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Abstract:  
Background: Arteriovenous fistula (AVF) is the preferred vascular access for hemodialysis but may be complicated 
by ischemic monomelic neuropathy (IMN) and adverse cardiac remodeling. Patients with neurological impairment 
may be particularly vulnerable, yet integrated data on neurovascular and cardiac outcomes in this subgroup are 
scarce. 
Methods: This analytical cross-sectional study was conducted from October 2023 to March 2024 at a tertiary 
center in Andhra Pradesh. Thirty-eight CKD patients undergoing upper-extremity AVF creation were enrolled: 19 
with pre-existing neurological impairment (NI) and 19 controls. Baseline demographics, comorbidities, and 
echocardiographic parameters (LVEF, LVEDD, LV mass index, PASP) were recorded. Structured neurological 
evaluations were performed perioperatively, at 2 weeks, and 6 weeks; EMG/NCS was performed in symptomatic 
patients. Outcomes included incidence and reversibility of IMN, AVF maturation and complications, and cardiac 
changes at 6 weeks. 
Results: One NI patient (5.3%) developed IMN within 12 hours of brachiocephalic AVF creation and showed 
partial recovery at 6 weeks after ligation; no cases occurred in controls. AVF maturation rates were similar (84.2% 
NI vs 89.5% controls, p = 1.00). At 6 weeks, NI patients demonstrated significant increases in LV mass index [110 
(98–122) → 118 (104–132) g/m², p = 0.04] and PASP [27 (22–31) → 30 (25–34) mmHg, p = 0.02], while controls 
showed no significant changes. 
Conclusion: Neurologically impaired CKD patients are at heightened risk for IMN and early cardiac remodeling 
following AVF creation, despite comparable access outcomes. Vigilant neurological and echocardiographic 
monitoring is warranted in this high-risk population. 
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Introduction 
Chronic kidney disease (CKD) progressing to end-
stage renal disease (ESRD) presents a major global 
health challenge. Hemodialysis remains the most 
commonly employed modality of renal replacement 
therapy, and the success of this therapy is closely 
tied to the reliability of vascular access. 
Arteriovenous fistulas (AVFs) are considered the gold 
standard vascular access because they provide 

superior long-term patency and lower rates of 
infection or thrombosis compared to grafts or 
central venous catheters (CVCs) [1]. 
However, the creation of an AVF is not without risk. 
One recognized but rare complication is ischemic 
monomelic neuropathy (IMN), which presents as 
acute axonal injury to multiple peripheral nerves in 
the same limb soon after access creation, without 
overt skin or muscle necrosis [2]. In IMN, axonal 
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ischemia occurs due to shunting of arterial blood 
through the AVF, depriving the vasa nervorum in the 
distal extremity. This may manifest clinically with 
severe neuropathic pain, sensory loss, and muscle 
weakness, often within hours of surgery. Unlike 
dialysis access steal syndrome (DASS), distal pulses 
are often preserved and the limb remains warm 
because macrovascular perfusion to muscle and skin 
is less compromised [2, 3, 4]. 
The incidence of IMN is not well-defined. Some 
authors report rates ranging from 0.5% to a few 
percent for vascular access procedures [4]. Others 
consider it under-reported, given that subtle 
neurological deficits may be overlooked or 
misattributed [5, 6, 7]. Indeed, Redfern and 
Zimmerman [7] described a series of 22 patients 
with neurologic and ischemic complications of 
upper-extremity vascular access, some of whom had 
neurological deficits consistent with IMN or similar 
syndromes. Prompt recognition is critical, as early 
flow reduction or ligation may partly reverse 
neurological injury; delayed diagnosis often results 
in permanent deficits [8]. 
Separately, creation of an AVF imposes a distinct 
cardiovascular burden. By diverting arterial blood 
directly into the venous system, AVF creation 
reduces systemic vascular resistance and increases 
venous return, thereby increasing cardiac output 
and preload. Over time, this can lead to left 
ventricular remodeling, increased left ventricular 
mass, and potential development of high-output 
cardiac failure (HOHF) in susceptible patients [9]. In 
patients with compromised cardiac reserve, even 
moderate access flow rates may precipitate 
symptoms of heart failure, pulmonary hypertension, 
or right ventricular dysfunction [10]. Studies in 
hemodialysis populations have documented 
increases in parameters such as left ventricular end-
diastolic dimension (LVEDD), left atrial size, and 
pulmonary artery pressures following AVF creation 
[11]. The effect is modulated by AVF flow magnitude 
and individual cardiac reserve [12]. 
Despite this knowledge, there is a gap in the 
literature when it comes to patients with pre-
existing neurological impairment-for example, 
those with prior stroke, peripheral neuropathy, or 
spinal cord lesions-who require vascular access. Such 
patients may be more susceptible to neurovascular 
complications given reduced baseline nerve 
function, altered limb perfusion or diminished ability 
to detect new deficits. Moreover, existing studies 
rarely integrate both neurological and cardiac 
outcomes in a single cohort under structured 
surveillance. 

Novelty and Rationale of this Study: Our study is 
the first, to our knowledge, to prospectively evaluate 
neurovascular and cardiac outcomes of AVF 
creation specifically in neurologically impaired CKD 
patients, using structured neurological follow-up 
(24-72 h, 2 weeks, and 6 weeks) and paired 
echocardiographic assessment. By focusing on this 
vulnerable subgroup, we aim to 
1) Define the incidence and reversibility of IMN (or 

related deficits), 
2) Quantify early cardiac remodeling in the same 

patients, 
3) Explore associations between neurological 

complications and cardiac stress. 
This integrated approach may guide clinicians in 
selecting safer access strategies, instituting 
surveillance protocols, and mitigating morbidity in 
neurologically impaired dialysis candidates. 
Aims and Objectives 
Aim: To evaluate the neurovascular and cardiac 
outcomes of arteriovenous fistula (AVF) creation in 
neurologically impaired patients with chronic kidney 
disease (CKD). 
Objectives 
1. To determine the incidence and clinical 

characteristics of ischemic monomelic 
neuropathy (IMN) and other neurovascular 
complications following upper-extremity AVF 
creation. 

2. To assess the short-term reversibility of 
neurological deficits at 6 weeks using clinical and 
electrodiagnostic criteria. 

3. To evaluate cardiac changes after AVF creation 
by comparing baseline and 6-week 
echocardiographic parameters (LVEF, LVEDD, LV 
mass index, PASP). 

 
Materials and Methods 
Study Design and Setting: This was an analytical 
cross-sectional study conducted in the Departments 
of Nephrology and Vascular Surgery, Government 
Medical College, Srikakulam, Andhra Pradesh 
Study period: 6 months, October 2023 to March 
2024. 
Sample size: A total of 38 patients were enrolled in 
the 6- month study period. 
Study Participants:  
Two groups of adult CKD patients undergoing upper-
extremity AVF creation were included: 
 Neurologically impaired (NI) group: Patients 

with pre-existing upper-limb neurological 
impairment (e.g., post-stroke hemiparesis, 
diabetic peripheral neuropathy with focal 
deficits, spinal cord injury, or other focal 
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neurological disorders). 
 Neurologically intact (Control) group: patients 

without focal upper-limb neurological 
impairment. 

Inclusion criteria: Age ≥18 years; CKD stage 4 or 5 
on, or planned for, hemodialysis, Underwent upper-
extremity AVF creation at our centre during the 
study period, Completed the scheduled 6-week 
postoperative assessment, Provided written 
informed consent. 
Exclusion criteria: Prior ipsilateral AVF within 3 
months, Active systemic infection at surgery, Life 
expectancy <3 months and Incomplete clinical or 
echocardiographic follow-up at 6 weeks. 
Procedures and data collection 
Baseline (perioperative): demographic details, 
comorbidities (diabetes, hypertension, smoking), 
CKD/dialysis status, neurological diagnosis, baseline 
echocardiography (LVEF, LVEDD, LV mass index, 
PASP), and AVF details (site and side). 
Surgery: all AVFs were constructed under local 
anesthesia by vascular surgeons using standard 
techniques. 
Six-week assessment 
 Neurovascular: Limb pain, paresthesia, sensory 

loss, motor strength (MRC scale), sensory VAS, 
vascular exam; EMG/NCS in symptomatic 
patients (classified as 
axonal/demyelinating/entrapment). 

 Cardiac: Repeat echocardiography (LVEF, LVEDD, 
LV mass index, PASP) and clinical status (NYHA 
class, edema, HF therapy/hospitalization). 

 Access Outcomes: AVF maturation (two-needle 
dialysis ≥3 sessions), non-maturation, 
thrombosis, or interventions (angioplasty, 

thrombectomy, ligation). 
Operational definitions 
 Ischemic Monomelic Neuropathy (IMN): Acute 

severe neuropathic pain with distal weakness 
and sensory loss within 72 h of AVF creation, 
preserved distal pulses/warm hand, and EMG 
evidence of acute axonal neuropathy when 
available. (For this cross-sectional analysis, IMN 
was recorded if it occurred anytime within the 
postoperative period up to 6 weeks.) 

 Reversibility at 6 Weeks: Complete = return to 
baseline; Partial = improvement but not baseline 
(≥1 MRC grade or ≥30% VAS reduction); 
Persistent = no meaningful improvement. 

 AVF Maturation: Ability to undergo two-needle 
dialysis at prescribed flow for ≥3 sessions. 

Statistical analysis: Analyses were performed in 
SPSS v. 25. Normality was assessed using Shapiro-
Wilk tests and Q-Q plots; as distributions were non-
normal, non-parametric/exact methods were used. 
Continuous variables were summarized as median 
(IQR) and categorical variables as n (%). Between-
group comparisons (neurologically impaired vs 
controls) for continuous outcomes, including 6-week 
echocardiographic values and change scores (Δ = 6-
week-baseline), were performed using the Mann-
Whitney U test with Hodges–Lehmann median 
difference and 95% CI; Categorical outcomes (e.g., 
incidence of IMN, AVF maturation, thrombosis) were 
compared using Fisher’s exact test, with risk 
difference or odds ratio and exact 95% CI. Within-
group paired comparisons of baseline and 6-week 
echocardiographic measures were assessed using 
the Wilcoxon signed-rank test. 

Results 
Table 1: Baseline characteristics of the study subjects 

 

Characteristics  Values  P value  

Neurologically impaired (19) Control group (19)  

Age (Median+ IQR) years  54(44-69) 53(46-70)  

Gender  Male  10 (52.6%) 11 (57.9%) 1.00 

Female  9 (47.4%) 8 (42.1%) 

Diabetes  Present  15 (78.9%) 10 (52.6%) 0.17 

Absent  4 (21.1%) 9 (47.4%) 

Hypertension  Present  14 (73.7%) 12 (63.2%) 0.73 

Absent  5 (26.3%) 7 (36.8%) 

Smoking  Present  13 (68.4%) 11 (57.9%) 0.74 

Absent  6 (31.6%) 8 (42.1%) 

 
The study included 38 patients, 19 in each group. 
Median age was similar [54 (44–69) vs 53 (46–70) 
years], as was gender distribution (52.6% vs 57.9% 

males, p = 1.00). Diabetes was more frequent in NI 
patients (78.9% vs 52.6%, p = 0.17). Hypertension 
was common in both groups (73.7% vs 63.2%, p = 
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0.73). Smoking history was reported in 68.4% of NI 
patients and 57.9% of controls (p = 0.74). Overall, 

baseline characteristics were comparable, except for 
a higher proportion of diabetes in the NI group. 

 
Table 2: AVF type among the study subjects 

 

AVF type Neurologically impaired (n=19) Control group (n=19) 

Radiocephalic 7 (36.8%) 5 (26.3%) 

Brachiocephalic 9 (47.4%) 10 (52.6%) 

Brachiobasilic 3 (15.8%) 4 (21.1%) 

 
Among NI patients, the most common access was 
brachiocephalic AVF (47.4%), followed by 
radiocephalic (36.8%) and brachiobasilic (15.8%). A 
similar pattern was observed in controls, with 

brachiocephalic AVF in 52.6%, radiocephalic in 
26.3%, and brachiobasilic in 21.1%. The distribution 
of AVF type was broadly comparable between 
groups. 

 
Table 3: Incidence and presentation of IMN 

 

Group IMN cases (n) Incidence (%) Time to onset 

Neurologically impaired (19) 1 3.3% 12 hrs 

Control group (19) 0 0  

 
Among the 38 patients studied, ischemic monomelic 
neuropathy (IMN) developed in one patient from the 
neurologically impaired (NI) group, giving an 
incidence of 5.3% in this subgroup and 2.6% overall. 
No cases were observed in the control group. The 
affected NI patient developed acute neuropathic 
symptoms within 12 hours of brachiocephalic AVF 

creation, presenting with pain, numbness, and distal 
weakness. Electrodiagnostic testing confirmed 
axonal neuropathy involving multiple nerves, 
consistent with IMN. This patient underwent urgent 
AVF ligation. No new neuropathic events were noted 
in the control arm. 

 
Table 4: Outcome of the study participants 

 

Outcome NI (n=19) Control (n=19) p (Fisher’s) 

Successful maturation 16 (84.2%) 17 (89.5%) 1.00 

Non-maturation 1 (5.3%) 1 (5.3%) 1.00 

Thrombosis 1 (5.3%) 1 (5.3%) 1.00 

Intervention (ligation) 1 (5.3%) 0 (0%) 1.00 

 
At 6 weeks, AVF maturation was achieved in 16/19 
NI patients (84.2%) and 17/19 controls (89.5%). The 
difference between groups was not statistically 
significant (p = 1.00). Non-maturation occurred in 1 
patient from each group (5.3%), while thrombosis 
was observed in 1 NI patient (5.3%) and 1 control 
patient (5.3%). Importantly, the only intervention 

required was surgical ligation in the single NI patient 
who developed IMN; none of the control patients 
required surgical revision. These findings suggest 
that overall AVF outcomes were broadly comparable 
between groups, except for neurovascular 
complications. 

 
Table 5: Reversibility status among the IMN 

 

Intervention IMN cases  Complete recovery  Partial recovery Persistent deficit 

Neurologically impaired (19) 1 0(0%) 1(100%) 0 

Control group (19)  0 0 0 0 

 
Follow-up at 6 weeks showed that the NI patient 
with IMN had partial neurological recovery after AVF 

ligation, with some improvement in sensory 
symptoms and motor strength but without return to 
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baseline function. No cases of complete recovery or 
persistent irreversible deficits were documented, as 

the single case fell in the partial recovery category. 
There were no IMN cases in the control group. 

 
Table 6: Cardiac outcomes echocardiography 

Parameter NI baseline, 
median (IQR) 

NI 6-week, 
median (IQR) 

p 
(Wilcoxon) 

Control 
baseline, 
median (IQR) 

Control 6-
week, median 
(IQR) 

p 
(Wilcoxon) 

LVEF (%) 55 (51-59) 53 (50-58) 0.27 56 (52-59) 55 (52-58) 0.56 

LVEDD (mm) 46 (43-49) 47 (44-50) 0.30 48 (44-50) 47 (44-50) 0.53 

LV mass index 
(g/m²) 

110 (98-122) 118 (104-
132) 

0.04 111 (96-124) 112 (98-125) 0.73 

PASP (mmHg) 27 (22-31) 30 (25-34) 0.02 26 (22-30) 28 (23-31) 0.06 

 

 
Figure 1: Echocardiography findings 

 
In the NI group, LV mass index increased significantly 
[110 (98-122) → 118 (104-132) g/m², p = 0.04] and 
PASP rose [27 (22-31) → 30 (25-34) mmHg, p = 0.02], 
while changes in LVEF and LVEDD were not 
significant. In controls, none of the parameters 
showed a significant change. These results indicate 
greater susceptibility of NI patients to early cardiac 
remodeling and pulmonary pressure rise after AVF 
creation. 
Discussion 
In this prospective study of 38 CKD patients, we 
compared neurovascular and cardiac outcomes 
following AVF creation between neurologically 
impaired (NI) and control groups. IMN occurred in 
one NI patient (5.3%), with no cases in controls. AVF 
maturation rates were similar between groups 
(84.2% vs. 89.5%), while thrombosis and non-
maturation occurred equally. The single IMN case 
underwent urgent ligation and showed partial 
recovery at 6 weeks. Importantly, NI patients 
demonstrated early cardiac remodeling, with 
significant increases in LV mass index and PASP, 
while controls showed no significant changes. 
Our IMN incidence (5.3% in NI, 2.6% overall) is 

higher than reported in larger access cohorts (<1%) 
but consistent with prior case series highlighting its 
rarity and devastating consequences [1-4]. Classical 
reports by Wilbourn et al. first described IMN as 
acute axonal neuropathy after AVF creation [5]. 
Later studies confirmed its association with brachial 
artery-based fistulas and risk factors including 
diabetes and female sex [6, 7]. Case reports continue 
to emphasize early onset (hours), severe 
neuropathic pain, and the critical importance of 
prompt ligation for functional recovery [8-10]. Our 
patient’s partial improvement at 6 weeks despite 
early ligation supports prior observations that 
reversibility is often incomplete [11, 12]. 
AVF outcomes in our study were comparable 
between NI and controls, with maturation rates 
>80%, aligning with global data showing AVF 
superiority over grafts and catheters in terms of 
patency and complications [13, 14]. Neurological 
status did not appear to compromise technical 
success, although vigilance is warranted for 
neuropathic complications. 
The novel finding is the early cardiac remodeling 
observed in NI patients. LV mass index and PASP 
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rose significantly within six weeks, while controls 
remained stable. These findings echo prior 
echocardiographic and MRI studies demonstrating 
that AVF creation leads to increased LV mass, 
chamber dilatation, and pulmonary pressures due to 
chronic volume overload [15-17]. Haider et al. 
recently showed that such changes can emerge 
within months of AVF surgery [18]. Moreover, 
reversal of LV hypertrophy after AVF ligation has 
been reported, underscoring causality [19]. The 
disproportionate impact on NI patients may reflect 
reduced vascular reserve or autonomic dysfunction, 
rendering them less able to accommodate the 
hemodynamic stress. 
The present study is limited by small sample size, a 
single-center design, and short follow-up. However, 
by combining neurological and cardiac outcomes in a 
high-risk population, it highlights a dual 
vulnerability: rare but disabling IMN and early 
cardiac remodeling. Larger studies are warranted to 
validate these findings and to explore protective 
strategies, including access flow modulation in NI 
patients. 
Conclusion 
In CKD patients with neurological impairment, AVF 
creation carries a measurable risk of ischemic 
monomelic neuropathy and is associated with early 
cardiac remodeling, particularly increases in LV mass 
index and pulmonary pressures. Although overall 
AVF maturation and thrombosis rates were 
comparable with controls, the occurrence of IMN 
and partial recovery despite early ligation highlights 
the need for vigilance. Structured neurological and 
echocardiographic surveillance may help detect 
complications early. Larger, multicenter studies with 
longer follow-up are needed to validate these 
findings and refine access strategies for vulnerable 
patients. 
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