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Abstract. Successful maturation of arteriovenous fistulas (AVFs) remains a challenge for patients
with end-stage kidney disease, particularly in resource-limited settings. Handgrip resistance
training may enhance vascular hemodynamics and support AVF maturation. This prospective
uncontrolled case series evaluated the feasibility, safety, and vascular changes of a four-week
home-based handgrip program in patients with new AVFs.
Methods. Twenty-eight adults with recent radiocephalic AVF creation performed daily handgrip
training for four weeks (three sets of 10 contractions, 10 seconds each with 2-second rests;
~3—5 minutes/day). Adherence was tracked via logbooks and weekly WhatsApp submissions.
Feasibility outcomes included adherence, completion, safety, and patient acceptability.
Hemodynamic parameters (vein diameter, vein depth, and blood flow volume) were measured
using Doppler ultrasonography before and after the intervention.
Results. Of 28 participants, 23 (82.1%) completed the program with high adherence (>85%
sessions). No AVF-related adverse events occurred. Significant vascular changes were observed:
vein diameter increased from 3.1 = 0.4 mm to 5.5 + 0.6 mm (p < 0.001), vein depth decreased
from 2.5 £ 0.3mmto 2.1 = 0.4 mm (p = 0.002), and blood-flow volume increased from 180 *
S55mL/min to 565 = 110 mL/min (p < 0.001).
Conclusions. Home-based handgrip training with digital monitoring is feasible, safe, and
Received September 02, 2025  well accepted in patients with new AVFs. The observed vascular changes suggest this low-cost
Received in revised form intervention may support AVF maturation and is suitable for integration into dialysis care in
October 10, 2025  resource-limited settings.
Accepted October 11, 2025 ~ Keywords: arteriovenous fistula, renal dialysis, exercise therapy, resistance training,
hemodynamics.
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Myxammaz Csiiposi Xinaiist!, Moce Baxyiio!, Cisbsist Eetin Apitonanr!, Anai Andian 3aiinyinmin?,
Xepani Pacin3, xxaapacri Kycymanerapa, Ymap Yemand, Myxamman 3yasdamt Hypamiv?

IIpocnekTHBHA Ccepis KIiHIYHMX BUNAJKIB JOMAIIHLOI0 TPEHYBAHHS KUCTI
3 IUCTAHIIAHMM KOHTPOoJIeM Yepe3 WhatsApp y nanieHris
i3 HOBOCTBOPEHHUMH apPTepPioBeHO3HUMH (icTyIamMmu

'Vuisepcurer Xacanyinmina, kadenpa $hisudHoi Ta peabitiTaliiiHol MeIUIIMHMY,

Makacap, IliBnenne Cynaseci, IHmoHe3is

2YHiBepcuTeT XacaHyingiHa, kadeapa r(poOMancbKoro 310poB s,
Makacap, IliBnenne Cynaseci, IHmoHe3is

3VHiBepcuter XacaHyinaiHa, kadenpa BHYTPIlIHBOT MEIULIUHU,
Makacap, IliBnenne Cynaseci, IHmoHe3is

4VuiBepcurer XacaHyinaiHa, Kadeapa cepleBO-TOPaKaIbHOI Xipypril,

Makacap, IliBnenne Cynaseci, IHmoHe3is

Pestome. Veniwne dospisanns apmepiosenosnoi gicmyau (AB®@) 3asumaemocs ckaaOHum 3a60aHHAM y naAUi-
E€HMIB i3 MEPMIHANbHOIO CIMAIEr0 XPOHIYHOI X6OPOOU HUPOK, 0C00AUBO 8 YMo8ax obmedceHux pecypcig. TpenysauHs i3
CMUCKAHHS KUCMI 3 0NOPOM MOXce NOAInWUmy cyOurHy eeMoOuHamiKy ma cnpusmu dospieannio AB®D. Y yvomy npo-
CHEeKMUBHOMY HeKOHMPOAbOBAHOMY 00CAIONCeHHI cepii KaiHiuHUX eunadkie oyinoearu 30ilicHeHHicmb, Oe3neKy ma cy-
OUHHI 3MIHU NICAS HOMUPUMUICHEBOT Npoepamu 0OMAWHIX 6Npas i3 GUKOPUCMAHHAM CMUCKAHHA KUcmi Yy nayieumis i3
Hoeocmeoperumu ABD.

Memoou. llsadusms sicim dopocaux nauienmie i3 Heujodasno cghopmosaroio padioyeganiunoro ABD euxonysanu
WoO0eHHi 6npasu Ha CMUCKAHHS KUCMI NPOMS20M YOMUPbOX MmudicHie (mpu nioxodu no 10 ckopouenv mpueanricmro 10
CeKyHO i3 2-CeKyHOHUMU iHMep8anamu; 3a2aiom npubAu3Ho 3—5 xeuaun Ha deHs). Jlompumants npoepamu giocmency-
8au 3a 0ONOMO20t0 W00eHHUKIG [ wjomudicHesux 36imie uepez WhatsApp. OcHoenumu kpumepisamu 30ilichenHocmi 6yau
dompumanHs, 3ae6epuieHHs npoepamu, besnexa ma npuliHamHicmes 05 nayienmie. lemodunamiuni napamempu (diamemp
i enubuHa 6eHu, 00 €M KPOBOMOKY) BUMIPIOBANU 3a OONOMO20I0 OONAEPIBCHK020 YAbMPA3BYK08020 00CAI0NCEHHS 00 ma
nicas inmepeenuyii.

Pezyavmamu. 13 28 yuacnuxkie 23 (82, 1%) 3aéepuiunu npoepamy 3 8UCOKUM pieHem dompumarHs (>85% 3ansmo).
Yexnaouenns, nog’szanux 3 ABD, ne suseneno. Bioznaueno snavywyi 3minu cyOuHHux napamempis: diamemp eenu 30i1b-
wuecs 3 3,1 = 0,4 mm do 5,5 £ 0,6 um (p < 0,001), eaubuna éenu 3menwusacs 3 2,5+ 0,3 mm do 2,1 = 0,4 mm (p =
0,002), a 06’em kposomoky 3pic i3 180 £ 55 ma/xe do 565 = 110 ma/xe (p < 0,001).

Bucnosku. Jlomawns npoepama énpaé Ha CMUCKAHHA KUCMI 3 OUCMAHYIUHUM KOHMpPOAeM Yepe3 yugpposi naam-
hopmu e 30iticherHoro, be3neuHoro ma dobpe cnpuiimacmocs navienmamu 3 Hosocmeopenumu ABD. Ompumani cyounni
3MIHU cgiduamy, wo ye Hedopoee 6Mpy1anHs Modice cnpusmu do3pieantio ABD i modce Oymu inmeepogare y NpaKmuxy
dianiznoeo 00ens0y 6 ymosax o0MelceHux pecypcie.

KirouoBi ciioBa: apmepiosenosna gicmyna, eemodiani, Aikyeanvha QizKyavmypa, cuiogi mpeHy8aHHs, 2emoou-
Hamika.

Introduction. Chronic kidney disease (CKD) re-
mains a major global health burden, with a prevalence
estimated at 18.4% between 2005 and 2015 [1]. The
number of people with end-stage kidney disease is es-
timated to reach more than 2 million by 2030 [2] there
were 406,081 patients who received treatment for end-
stage renal disease (ESRD). Hemodialysis is the pri-
mary treatment option for ESKD. The adequacy of this
treatment is greatly influenced by adequate vascular ac-
cess [3]peritoneal dialysis (PD).

Muhammad Syairozi Hidayat
syairozihidayat25@gmail.com

Compared to other options, Arteriovenous Fis-
tulas (AVF) are more commonly chosen because they
have a low complication rate, good long-term patency,
and a low mortality rate [4]. However, previous studies
have reported that AVFs take 6-12 weeks to mature and
have a failure rate of 20-50%, especially in patients with
small vein diameters and other comorbidities such as
diabetes mellitus [5]. Failure to mature will delay dialy-
sis initiation, reduce adequacy, and increase morbidity
and mortality [6].

Exercise has been recognized as a non-invasive
intervention that can stimulate vascular remodeling
[7]. Muscle contractions increase blood flow and shear
stress on the endothelium, promoting vasodilation and
vessel enlargement. Previous studies demonstrate that
forearm resistance exercises, especially with handgrip
devices, can improve vein diameter, blood flow, and
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ultimately AVF maturation [8, 9]. Nonetheless, exer-
cise protocols vary widely in intensity, frequency, and
supervision. More importantly, little attention has been
given to whether patients can consistently and safely
follow such training outside of hospital settings.

In many low- and middle-income countries, in-
cluding Indonesia, the practical barriers of repeated
hospital visits, limited rehabilitation staff, and patients’
socioeconomic constraints make home-based exer-
cise programs an appealing alternative. Digital plat-
forms such as WhatsApp have been increasingly used
in chronic disease management to support adherence,
provide reminders, and enable remote monitoring [10].
However, the feasibility and patient acceptability of this
model in the specific context of AVF rehabilitation re-
main underexplored.

Therefore, the study aimed to evaluate the feasi-
bility, adherence, safety, and hemodynamic changes
of a structured, home-based handgrip resistance train-
ing program in patients with newly created AVFs, us-
ing WhatsApp for remote monitoring. By focusing on
implementation outcomes, this study complements
previous efficacy trials and provides practical insights
into how exercise can be integrated into routine care for
dialysis patients.

Materials and methods. This was a prospective
uncontrolled case series designed to evaluate feasibil-
ity and vascular changes rather than establish causality.
This study was conducted from September to October
2024 at Universitas Hasanuddin Teaching Hospital
and Wahidin Sudirohusodo General Hospital, Makas-
sar, Indonesia, with ethical approval from the Faculty
of Medicine, Universitas Hasanuddin. Ethics approval
was obtained (UH24010038, 14 April 2025). Written
informed consent was obtained from all participants.
The sample size of 28 participants was determined
pragmatically, based on the expected number of eligible
patients who underwent new AVF creation during the
two-month recruitment period. This approach is con-
sistent with feasibility-study methodology, which prior-
itizes evaluating process outcomes (adherence, safety,
acceptability) over formal power calculations.

Adults aged >18 years with end-stage kidney dis-
ease (ESKD) undergoing their first radiocephalic AVF
surgery, BMI <30 kg/m?2, and complete clinical records
were eligible. Patients with neuromuscular or ortho-
pedic disorders of the upper limb, or those unable to
perform handgrip training, were excluded. Participants
were withdrawn if they trained fewer than five days
per week, developed AVF complications, experienced
health deterioration, or withdrew consent.

After in-clinic instruction, patients performed
daily handgrip resistance training at home for four
weeks. Each session: 3 sets x 10 contractions at toler-
able intensity (~20—50% MVIC), 10-second hold with
2-second rest, ~3—5 minutes/day. MVIC was measured
with a handgrip dynamometer. Adherence was moni-
tored through daily logbooks and weekly WhatsApp
submissions (videos and logbook photos). WhatsApp

was also used for reminders, feedback, and reporting
of problems. Each participant submitted weekly photos
or short videos demonstrating their handgrip sessions
through WhatsApp. Investigators reviewed these mate-
rials to verify compliance and provided short text-based
feedback, encouragement, and reminders. All shared
files were stored on password-protected institutional
devices accessible only to the research team. To pro-
tect privacy, participants were instructed not to include
identifiable personal data in their messages, and all
communications followed institutional data-protection
protocols.

The primary outcomes were feasibility and adher-
ence, defined as the percentage of prescribed sessions
completed, with >85% considered high adherence.
Adherence (%) was calculated as the number of com-
pleted sessions divided by the total prescribed sessions
x 100. Patients recorded daily sessions in personal log-
books, which were verified weekly through WhatsApp
submissions containing photos or short videos. While
this hybrid method improved monitoring feasibility,
self-reported data may still introduce reporting bias,
which was considered during interpretation. Additional
feasibility measures included completion and dropout
rates, reasons for discontinuation, safety (AVF-related
or musculoskeletal complications), and patient accept-
ability based on logbook entries and WhatsApp feed-
back. Secondary outcomes were hemodynamic param-
eters of AVF maturation, including cephalic vein diam-
eter (mm), vein depth (mm), and blood flow volume
(mL/min), which were assessed using Doppler ultraso-
nography before and after the four-week intervention
by a blinded radiologist. Clinical maturation was de-
fined according to commonly accepted vascular access
criteria as achieving a cephalic vein diameter > 6 mm,
blood flow volume > 600 mL/min, and vein depth <
6 mm, indicating readiness for successful cannulation
for hemodialysis [11].

Statistical analysis. Descriptive statistics sum-
marized adherence, safety, and feasibility outcomes.
Continuous variables were expressed as mean * stan-
dard deviation (SD) or median (range), and categorical
variables as frequencies and percentages. Data distribu-
tion was examined using the Shapiro—Wilk test to as-
sess normality before analysis. Pre—post changes were
tested using paired t-tests for normally distributed data
or Wilcoxon signed-rank tests for non-normal data.
Analyses were conducted using IBM SPSS version 22.0
(IBM Corp., Armonk, NY, USA).

Results. A total of 34 patients were screened for
eligibility, of whom 6 were excluded for not meeting
the inclusion criteria. Twenty-eight patients with end-
stage kidney disease and newly created radiocephalic
AVFs were enrolled. Of these, 23 (82.1%) completed
the 4-week program, while 5 (17.9%) withdrew due to
health deterioration (n = 2), low training frequency
(n = 2), or loss to follow-up (n = 1). The participant
flow is shown in Figure 1.
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Assessed fior eligibility (n=34)

|

Exclude (n=6)

'

Enrolled and Randomized (n=28)

!

Completed 4-week program (n=23, 82%)

!

Dropouts (n=5, 18%)

|

Reasons :

- Low Frequency (n=2)
- Health deterioration (n=2)
- -Losttofollowup (n=1)

Fig. 1. The study flow chart.

Baseline demographic and clinical characteristics
are shown in Table 1.

Of the 28 patients, 23 (82.1%) successfully com-
pleted the intervention, and 23 (82.1%) achieved ad-

Table 1 herence >85% of prescribed sessions. No AVF-related
Baseline characteristics of the study participants gdverse events were.recorded, angl minor transient fa-
(n=28) tigue was reported in a few participants but resolved
n spontaneously. Clinical maturation was achieved in 23
Variable Value patients (82.1%).
A (medi ] 53 [19-67) Patient feedback is presented in Table 3.
ge, years (median, range -
Male sex, n (%) 15 (53.6%) Table 3
BM, ka/m2 (mean=SD) 239225 Patient acceptability feedback
Type 2 Diabetes, n(%) 23 (821%) Feedback Positive Responses,
MVIC, kg (mean=SD) 133+ 24 n (%)
Data are presented as mean * SD, median (range), Convenience of daily training 22 (78.6%)
or frequency (%).
The median age of participants was 53 years (range Comfort with WhatsApp 23 (821%)
19—67), 53.6% were male, and the mean BMI was 23.9
+ 2.5 kg/m?2. Most patients (82.1%) had type 2 diabetes Logbook use 18 (64:3%)
mellitus, and the mean MVIC was 13.3 + 2.4 kg. ]
Tablf(:);/erall feasibility outcomes are summarized in Perceived Benefit 21 75,04

Table 2
Feasibility outcomes (n=28)

Outcome Value
Completed program, n(%) 23 (821%)
Dropouts, n (%) 5 (179%)
Adherence 285%, n (%) 23 (821%)
AVF-related adverse event 0
Clinical maturation, n (%) 23 (821%)

Most participants (78.6%) reported that daily
training was convenient and easy to integrate into their
routine, while 82.1% found WhatsApp monitoring mo-
tivating and helpful. The majority (64.3%) considered
the logbook simple to use, although some described it as
tedious. Overall, 75% of patients perceived direct ben-
efits from training, such as improved arm strength and
greater confidence in fistula use.

Hemodynamic outcomes are shown in Table 4.
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Table 4
Pre-post hemodynamic outcome (n=28)
Variable Pre (M £ SD) Post (M  SD) A (M = SD) p-value
Vein Diameter (mm) 3104 55+ 06 +24+05 <0.001"
Vein Depth (mm) 25+03 21+ 04 -04+02 0.002*
Blood Flow Volume [mL/min) 180 £ 55 565 110 +385+ 95 <0.007*

Pre- and post-training hemodynamic parameters measured by Doppler ultrasonography. Values compared using paired t-test or
Wilcoxon signed-rank test as appropriate. *p < 0.05 considered significant.

Aspresented in Table 4, significant changes were ob-
served after 4 weeks of training: vein diameter increased
from3.1£04mmto55%+0.6 mm(A=+24%0.5mm,
p <0.001), vein depth decreased from 2.5 = 0.3 mm to
2.1+0.4mm(A=-0.4%0.2mm, p=0.002), and blood
flow volume increased from 180 + 55 mL/min to 565 +
110 mL/min (A = +385 £ 95 mL/min, p < 0.001).

Discussion. As a single-group prospective uncon-
trolled case series, the findings should be interpreted as
observational and descriptive rather than causal. The
study was intended to assess the feasibility and physio-
logical changes associated with handgrip training, not to
confirm the intervention’s efficacy. The findings dem-
onstrate that such an intervention is both practical and
acceptable, with over 80% of participants completing
the program and only a small proportion withdrawing.
The five withdrawals (two due to health deterioration,
two due to low training frequency, and one due to loss
to follow-up) reflect challenges commonly encountered
in this patient population rather than exercise-related
safety issues. Importantly, no fistula-related adverse
events occurred, and significant hemodynamic changes
were observed after 4 weeks of training.

We observed an overall completion rate of 82%,
with the majority of the patients achieving >85% adher-
ence. These findings are comparable with previous stud-
ies evaluating exercise interventions in dialysis patients,
where adherence rates ranged between 70% and 90%
[8, 9]. Kong et al. demonstrated that regular handgrip
training could enhance cephalic vein diameter and blood
flow, though their study did not report adherence data
[9]. Similarly, Poetra et al. found improvements in vas-
cular parameters following exercise but did not assess
patient compliance [8]. Our study, therefore, adds new
evidence that such programs are not only feasible in real-
world settings but also capable of inducing meaningful
hemodynamic changes associated with AVF maturation.

No fistula-related adverse events were reported. Mi-
nor fatigue was the only complaint, which resolved spon-
taneously. These results are in line with prior studies sug-
gesting that handgrip exercise is a safe modality for pa-
tients with end-stage kidney disease (ESKD) [6]. Chen
et al. recently confirmed that both low- and moderate-
intensity exercise improved vascular outcomes without
complications [12]an advanced program (group B. The
absence of adverse events in our study, combined with
significant increases in vein diameter and blood flow,
highlights that handgrip training was associated with fa-
vorable vascular changes without compromising safety.

Aunique feature of this study was the use of What-
sApp for remote adherence monitoring. More than
80% of patients rated this approach as convenient and
motivating. The combination of video submissions,
logbooks, and real-time feedback allowed patients
to feel supported while reducing the need for hos-
pital visits. This aligns with broader evidence on the
role of digital health in chronic disease management.
For example, Ftouni et al. showed that telemedicine
platforms such as WhatsApp has been shown to facili-
tated communication and improved adherence during
the COVID-19 pandemic [10], while Dawson et al.
demonstrated the feasibility of mobile health tools to
promote physical activity in adults [13]but adherence
has been poor. Newer mobile health (mHealth. To
our knowledge, this is one of the first applications of
WhatsApp-based monitoring for AVF rehabilitation
in dialysis patients.

Our findings have several implications for clinical
practice. First, handgrip training can be implemented
safely at home, reducing the need for supervised in-
hospital exercise programs, which are resource-inten-
sive. Second, the significant hemodynamic changes ob-
served suggest that even simple, low-burden daily train-
ing may support vascular remodeling and may benefit
patients. Finally, the integration of digital platforms
such as WhatsApp offers a low-cost, scalable solution
for supporting adherence, which in turn facilitates the
hemodynamic changes observed, particularly in low-
and middle-income countries where dialysis services
are often under-resourced.

This study has several limitations. The small sam-
ple size limits generalizability and statistical power. The
intervention duration was short (four weeks), which re-
stricts interpretation of long-term vascular and clinical
outcomes such as AVF patency and dialysis adequacy.
Adherence data relied partly on self-reports, which may
introduce reporting bias despite digital verification. In
addition, potential selection bias should be acknowl-
edged, as patients capable of using smartphones and
participating in WhatsApp monitoring may differ in mo-
tivation or socioeconomic status from those who could
not participate. As a single-group case series, the findings
should be interpreted descriptively and not as evidence of
causality.

Future research should focus on larger multicenter
trials with longer follow-up to assess the sustainability
of adherence and long-term AVF outcomes. Integra-
tion of mobile health platforms into standard dialysis
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care should also be explored, including cost-effective-
ness analyses and measurement of patient-reported
outcomes such as quality of life and satisfaction.

Conclusions. This prospective case series shows
that home-based handgrip training is feasible, safe, and
well accepted in patients with new AVFs, with high ad-
herence and no complications. The observed hemody-
namic changes suggest that this simple, digitally sup-
ported program may help AVF maturation and could
be integrated into routine dialysis care, particularly in
resource-limited settings. Future studies with larger co-
horts and longer follow-up are needed to confirm these
results and determine the impact of such programs on
long-term fistula patency, dialysis adequacy, and pa-
tient quality of life.
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