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Background: Acute kidney injury (AKI) is common among patients admitted to the intensive care unit (ICU), with 5–15% receiving 
renal replacement therapy (RRT). Continuous renal replacement therapy (CRRT) and intermittent hemodialysis (IHD) are well- 
established treatments for severe AKI, but renal recovery is variable and often incomplete, leading to long-term morbidity and 
mortality. The clinical and cost-effectiveness of either therapy are under active debate. This analysis aims to strengthen the evidence on 
the cost-utility of CRRT compared with IHD to manage severe AKI in ICU using a US third-party costing perspective.
Methods: The analysis used a 90-day decision tree simulating hospital admission and a semi-Markov process with annual cycles and 
half-cycle correction to capture lifetime costs and outcomes, discounted at 3% annually. Survivors at 90 days either progressed to 
ESKD on dialysis (ESKD-D), with some receiving transplants, or became dialysis-independent. In the case of transplant failure, 
patients returned to ESKD-D. Tunnel states addressed Markov memoryless properties. A US-representative analysis of real-world data 
applying propensity score matching to control for selection bias informed the probability of lifetime dialysis dependence. Costs and 
utilities were sourced from peer-reviewed publications or national data. Uncertainty was investigated using deterministic and 
probabilistic sensitivity analyses.
Results: In the base case, lifetime costs and quality-adjusted life-years (QALYs) were $273,314 and 5.681 for CRRT compared to 
$268,449 and 5.457 for IHD. CRRT had an 89.6% probability of being cost-effective ($23,860/QALY gained), being associated with 
0.269 additional life-years. Long-term CKD management costs, accounting for 50% of CRRT’s excess costs, significantly influenced 
results and were examined in scenario analyses.
Conclusion: CRRT is likely a cost-effective option for managing severe AKI in the ICU compared with IHD. This study builds on 
existing economic evaluations by incorporating large comparative studies and exploring clinical uncertainty. The model highlights the 
need to clarify RRT’s role in CKD progression and enhance post-AKI care to improve patient outcomes.
Keywords: continuous renal replacement therapy, intermittent hemodialysis, acute kidney injury, intensive care unit, cost- 
effectiveness

Background
Acute kidney injury is common in hospitalized patients worldwide.1 The incidence of AKI is particularly high in 
individuals admitted to the intensive care unit (ICU).2 It is thought that 5–15% of critically ill admissions experiencing 
AKI will require renal replacement therapy (RRT).3,4 Patients with AKI suffer significant short- and long-term morbidity 
and mortality.5

Renal replacement therapies are well-established interventions to manage life-threatening fluid and electrolyte 
imbalance in the context of severe AKI in the ICU.6 In theory, because CRRT applies slower fluid and electrolyte 
exchange compared to intermittent hemodialysis, it is thought to be better tolerated by critically ill patients, particularly 
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those who are hemodynamically unstable or fluid overloaded,7,8 compared with IHD. Nonetheless, there is controversy 
about RRT modalities’ true effect on long-term dialysis requirements, resource utilization and mortality.9

In developed countries, CRRT is the standard therapy for managing AKI in critically ill patients requiring acute 
dialysis.3,10 Despite CRRT being the most commonly used RRT modality for AKI in the ICU,3 the choice of modality 
does vary across geographies, according to clinician preference (intensivist vs nephrologist-led care), local expertise, and 
resource availability.10,11

Randomized controlled studies (RCTs) comparing CRRT with IHD in the management of AKI in the ICU are 
clinically heterogeneous and not without weaknesses. Issues related to reduced statistical power, allocation/concealment, 
selection bias, and lack of representativeness of current RRT practices have been documented in the literature.11 

Conducting such trials faces significant challenges due to heterogeneity in the etiology of AKI, geographic variation 
in clinical practice, resource availability, and financial implications associated with the numbers needed to recruit to 
produce powered comparisons.9,12

Independent research groups have used real-world data and data from a large international RCT to assess the clinical 
efficacy of CRRT and IHD for AKI in ICU.13,14 Both publications have adjusted for bias in modality allocation at 
baseline by applying a propensity score methodology, and their results align in proposing that CRRT is associated with 
a lower likelihood of 90-day dialysis dependence (DD). Skepticism around the perceived higher upfront costs of CRRT 
has motivated previous analyses assessing the cost-effectiveness of CRRT compared with IHD in the presence or absence 
of fluid overload.15,16

This study aims to clarify the cost-utility of CRRT, as compared to IHD, in critically ill individuals experiencing AKI 
in the ICU, using a US third party perspective of costs. The analysis will incorporate recent clinically relevant evidence 
comparing CRRT with IHD and will expand on published analyses by exploring the long-term impact of CKD 
progression and transplantation.

Methods
Model Structure
A decision analytic model implemented in Microsoft Excel and Visual Basic for Applications (VBA) was used to 
simulate the pathway of 60-year-old individuals13 presenting with severe AKI and requiring CRRT or IHD as the initial 
RRT modality in the ICU (Figure 1). The reporting of this health economic evaluation follows the CHEERS 2022 
checklist guidelines.17 The analysis combined a 90-day decision tree covering the period after RRT initiation, and a semi- 
Markov model with annual cycles and half-cycle correction modeling lifetime costs and outcomes. At 90 days, AKI 
survivors were modelled to either recover from AKI (ie, be RRT independent) or develop persistent RRT requirement, 
progressing to the dialysis independence (DI) or ESKD on dialysis (ESKD-D) health states, respectively. Some 
individuals with ESKD-D were modeled to receive a renal transplant. In the event of graft failure, individuals 
transitioned to ESKD-D for their lifetime. To overcome the memoryless properties of Markov traces, time to graft 
failure in deceased or living donor transplant recipients were modelled using tunnel states.

Model Inputs
Published systematic literature reviews (SLRs) were scoped to identify existing randomized controlled studies (RCTs) 
informing the effect of RRT modality on clinical outcomes. Details of the PICOS criteria, literature search strategy, key 
data extracted, and overlap between published systematic reviews are documented in Supplemental Tables 1,2,3,4, and 5, 
respectively. Eleven SLRs were identified reporting on 11 RCTs. Overall, RCT quality was low, with most studies 
lacking statistical power and suffering from treatment crossover or clinical constraints, with unclear impact on the results 
(Supplemental Table 5).

Consequently, a literature search was conducted in PubMed (Supplemental Table 6), Embase (Supplemental Table 7) 
and Web of Science (Supplemental Table 8) to identify relevant non-randomized comparative studies (NRCS) with 17 
being included for data extraction (Supplemental Figure 1). Details of the outcomes reported by each NRCS are shown in 
Supplemental Table 9. Several meta-analyses were conducted grouping studies by follow-up duration (Supplemental 
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Figures 2, 3, 4, and 5), method of statistical adjustment for confounding (Supplemental Figure 6), and endpoint statistical 
measure (Supplemental Figure 7). A final meta-analysis also pooled NRCS and RCTs (Supplemental Figure 8).

RRT Modality and Short-Term Clinical Outcomes
The base case was defined using model parameters/settings perceived to be more robust and generalizable to the US 
setting. Consequently, in addition, the base case assumed that the RRT modality impacted 90-day dialysis requirements 
and therapy costs but had no impact on hospital/ICU length-of-stay (LOS) or mortality.4,14 Individuals remaining on RRT 
at 90 days were assumed not to recover and to become ESKD-D indefinitely.18

Continuous RRT was modeled to reduce 90-day DD, with an odds ratio (OR) of 0.680 (95% confidence interval [CI]: 
0.470–0.970). This estimate was based on a study considered representative of the US ICU population with AKI.13 

Alternative inputs, including the summary estimate of the ad hoc meta-analysis of NRCS, were explored in scenario 
analyses.

Treatment switching was modeled as a scenario with 90-day DD being conditional to the initial RRT modality (ie, 
switching affected solely hospital costs).

Long-Term Clinical Outcomes
USRDS data suggest that 6 to 12 months post discharge, 41% to 43% of DI individuals who survived an episode of in- 
hospital AKI requiring dialysis present with CKD 3–5.19 Although not specific to the patient population under analysis, 
this does align with post-ICU CKD prevalence values reported internationally.20 Consequently, in the base case, 60% of 
the DI individuals were modeled to have completely recovered renal function, with 40% only partially recovering (20% 
CKD 3, 20% CKD 4). Long-term transitions between CKD severity categories were excluded from base case results.

A sequence of scenarios was implemented to explore the impact of modeling CKD progression. In the absence of 
specific US data, the distribution of CKD severity in survivors was informed by a nationwide Taiwanese study, following 

Figure 1 Representation of the model structure. Light grey elements of the diagram represent structural variations explored in scenario analyses. To avoid repetition, the 
health states enclosed in the dashed rectangle (ie Dialysis dependence, Renal recovery, and Death) preceding the semi-Markov process (i.e. “M”) in each branch of the 
decision tree were replaced by “(…)”. 
Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; ESKD, end-stage kidney disease; IHD, intermittent hemodialysis; M, Markov process.
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survivors of AKI requiring RRT for more than a year.21 Transitions between CKD severity states used probabilities 
reported by a systematic review targeting long-term modeling of CKD.22

The probabilities of receiving a renal transplant and graft failure used age-specific data from the US Renal Data 
System (USRDS).23,24

Mortality
Base case settings assumed no difference in 90-day mortality between comparators. Background mortality was implemented 
using US lifetables.25 Excess mortality in dialysis-independent individuals was applied in the long-term model according to 
CKD severity.26 Mortality for ESKD-D and transplanted individuals used USRDS data with extrapolation over 10 years 
assuming an exponential distribution.27,28 The effect of differential RRT-related mortality was explored in a scenario.14

Costs and Resource Use
Daily costs of hospital and ICU admissions did not differ between comparators.29,30 The daily costs of CRRT and IHD 
were $919 and $285, respectively.31 Upon discharge, ESKD-D costs were informed by national averages for individuals 
on hemodialysis or peritoneal dialysis.32 The costs associated with the DI cohort were based on USRDS data33 and 
weighted using the distribution of CKD severity. Individuals with no CKD were assigned the same healthcare costs as the 
general US population.34 The costs of transplantation and graft failure were also informed by USRDS.35 All costs were 
reported as 2024 US dollars. When required, cost was inflated using the US consumer price index.36

Measures of Health Gain
Published utilities derived using preference-based methods were assigned to each modeled health state. RRT modality 
was assumed not to affect quality of life during ICU stay37 or the remaining hospital admission.38 Survivors experienced 
reduced utility for up to 90 days post-discharge due to recovery from a critical illness.38 Over the same period, a disutility 
was applied to those remaining dialysis dependent.39

For the long term, a weighted average utility was calculated using the utility values for hemodialysis and peritoneal 
dialysis,40 assuming 13.1% of patients were on peritoneal dialysis.41 Because the dialysis independence (DI) cohort was 
composed of individuals with different levels of kidney impairment, utilities were conditional on CKD distribution. In 
the absence of CKD, individuals were assigned the age and sex-specific utility of the US general population.42 The 
impact of kidney impairment on quality of life was informed by a US study applying the EQ-5D to assess quality of life 
in 205 individuals with CKD.43 The study reported utility estimates above the US population norms for some age groups, 
so disutilities were calculated as a percentage reduction from the lower severity category (CKD 1) (ie, CKD 3 disutility = 
(0.90–0.87)/0.90 = 3.3%). These were applied to age- and sex-specific general population utilities, weighted by CKD 
severity distribution, to estimate the average utility of the cohort with DI. It was assumed that no disutility was associated 
with CKD 1 and CKD 2 severities. A description of all model inputs and associated uncertainty are described in Table 10 
of the Supplemental Materials.

Model Outcomes
Total costs and effects for each comparator were used to calculate incremental cost-effectiveness ratios (ICER). Separate 
ICERs were calculated using quality-adjusted life-years QALYs and equal value life-years (evLYs) as denominators and 
presented in parallel. This follows the Inflation Reduction Act requirements of valuing life extension using the same 
weight, regardless of treatment and population characteristics.44 Steps involved in estimating these metrics were detailed 
in Section 2.1 of the Supplemental Materials.

Cost-effectiveness was assessed at the usual US threshold of $50,000 to $100,000 per QALY gained.45,46 Costs and 
life-years were discounted at 3% annually.45,46

Acronyms: C, costs; CRRT, continuous renal replacement therapy; E, effects; ICER, incremental cost-effectiveness ratio; 
IHD, intermittent hemodialysis.
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Acknowledging restrictions to the use of the QALY imposed by the US government results incorporating equal value 
of life-years gained were reported alongside.44

Sensitivity Analyses
One-way sensitivity analyses (OSA) were conducted using the lower and upper bounds of the 95% CI of all deterministic 
inputs to examine the impact of the most influential parameters on the results of the model. These findings were 
summarized in a tornado diagram.

As part of the analysis of uncertainty, scenario analyses were implemented to investigate structural and input-related 
base case assumptions. Scenarios were implemented using alternative sources for the effect of RRT on 90-day DD, 
mortality, hospital and ICU LOS, discount rate, time horizon, and modality switching. Additional scenarios investigated 
the impact of long-term CKD management by modeling CKD progression and the hypothetical effect of RRT modality in 
reducing CKD severity post discharge.

A Monte Carlo simulation was used to account for parameter uncertainty by sampling 20,000 times from distributions 
assigned to all model inputs. Results of the probabilistic sensitivity analysis (PSA) were plotted in a cost-effectiveness 
acceptability curve and cost-effectiveness plane. A complete list of inputs, distributions, and probabilistic parameteriza
tion is included in Table 10 of the Supplemental Materials.

Results
Base Case
Base case results suggest that for every 100 individuals requiring RRT for AKI in ICU, IHD was associated with an 
excess of 2.2 cases of dialysis dependence and 2.1 ESKD-related deaths compared to CRRT. Over the initial 90 days, 
CRRT was more expensive ($3740) but led to community dialysis savings ($436). In the long term, CRRT was associated 
with higher CKD management costs ($6738), lower costs from ESKD-D management ($4451), and lower transplantation 
($680) and graft failure costs ($104). The breakdown of clinical and cost outcomes is included in Table 11 of the 
Supplemental Materials.

The model predicted that 99.9% of individuals would be dead within 44 years of the model start. Over this period, 
CRRT was more expensive ($4864) and more effective, producing 0.269 additional life-years, and higher quality of life 
(0.223 QALYs, 0.236 evLYs) compared with IHD. Base case results estimated CRRT to be cost-effective at $21,755 per 
QALY or $20,590 per evLY gained (Table 1).

One-Way Sensitivity Analysis
Figure 2 compiles the results of the OSA, highlighting the magnitude of base case result variation driven by the ten most 
influential model inputs. Among these, the effect of CRRT on dialysis dependence had the greatest impact on the ICER, 
while the remaining inputs did not alter the overall conclusions of the analysis.

Scenario Analyses
Table 2 summarizes the deterministic scenarios implemented to challenge the base case model assumptions. Changing 
the source of the effect of CRRT on DD to a secondary analysis of the STARRT-AKI trial and the meta-analysis of non- 
randomized comparative studies conducted by the authors did not change the overall conclusions, decreasing the ICER 
by 14.1% or increasing it by 20.4%, respectively. Switching RRT modalities, changing the discount rate, and reducing the 
risk of death in those initially treated with CRRT also had modest effects on the ICER. The results were extremely 
sensitive to hospital/ICU length of stay variations, with CRRT becoming dominant (cheaper and more effective than 
IHD). Altering the analytical time horizon revealed that a substantial proportion of the costs were incurred within the 
initial 10 years. Scenarios altering the composition of the DI cohort also had an important effect on results due to their 
effect on mortality and long-term costs of managing CKD. Assuming that the entire DI cohort was free from CKD halved 
the base case ICER. Modelling CKD progression more than doubled the value of the ICER, reaching values around the 
lower bound of the $50,000 to $100,000 cost-effectiveness threshold. Modelling CKD progression also reduced the 
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cohort’s overall longevity, with 99.9% of individuals dying within 39 years of model onset. Assuming CRRT would 
avoid 5% of CKD progression across severities more than halved the value of the ICER ($20,407/QALY, $18,660/evLY).

The characteristics of the DI cohort greatly impacted the results, warranting further exploration. The protective effect 
of CRRT in reducing DD in critically ill individuals requiring RRT for AKI may also contribute to delaying or preventing 
escalation of CKD severity. Despite being physiologically plausible, this has not been assessed in clinical trials and was 

Table 1 Base Case Deterministic and Probabilistic Results

Results Deterministic Probabilistic

Metric CRRT IHD Incremental Incremental

90-day costs $117,035 $113,673 $3362 $5124

Markov costs $156,279 $154,776 $1503

Total costs $273,314 $268,449 $4864

90-day life-years 0.142 0.142 0.000 0.258

Markov life-years 6.996 6.728 0.269

Total life-years 7.139 6.870 0.269

90-day QALYs 0.071 0.071 0.000 0.215

Markov QALYs 5.610 5.387 0.223

Total QALYs 5.681 5.457 0.224

90-day evLYs 0.071 0.071 0.000 0.227

Markov evLYs 5.623 5.387 0.236

Total evLYs 5.694 5.457 0.236

Costs per life-year gained $18,097

ICER ($ per QALY) $21,755 $23,860

ICER ($ per evLY) $20,590 $22,593

Abbreviations: CRRT, continuous renal replacement therapy; evLYs, equal value life-years; 
ICER, incremental cost-effectiveness ratio; IHD, intermittent hemodialysis; QALY, quality- 
adjusted life-years.

Figure 2 Tornado diagram. The bold dashed line represents the base case value of the ICER. The red dotted line represents the $50,000/QALY cost-effectiveness threshold. 
Horizontal bars crossing the dotted line suggest that varying the associated input affects base case conclusions. 
Abbreviations: CKD, chronic kidney disease; CRRT, continuous renal replacement therapy; ESKD, end-stage kidney disease; ICER, incremental cost-effectiveness ratio; HC, 
healthcare costs; HD, hemodialysis; IHD, intermittent hemodialysis; QALY, quality-adjusted life-year; WTP, willingness to pay.
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Table 2 Scenario Analyses

Scenario Old Input New Input Incremental ICER Prob. CE $50K/ 
QALY

Costs LYs QALYs evLY ($/QALY) ($/evLY)

Base case - - $4864 0.269 0.224 0.236 $21,755 $20,590 89.6%

Effect of CRRT on dialysis dependence - Wald 2023 OR 0.680 95% CI 0.470 to 0.970) OR 0.610 95% CI (0.390 to 0.940) $5118 0.329 0.274 0.289 $18,680 $17,682 94.0%

Effect of CRRT on dialysis dependence - MA NRCS a OR 0.680 95% CI 0.470 to 0.970) OR 0.746 95% CI (0.625 to 0.891) $4628 0.212 0.177 0.187 $26,198 $24,793 91.8%

CRRT reduces mortality - Wald 2023 CRRT = IHD OR 0.900 95% CI (0.74 to 1.11) $14,547 0.650 0.528 0.561 $27,525 $25,915 90.4%

CRRT reduces LOS hospital - Wald 2023 CRRT = IHD 6 hospital free days -$5512 0.269 0.225 0.238 -$24,474 -$23,172 99.6%

CRRT reduces ICU stay - Wald 2023 CRRT = IHD 2 ICU free days -$4187 0.269 0.225 0.238 -$18,609 -$17,618 99.6%

Switching RRT allowed Not allowed 33.8% CRRT to IHD, 1.8% IHD to CRRT $4514 0.269 0.224 0.236 $20,188 $19,106 91.3%

Time horizon is 10 years 45 years 10 years $1626 0.113 0.098 0.103 $16,676 $15,730 80.2%

Discount rate 2% 3% 2% $5498 0.302 0.251 0.265 $21,940 $20,770 90.1%

Discount rate 1.5% 3% 1.5% $5863 0.321 0.266 0.281 $22,042 $20,870 90.9%

No CKD in DI 40% CKD 3-4 No CKD, GP costs and utilities $2631 0.277 0.235 0.244 $11,184 $10,773 92.2%

CKD progression is modeled Not modeled CKD distribution $6777 0.154 0.124 0.137 $54,688 $49,586 32.7%

CRRT avoids 5% of CKD progression (all severities) Not modelled CKD distribution $4935 0.286 0.242 0.264 $20,407 $18,660 99.7%

Note: a Ad hoc meta-analysis reported in Figure 4 of the Supplemental Materials. 
Abbreviations: CE, cost-effective; CI, confidence interval; CKD, chronic kidney disease; CRRT, continuous renal replacement therapy; DI, dialysis independence; evLYs, equal value life-years; GP, general population; ICER, incremental 
cost-effectiveness ratio; ICU, intensive care unit; IHD, intermittent hemodialysis; LOS, length of stay; Lys, life-years; MA, meta-analysis; NRCS, non-randomized comparative studies; OR, odds ratios; QALY, quality-adjusted life-year; RRT, 
renal replacement therapy.
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investigated in a series of scenarios depicted in Figure 3. A less conservative scenario assumed that a proportion of all 
CKD was avoided (bold line). An intermediate scenario assumed a proportion stepdown to less severe CKD/no-CKD (all 
severities, grey line). A more conservative scenario assumed a proportion stepdown in CKD 3 and 4 to less severe CKD 
(dotted line).

Probabilistic Sensitivity Analysis
The result of 20,000 Monte Carlo simulations comparing CRRT with IHD was plotted in the cost-effectiveness plane 
(Figure 4). Mean PSA results (Table 1) suggest that CRRT was associated with an 89.6% probability of being cost- 
effective according to base case settings. The probability of cost-effectiveness over a range of willingness to pay values is 
represented graphically in Figure 5.

Figure 3 Scenario analysis exploring CKD progression. 
Abbreviations: CKD, chronic kidney disease; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; WTP, willingness to pay.

Figure 4 Cost-effectiveness plane. The confidence ellipse circumscribes 95% of the sampled mean ICERs. 
Abbreviations: QALY, quality-adjusted life-years; USD, United States dollars.
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Discussion
This cost-utility analysis estimated that CRRT is associated with a higher probability of being cost-effective in the 
management of severe AKI in the ICU compared with IHD. Individuals receiving CRRT were predicted to survive 0.269 
additional life-years and to have a better quality of life, an excess of 0.224 QALYs or 0.236 evLYs. The model has shown 
that for every 100 individuals with severe AKI, initial treatment with CRRT led to the avoidance of approximately two 
deaths and two cases of permanent dialysis dependence. Over a lifetime, CRRT was $4864 more expensive than IHD. 
Whilst some of this difference in cost was related to the initial costs of therapy, close to 30% was linked to the 
management of dialysis independent CKD. Further, in the scenarios exploring long-term CKD progression, worsening 
CKD, potentially leading to ESKD-D and renal transplantation, accounted for 50% of the incremental cost difference.

In general, our results support the findings of previous economic evaluations comparing CRRT with IHD in US 
settings15,16 and elsewhere.47,48 Nonetheless, significant differences in the summary ICERS can be found between our 
study and the analogous publication by Ethgen et al 2015.16 Higher ICERs reported in the present study were likely driven 
by a more conservative effect of CRRT on DD, a lower number of IHD days in ICU relative to CRRT,49 and conservative 
(CKD-adjusted) utility and cost values assigned to the dialysis independence health state.

Our research addresses concerns about data quality raised by previous studies that found CRRT to be cost- 
ineffective.50 This was achieved by extensively reviewing both randomized and non-randomized studies comparing 
CRRT and IHD, prioritizing data perceived to be more robust, representative of the US context, and reflective of current 
RRT practices. While randomized trials are the gold standard for assessing intervention efficacy, challenges such as 
clinical heterogeneity, lack of clinician blinding, the tendency to assign sicker patients to CRRT (selection bias), and 
variations in RRT dose and practices have complicated RCT implementation and led to inconsistent findings (Ye et al, 
2021). Further, assuming a baseline mortality probability of 46.9%14 and a 7.4% probability of DD13 for individuals on 
IHD, a RCT capable of detecting a 5–10% variation in mortality and a 2–5% difference in DD with an 80% power using 
a two-sided alpha of 5% would require sample sizes of 1549 (5% difference mortality) to 381 (10% difference in 
mortality), and 2350 (2% difference in DD) to 291 (5% difference in DD).51 It becomes clear that very few RCTs were 
set up to detect such differences and that doing so would involve substantial funds and coordination. Published analyses 
of large datasets13,14,52,53 avoid some of the obstacles to implementing such a trial, whilst making use of techniques such 
as propensity matching and inverse probability treatment weighting to account for biases inherent to observational data. 
This analysis used a reproducible methodology and is compliant with national and international standards for economic 

Figure 5 Cost-effectiveness acceptability curves of CRRT vs IHD. 
Abbreviations: CRRT, continuous renal replacement therapy; IHD, intermittent hemodialysis; QALY, quality-adjusted life-years.
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evaluation.45,46,54 The model framework is aligned with published economic evaluations of treatments for acute and 
chronic kidney diseases.15,16,55,56 The selection of model inputs and settings was discussed thoroughly and validated by 
experts in critical care and clinical research.

Base case results were subject to extensive sensitivity analysis, which contributed to mapping and communicating the 
uncertainty surrounding inputs and model settings. The results were robust to the deterministic and probabilistic 
sensitivity analyses. The OSA has demonstrated the extreme sensitivity of the ICER to the effect of CRRT on DD. 
This input is core to the incremental difference between CRRT and IHD, so this effect was anticipated. It is not expected 
that all patients would present levels of DD at the extremes set by a 95% confidence interval. Conversely, PSA results 
incorporating all parameter uncertainty agreed with the deterministic base case.

In sum, our results expand on previous publications by providing compelling evidence of CRRT cost-effectiveness,15,16 

incorporating robust evidence of the effect of CRRT on DD13,14 whilst addressing longstanding data quality concerns, and 
finally by exploring the important role of long-term CKD costs.

There are several limitations to this analysis. Whilst we aim to generalize our conclusions to the US population of 
individuals with severe AKI, the model does not account for local variation in RRT practice, built-in expertise, or 
geographical availability of either therapy. These factors may limit the applicability of these results to specific 
jurisdictions.

Though some patients do become dialysis-independent after 90 days this is unlikely, dialysis dependence at 90 days 
was used as a proxy for lifetime dialysis dependence.18,20 The implemented 90-day duration of the decision tree was 
deemed appropriate as it is a follow-up commonly reported by key clinical studies assessing the role of RRT on AKI 
progression.11,13,14,49,57–59 In addition, 90-days marks the ends of the acute phase of AKI in survivors.60 The analysis 
focused on the CRRT vs IHD comparison, with other RRT modalities being excluded. This was done deliberately, based 
on the rationale that CRRT and IHD are most commonly utilized for critically ill individuals.6,11 Modalities such as 
sustained low efficiency dialysis (SLED) are used in a few centers.3,9

Another limitation is that the costs of RRT were based on estimates reported by a Canadian study.31 We were unable 
to identify a publication reporting alternative US-specific inputs. Although not identical, the Canadian data shares 
a similar socio-economic context and medical practices to the US. Cost inflation and currency conversion were 
transparently conducted using standard methods. In addition, the base case assumes a $634 cost difference (higher for 
CRRT) which is conservative when compared with the $290 excess CRRT costs reported in the literature.61 Varying the 
costs of CRRT in OSA seemed not to impact the conclusions of the analysis. Specifically, CRRT and IHD duration 
(proxies for total modality cost) were identified as influential parameters, but one-way variation of the deterministic base 
case inputs did not cross the threshold for cost-effectiveness (Figure 2).

Readmission to hospital was not modeled as no published evidence was found of a CRRT/IHD incremental 
difference. For simplicity, it was assumed that severity-specific CKD costs would account for direct medical costs 
from readmission and other inherent complications.

Additional uncertainty may have been introduced by inputs obtained from studies with relatively small sample sizes43 

(ie, CKD utilities). Uncertainty around these inputs was assessed deterministically and probabilistically and did not seem 
to affect base case results.

This study only accounted for direct medical costs of severe AKI and CKD and did not capture direct non-medical 
costs or indirect costs associated with kidney impairment. It is likely that including direct non-medical and indirect costs 
of CKD would increase the costs of CRRT, as this strategy was associated with a larger number of survivors, lower 
proportion of dialysis dependence, and consequently a higher absolute number of people living with CKD. Nonetheless, 
there is uncertainty surrounding the role of RRT modality on the distribution of CKD severity. It is therefore difficult to 
conclude the direction of effect of including such costs if CKD severity post-discharge is differential between compara
tors, as higher severity implies significantly higher costs, but also additional mortality.

The model accounted for the change in therapy costs associated with treatment switching, but this had a negligible 
impact on results. A more comprehensive assessment of the clinical and economic implications of RRT modality 
switching would require information about the circumstances of switching (duration of therapy, reason for switching) 
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and its consequences (mortality, dialysis requirements) which, to the best of our knowledge, is currently unsupported by 
clinical evidence.

Finally, the authors would also like to draw attention to the important impact of prevalent CKD on long-term 
morbidity, mortality, and costs in individuals partially recovering from AKI who require RRT. Future research should 
investigate the impact of RRT modality on non-dialysis-requiring CKD in survivors of severe AKI in the ICU.

Conclusion
This cost-utility analysis supports the cost-effectiveness of CRRT compared with IHD in managing severe AKI in the 
ICU setting. CRRT was associated with an extension of life and quality of life. However, CRRT incurred higher lifetime 
costs, largely driven by CKD progression and subsequent management.

Given the challenges of conducting RCTs to detect small but meaningful differences in mortality and dialysis 
dependence, large observational datasets remain valuable for informing economic models.

Future research should explore the role of acute RRT modality on CKD prevention and refine estimates of renal 
impairment in AKI survivors. Addressing these uncertainties is critical for optimizing resource allocation and improving 
long-term outcomes for critically ill patients receiving RRT.

Abbreviations
AKI, acute kidney injury; CKD, chronic kidney disease; CMS, Centers for Medicare and Medicaid Services; CRRT, 
continuous renal replacement therapy; DD, dialysis dependence; DI, dialysis independence; ESKD, end-stage kidney 
disease; ESKD-D, dialysis dependent end-stage kidney disease; evLYs, equal value life-years; HD, hemodialysis; ICER, 
incremental cost-effectiveness ratio; ICU, intensive care unit; IHD, intermittent hemodialysis; IQR, interquartile range; 
LOS, length of stay; MA, meta-analysis; NRCS, non-randomized comparative studies; OR, odds ratios; OSA, one-way 
sensitivity analysis; PD, peritoneal dialysis; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year; 
RCTS, randomized controlled studies; RR, relative risk; RRT, renal replacement therapy; SE, standard error; STARRT- 
AKI, standard versus accelerated initiation of renal replacement therapy in acute kidney injury study; US, United States; 
USRDS, United States Renal Data System; WTP, willingness to pay.
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