Correction of is-

chemia is indicated but usually does not improve the

neuropathy. Prevention requires careful preoperative

Table 7. CMAP before and after brachiocephalic A-V fistulas construction of median nerve in patients who developed edema

compared to patients who did not develop edema.

Baseline 3 weeks 3 months p(0 – 3w) p(0 – 3m) p(3w – 3m)

No edema 4.5±2.8 4.8±2.6 3.7±2.8 NS NS NS

Edema 4.3±2.1 1.6±2.1 3.8±2.4 0.02 NS 0.02

p NS 0.02 NS

The values are means±SD; CMAP (mV).

Figure 3. CMAP of median nerve before surgery (baseline),

at three weeks and at three months after the construction of

brachiocephalic A-V fistulas in patients who developed edema

compared to patients who did not develop edema.
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electrophysiological evaluation and postopera-

tive follow-up.
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