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ABSTRACT:

Background: Recurrent vascular access failure imposes repeated procedures and
threatens continuity of hemodialysis, yet recurrence phenotypes are less well

characterized than single access failure.

Methods: We performed a retrospective secondary cohort analysis of 381 adults
receiving maintenance hemodialysis at two centers in Al-Ahsa, Saudi Arabia. Recurrent
failure/immaturation was defined a prioti as at least two documented access failure or
immaturation episodes. Modified Poisson regression with robust variance estimated
adjusted risk ratios (aRRs). Biochemical associations were examined in prespecified

center-, age-, and sex-adjusted models with false-discovery-rate correction.

Results: Recutrent failure/immaturation occurtred in 38 patients (10.0%; 95% CI 7.4%-
13.4%). Among 102 patients with any failure history, 37.3% had recurrence. Thrombosis
was recorded in 63.2% of recurrent cases and stenosis in 47.4%. Treatment center was
associated with recurrence in the primary model (aRR 2.62, 95% CI 1.19-5.79; p=0.017),
but this association weakened in sensitivity analyses. No biochemical marker remained

associated after multiplicity correction.

Conclusions: Recurrent access failure affected one in ten patients and was dominated
by thrombotic and stenotic mechanisms. Recurrence should trigger structured access
review and documentation, while center-level variation requires prospective validation

before being interpreted as a quality signal.

INTRODUCTION

Reliable vascular access is essential for maintenance hemodialysis, but access durability remains limited by maturation failure,
stenosis, thrombosis, infection, and the need for repeated interventions. Contemporary guidance emphasizes that vascular
access should be managed as part of an individualized kidney failure Life-Plan, with explicit contingency and succession

strategies when an access becomes dysfunctional [1-3].

Arteriovenous fistulas (AVFs) generally offer favorable long-term infection and patency profiles once successfully matured,

but initial nonmaturation and later dysfunction are common. A large systematic review reported substantial fistula

628
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health

elSSN: 2583-1194

abandonment and incomplete functional maturation, illustrating that creation of an AVF does not guarantee durable clinical
use [4].

Stenosis and thrombosis remain the dominant flow-related mechanisms of arteriovenous access dysfunction, and recurrence
after successful salvage can lead to a cycle of angioplasty, thrombectomy, revision, catheter exposure, and eventual access
abandonment [1,3,5].

Most vascular-access studies classify patients according to a single episode of primary failure, current patency, or time to a
first intervention. This approach can obscure a clinically important subgroup: patients who experience repeated episodes of
failure or immaturation. Recurrent events may reflect persistent anatomic lesions, unfavorable access configuration, low-flow
states, cannulation-related injury, systemic vascular disease, or unmeasured center-level processes. Recent evidence also
suggests that a history of multiple prior AVF failures is itself an important marker of subsequent thrombosis risk [6].

Risk-factor literature is heterogeneous. Systematic reviews and meta-analyses have implicated age, sex, diabetes, vessel
diameter, fistula location, low blood flow, albumin, and other patient or access factors in primary AVF failure or thrombosis
[7-10]. However, published prediction models frequently have methodological limitations, including small event counts,
inconsistent outcome definitions, and lack of external validation [11]. Evidence from Saudi Arabia is particularly limited.

The undetlying Al-Ahsa cohort has previously been used to describe overall access patterns, cutrrent patency/failure,
complications, and barriers to AVF/AVG establishment [12]. The present analysis addresses a distinct question by using the
documented number of historical access failure/immaturation episodes to identify a recurrent-failure phenotype and by

examining clinical, biochemical, and access-related factors associated with recurrence.

The objectives wete to quantify the burden of recurtent vascular access failure/immaturation, characterize the mechanisms
recorded in recurrent cases, identify independently associated clinical and access-related factors, and explore biochemical

markers while explicitly accounting for multiplicity and the temporal limitations of retrospective laboratory data.
METHODS
Study design and setting

This was a retrospective multicenter secondary cohort analysis of adults receiving maintenance hemodialysis at Almoosa
Specialist Hospital and Aljaber Kidney Center in Al-Ahsa, Eastern Province, Saudi Arabia. The underlying data were collected
during 2024 and included demographic, clinical, biochemical, echocardiographic, and vascular-access variables. Reporting was
guided by the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement [13].

Relationship to the previous cohort report

The source cohort was previously analyzed to describe current vascular-access types and current access outcomes [12]. That

report analyzed 378 patients because three records lacked the current access-type information required for that analysis.

The updated source files available for the present secondary analysis contained 381 records; the three additional records had
documented histotical failure/immaturation episode counts and wete therefore informative for the recurrence outcome. The

current analysis uses a different outcome definition, hypothesis, and statistical framework from the previous publication.
Participants and outcome definition

All 381 adults in the updated files had an available value for the number of documented access failure or immaturation
episodes and were included in the primary analysis.

The ptrimatry outcome was recutrent vascular access failure/immaturation, defined a ptioti as at least two documented
episodes. Values recorded as 'multiple times' were classified as recurrent because they unambiguously represented more than
one episode, but wete not assigned an exact numerical count. A histoty of any failure/immaturation was defined as at least

one episode. Patients with no recorded episode constituted the reference group for the primary cohort analysis.

This outcome was intentionally broader than current access failure. It captured repeated historical dysfunction across the
patient's access course, including failure and immaturation, and did not require the cutrent access to be dysfunctional at the

time of data abstraction.
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Failure mechanisms

Recorded free-text causes were harmonized into non-mutually-exclusive mechanism categories: thrombosis, stenosis,
immaturation, venous hypertension, aneurysm/pseudoaneurysm, infection, other specified mechanisms, and
unknown/unspecified. Because a patient could have more than one mechanism documented, percentages across mechanism

categories can exceed 100%.
Candidate clinical and access-trelated variables

The primary multivariable model was deliberately parsimonious because only 38 recurrent events were observed. Six variables
were specified on clinical grounds before model fitting: age (per 10-year increase), sex, diabetes mellitus as the primary
etiology of end-stage kidney disease (ESKD), cardiovascular comorbidity, catheter versus arteriovenous access as the first
documented dialysis access, and treatment center. Cardiovascular comorbidity was identified from documented ischemic
heart disease, coronary disease, heart failure, or cardiomyopathy.

Current access status was not entered into the etiologic model because recurrent failure can itself lead to current dysfunction

or access abandonment, creating substantial risk of reverse causation.
Biochemical variables

Available biochemical and physiologic variables included hemoglobin category, albumin, creatinine, total cholesterol,
triglycerides, calcium, phosphorus, parathyroid hormone (PTH), ferritin, and left ventricular ejection fraction. Hemoglobin
entries were harmonized as below 12 g/dL versus within/above the centet's documented target. Creatinine, PTH, and ferritin
were log2-transformed for regression because of right-skewed distributions. Ejection fraction values stored as proportions

were converted to percentage units for presentation.

Because laboratory measurements could not be confirmed to precede historical access failures in every patient, biochemical

analyses were explicitly treated as exploratory associations rather than causal predictors.
Statistical analysis

Continuous variables were summarized using medians and interquartile ranges (IQRs), and categorical variables using
frequencies and percentages. Recurrent-event prevalence was reported with a Wilson 95% confidence interval. Unadjusted

group comparisons used the Mann-Whitney U test or Fisher exact test as appropriate.

Modified Poisson regression with robust sandwich variance was used for the primary multivariable analysis to estimate
adjusted risk ratios (aRRs) and 95% confidence intervals directly [14]. No automated stepwise selection was performed. For
the exploratory biochemical screen, each biomarker was assessed in a separate modified Poisson model adjusted for age, sex,
and center. The Benjamini-Hochberg false discovery rate (FDR) procedure was applied across the ten biochemical tests; both

nominal p-values and FDR-adjusted g-values were considered.

Two sensitivity analyses were prespecified. First, records described only as 'multiple times' wete excluded to test dependence
on qualitative episode coding. Second, analysis was restricted to patients with at least one documented failure/immaturation

episode, comparing recurrent versus single-event cases. Statistical tests were two-sided.
RESULTS
Cohort and recurrence burden

The analytic cohort included 381 patents. Overall, 279 (73.2%) had no documented failure/immaturation episode, 64
(16.8%) had one episode, and 38 (10.0%; 95% CI 7.4%-13.4%) met the definition of recurrent failure/immaturation. Thus,
among the 102 patients with any documented failure history, 38 (37.3%; 95% CI 28.5%-46.9%) had recurrence.

The recurrent group was older on unadjusted comparison (median 63.5 years, IQR 54.5-72.0) than the nonrecurrent group
(59.0 years, IQR 42.5-69.0; p=0.047). Recurrent cases also had higher median creatinine, calcium, and ferritin in unadjusted

analyses; these associations were substantially attenuated after adjustment and multiplicity correction.

Recurrent failure was documented in 19 of 106 patients at Almoosa (17.9%) and 19 of 275 at Aljaber (6.9%). This center

difference was investigated in adjusted and sensitivity analyses rather than interpreted as a direct measure of care quality.
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Table 1. Clinical and biochemical characteristics according to recurrent vascular access failure/immaturation

Characteristic No recutrence (n1=343) Recurrent (n=38) Unadjusted p
Age, years, median (IQR) | 59.0 (42.5-69.0) 63.5 (54.5-72.0) 0.047
Female sex 132 (38.5%) 17 (44.7%) 0.486
Diab imary ESKD
jabetes as primary 242 (70.6%) 29 (76.3%) 0.572
etiology
Cardiovascular comorbidity | 86 (25.1%) 11 (28.9%) 0.563
First dialysis access was a
240 (70.0%) 24 (63.2%) 0.458
catheter
Almoosa treatment center 87 (25.4%) 19 (50.0%) 0.002
Hemoglobin <12 g/dL 242 (70.6%) 30 (78.9%) 0.346
Albumi L di
umin, /L, median | 50 336389 35.8 (33.5-37.5) 0.526
(IQR)
Creatini 1/L, medi
reatnine, umol/L, median | 3\) 3 )30 3 550.3) 451.9 (269.3-783.3) 0.019
(IQR)
Cholesterol /L
O esteros mmol/L, | 5 7 3.05-4.46) 3.28 (2.84-4.08) 0.055
median (IQR)
Triglycerid /L
riglycerides, - mmol/L, |} 5 901,88 1.46 (0.73-1.77) 0.550
median (IQR)
Ici /L, medi
Calcium, mmol/L, median | | 5 1) 5 56 2.20 (2.10-2.31) 0.005
(IQR)
hosph /L
Phosphorus, mmol/L, |y 0 1.22-1.97) 1.46 (1.18-1.91) 0.269
median (IQR)
PTH /L di
> pmol/L, - median | o0 570 g0 g) 46.9 (26.7-79.9) 0.757
(IQR)
- - .
rtitin, - ng/ml,  median | (0o 035 8.844.0) 650.4 (404.0-1179.6) 0.038
(IQR)
T T .
jection fraction, %, median 55 (50-55) 55 (50-55) 0772
(IQR)

IQR, interquartile range; ESKD, end-stage kidney disease; PTH, parathyroid hormone. P-values are unadjusted and
descriptive; biochemical inference is based on the multiplicity-adjusted models in Table 4.

Failure and immaturation mechanisms

Among all 102 patients with at least one failure/immaturation episode, thrombosis was documented in 43 (42.2%), stenosis in

39 (38.2%), immaturation in 13 (12.7%), venous hypettension in 7 (6.9%), and aneurysm/pseudoaneurysm in 6 (5.9%).

The recurrent phenotype was patticulatly thrombotic: thrombosis was recorded in 24 of 38 recurrent cases (63.2%) compared
with 19 of 64 single-event cases (29.7%; p=0.002). Stenosis was also common in recurrent cases (47.4%), although its
frequency did not differ significantly from single-event cases.

As expected, a history of recurrence was overrepresented among patients whose current access was documented as
dysfunctional or failed: 15 of 29 (51.7%) had recurrent episodes compared with 21 of 255 (8.2%) whose current access was
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documented as well functioning. Current status was not modeled as a determinant because it may lie downstream of prior

recurrent failure.

Table 2. Recorded mechanisms among patients with any access failure/immaturation history (n=102)

Mechanism Single event (n=64) Recurrent (n=38) P

Thrombosis 19 (29.7%) 24 (63.2%) 0.002
Stenosis 21 (32.8%) 18 (47.4%) 0.206
Immaturation 7 (10.9%) 6 (15.8%) 0.545
Venous hypertension 4 (6.3%) 3 (7.9%) 1.000
Aneurysm/pseudoaneurysm | 3 (4.7%) 3 (7.9%) 0.668
Infection 1 (1.6%) 0 1.000
Other specified 2 (3.1%) 2 (5.3%) 0.627
Unknown/unspecified 13 (20.3%) 4 (10.5%) 0.275

Mechanism categories are non-mutually-exclusive because multiple mechanisms could be recorded for one patient; column

percentages therefore do not sum to 100%.
Clinical and access-related factors associated with recurrence

In the prespecified modified Poisson model, treatment center was the only variable with evidence of an independent
association with recurrent failure/immaturation. After adjustment for age, sex, diabetic ESKD, cardiovascular comorbidity,
and first-access type, treatment at Almoosa was associated with a 2.62-fold higher recorded recurrence risk than treatment at
Aljaber (aRR 2.62, 95% CI 1.19-5.79; p=0.017).

Age, sex, diabetes as the primary ESKD etiology, cardiovascular comorbidity, and catheter-based dialysis initiation were not
independently associated with recurrence. Because center differences can reflect documentation intensity, referral patterns,

access complexity, or residual case mix, this association was treated as a contextual signal rather than a causal center effect.

Table 3. Prespecified multivariable model for recutrent vascular access failure/immaturation

Variable Adjusted risk ratio 95% CI p
Age, per 10-year increase 1.12 0.90-1.40 0.318
Female sex 1.14 0.61-2.15 0.679
Diab i ESKD

iabetes as primary ESKD | oo 0.40-1.93 0.743
etiology
Cardiovascular comorbidity | 0.77 0.39-1.54 0.459
Fi ialysi

irst dialysis access was a 115 0.53.2.52 0724
catheter
Almoosa vs Aljaber center 2.62 1.19-5.79 0.017

Modified Poisson regression with robust variance. ESKD, end-stage kidney disease.
Exploratory biochemical associations

No biochemical marker retained evidence of association after FDR correction. A nominal inverse association was observed
for cholesterol (aRR 0.75 per 1 mmol/L inctease; p=0.036), and calcium showed a bordetline positive association (aRR 1.14
per 0.1 mmol/L increase; p=0.075), but the cortesponding FDR g-values were 0.355 and 0.373. Hemoglobin below 12 g/dL,
albumin, creatinine, triglycerides, phosphorus, PTH, ferritin, and ejection fraction were not associated after adjustment for

age, sex, and center.

632
Natural Resources for Human Health (NRFHH)

https://nrfhh.com




Natural Resources for
Human Health

elSSN: 2583-1194

These results indicate that the unadjusted differences in creatinine, calcium, and ferritin should not be interpreted as

independent biochemical determinants of recurrent access failure.

Table 4. Exploratory biochemical associations with recurrent access failure/immaturation

Biochemical
tochemica n Adjusted RR 95% CI p FDR q
factor
i <
Hemoglobin <12 ., 1.39 0.67-2.91 0.380 0.636
g/dL
Albumin, - per 5 | 1 1.10 0.81-1.49 0.541 0.750
g/L higher
Creatinine,  per | 4 132 0.79-2.21 0.287 0.636
doubling
holesterol, per 1
Cholesterol, per 11 /) 0.75 0.58-0.98 0.036 0.355
mmol/L higher
——
Triglycerides, per | (¢ 0.85 0.58-1.23 0.382 0.636
1 mmol/L highet
ci 1
Caleium, per 0.1} 10 114 0.99-1.33 0.075 0373
mmol/L higher
Phosphorus, per
0.5 mmol/L | 379 0.98 0.73-1.33 0.904 0.904
higher
PTH, PEr T 379 1.12 0.89-1.39 0.330 0.636
doubling
Ferritin, PEr T 378 1.06 0.84-1.32 0.629 0.750
doubling
Ejection fraction,
10
per , 264 1.07 0.79-1.43 0.675 0.750
percentage-point
higher

Each biomarker was modeled separately and adjusted for age, sex, and treatment center. Creatinine, PTH, and ferritin were
log2-transformed. FDR g-values use the Benjamini-Hochberg procedure across the 10 biochemical tests. PTH, parathyroid

hormone; RR, risk ratio.
Sensitivity analyses

Two records had episode frequency documented qualitatively as 'multiple times." When these records were excluded, 36 of
379 patients met the recurrent definition. The center association attenuated to aRR 2.17 (95% CI 0.96-4.92; p=0.064), while

other clinical covariates remained non-significant.

When analysis was testricted to the 102 patients with at least one documented failure/immaturation episode, compating
recurrent (n=38) with single-event (n=064) cases, the center association was also attenuated (aRR 1.49, 95% CI 0.80-2.78,;
p=0.209). These analyses support cautious interpretation of center-level differences.

DISCUSSION
Principal findings

This multicenter secondary analysis identifies recurrent vascular access failure/immaturation as a clinically important

phenotype affecting approximately one in ten patients in the overall hemodialysis cohort and more than one third of patients
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who had experienced any access failure. The recurrent phenotype was dominated by thrombosis and stenosis. Thrombosis
was more than twice as frequent among recurrent than single-event cases, supporting a mechanistic pattern in which repeated

flow-limiting lesions and thrombotic events contribute disproportionately to recurrent access morbidity.

The analysis also demonstrates why recurrence should not be reduced to a single laboratory abnormality. Although recurrent
cases had higher creatinine, calcium, and ferritin in unadjusted comparisons, none of the biochemical associations sutvived
center adjustment and FDR correction. The strongest primary-model signal was center-level variation, but its attenuation in

sensitivity analyses argues against interpreting this as evidence of a causal institutional effect.
Recurrent failure as a distinct vascular-access phenotype

Vascular-access research has historically emphasized first failure, nonmaturation, primary patency, or cufrrent access status.
These outcomes are clinically important, but they may not identify patients entering a cycle of repeated salvage procedures
and access loss. Contemporary reviews emphasize that recurrent stenosis and thrombosis are common threats to

arteriovenous access durability and require an explicit contingency and succession plan [1,3,5].

The finding that thrombosis occurred in 63% of recurrent cases is consistent with the central role of stenosis-thrombosis
pathways in access failure. A 2024 systematic review identified multiple patient and access characteristics associated with
dialysis-access thrombosis, including graft access, age, diabetes, access location, and low access flow [8]. More recently, a 2026
prediction study of mature autogenous AVFs identified a history of two or more prior AVF failures as a predictor of

subsequent thrombosis, directly supporting the clinical relevance of recurrent-event history as a risk marker [6].
Clinical and biochemical factors

Age, sex, diabetes, cardiovascular comorbidity, and initial catheter use did not independently distinguish patients with
recurrent failure in the present cohort. This does not imply that these factors are irrelevant to vascular-access outcomes.

Rather, the risk factors for initial AVF maturation, thrombosis, restenosis, and repeated failure are not necessarily identical.

Recent meta-analyses of primary AVF failure report associations with female sex, diabetes, low albumin, distal fistula location,
and smaller vessel diameter [7], while restenosis after angioplasty has been associated with diabetes, upper-arm fistula
location, longer stenotic lesions, and multiple lesions [10]. The current dataset did not contain detailed vessel diameter, lesion
length, access flow, serial imaging, cannulation technique, or intervention-level data. These unmeasured access characteristics

may be more proximal to recurrence than the general demographic variables available here.

The biochemical findings should also be interpreted cautiously. Current laboratory values may reflect nutritional status,
dialysis adequacy, inflammation, mineral-bone disorder, or treatment intensity, but the retrospective dataset does not establish
that each measurement preceded the recurrent access events. Our use of center-adjusted models and FDR correction
therefore intentionally favors conservative interpretation. The nominal cholesterol and calcium associations should be viewed

as hypothesis-generating rather than clinically actionable.
Center-level variation

Recorded recurrence was more frequent at Almoosa than Aljaber in the primary model. Several explanations are possible,
including differences in documentation completeness, referral of complex access cases, case mix, access surveillance,
procedural thresholds, or true differences in recurrent-event burden. The association weakened when qualitative 'multiple
times' entries were removed and when the analysis was conditioned on having experienced at least one failure. Accordingly,
the present data cannot support a conclusion that one center performs better or worse than another.

This finding instead highlights an important methodological point for vascular-access registries: recurrence estimates depend
heavily on how previous interventions and failures are captured. Standardized prospective definitions and event-level

documentation are essential before recurrence can be used as a benchmarking metric.
Clinical implications

A documented second failure or immaturation episode should function as a trigger for structured multidisciplinary review
rather than simply another isolated access event. Such review should reassess inflow and outflow stenosis, central venous
disease, access configuration, cannulation practices, intradialytic hemodynamics, previous intervention durability, and the
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patient's remaining access options. This approach aligns with KDOQI and contemporary PLAN concepts, which require a

contingency strategy for a failing access and a succession strategy for the patient's next access [1-3].

For quality improvement, dialysis programs should distinguish three levels of access history: no previous failure, single failure,
and recurrent failure. Recording the mechanism, date, intervention, and subsequent patency after each event would allow

more meaningful recurrence surveillance and time-to-event modeling than a cross-sectional count alone.
Strengths and limitations

The principal strength of this study is its focus on recurrent rather than single access failure, using a multicenter real-world
cohort with clinical, biochemical, and access-history data. The statistical strategy was deliberately conservative: the primary
model was parsimonious, biochemical analyses were separated from causal interpretation, and multiplicity was addressed with
FDR correction. Sensitivity analyses tested the robustness of the qualitative episode coding and center association.

Several limitations are important. First, the study is retrospective and the timing of individual failure episodes relative to
laboratory values was not consistently available, precluding causal inference. Second, the outcome combined failure and
immaturation and did not distinguish whether repeated episodes occurred in the same access or sequential accesses. Third,
two records used the qualitative category 'multiple times,' although sensitivity analysis excluding them was performed. Fourth,
the dataset lacked vessel diameter, blood-flow measurements, cannulation technique, detailed lesion characteristics, and
complete intervention histories. Fifth, center-level variation may reflect documentation or referral patterns rather than
biological or care-quality differences. Sixth, some laboratory variables had missing data, particulatly ejection fraction. Finally,
both centers were located in Al-Ahsa, limiting geographic generalizability.

CONCLUSIONS

Recurrent vascular access failure/immaturation affected 10.0% of adults in this two-center hemodialysis cohort and 37.3% of
patients with any documented failure history. Thrombosis and stenosis were the dominant recurrent mechanisms, with

thrombosis substantially more common in recurrent than single-event cases.

No patient-level clinical or biochemical factor demonstrated a robust independent association with recurrence after
conservative adjustment and multiplicity control. A center-level signal was observed but was not stable across sensitivity

analyses and should not be interpreted as a quality comparison.

Prospective vascular-access registries should record event timing, lesion characteristics, access flow, interventions, and
whether recutrrence occurs in the same or a subsequent access. Clinically, the second documented failure should prompt

structured multidisciplinary reassessment and an explicit access contingency and succession plan.
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