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Abstract

Introduction: Arteriovenous fistulas (AVFs) are the preferred vascular access for hemodialysis in
chronic kidney disease (CKD) patients, with types and sites influencing functionality and
complications. This study evaluates AVF characteristics and their impact on hand grip strength.
Objective: To evaluate the prevalence and characteristics of different types and anatomical sites of
AVFs in CKD patients undergoing hemodialysis, focusing on their clinical implications.

Materials and Method: A quasi-experimental study at Ali Fatima Hospital, Bhobatian Chowk,
Raiwind Road, Lahore, Pakistan from February, 2024 to July, 2024 enrolled 90 CKD patients aged
20-60 years undergoing AVF placement. Hand grip strength was measured pre- and post-AVF using
a manual dynamometer. Data on AVF types and sites were analyzed using IBM-SPSS version 26.
Results: Brachiocephalic AVFs predominated (80%), mostly in the left arm (95.56%). Hand grip
strength decreased significantly post-AVF (21.00 + 7.35 kg to 19.22 + 7.92 kg, p < 0.001).
Conclusion: Brachiocephalic AVFs are common, with significant hand grip strength reduction post-
placement, necessitating postoperative rehabilitation.

Keywords: Arteriovenous Fistula, Hand Grip Strength, Hemodialysis, Chronic Kidney Disease,
Vascular Access

INTRODUCTION
For ESRD patients requiring hemodialysis, arteriovenous fistulas (AVFs) are the preferred vascular
access, as AVFs have the advantage of longer duration and lower complication rates than
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arteriovenous graft (AVG) or central venous catheter (CVVC). High-flow access for dialysis is provided
by creating an AVF via a direct anastomosis between an artery and vein, usually in the upper
extremity. It leads to the improvement in blood flow to the vein to allow it to mature and withstand
repeated cannulation for hemodialysis sessions (1). Hemodialysis care based on creating an AVF is
central, allowing for safe, efficient blood filtration without the higher infection and thrombosis risks
associated with other access types. Nevertheless, the outcome of the function, maturation, and long-
term patency of an AVF is highly dictated by the selection of the type of AVF and the anatomical site
(2).

Primary types of AVF are used for hemodialysis, such as radiocephalic, brachiocephalic, and
brachiobasilic fistulas, defined by the artery and vein used in the anastomosis. The first choice at the
wrist is often the radiocephalic AVF, which is formed between the radial artery and the cephalic vein
due to its distal location, preserving proximal vessels for future access (3). When distal vessels are
not appropriate, then Brachiocephalic AVF is made, linking the brachial artery to the cephalic vein
located in the upper arm, with higher flow rates, but it has a higher risk for steal syndrome-related
complications (4). The brachiobasilic AVFs involve the brachial artery and basilic vein, often
requiring vein transposition from a deeper anatomical position. However, the procedure is more
complex but viable than the arterial options for patients with limited vascular options (5). When upper
extremity options are exhausted, rare cases of lower extremity AVFs (such as femoral vein) are
considered, for which complication rates are higher (6).

Patient-specific factors such as vascular anatomy and comorbidities such as diabetes or peripheral
vascular disease influence the AVF site selection. Preoperative evaluation of vessel diameter and
quality via duplex ultrasonography is emphasized as this solely affects the maturation and patency of
AVF (7). For instance, veins of luminal diameter greater than 2.5 mm and arteries with adequate flow
are associated with better outcomes (8). Finally, the site of the AVF impacts the quality of life, as
upper extremity fistulas are generally preferred due to ease of and low risk of accessing the fascial
planes and complications associated with a lower extremity fistula (9). Despite this, the hemodialysis
process itself (including repeated cannulation) may cause complications, such as stenosis, thrombosis,
and aneurysm, that require close monitoring and care (10).

There are challenges to AVF creation, with 28-53% of fistulas failing to mature sufficiently for
dialysis due to small vessel caliber, previous vascular damage, or delayed referral for surgery (11).
The importance of these failures is their contribution to increased morbidity, as patients may require
temporary catheters, which are known sources of infection. Moreover, AVFs can induce
hemodynamic changes like increased cardiac output from high-flow shunting, which can also stress
cardiovascular function in patients with pre-existing heart conditions (12). However, despite these
challenges, AVFs remain the gold standard for hemodialysis access, with long-term studies showing
a superior patency rate with grafts, particularly for kidney transplant recipients where AVF fistulas
may persist after transplantation (13).

The creation of AVF is less common in pediatric patients, but this procedure is critically important,
and outcomes are heavily dependent on proper techniques and site selection for smaller vessels (14).
Similarly, patients with multiple failed upper extremity accesses have already shown promising long-
term outcomes for complex cases, such as transposed femoral vein AVF (15). The variety of AVF
sites and types emphasizes the need for individual patient approaches to vascular access whereby
anatomical suitability is balanced with functional outcomes. The development of AVF involves a
nuanced process, and it is imperative to understand the best types and sites of AVF that are
individually appropriate to promote dialysis care and improve patients' quality of life. The aim of this
study is to determine the prevalence and characteristics of various AVF types and sites in a group of
people on dialysis and their clinical implications.

Objective: This study aims to determine the incidence and anatomical characteristics of various types
and sites of arteriovenous fistulas in chronic kidney disease patients undergoing hemodialysis and
their clinical implications.
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MATERIALS AND METHODS

Design: Quasi-experimental study.

Study setting: The study was conducted at Ali Fatima Hospital, Bhobatian Chowk, Raiwind Road,
Lahore, Pakistan

Duration: The study was done from February, 2024 to July, 2024.

Inclusion Criteria:

Those patients were included who aged 2060 years, of both genders, with CKD-5/CKD-5D (GFR <
15 ml/min/1.73m?) and undergoing AVF placement for hemodialysis.

Exclusion Criteria

Patients with upper extremity malformations, neurological or muscular disorders, ejection fraction
<35%, inflammatory arthritis, prior upper extremity surgery, or peripheral vascular disease were
excluded in order to minimize confounding factors affecting HGS.

Methods

90 patients undergoing arteriovenous fistula (AVF) placement in the Department of Nephrology at
Ali Fatima Hospital, Bhobatian Chowk, Raiwind Road, Lahore, Pakistan were enrolled in this study.
All participants provided informed consent as well as demographic details, which were stored
confidentially to explain the study’s purpose. A manual dynamometer was used to assess secondary
hand grip strength. Measurements were taken while patients sat with their shoulders adducted, elbows
flexed to 90 degrees, and their forearms were neutral. The average of three repeats was recorded in
kilogram-force (kg-f). The grip strength was checked before and three months after AVF installation,
with or without hemodialysis status. AVF type (radiocephalic, brachiocephalic, braciobasilic), AVF
site (left or right arm), and location (emergency or elective) were recorded. Frequencies, percentages,
and mean (xSD) of variables were calculated by statistical analysis using IBM-SPSS Version 26, and
a student t-test was done between pre and post-AVF grip strength (p < 0.05).

RESULTS

In this quasi-experimental study, 90 patients with chronic kidney disease undergoing arteriovenous
fistula (AVF) placement were enrolled in order to determine the type and site of the AVF and the
hand grip strength as a secondary outcome. The mean age of the participants was 45.41 + 10.93 years
(range 20-60 years). A male-to-female ratio of 1.8:1 was found in the study population, of which
there were 58 (64.44%) males and 32 (35.56%) females. Comorbidities were familiar with 47 (52.2%)
diabetes mellitus patients and 84 (93.3%) hypertension patients. In 73 (81.1%) patients, hemodialysis
was started on an average of 2.68 + 2.93 years (0.08-12 years).

Table 1: Demographic and Clinical Characteristics

Variable Value

Age (years, mean + SD) 45.41 +10.93

Gender (Male/Female, n, %) 58 (64.44%) / 32 (35.56%)
Diabetes Mellitus (n, %) 47 (52.2%)

Hypertension (n, %) 84 (93.3%)

Hemodialysis Initiated (n, %) 73 (81.1%)

Duration of Hemodialysis (years, mean + SD) 2.68 + 2.93

86 (95.56%) patients had the anatomical site of AVF placement in the left arm and 4 (4.44%) in the
right arm. End-to-side anastomosis was performed in 84 (93.33%) patients, and side-to-side was
used in 6 (6.67%).
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Table 2: Anatomical Site and Anastomosis Type

Variable n (%)
Anatomical Site

Left Arm 86 (95.56%)
Right Arm 4 (4.44%)
Type of Anastomosis

End-to-Side 84 (93.33%)
Side-to-Side 6 (6.67%)

There were 72 (80%) brachiocephalic AVF cases, 11 (12.22%) radiocephalic AVF cases, and 7
(7.78%) brachiobasic AVF cases. The secondary outcome of hand grip strength was significantly
reduced post-AVF placement. The mean hand grip strength pre-AVF placement was 21.00 £ 7.35 kg
(range: 10-50 kg), and 3 months following the procedure, it decreased to 19.22 + 7.92 kg (range: 8—
50 kg) with a statistically significant difference (p < 0.001).

Table 3: Hand Grip Strength Comparison

Variable Mean £ SD (kg) Range (kg) p-value
Pre-AVF Hand Grip Strength 21.00 + 7.35 10-50 <0.001
Post-AVF Hand Grip Strength 19.22 + 7.92 8-50

These findings reveal that brachiocephalic AVFs are prevalent in this cohort and there is a reduction
in hand grip strength post-AVF, indicating that AVF placement in dialysis patients may have
functional significance.

DISCUSSION

This study provides findings about the types and anatomical sites of arteriovenous fistulas (AVF) in
patients with chronic kidney disease (CKD) undergoing hemodialysis and the change in hand grip
strength after AVF placement. This cohort is aligned with clinical trends of preferring upper arm
fistulas when distal vessels are suboptimal (1), as radiocephalic AVFs (12.22%) were less common.
This distribution probably reflects the influence of vascular anatomy and preoperative assessment
influenced by duplex ultrasonography, which often guides site selection to ensure adequate vessel
diameter and flow (2). A second choice is brachiobasilic AVFs, which are seen in 7.78% of cases that
require vein transposition as the basilic vein is located deeper (3). Upper extremity AVFs, particularly
in the left arm (95.56%), were preferred in this study based on the preference of their accessibility
and lower complication rates relative to lower extremity fistulas, having higher rates of infection and
thrombosis (4).

The surgical practice of optimizing flow dynamics and reducing complications such as venous
hypertension is reflected in the high prevalence of end-to-side anastomosis (93.33%) as opposed to
side-to-side (6.67%) in this study (5). Anastomosis is end-to-side rather than end-to-end, which helps
minimize the turbulence and preserves distal perfusion, imperative to preventing steal syndrome,
which is a known complication where blood is bypassed from the hand resulting in ischemia and
weakness (6). However, with AVF placement, there was a significant reduction in hand grip strength
post-AVF placement (21.00 + 7.35 kg, to 19.22 + 7.92 kg, p < 0.001), which can imply functional
implications of AVF creation due to steal syndrome, muscle disuse, or may be due to inflammation
around the fistula site (7). This finding is consistent with previous studies, such as Zeynep Tuna et al.,
showing that hemodialysis patients have lower hand grip strength than controls due to vascular and
muscular changes associated with AVF (8). Further, the observed decline in grip strength may also
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represent patients’ unwillingness to use the AVF arm due to fears regarding fistula damage and
progressing musculoskeletal degeneration (9).

Patient demographics (mean age 45.41 years, 64.44% male predominance) were consistent with CKD
epidemiology, in which males are slightly more affected, and younger patients with CKD are
becoming increasingly dependent on dialysis (10). Vascular quality was likely influenced by the high
prevalence of comorbidities diabetes (52.2%) and hypertension (93.3%), contributing to a preference
for brachiocephalic AVFs (11), which are suitable for patients with compromised distal vessels. In
addition, these comorbidities increase the risk of failure of AVF maturation, reported in 28 to 53
percent of cases requiring treatment by revision or creation of a new AVF. Pre-operative planning and
post-operative surveillance are also necessary (12). Global guidelines, such as those from the
European Society for Vascular Surgery, have focused on upper extremity AVFs because these
autologous fistulas tend to have superior long-term patency and less infection rate than grafts or
catheters (13).

The functional impact of AVFs with reduced grip strength is evidence for post-operative rehabilitation
strategies like hand exercises to improve AVF maturation and maintain limb function (14). Studies
such as Mo et al. have demonstrated that isometric exercises like dumbbell training can improve AVF
patency and may prevent strength decline, but long-term benefits from this exercise are inconsistent.
Furthermore, studies relating to cardiac strain after AVF creation acknowledge the further
complications of hemodynamic effects of AVFs, including increased cardiac output as a result of
high-flow shunting, which should be taken into account, particularly in patients with pre-existing
cardiovascular conditions. These observations highlight the necessity of a multidisciplinary
participation of nephrologists, vascular surgeons, and dialysis nurses to optimize treatment options
for patients with AVF and reduce functional deficits.

Limitations of the study include a single-center design and a relatively small sample size that should
limit the generalization of findings. Future research should focus on longer-term AVF patency and
functional outcomes in multicenter cohorts of different types and sites (9). The limited number of
patients with lower extremity AVFs in this cohort does not allow insights into their clinical
implications. However, the literature suggests they are feasible in patients with exhausted upper
extremity options with higher complication rates (15). Further investigation of AVF use is also
indicated in pediatric and post-transplant populations where AVF use is less common (6, 13).
Finally, this study emphasizes the predominance of brachiocephalic AVFs as well as placement in the
left arm in dialysis patients because of anatomical and clinical considerations. Hand grip strength
reduction after placement of the AVF emphasizes the need for targeted interventions to maintain limb
function and improve quality of life. Preoperative vascular mapping, meticulous surgical techniques,
and postoperative exercise programs may assist AVF maturation, mitigate functional decline, and fit
within global efforts to improve vascular access for hemodialysis care (10, 14).

CONCLUSION

This study shows that brachiocephalic arteriovenous fistulas (AVFs) are the most common type of
AVFs in chronic kidney disease patients treated by hemodialysis, placed predominantly in the left
arm due to anatomical and clinical considerations. The significant reduction in hand grip strength
post-AVF placement (from 21.00 + 7.35 kg to 19.22 + 7.92 kg, p < 0.001) highlights the functional
impact of AVF creation, potentially due to steal syndrome, muscle disuse, or inflammation. These
findings highlight the importance of preoperative vascular mapping as well as postoperative
rehabilitation (hand exercises) to supplement AVF maturation and limb function. Improved AVF
outcomes and reduced complications are accomplished through multidisciplinary approaches of
nephrologists, surgeons, and dialysis nurses. Longer term patency and functional outcomes in diverse
populations and AVF sites, especially options for the lower extremity, should be further explored to
refine vascular access strategies leading to better quality of life for dialysis patients.
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