Ukrainian Journal of Nephrology and Dialysis, 4 (88)'2025 Original Papers

~qlan J
s*‘z\“ %o/ Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal
'2%6 \ 1 \5 Founder:
’O/Ogy and 5 + National Kidney Foundation of Ukraine

ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua

Case report

doi: 10.31450/ukrjnd.4(88).2025.02

Novita Anggraeni, Saryono

Global research trends and collaboration networks in arteriovenous
fistula bleeding for haemodialysis: A bibliometric analysis
(2000—2024)

Department of Nursing, Universitas Jenderal Soedirman, Indonesia

Citation:

Article history:

Received September 06, 2025

Received in revised form
September 23, 2025

Accepted October 04, 2025

Anggraeni N, Saryono. Global research trends and collaboration
networks in arteriovenous fistula bleeding for haemodialysis: A
bibliometric analysis (2000-2024). Ukr J Nephrol Dialys. 2025;4(88):9-20.
doi: 10.31450/ukrind.4(88).2025.02.

Abstract. Arteriovenous (AV) fistula is the gold standard for long-term haemodialysis,
yet bleeding complications remain frequent, causing anemia, treatment interruption,
and hospitalizations. Despite its clinical importance, research on AV fistula bleeding is
fragmented across disciplines. This study provides the first global bibliometric analysis
exclusively focused on AV fistula bleeding, offering a consolidated view of research
trends and gaps. The present study aimed to map global research output, thematic
clusters, and emerging trends in AV fistula bleeding over the past two decades.

Methods. Publications from 2000—2025 were retrieved from Scopus and PubMed using
predefined keywords via Publish or Perish. After duplicate removal and title/abstract
screening, 127 English-language articles met the eligibility criteria. Data were analyzed
with VOSviewer (v1.6.19) to create density, network, and overlay visualizations with a
minimum threshold of five term occurrences.

Results. From an initial 3,085 records, annual output increased steadily after 2010.
The United States, the United Kingdom, and China were the most productive countries,
and the Journal of Vascular Access was the leading source. Thematic mapping
identified four clusters: (1) clinical complications (hematoma, vascular events), (2)
diagnostic and interventional strategies (angiography, embolization), (3) anatomical
considerations (vein selection, puncture site), and (4) outcome-based evaluations
(patency, safety, quality). Density maps showed persistent focus on hematoma and
vascular complications, while overlay maps indicated a post-2020 shift toward patient-
centered outcomes and methodological rigor.

Conclusions. Research on AV fistula bleeding has progressed from technical
and anatomical themes to patient-safety and quality-of-care priorities. These
findings underpin the need for standardized bleeding-management protocols and
multidisciplinary collaboration to improve prevention and clinical outcomes.

Keywords: arteriovenous fistula, bleeding complications, haemodialysis, bibliometric
analysis, vascular access.

Conflict of interest. The authors declare no conflict of interest.
© Novita Anggraeni, Saryono, 2025.

Correspondence should be addressed to Novita Anggraeni:
novitaanggraeni89.na@gmail.com

(CO) Bv-5n |

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (88) 2025 OpUriHOABHI HOYKOBI POBOTU 9


https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/
https://orcid.org/0009-0005-4996-7727
https://orcid.org/0000-0002-3012-5328
doi:%2010.31450/ukrjnd.4(88).2025.02
https://admisi.unsoed.ac.id/en/overview/
https://lutfikirdareah.saglik.gov.tr/EN,194978/our-vision-and-mission.html

Original Papers Ukrainian Journal of Nephrology and Dialysis, 4 (88)’2025

© Amnrrpaeni H., Cappono, 2025
VIK: 616.61-085.38-073.27:616.13/14—089.86]:616-06

Hogita Anrrpaesni, Capbono

I'nodanbHi TpeHaM JOCTiTKEeHb i HAYKOBOI B3a€MOii 111010 KPOBOTEY
3 apTepioBeHO03HOi (picTy) M 1)1 remMoiani3y: 0i0sioMeTpuYHMiA aHAJTI3
(2000-2024)

Kadenpa cecrpuHchkoi cripaBu, YHiBepcuteT xxeHnepan CynipMmaH, IHgoHe3is

Pestome. Apmepiosenosnua (AB) gpicmyna € «30r0mum cmandapmom» 045 3a0e3nevents 00820MpuU8an020 2emo-
dianizy, 00HAK YCKAQOHEHHS, NO8 I3aHI 3 KPOBOMeEUAMU, 3AAUULAIOMbCS NOWUPEHUMU, W0 NPU3BO0UMb 00 aHeMii, nepe-
PUBAHHA AIKY8aHHA ma 30inbuleHHA yacmomu eochimanizayiii. Hezeaxcarouu Ha KaiHivHy 3Havyujicme yiei npodaemu,
Haykoei docaidxucenHs kposomey 3 AB ¢hicmyau 3aruwaromocs po3pizHeHUMU Midc pI3HUMU eany3amu meduyuHnu. ILle
docnioxnceHHs € nepuum en00arbHUM 0ibAloMeMPUYHUM AHANIZ0M, YIAKOM NPUCBAYEHUM npobaemi Kpoeomey i3 AB ic-
myau, i NPONOHYE y3aeanbHeHUll 02a510 MeHOeHUill PO36UMKY ma HASA8HUX NPoearuH y docaioxcenusax. Memor pobomu
0y10 30ilicHUMU KapmyeaHHs C8imo6o20 HAYK08020 00pOOKY, BUBHAUUMU MeMAMUYHI Kaacmepu ma 8Us8UmMU HOBIMHI
Hanpamu 0ocaiodiceHs y yiil cgpepi 3a ocmauHi 06a decamunimms.

Memoou. Ilybaixauyii 3a nepiod 2000—2025 pokie 6yau 6idiopani 3 6a3 danux Scopus ma PubMed i3 suxopucman-
HAM 3a30ane2iob U3HAYEHUX KAI0408UX cAi6 uepe3 npoepamy Publish or Perish. Ilicas eudanenns dybaikamie i 8idoopy 3a
HA36010 ma aHomauyicto 0o ananizy 6yn0 exkaroueno 127 aneromosHux cmameil, wio 8i0nN0Gidalu Kpumepisim 6KAHOUEHHS.
AHnaniz danux nposoduscs 3a 0onomo20i0 npoepamuoeo 3abesneuenus VOSviewer (sepcia 1.6.19) das nobydosu kapm
WinbHOCMi, Mepedcesux ma HaKAAOHUX Gi3yanizayiil i3 MiHIMAALHUM NOPO2OM Y N SMb HOBMOPHOBAHUX MEPMIHIE.

Pezyaomamu. I3 nouamxoeux 3085 3anucie cnocmepieanocs nocmynoge 3poCmanHs Kinbkocmi nyoaikayii nic-
a1 2010 poky. Haiibinvuy Haykosy npodyxmuenicme npodemorcmpyearu CIIA, Beauka bpumania ma Kumaii, mooi
AK npogioHUM Odcepenom nybaikayii cmae Journal of Vascular Access. Temamuune kapmyeanus 0ano 3moey eudisumu
Yomupu 0cHOGHI Kaacmepu: 1) KaiHiuHi ycKaaOHeHHs (eemamoma, cyOunHi nodii); 2) diaeHocmuuHi ma iHmepeeHyiiiHi
cmpameeii (aneioepagis, embonizayis); 3) anamomiuni acnekmu (6ubip eéenu, micue nynkuii); 4) oyinka pesysomamis
AiKysaHHs (npoxionicme, be3neka, aKicmo).

Kapmu winenocmi 3aceiouusu cmiiikuil HAyKo8Ull iHmepec 00 mem eeMamom i CYOUHHUX YCKAAOHeHb, Mooi K
Kapmu Hakaadanus 8idodpaszunu 3miugenHs goxycy nicas 2020 poky y Hanpsami nayienm-opieHmMo8anux pe3yiomamie i
nidsuuenHs memo0oa02iuHoi AKocmi 0ocaiodiceHd.

Bucnosxu. Jlocaioncenns kpoeomeu 3 AB ghicmyau nocmynoeo eoaouionyeaiu 8i0 mexHiYHuX ma GHamoMivHUx
acnexkmie 00 numans be3nexu nayicumia i axocmi meouunoi donomoeu. Ompumani pe3ysbmamu niOKPecaooms nompe-
0y y po3pobaenHi cmanoapmu308aHUx NPOMOKO0IE 6e0eHHs Kposomeu ma NOCUAEHHI MIDCOUCUUNAIHAPHOI cnienpayi 045
noainuieHHs npopinaKmuKu ma KAHMHUX pe3yibmamis.

Kimouogi ciioBa: apmepiosenosna gpicmyna, yckraouenns, kpogomeui, 2emodianiz, 6ioniomempuyHuil ananis, cy-
JuHHUll docmyn.

Introduction. Arteriovenous (AV) fistula is the
preferred vascular access for long-term haemodialysis
because of its superior patency, lower infection risk,
and overall durability compared with central venous
catheters or grafts, and is therefore recommended in
international clinical guidelines [1—3]. Despite these
advantages, bleeding remains a frequent and serious
complication, ranging from minor oozing to life-threat-
ening haemorrhage that can lead to chronic anaemia,
interruptions in dialysis schedules, hospital admissions,
or even abandonment of the fistula and subsequent use

Novita Anggraeni
novitaanggraeni89.na@gmail.com

of central venous catheters with their attendant risks of
infection and central vein stenosis [4—7].

Research on the causes, management, and out-
comes of AV fistula bleeding is dispersed across ne-
phrology, vascular surgery, radiology, and nursing,
with no comprehensive synthesis of incidence, inter-
ventions, or reporting patterns [8§—11]. This fragmen-
tation hampers clinicians, researchers, and policy-
makers in identifying evidence gaps and developing
targeted interventions. Bibliometric analysis offers a
robust approach to address this need by quantitatively
mapping the literature and visualising interconnec-
tions among keywords, authors, and themes [12, 13].
Yet no bibliometric study has specifically examined
AV fistula bleeding, despite the substantial clinical
and economic burden: vascular-access complications
affect 20—30 % of haemodialysis patients annually,
with fatal haemorrhage contributing to 0.4—1.6 deaths
per 1,000 patient-years and healthcare costs rising
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10—20 % in affected patients [3, 14, 15]. This study,
therefore, maps the global scientific landscape of AV
fistula bleeding, identifies key thematic clusters, and
highlights under-explored areas using VOSviewer soft-
ware [13] to guide future research and inform clini-
cal protocols in line with the World Health Organiza-
tion’s patient-safety agenda and the United Nations
Sustainable Development Goal 3 on good health and
well-being [16].

Recent bibliometric studies have shown that this
method uniquely enables mapping the evolution of
research themes, visualising collaboration networks,
and detecting emerging topics over extended periods.
Such features cannot be achieved as effectively through
systematic or scoping reviews, which focus more on
synthesising content and appraising study quality.
Therefore, in our investigation of global research on
arteriovenous fistula (AVF) bleeding for haemodialysis
(2000—2024), bibliometric analysis is particularly well
suited to reveal not only what has been studied, but also
how the field has developed, who the key contributors
are, where the knowledge gaps lie, and which trends are
emerging [17—19].

Material and methods. Design. This study utilized
a quantitative bibliometric research design to anal-
yse the trends, structure, and thematic distribution of
scholarly publications related to AV fistula bleeding.
Bibliometric analysis, as a scientific method, is instru-
mental in assessing the volume, impact, and evolution
of publications within a specific research domain [20,
21]. The design adopted in this study enables the identi-
fication of knowledge hotspots, research gaps, and col-
laboration networks by systematically analysing publi-
cation metadata [22—24]. It does not involve human
participants or clinical interventions, and thus, ethical
approval was not required.

Data collection. Data were collected from Sco-
pus and PubMed, chosen for their extensive coverage
of peer-reviewed biomedical literature relevant to ne-
phrology and vascular access. Searches were conducted
using Publish or Perish software with combinations of
terms such as “AV fistula bleeding,” “arteriovenous
fistula complication,” “vascular access haemorrhage,”
and “haemodialysis bleeding,” refined with Boolean
operators.

Inclusion criteria comprised peer-reviewed arti-
cles, clinical studies, and reviews published in English
between 2000 and 2025 that explicitly addressed bleed-
ing or haemorrhage in AV fistulae. Editorials, letters,
conference abstracts, and non-English papers were ex-
cluded. Retrieved records were exported in CSV and
RIS formats for VOSviewer integration. Duplicates
were removed manually, and titles and abstracts were
screened to confirm relevance.

Grey literature sources, conference proceedings
and studies not indexed in Scopus or PubMed were ex-
cluded. This restriction to peer-reviewed, indexed pub-
lications ensures data quality and consistency; however,
it may introduce selection bias by omitting relevant but

non-indexed evidence and could slightly underestimate
the breadth of global research activity in this field.

Data analysis. The datasets were imported into
VOSviewer (v.1.6.19) for bibliometric mapping and
visualisation. Analyses focused on keyword co-occur-
rence, term frequency, thematic clustering, and tempo-
ral trends. Terms were drawn from titles and abstracts,
with a minimum threshold of five occurrences to ex-
clude infrequent items and ensure clarity.

VOSviewer (version 1.6.19) was used for biblio-
metric mapping. The minimum term occurrence was
set to five to exclude infrequently used terms and im-
prove clarity. The clustering resolution parameter was
set at 1.0 (default value) with the minimum cluster size
of five items. Normalisation of co-occurrence strength
was performed using the association strength method.
These settings were selected based on standard recom-
mendations in bibliometric research to ensure both
clarity and reproducibility.

Three visualisation types were produced: (1) den-
sity maps, highlighting frequent terms; (2) network
maps, clustering terms by co-occurrence strength;
and (3) overlay maps, displaying temporal trends.
Link strength values quantified associations, with
maps interpreted both quantitatively and qualitatively
to identify central themes, research foci, and gaps.

The final search (15 August 2025) yielded 3,085
records (Scopus = 2,884; PubMed = 211). After du-
plicate removal and screening, 127 articles were eli-
gible and 127 were included. Four thematic clusters
emerged: clinical complications, diagnostic and in-
terventional strategies, anatomical considerations,
and outcome-based evaluations. Density and overlay
maps showed a persistent focus on vascular complica-
tions, with a post-2020 shift towards pharmacologi-
cal safety, adverse event monitoring, and long-term
patency.

Future priorities include standardised bleeding-
management protocols, integration of patient-report-
ed outcomes, multidisciplinary involvement, and pre-
dictive analytics. Further work is needed on educa-
tional interventions, simulation training, and quality-
of-life impacts, supporting more holistic, preventive,
and personalised vascular access care.

Citation counts were not normalised across years,
favouring older studies; this limitation was acknowl-
edged. Bias was reduced through the use of two major
databases, comprehensive keyword strategies, Eng-
lish-only inclusion (noting exclusion of non-English
work), and manual verification. These measures en-
hanced both coverage and accuracy in mapping the
global AV fistula bleeding literature.

Results. The bibliometric search yielded 3,085
records, of which 127 publications met the inclu-
sion criteria after screening and duplicate removal

(Fig. 1).

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (88) 2025

OpUriHOABHI HOYKOBI POBOTU 11



Original Papers Ukrainian Journal of Nephrology and Dialysis, 4 (88)’2025

Identify Of Studies Via Database

Search and collect documents form Scopus (n = 211) and
From Pubmed (n= 2884) TO

Search keayword: «AV fistula bleeding», «arteriovenous
fistula complication», «vascular access hemorrhage»,
«haemodialysis bleeding» and related synonyms

Year range: 2005 — 2025

Document type: article, book chapter,
conference paper, review

IDENTIFICATION

Language: English

— !

C) Record screened (n=3085) Records excluded not

= directly related to finding
E l > expert based on title and
wl abstract screening, duplicate
§ Reports assessed for eligibility (n = 127) remove (n= 2949)

- !

Bibliometric review (n= 127)

Analysis tool: VOSviewer
Analysis items:
Keywords co-occurrence analysis

Co authorship network with authors

INCLUDED

Citations analysis

Map based on text data

Fig. 1. Prisma Flow Diagram.

The analysis revealed a steady increase in global re- the multidisciplinary nature of the field and a gradual ex-

search activity on AV fistula bleeding, particularly after pansion of international collaboration. These patterns are
2010, reflecting growing recognition of this issue within summarised in Fig. 2, while Tables 1 and 2 highlight the
nephrology and vascular access care. The distribution of most influential publications and authors that have shaped
studies across countries and journals demonstrates both  the scientific landscape of AV fistula bleeding research.
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Fig. 2. Graph of publications on AV fistula bleeding from 2005 to 2025. The graph shows an overall rise in publications on AV

fistula bleeding from 2005 to 2025. Despite some temporary fluctuations, output peaked at about 18 papers in 2022 and has remained

higher than in the early years, indicating sustained and growing global research interest.
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Table 1
Top 10 most cited publications AV fistula bleeding over the last two decades
(from 2005 to 2025)
Rank All:ltrt?tt)r Citations | Year | Journal / Source Article Title DOI Country ReseaTr;::I::cus/
1 Gary 104 2014 Angiogenesis Medical adjuvant 101007/510456-014-9436-3 United Pharmacological
Osborn treatment to increase Kingdom | adjuncts to impraove
patency of arteriovenous AV fistula and graft
fistulae and grafts patency
2 | Geoffrey C. 67 2008 Cochrane Secondary arteriovenous | 101002/14651858.CD002786. USA Evidence-based con-
Slayden Database of fistulas: converting pub? version of prosthetic
Systematic prosthetic AV grafts grafts to autogenous
Reviews to autogenous dialysis AV fistulas
access
3 Gevorg 4h 2014 Journal of Safety of new oral anti- | 101007/s10840-014-3888-9 USA Evaluation of bleeding
Stepanyan Interventional | coagulants for patients risk from novel oral
Cardiac undergoing atrial fibrilla- anticoagulants during
Electrophysiology tion ablation cardiac procedures
4 | HK. Younes 40 20M Annals of Transhepatic hae- 101016/j.avsg.201012.020 United | Outcomes and failure
Vascular Surgery | modialysis catheters: States patterns of transhe-
Functional outcome and patic haemadialysis
comparison between catheters
early and late failure
5 .N. Naazie 28 2013 American Revision of Aneurysmal 101053/}.ajkd.2013.03.028 United Surgical revision
Journal of Kidney |  Arteriovenous Access States of aneurysmal AV
Diseases with Immediate Use access using immedi-
Graft Is Safe and Avoids ate-use grafts
Prolonged Use of
Tunneled Haemadialysis
Catheters
6 J.A. Akoh 18 2018 | Clinical Research | Prosthetic arteriovenous | 101007/s00392-018-1299-y United Review of prosthetic
in Cardiology | grafts for haemadialysis Kingdom | AV grafts for haemo-
dialysis access
7 J.A Akoh 18 2017 Journal of A 5-year audit of haemo- 10.5301/jva.5000734 United Five-year audit of
Vascular Access dialysis access Kingdom | haemodialysis vascu-
lar access outcomes
8 J.D. Dale 17 201 Cochrane Expanded 101002/14651858.CD002786. USA Effectiveness of
Database of | Polytetrafluoroethylene- pub3 PTFE-covered stents
Systematic covered Stent Treatment in managing angio-
Reviews of Angioplasty-related plasty-related bleed-
Extravasation during ing/extravasation
Haemodialysis Access
Intervention: Technical
and 180-day Patency
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Continuation of Table 1
First - N Research Focus /
Rank Author Citations | Year | Journal / Source Article Title DOI Country Theme
9 {JI. Rotmans 16 2015 | European Journal | Haemodialysis access 101016/j.6jvs.2015.01.006 | Netherlands |  Critical review of
of Vascular and graft failure: Time to causes and manage-
Endovascular | revisit an unmet clinical ment strategies for
Surgery need? haemodialysis graft
failure
10 J). 15 2022 Journal of Contemporary outcomes | 101177/1129729820985626 USA Outcomes of distal
Fitzgibbon Vascular Access | of distal radial artery li- radial artery ligation
gation for access related to treat access-relat-
hand ischemia ed hand ischaemia

As shown in Table 1, the most frequently cited
studies originated predominantly from the United
States and the United Kingdom, reflecting early lead-
ership in evidence-based approaches to vascular access
management. Highly cited works focused on improving

fistula patency, managing haemorrhagic complications,
and evaluating interventional outcomes, indicating the
clinical relevance and methodological influence of
these publications.

Table 2
Top 10 authors in the co-authorship network: Documents, citations, and total link strength
Rank Author Documents % Documents Citations % Citations Etrzlng?: %TLS
1 Hari Bogabathina 4 13.3% 144 291% 14 169 %
2 Pavan Katikaneni g 10.0 % 40 81% 7 84%
3 Kalgi Modi 3 10.0% 40 81% 7 84%
4 Runhua Shi 2 6.7% 35 n% 6 12%
5 Sampath Singireddy 2 6.7% 30 61% 6 2%
6 Liam Morris 2 6.7% 28 57% 6 12%
7 Abdulrahman 2 6.7% 24 48% 5 6.0%
Abdulbaki
8 Henock Zabher 2 6.7% 22 44% 5 6.0%
9 JA. Akoh 2 6.7% 20 40% 4 48%
10 EK. Peden 2 6.7% 18 36% 4 48 %
Total - 30 100 % 501 100 % 84 100 %

The co-authorship network demonstrates a highly
centralised structure. Hari Bogabathina emerges as the
key hub, producing the highest proportion of publica-
tions and citations, supported by a smaller group of
mid-level contributors such as Pavan Katikaneni and
Kalgi Modi. The remaining authors form a more dis-
tributed periphery, indicating moderate international
collaboration but a concentration of influence within
a few leading researchers. This pattern reflects a hub-
and-spoke configuration, where a limited number of
core investigators drive much of the scientific output in
the field. To further explore thematic patterns, keyword
mapping using VOSviewer was conducted. Figure 3

presents the network visualisation of terms appearing in
titles and abstracts of publications on AV fistula bleed-
ing between 2005 and 2025.

Four major clusters were identified: (1) clinical com-
plications and patient risk factors (blue), (2) diagnostic
and interventional techniques (green), (3) anatomical
and procedural determinants (red), and (4) outcome-
oriented and methodological studies (yellow). These
clusters collectively depict the multidisciplinary nature
of the field and its evolution from technical manage-
ment toward patient-centred care and evidence-based
evaluation. Temporal analysis using overlay mapping
(Fig. 4) reveals a chronological shift in research focus.
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Earlier studies, primarily from 2012 to 2015, ad-
dressed technical and diagnostic challenges such as
angiography, embolisation, and vascular complica-
tions, whereas more recent publications (2018 onward)

arrial fibrillation

hematoma

#, vosviewer

emphasise clinical trials, patient-reported outcomes,
and methodological quality. Finally, the density map
(Fig. 5) highlights areas of greatest research concen-
tration.

Fig. 5. Density visualization map of terms in the title/abstract fields
of publications related to AV fistula bleeding from 2005-2025.

The VOSviewer density map highlights areas of
highest research concentration in AV fistula bleeding.
The bright yellow zones mark frequently occurring
terms such as “hematoma”, “vascular complication”,
“angiography”, “embolization”, “patency”, and “for-
mation”, indicating these are the dominant topics in
the literature. The green to blue regions show progres-
sively lower term frequency, reflecting less-studied or
emerging areas. Overall, the map reveals that research
is most intense around complications and imaging/in-
terventional techniques and also strongly focused on
outcomes such as access patency and fistula formation,
while more peripheral themes appear less frequently.

Discussion. The visualisation results reveal a dy-
namic and evolving research landscape in the manage-
ment of AV fistula bleeding [3]. Four principal the-
matic clusters emerge. First, the blue cluster highlights
patient-specific risk factors such as sex and vascular
closure techniques, showing that haematoma and other
vascular complications remain common adverse events
after catheterisation, and that ultrasound guidance and
closure devices can reduce this risk [25—29]. Second,
the green cluster centres on diagnostic and interven-
tional radiology, where angiography and endovascular
embolisation have become standard for detecting and
treating bleeding or vascular malformations [30, 31].
Third, the red cluster underscores anatomical and pro-
cedural determinants such as vein choice, puncture site

and repeated cannulation trauma crucial to long-term
patency and bleeding risk [11, 30] . Finally, the yel-
low cluster signals a shift towards outcome-oriented
research, with growing attention to trial design, quality
metrics and evidence synthesis.

Persistent hotspots particularly “haematoma” and
“vascular complication” show these remain unresolved
clinical challenges, while newer terms such as “confi-
dence interval”, “difference” and “inclusion” indicate
rising methodological rigour and interest in well-de-
signed clinical trials [11, 32]. Beyond bibliometric pat-
terns, AV fistula bleeding represents a major global bur-
den: it increases morbidity, mortality and health-care
costs, and diminishes quality of life through anxiety and
fear of recurrent episodes [11, 33, 34].

Effective management requires close collaboration
among nephrologists, vascular surgeons, interventional
radiologists and nurses [35]. Nurses play a pivotal role
in early detection, patient education and home-based
monitoring [36], while interventional radiology pro-
vides minimally invasive treatments such as embolisa-
tion and angioplasty for refractory haemorrhage [9].
Technological innovations, including ultrasound-guid-
ed cannulation, automated pressure sensors, and simu-
lation-based or virtual-reality training, further support
safer procedures and better risk prediction; artificial-
intelligence models can also help identify high-risk pa-
tients [26—29, 37—41]
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Research priorities differ by setting: high-income
countries often emphasise interventional radiology and
Al-based risk prediction, whereas low- and middle-in-
come countries, including Indonesia, rely more heavily
on nurse-led surveillance and patient education due to
limited access to advanced technologies[10, 42—45].

Future research should prioritise large multicentre
randomised trials, systematic reviews and cost-effec-
tiveness analyses, while integrating patient-reported
outcomes to capture the full clinical and psychosocial
impact [1, 46—54]. Addressing these gaps will require
coordinated global policies that strengthen national
vascular-access registries, support nurse-led surveil-
lance, and invest in context-appropriate technologies,
in line with the World Health Organization’s Global
Patient Safety Action Plan and the United Nations Sus-
tainable Development Goal 3 agenda [55—57].

Building on the above findings, recent bibliomet-
ric investigations show that although research output
from LMICs is growing, authors affiliated solely with
LMIC institutions are underrepresented in senior au-
thorship positions—especially in multicountry studies
and high-impact journals [58,59]. This finding aligns
with patterns seen in global emergency medicine and
broader global health literature, where leadership tends
to cluster in high-income countries even when stud-
ies are conducted in LMICs [60, 61]. Therefore, our
co-authorship results suggest there is room to improve
equity of research leadership by enabling more LMIC-
based researchers to take leading roles through funding,
capacity building and deliberate partnership structures
[58—61].

This study is subject to several limitations. First,
restricting the search to English-language publications
indexed in Scopus and PubMed may have excluded
relevant studies published in other languages or non-
indexed sources. Second, citation counts inherently
favour older publications, which have had more time
to accumulate citations, and tend to privilege research
output from high-income countries where visibility and
academic networks are stronger. These factors may bias
the apparent influence of particular authors, countries
or institutions and should be considered when inter-
preting the bibliometric indicators.

Future research should build on these findings
through well-designed multicentre clinical trials and
the development of national or international vascular-
access registries. Such initiatives would allow robust
evaluation of prevention and management strategies
for AV fistula bleeding across different populations and
healthcare settings. In addition, Al-based risk predic-
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tion models and other machine-learning approaches
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guide personalised interventions. These steps would
provide a more comprehensive evidence base and in-
crease the practical relevance of future work.

Conclusions. This bibliometric study provides a
comprehensive overview of research trends in AV fis-
tula bleeding over the last two decades, identifying four
main thematic clusters: clinical complications, diag-
nostic and interventional strategies, anatomical con-
siderations, and outcome-based evaluations, showing a
gradual evolution from technical management toward
more patient-centred, evidence-based approaches. The
density and overlay visualisations highlight a chrono-
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oritise standardised bleeding-management protocols,
stronger roles for nursing and multidisciplinary teams,
integration of patient-reported outcomes, and predic-
tive analytics using machine learning, alongside studies
on educational interventions, simulation-based train-
ing, and quality-of-life impacts. These directions un-
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gies in which clinicians emphasise early detection and
standardised management while researchers explore
innovative models and under-addressed topics. Greater
involvement of multidisciplinary teams, including nurs-
ing, together with investment in patient education and
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intervention strategies and support the development
of holistic, preventive, and personalised approaches to
vascular access care in haemodialysis.
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