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Abstract
Background: Dialysis-requiring acute kidney injury (AKI) is common in elderly patients, yet the delivered-dose targets validated in chronic hemodialysis are not well characterized in this population [17,16].
Objective: To describe the proportion of elderly AKI patients achieving adequate dialysis by Kt/V-based criteria and to identify independent predictors of inadequate dialysis.
Methods: In a retrospective cohort of 318 patients aged 65 years or older with dialysis-requiring AKI, single-pool Kt/V and urea reduction ratio were calculated for 2,046 hemodialysis sessions, and predictors of overall inadequate dialysis were identified by multivariable logistic regression [15,14].
Findings: 38.7% of patients had overall inadequate dialysis; non-tunneled vascular access, intradialytic hypotension, hypoalbuminemia, and high ultrafiltration rate independently predicted inadequacy, while residual urine output was protective, and chronological age was not independently predictive [20,19,22].
Conclusions: Dialysis adequacy in elderly AKI patients is substantially modifiable through vascular access selection, hemodynamic tolerance, and individualized ultrafiltration targets, rather than being fixed by age itself.
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1. Introduction

Acute kidney injury (AKI) severe enough to require renal replacement therapy (RRT) is common in hospitalized older adults, and its incidence rises sharply with age as comorbidity burden and exposure to nephrotoxic insults accumulate [1,2,3]. Multinational cohorts have repeatedly shown that dialysis-requiring AKI carries excess in-hospital mortality and a substantial risk of incomplete renal recovery [4,5,6]. Elderly patients are disproportionately represented in these cohorts, yet the pivotal timing-of-initiation and dose-intensity trials that shaped modern AKI-RRT practice enrolled mixed-age intensive care populations without a dedicated focus on how adequately dialysis is actually delivered in the oldest patients [7,8,9,10,11,12]. The chronic hemodialysis literature established that dose delivered, not merely dose prescribed, determines outcome, most directly in the Hemodialysis (HEMO) Study's finding that neither a higher Kt/V target nor high-flux membranes improved survival once delivered-dose targets were met [13].

Dialysis adequacy, quantified for intermittent hemodialysis as the single-pool Kt/V urea (spKt/V) or the urea reduction ratio (URR), was developed and validated in chronic maintenance hemodialysis through the National Cooperative Dialysis Study [14,15] and later codified in the KDOQI adequacy guidelines [16]. Whether the same delivered-dose targets translate to elderly AKI patients, who differ in urea distribution volume, hemodynamic reserve, vascular access, and residual native kidney function, is far less established; the KDIGO guideline recommends individualizing dialysis dose in AKI rather than extrapolating chronic-dialysis targets directly [17,18].

Several factors specific to AKI and older age plausibly interfere with achieving prescribed dose. Intradialytic hypotension, more frequent in elderly and critically ill patients, truncates effective treatment time and reduces clearance [19]. Vascular access in AKI is dictated by acuity, so temporary non-tunneled catheters carry a higher risk of recirculation and inadequate flow than a tunneled catheter [20,21]. Residual native kidney function can meaningfully supplement clearance and mask an otherwise inadequate prescription [22], and comorbidity burden and nutritional status, both unfavorable in elderly AKI patients, have independently predicted poor dialysis tolerance in adjacent literatures [23,24,25].

We conducted a retrospective cohort study of elderly patients (aged 65 years or older) with AKI requiring RRT, to describe the proportion achieving adequate dialysis by spKt/V and URR thresholds and to identify factors that independently predict inadequate dialysis in this population.

2. Methods

We performed a retrospective cohort study of consecutive patients aged 65 or older who developed KDIGO stage 2 or 3 AKI and received intermittent hemodialysis or sustained low-efficiency dialysis at a tertiary referral center over 30 months [17,26,27]. Patients receiving fewer than three RRT sessions, on chronic maintenance dialysis before admission, or with no established baseline creatinine were excluded. AKI stage used KDIGO serum creatinine and urine output criteria against the lowest available pre-admission creatinine [17].

Adequacy for each session was quantified as spKt/V from pre- and post-dialysis blood urea nitrogen, ultrafiltration second-generation formula, cross-checked against URR [15,14]. A session was adequate if spKt/V was 1.2 or greater, the delivered-dose threshold recommended for thrice-weekly hemodialysis by KDOQI, applied here as KDIGO advises, as an individualized target rather than a directly transposed chronic-dialysis standard [16,17]. Patients were classified as having overall inadequate dialysis if fewer than two-thirds of sessions in the first two weeks met this threshold.

Candidate predictors, selected a priori, included age, sex, Charlson comorbidity index [23], vascular access type (tunneled internal jugular versus non-tunneled femoral or subclavian catheter) [20,21], intradialytic hypotension (systolic fall of 20 mmHg or more, or need for saline bolus or vasopressor) [19], prescribed ultrafiltration rate normalized to weight, residual urine output (>500 mL/24h versus oliguric) [22], baseline serum albumin, and RRT modality. Frailty was estimated retrospectively from admission documentation using a modified Fried phenotype proxy where direct measures were unavailable [24]. Groups were compared with t-tests or Mann-Whitney U tests and chi-square tests as appropriate, and independent predictors of inadequate dialysis were identified by multivariable logistic regression with backward elimination, retaining variables significant at p<0.10 on univariable analysis; significance was set at p<0.05. The protocol was approved by the institutional ethics committee, with a waiver of consent for retrospective, de-identified data.

3. Results

Three hundred eighteen elderly patients met inclusion criteria, contributing 2,046 hemodialysis sessions with paired urea measurements. Mean age was 74.8 ± 6.3 years, 56.9% were male, and mean Charlson index was 5.4 ± 2.1. Sepsis (41.2%) and cardiac surgery-associated AKI (18.6%) were the leading precipitants. Vascular access was non-tunneled in 61.9% and tunneled in 38.1% of patients. Baseline characteristics are summarized in Table 1; non-tunneled patients were more often oliguric at RRT initiation and had a higher Charlson index.

Overall, 61.5% of sessions achieved spKt/V ≥1.2 (mean 1.19 ± 0.28), and 123 of 318 patients (38.7%) had overall inadequate dialysis. Delivered spKt/V was lower with non-tunneled than tunneled access (1.10 ± 0.26 versus 1.32 ± 0.24, p<0.001), consistent with access-related clearance differences described in the sustained low-efficiency dialysis literature [20,21]. Intradialytic hypotension occurred in 34.6% of sessions and was more frequent among patients with overall inadequate dialysis (49.6% versus 25.8% of sessions, p<0.001), consistent with the truncated treatment time previously linked to hypotension elsewhere [19]. Figure 1 summarizes delivered spKt/V by access type and hypotension status.

Table 1: Baseline characteristics of elderly patients with acute kidney injury requiring renal replacement therapy, by vascular access type [23,17].[image: Table 1: Baseline characteristics of elderly patients with acute kidney injury requiring renal replacement therapy, by vascular access type [23,17].]
Table 2: Independent predictors of overall inadequate dialysis on multivariable logistic regression [15,16,22].[image: Table 2: Independent predictors of overall inadequate dialysis on multivariable logistic regression [15,16,22].]
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Residual urine output above 500 mL/24h, present in 28.6% of the cohort, was associated with a higher proportion of adequate sessions, consistent with residual native clearance supplementing dialytic clearance in the incremental-hemodialysis literature [22]. Serum albumin was lower in patients with inadequate dialysis (2.6 ± 0.5 versus 3.1 ± 0.6 g/dL, p<0.001), and ultrafiltration rate above 13 mL/kg/h was more common in this group (44.7% versus 21.5%, p<0.001). Table 2 presents the multivariable regression for overall inadequate dialysis. After adjustment, independent predictors were non-tunneled access (adjusted odds ratio [aOR] 2.24, 95% CI 1.38-3.64), intradialytic hypotension (aOR 2.71, 95% CI 1.69-4.34), albumin <2.5 g/dL (aOR 2.05, 95% CI 1.24-3.39), and ultrafiltration rate >13 mL/kg/h (aOR 1.86, 95% CI 1.14-3.03), while residual urine output was protective (aOR 0.52, 95% CI 0.31-0.87). Age was not independently predictive (aOR 1.02 per year, 95% CI 0.99-1.05), and Charlson tertile approached but did not reach significance (aOR 1.61, 95% CI 0.97-2.67, highest versus lowest tertile). Figure 2 shows adequate dialysis stratified jointly by access type and hypotension status, illustrating their compounding effect.

4. Discussion

More than a third of this elderly AKI cohort failed to achieve adequate dialysis, and the independent predictors of inadequacy were predominantly modifiable features of dialysis delivery rather than fixed patient characteristics. Vascular access, intradialytic hypotension, ultrafiltration rate, and hypoalbuminemia accounted for most of the variance, while age and comorbidity burden contributed little once these process variables were adjusted for, consistent with the broader literature that dose delivered in practice, not dose prescribed, determines measured adequacy [14,16].

The association between non-tunneled access and inadequate dialysis reflects a long-recognized limitation of AKI-RRT delivery: access placement is dictated by acuity, so femoral and subclavian catheters, more prone to kinking and recirculation, are disproportionately used in the sickest patients least able to tolerate a prolonged session to compensate [20]. Comparative RRT literature similarly finds that achieved clearance depends heavily on access performance and treatment time rather than modality choice alone [21,28]. Residual urine output being protective mirrors the incremental-hemodialysis literature, where preserved native clearance offsets a lower dialytic dose, suggesting adequacy targets might reasonably be individualized downward in patients who retain substantial urine output [22].

Intradialytic hypotension was among the strongest independent predictors, consistent mechanistically with truncated effective treatment time and reduced clearance regardless of prescribed blood flow, an association previously described in broader dialysis populations [19]. Elderly, often vasopressor-dependent AKI patients are particularly susceptible, so hemodynamic tolerance during the session, not just the prescribed parameters, deserves attention as a modifiable determinant of delivered dose. Hypoalbuminemia's association with inadequacy likely reflects both illness severity and a genuine contribution to altered urea distribution volume, consistent with prior work linking comorbidity and physiologic reserve to dialysis tolerance [23,25,24].

That chronological age was not independently predictive once process-of-care variables were included suggests the excess morbidity long observed with AKI-RRT in elderly patients [29,30,31] may be driven substantially by how dialysis is delivered rather than by unmodifiable age-related physiology, consistent with the shift in AKI-RRT trials toward individualized, physiology-guided prescription rather than age-stratified dosing [17,7,8,9,10]. Whether closer attention to access selection, hemodynamic tolerance, and ultrafiltration pacing would narrow this gap is a reasonable hypothesis for prospective study, informed by literature showing gentler, more frequent sessions can improve delivered dose and tolerance simultaneously [32,33].

This single-center retrospective study has limitations. Frailty was estimated from documentation rather than measured directly. Adequacy metrics could not be applied uniformly to patients who transitioned to sustained low-efficiency dialysis, a modality decision itself potentially confounded with the hypotension predictor [20]. Generalizability is limited given known variation in AKI epidemiology and RRT practice across centers [1,4], and this analysis addresses delivered dose as an intermediate outcome rather than hard endpoints such as recovery or survival, which the larger trial literature has addressed more directly [7,8,34,6].

5. Conclusion

In this cohort of elderly patients with dialysis-requiring acute kidney injury, more than one in three did not achieve adequate dialysis by Kt/V-based criteria, and inadequacy was independently predicted by non-tunneled vascular access, intradialytic hypotension, high ultrafiltration rate, and hypoalbuminemia, while residual urine output was protective. Chronological age was not independently predictive once these variables were accounted for, suggesting the adequacy gap in elderly AKI patients is substantially modifiable. Attention to vascular access selection, hemodynamic tolerance, and individualized ultrafiltration targets represents a practical opportunity to improve delivered dialysis dose in this population, and prospective studies linking these process measures to renal recovery and survival are warranted.
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