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Objective(s): Acute kidney injury (AKI) is defined and staged by reduced urine output (UO) and increased serum creatinine (SCr). UO is typi-

cally measured manually and documented in the electronic health record, making early and reliable detection of oliguria-based AKI and elec-

tronic data extraction challenging. The authors investigated the diagnostic performance of continuous UO, enabled by active drain line

clearance�based alerts (Accuryn AKI Alert), compared with AKI stage 2 SCr criteria and their associations with length of stay, need for continu-

ous renal replacement therapy, and 30-day mortality.

Design: This study was a prospective and retrospective observational study.

Setting: Nine tertiary centers participated.

Participants: Cardiac surgery patients were enrolled.

Interventions: None.
yn Registry study is funded by Accuryn Medical, Hayward, CA, USA.
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Measurements and Main Results: A total of 522 patients were analyzed. AKI stages 1, 2, and 3 were diagnosed in 32.18%, 30.46%, and 3.64%

of patients based on UO, compared with 33.72%, 4.60%, and 3.26% of patients using SCr, respectively. Continuous UO-based alerts diagnosed

stage �1 AKI 33.6 (IQR =15.43, 95.68) hours before stage �2 identified by SCr criteria. A SCr-based diagnosis of AKI stage �2 has been desig-

nated a Hospital Harm by the Centers for Medicare & Medicaid Services. Using this criterion as a benchmark, AKI alerts had a discriminative

power of 0.78. The AKI Alert for stage 1 was significantly associated with increased intensive care unit and hospital length of stay and continu-

ous renal replacement therapy, and stage �2 alerts were associated with mortality.

Conclusions: AKI Alert, based on continuous UO and enabled by active drain line clearance, detected AKI stages 1 and 2 before SCr criteria.

Early AKI detection allows for early kidney optimization, potentially improving patient outcomes.

� 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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TaggedAPTARAPCARDIAC SURGERY�ASSOCIATED ACUTE KIDNEY

INJURY (CSA-AKI) is a common postoperative complication

affecting 5% to 42% of cardiac surgery patients.1-3 CSA-AKI

is also associated with higher perioperative and long-term

mortality, prolonged intensive care unit (ICU) and hospital

length of stay (LOS), and increased healthcare costs.4-6 Surviv-

ing patients remain at risk for premature chronic kidney dis-

ease (CKD), even if renal function initially recovers.7 Up to

5% of patients subsequently require ongoing kidney replace-

ment therapy.8,9 However, early detection of patients with

developing AKI allows for the implementation of aggressive

early preventive care measures, including a Kidney Disease

Improving Global Outcomes (KDIGO) kidney care bundle, to

avoid injury progression and complications.10-12 TaggedAPTARAEnd

TaggedAPTARAPAKI is identified by a rise in serum creatinine (SCr) and/or

reduction in urinary output (UO) as surrogate markers of

reduced glomerular filtration rate (GFR). AKI is defined and

staged for severity using criteria from KDIGO guidelines.13

UO has been suggested as a sensitive and early marker of

AKI,14,15 and oliguria has been described as an independent

predictor of poor patient outcomes.16-18 TaggedAPTARAEnd

TaggedAPTARAPThe value of using UO to detect AKI depends on the mea-

surement method, with UO values differing according to how

UO is measured and recorded (urinary catheter v no catheter,

hourly measurements v continuous real-time measurements,

etc.).19 KDIGO does not define whether UO should be mea-

sured using consecutive hourly readings or mean output over a

fixed period of time, but the method of measurement used can

affect the reported incidence of AKI and sensitivity and/or

specificity of UO as a diagnostic test.19 While UO is routinely

used in clinical practice to guide care, real-time continuous

UO, enabled by active drain line clearance,20,21 is an innova-

tion that has the potential to advance clinical care.TaggedAPTARAEnd

TaggedAPTARAPThe authors hypothesized that an automated alert system

(Accuryn AKI Alert) based on continuous UO could diagnose

AKI faster than the KDIGO AKI stage 2 criteria based on rou-

tine laboratory SCr measurements. The primary outcome was

the diagnostic performance of Accuryn AKI Alert compared

with AKI stage 2 SCr criteria. Secondary outcomes were the

associations between initial Accuryn AKI Alert and ICU and

hospital LOS, the need for continuous renal replacement ther-

apy (CRRT), and 30-day mortality. TaggedAPTARAEnd
TaggedAPTARAH1MethodsTaggedAPTARAEnd

TaggedAPTARAH2Study Design and Ethics TaggedAPTARAEnd

TaggedAPTARAPThe current study represents a subanalysis of a large obser-

vational multicenter trial (NCT04669548). The primary objec-

tive of the Accuryn Registry study was to analyze data streams

(intra-abdominal pressure [IAP], UO, temperature) recorded

by the Accuryn Monitoring System and correlate these values

with the occurrence of AKI following cardiac surgery. The

secondary objective was to assess the incidence of intraopera-

tive and/or postoperative intra-abdominal hypertension (IAH),

analyze factors contributing to IAH development, and examine

associations between IAH and organ dysfunctions, including

AKI and other clinical outcomes, such as LOS, use of hemodi-

alysis, and readmission. TaggedAPTARAEnd

TaggedAPTARAPThis study received approval from all nine participating

sites (IRB00099580, IRB00069008, IRB00004989,

IRB00000209, IRB00000533, IRB00000251, IRB00000536).

Informed written consent was obtained and verified for

patients at all institutions except Emory University School of

Medicine and Cedar Sinai, which granted waivers of consent. TaggedAPTARAEnd

TaggedAPTARAPElective and emergent adult cardiac surgery patients at nine

medical centers in the United States undergoing various on- and

off-pump cardiac surgical procedures requiring open sternotomy

were prospectively and retrospectively enrolled. Data were col-

lected between March 25 and October 1, 2019 (Emory) and

between December 16, 2020, and May 3, 2023, for all other sites.

One site (Mission Hospital, Ashville, NC, USA) could not pro-

vide electronic health record (her) data in time for this analysis.TaggedAPTARAEnd

TaggedAPTARAPThe urinary catheter of the Accuryn Monitoring System was

inserted after anesthesia induction and remained in place until

the patient left the ICU or no longer required a urinary catheter

(whichever came first). TaggedAPTARAEnd
TaggedAPTARAH2Data Collection TaggedAPTARAEnd

TaggedAPTARAPAccuryn Monitoring System TaggedAPTARAEnd

TaggedAPTARAPThe Accuryn Monitoring System consists of the Accuryn

Monitor and Accuryn SmartFoley catheter that continuously

measures UO, IAP, and bladder temperature. The Accuryn

Monitoring System incorporates Active Drain Line Clearance

http://creativecommons.org/licenses/by/4.0/
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technology, which automatically clears urine from the Foley

drain line. The Accuryn SmartFoley catheter contains two anti-

backflow valves that prevent urine from flowing back into the

bladder.20,21 These features help eliminate standing urine in

the bladder and drain line (due to airlocks), reduce false and

missed oliguria due to incorrect time attribution of urine pro-

duction, and enable real-time, accurate, and continuous UO. TaggedAPTARAEnd

TaggedAPTARAPCollected data included high-resolution UO from the

Accuryn Monitoring System. Demographics, surgical charac-

teristics, and clinical data were obtained by clinicians and

entered into an electronic data capture (EDC) system, while

other data was collected from the EHR. All data was deidenti-

fied on-site. Accuryn Monitoring System data were linked to

EHR and EDC data using a deidentified subject number. TaggedAPTARAEnd

TaggedAPTARAPDefinition of AKI TaggedAPTARAEnd

TaggedAPTARAPAKI was diagnosed according to KDIGO criteria.13 Patients

with SCr increases of�0.3 mg/dL within 48 hours or 1.5- to

1.9-times baseline were diagnosed with AKI stage 1, patients

with SCr increases of 2- to 2.9-times baseline were diagnosed

with AKI stage 2, and patients with SCr increases of�3 times

baseline or�4 mg/dL were diagnosed with AKI stage 3. Fur-

ther, using the Accuryn AKI Alert system, patients with a

UO<0.5 mL/kg/h for�6 hours were diagnosed with AKI

stage 1, those with UO<0.5 mL/kg/h for�12 h were diag-

nosed with AKI stage 2, and those with <0.3 mL/kg/h

for�24 hours or anuria for�12 hours were diagnosed with

AKI stage 3. TaggedAPTARAEnd

TaggedAPTARAH2Outcomes TaggedAPTARAEnd

TaggedAPTARAPThe primary objective of this study was to evaluate the sen-

sitivity, specificity, and advanced diagnosis time for AKI pro-

vided by the Accuryn AKI Alert system compared with AKI

stage 2 diagnosis based on routine SCr measurements. The

secondary objective was to evaluate the associations between

Accuryn AKI Alert and outcome variables, including ICU and

hospital LOS, need for CRRT, and 30-day mortality. TaggedAPTARAEnd

TaggedAPTARAH2Statistical Analysis TaggedAPTARAEnd

TaggedAPTARAPAccuryn data, EHR data, and manually captured data

(RedCap22,23 EDC), were combined into a single sqlite24 data-

base. If a patient had multiple surgeries, the earliest surgery

was used. Measurements of each patient’s SCr and UO from

Accuryn were both terminated at the time of their last SCr

measurement, 3 days after the last Accuryn measurement, or

30 days after the end of surgery, whichever came first. Analy-

sis was carried out in Python25 with the aid of the following

industry standard, open-source packages: numpy,26 pandas,27

sqlalchemy,28 matplotlib,29 seaborn,30 scikit-learn,31 scipy,32

graphviz,33 and statsmodels.34 Packages and environments

were managed using the Anaconda Python distribution.35

Source control was provided by Git.36,37 TaggedAPTARAEnd

TaggedAPTARAPUO from the Accuryn monitor was sampled directly after

active drain line clearance events and computed as the
numerical derivative between these events. Importantly, with-

out active drain line clearance, a substantial amount of urine

may be in the catheter drainage line due to airlock, potentially

underestimating the true amount of urine produced.20,38 Urine

that is delayed in the drain line could artificially depress sev-

eral hourly measurements, creating a false-positive AKI sig-

nal, or urine could build up in the drain line and create an in-

rush that artificially increases an hourly measurement, result-

ing in a false-negative, or missed, AKI.20 TaggedAPTARAEnd

TaggedAPTARAPAccuryn AKI Alerts were defined as whether the patient

meets each stage of the UO AKI criteria, and diagnoses based

on SCr were made following KDIGO guidelines.13 The time

of meeting AKI criteria based on either SCr values or UO (ie,

Accuryn AKI Alert) was calculated relative to the end of sur-

gery. Accuryn AKI Alert was not displayed on the monitors,

so it was assumed that clinician behavior was not modified. TaggedAPTARAEnd

TaggedAPTARAPThe Accuryn AKI Alert was compared with SCr AKI stage

2 using the median time to diagnose, area under the receiver

operating characteristic curve (AUROC), and associations

with LOS, use of CRRT, and 30-day mortality. For continuous

variables, the median, interquartile range (IQR), and difference

between the medians are reported, whereas for proportions, the

percentages, total count, and percentage difference are

reported. Continuous variables were tested for associations

using the Mann-Whitney U test,39 while proportions were

tested for associations using the Fisher exact test.40 Using the

Benjamini-Hochberg procedure,41 p-values were adjusted for

false discovery rate. The Wilcoxon sign rank test42 was used

to determine the significance of the difference in time to diag-

nose between the Accuryn AKI Alert operating points and

KDIGO stage �2 SCr criteria. TaggedAPTARAEnd

TaggedAPTARAH1Results TaggedAPTARAEnd

TaggedAPTARAH2Patient PopulationTaggedAPTARAEnd

TaggedAPTARAPThe Accuryn Registry database includes 1,139 patients from

9 sites. After exclusion for missing Accuryn UO or SCr data

and for preoperative AKI, 522 patients were included in this

study (Fig 1). The number of patients included per study site is

shown in Supplementary Table 1. The median age of the final

cohort was 65, and 65.5% were males. Patient demographics

and clinical characteristics can be found in Table 1.TaggedAPTARAEnd

TaggedAPTARAH2AKI Outcomes TaggedAPTARAEnd

TaggedAPTARAPOf the 522 patients in the cohort, the Accuryn AKI Alert

identified AKI stages 1, 2, and 3 in 32.18% (168), 30.46%

(159), and 3.64% (19) compared with 33.72% (176), 4.60%

(24), and 3.26% (17) detected by SCr criteria, respectively.

Assessment of AKI based on UO (Accuryn AKI Alert) diagno-

ses additional patients at higher stages relative to SCr (Fig 2).TaggedAPTARAEnd

TaggedAPTARAH2Analytics for Accuryn AKI Alert Scores TaggedAPTARAEnd

TaggedAPTARAPThe Accuryn AKI Alert stage 1+ (AKI stage 1 or higher, 6

hours) score was defined as the maximum hourly UO, as



TaggedAPTARAFigure

Fig 1. Standards for the reporting of diagnostic accuracy studies (STARD) diagram. Details patient exclusion from the study due to missing data and pre-existing

AKI. AKI, acute kidney injury. TaggedAPTARAEnd
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measured by Accuryn, over 6 consecutive hours and, when it

falls below the 0.5 mL/kg/h threshold, the patient has met the

Accuryn AKI Alert stage 1 criteria. Similarly, for the Accuryn
Table 1

TaggedAPTARACaptionPatient Demographics and Clinical Characteristics TaggedAPTARAEnd

Demographics TaggedAPTARAEnd Total Patients (N = 522) TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEndTaggedAPTARATbody

Age, median (IQR) TaggedAPTARAEnd 65.0 (57.0, 72.0) TaggedAPTARAEndTaggedAPTARAEnd

BMI, kg/m2, median (IQR) TaggedAPTARAEnd 27.25 (24.22, 31.2) TaggedAPTARAEndTaggedAPTARAEnd

Male sex, % (N) TaggedAPTARAEnd 65.52% (342) TaggedAPTARAEndTaggedAPTARAEnd

Race: White, % (N) TaggedAPTARAEnd 76.82% (401) TaggedAPTARAEndTaggedAPTARAEnd

Race: Black or African American, % (N) TaggedAPTARAEnd 11.11% (58) TaggedAPTARAEndTaggedAPTARAEnd

Race: Other, % (N) TaggedAPTARAEnd 5.75% (30)TaggedAPTARAEndTaggedAPTARAEnd

Race: Asian, % (N)TaggedAPTARAEnd 5.36% (28)TaggedAPTARAEndTaggedAPTARAEnd

Hispanic or Latinx, % (N) TaggedAPTARAEnd 12.64% (66) TaggedAPTARAEndTaggedAPTARAEnd

Surgery characteristics TaggedAPTARAEnd TaggedAPTARAEnd

CABG surgery, % (N)TaggedAPTARAEnd 42.53% (222) TaggedAPTARAEndTaggedAPTARAEnd

Valve surgery, % (N) TaggedAPTARAEnd 49.62% (259) TaggedAPTARAEndTaggedAPTARAEnd

CABG plus valve surgery, % (N)TaggedAPTARAEnd 10.92% (57) TaggedAPTARAEndTaggedAPTARAEnd

Off-pump CABG surgery, % (N)TaggedAPTARAEnd 5.75% (30)TaggedAPTARAEndTaggedAPTARAEnd

Heart transplants, % (N) TaggedAPTARAEnd 4.98% (26)TaggedAPTARAEndTaggedAPTARAEnd

Lung transplants, % (N) TaggedAPTARAEnd 3.26% (17)TaggedAPTARAEndTaggedAPTARAEnd

Other cardiac surgery, % (N) TaggedAPTARAEnd 10.54% (55) TaggedAPTARAEndTaggedAPTARAEnd

Redo cardiac surgery, % (N)TaggedAPTARAEnd 2.3% (12)TaggedAPTARAEndTaggedAPTARAEnd

Aortic clamp, % (N) TaggedAPTARAEnd 88.31% (461) TaggedAPTARAEndTaggedAPTARAEnd

Procedures with cardiopulmonary bypass, % (N) TaggedAPTARAEnd 89.46% (467) TaggedAPTARAEndTaggedAPTARAEnd

Cardiopulmonary bypass duration, min, median

(IQR) TaggedAPTARAEnd

132.0 (103.0, 168.0)TaggedAPTARAEndTaggedAPTARAEnd

Surgery duration, h, median (IQR) TaggedAPTARAEnd 4.93 (3.97, 6.25) TaggedAPTARAEndTaggedAPTARAEnd

Foley duration, h, median (IQR) TaggedAPTARAEnd 74.29 (51.33, 113.71) TaggedAPTARAEndTaggedAPTARAEnd

Patient risk scores and comorbidities TaggedAPTARAEnd TaggedAPTARAEnd

Max ASA score, median (IQR) TaggedAPTARAEnd 4.0 (4.0, 4.0) TaggedAPTARAEndTaggedAPTARAEnd

Euroscore, median (IQR) TaggedAPTARAEnd 1.99 (1.09, 3.8)TaggedAPTARAEndTaggedAPTARAEnd

Baseline SCr, mg/dL, median (IQR) TaggedAPTARAEnd 0.95 (0.82, 1.17) TaggedAPTARAEndTaggedAPTARAEnd

Chronic kidney disease, % (N) T aggedAPTARAEnd 12.45% (65/522) TaggedAPTARAEndTaggedAPTARAEnd

Chronic kidney disease stage, median (IQR) TaggedAPTARAEnd 3.0 (1.25, 3.0) TaggedAPTARAEndTaggedAPTARAEnd

Chronic obstructive pulmonary disease, % (N) TaggedAPTARAEnd 4.6% (24)TaggedAPTARAEndTaggedAPTARAEnd

Congestive heart failure, % (N) TaggedAPTARAEnd 19.54% (102) TaggedAPTARAEndTaggedAPTARAEnd

Hypertension, % (N) TaggedAPTARAEnd 70.69% (369) TaggedAPTARAEndTaggedAPTARAEnd

Type 1 diabetes, % (N) TaggedAPTARAEnd 0.96% (5) TaggedAPTARAEndTaggedAPTARAEnd

Type 2 diabetes, % (N) TaggedAPTARAEnd 29.31% (153) TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEnd

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass

index; CABG, coronary artery bypass graft; IQR, interquartile range. TaggedAPTARAEnd
AKI Alert stage 2+ (AKI stage 2 or higher, 12 hours) score,

UO <0.5 mL/kg/h met the criteria for AKI stage 2. For the

Accuryn AKI Alert stage 3a (24 hours) score at 24 hours with

UO <0.3 mL/kg/h or for the Accuryn AKI Alert 3b (12 hours)

score of UO = 0 mL/kg/h met the criteria for AKI stage 3. The

Accuryn AKI Alert scores and, thus, the Accuryn AKI Alert

stages, update every minute based on the past 6, 12, and

24 hours of UO data, respectively. TaggedAPTARAEnd

TaggedAPTARAH2Comparison of Accuryn AKI Stage 1, 2, and 3 Alerts TaggedAPTARAEnd

TaggedAPTARAPThe Accuryn AKI Alert scores are continuous values used to

determine Accuryn AKI Alert status; thus, an AUROC curve

(Fig 3) can be used to compare their discriminative power.

The Centers for Medicare & Medicaid Services (CMS)

recently designated AKI stage 2 by SCr as a reportable Hospi-

tal Harm, and the Society of Thoracic Surgeons (STS) includes

SCr AKI stage 2 in its reporting database.43,44 Therefore, AKI

stage 2 diagnosed by SCr was utilized as the benchmark for

Accuryn AKI Alert comparison.TaggedAPTARAEnd

TaggedAPTARAPThe Accuryn AKI Alert stage 1+ score performed similarly

to the Accuryn AKI Alert scores for stages 2+ and 3 when dis-

criminating between patients that meet the SCr criteria for

AKI stage �2. Respective AUROCs show a delta of 0.04

(0.78, 0.74, and 0.76, respectively) (Supplementary Figs 1 and

2). At the operating point corresponding to the Accuryn AKI

Alert stage 1, the sensitivity was 0.90, the specificity was 0.36,

and the median prognosis time was 33.6 (IQR = 15.43, 95.68)

hours before SCr AKI stage �2 diagnosis (Fig 3). AUROCs

for different UO and SCr AKI stages can be found in the sup-

plementary materials. ROC curves for Accuryn AKI Alerts

stages 2 and 3 and comparisons against AKI stages �1 and 3

can be found in Supplementary Figures 3, 4, and 5. TaggedAPTARAEnd

TaggedAPTARAH2Primary Outcome: Time to Diagnosis Using Accuryn AKI

Alert TaggedAPTARAEnd

TaggedAPTARAPAccuryn AKI Alert diagnosed any stage of AKI (�stage 1)

earlier than SCr, with a median time to diagnosis of 17.9



TaggedAPTARAFigure

Fig 2. Confusion matrix shows the number of patients meeting each AKI stage (1-3) according to SCr and UO (Accuryn AKI Alert). AKI, acute kidney injury;

SCr, serum creatinine; UO, urine output.TaggedAPTARAEnd

TaggedAPTARAFigure

Fig 3. Receiver operating characteristic curve for the Accuryn AKI Alert stage 1 score is colored by the median hours before the AKI by SCr stage 2+. The

Accuryn AKI Alert stage 1 operating point using UO <0.5 mL/kg/h is shown in red. AKI, acute kidney injury; SCr, serum creatinine; UO, urine output.TaggedAPTARAEnd
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(IQR = 12.5, 25.8) hours after the end of surgery for Accuryn

AKI Alert compared to 30.2 (IQR = 16.7, 40.4) hours after the

end of surgery for AKI stage 1 diagnosed by SCr. For AKI �
stage 2, Accuryn AKI Alert shows a median time to diagnosis

of 23.0 (IQR = 18.0, 30.25) hours after the end of surgery com-

pared to SCr at 56.4 (IQR = 29.7, 96.1) hours after the end of

surgery. Contrarily, Accuryn AKI Alert stage 3 diagnoses later

than SCr, with a median of 96.6 (IQR = 29.4, 171.4) hours

after the end of surgery compared to 38.9 (IQR = 28.2, 96.7)

hours after the end of surgery, respectively (Fig 4). TaggedAPTARAEnd
TaggedAPTARAH2Secondary Outcome TaggedAPTARAEnd

TaggedAPTARAPPatients with Accuryn AKI Alerts of any stage (stage �1)
show a significant increase in the length of ICU and hospital

stays (p < 0.001) and significantly increased rates of CRRT

(p = 0.0308, p < 0.001, and p < 0.001 for stages 1, 2, and 3,

respectively). Patients with an Accuryn AKI Alert stage 2 or 3

had significantly higher mortality compared with patients

without Accuryn AKI Alerts (p = 0.0115 and p < 0.001,

respectively) (Table 2).TaggedAPTARAEnd



TaggedAPTARAFigure

Fig. 4. Time in hours needed to diagnose AKI after the end of surgery for Accuryn AKI Alert and SCr criteria for each AKI. AKI, acute kidney injury; KDIGO,

Kidney Disease Improving Global Outcomes; SCr, serum creatinine. TaggedAPTARAEnd
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TaggedAPTARAPPatients with AKI stages 1 to 3 according to SCr criteria

also displayed significant increases in LOS outcomes, utiliza-

tion of CRRT, and mortality in all AKI stages compared with

patients who did not meet SCr criteria (Supplementary Table

2). Even in patients who were not diagnosed with AKI �2 by

SCr, Accuryn AKI Alert stage 1 showed a significant increase

in their ICU (p < 0.001) and hospital stays (p = 0.001),

whereas Accuryn AKI Alert stage 2 showed an additional sig-

nificant increase in CRRT (p < 0.05) and Accuryn AKI Alert

stage 3 showed significant increases in mortality (p < 0.001)

(Supplementary Table 3). TaggedAPTARAEnd
Table 2

TaggedAPTARACaptionComparison of Outcomes of Patients With Accuryn AKI Alerts Versus No Accuryn

Outcome variable TaggedAPTARAEnd NO Accuryn AKI Alert Stage

1+ (n = 176)TaggedAPTARAEnd

Acc

1+ (

ICU LOS, h, median (IQR) TaggedAPTARAEnd 66.18 (33.48, 105.82)TaggedAPTARAEnd 92.6

Hospital LOS, h, median (IQR) TaggedAPTARAEnd 178.73 (130.48, 257.17)TaggedAPTARAEnd 229

Treated with CRRTTaggedAPTARAEnd 1.14% (2/176)TaggedAPTARAEnd 4.62

Mortality TaggedAPTARAEnd 1.14% (2/176)TaggedAPTARAEnd 2.6%

No Accuryn AKI Alert Stage 2+ (n = 344)TaggedAPTARAEnd Acc

ICU LOS, h, median (IQR) TaggedAPTARAEnd 72.53 (46.05, 122.62)TaggedAPTARAEnd 95.4

Hospital LOS, h, median (IQR) TaggedAPTARAEnd 193.68 (138.73, 290.56)TaggedAPTARAEnd 248

Treated with CRRTTaggedAPTARAEnd 1.16% (4/344)TaggedAPTARAEnd 7.87

Mortality TaggedAPTARAEnd 0.87% (3/344)TaggedAPTARAEnd 4.49

No Accuryn AKI Alert Stage 3 (n = 503)TaggedAPTARAEnd Acc

ICU LOS, h, median (IQR) TaggedAPTARAEnd 76.97 (48.17, 124.42)TaggedAPTARAEnd 547

Hospital LOS, h, median (IQR) TaggedAPTARAEnd 202.15 (148.92, 320.67)TaggedAPTARAEnd 756

Treated with CRRTTaggedAPTARAEnd 1.59% (8/503)TaggedAPTARAEnd 52.6

Mortality TaggedAPTARAEnd 1.19% (6/503)TaggedAPTARAEnd 26.3

NOTE. Length of ICU and hospital stay, CRRT, and 30-day mortality in patients wi

AKI stages 1 or higher. Stage 2+ corresponds to AKI stages 2 or higher.TaggedAPTARAEnd

Abbreviations: AKI, acute kidney injury; CRRT, continuous renal replacement thera
TaggedAPTARAH1DiscussionTaggedAPTARAEnd

TaggedAPTARAPUsing data from a multicenter observational study of 522

patients, the current authors analyzed whether AKI Alert, an

alert based on continuous UO enabled by active drain line

clearance, could determine AKI status earlier than SCr stage 2

criteria. Confirming previous studies, AKI defined by oliguria

was common, with any stage AKI occurring in 66.28% (346/

522) of patients. Compared with SCr, AKI Alert had median

lead times to diagnose AKI stages 1 and 2 of 12.32 hours and

33.43 hours, respectively. Patients with Accuryn AKI Alerts
AKI Alerts TaggedAPTARAEnd

uryn AKI Alert Stage

n = 346) TaggedAPTARAEnd

Difference TaggedAPTARAEnd p-value TaggedAPTARAEnd p-adjusted TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEndTaggedAPTARATbody

7 (51.8, 143.49)TaggedAPTARAEnd 26.48 TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEnd

.94 (153.63, 347.42)TaggedAPTARAEnd 51.21 TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEnd

% (16/346) TaggedAPTARAEnd 3.49%TaggedAPTARAEnd 0.0283 TaggedAPTARAEnd 0.0308 TaggedAPTARAEndTaggedAPTARAEnd

(9/346)TaggedAPTARAEnd 1.46%TaggedAPTARAEnd 0.223TaggedAPTARAEnd 0.223 TaggedAPTARAEndTaggedAPTARAEnd

uryn AKI Alert Stage 2+ (n = 178) TaggedAPTARAEnd TaggedAPTARAEnd

1 (54.24, 151.05) TaggedAPTARAEnd 22.88 TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEnd

.82 (160.33, 415.43)TaggedAPTARAEnd 55.13 TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEnd

% (14/178) TaggedAPTARAEnd 6.7% TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEnd

% (8/178) TaggedAPTARAEnd 3.62%TaggedAPTARAEnd 0.00959 TaggedAPTARAEnd 0.0115 TaggedAPTARAEndTaggedAPTARAEnd

uryn AKI Alert Stage 3 (n = 19)TaggedAPTARAEnd TaggedAPTARAEnd

.33 (319.93, 703.19)TaggedAPTARAEnd 470.37 TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEnd

.37 (302.4, 1042.32)TaggedAPTARAEnd 554.22 TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEnd

3% (10/19) TaggedAPTARAEnd 51.04% TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEnd

2% (5/19) TaggedAPTARAEnd 25.12% TaggedAPTARAEnd p < 0.001TaggedAPTARAEnd p < 0.001 TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEnd

th Accuryn AKI Alerts compared with those without. Stage 1+ corresponds to

py; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay. TaggedAPTARAEnd
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displayed significantly longer lengths of ICU and hospital

stays, and patients with Accuryn AKI Alerts of stage �2 had

significantly higher mortality than those without active

Accuryn AKI Alerts. The lead time to diagnose AKI based on

continuous UO technology has not been reported previously. TaggedAPTARAEnd

TaggedAPTARAPIn the past, most researchers have primarily relied on SCr

due to its discrete data field in the EHR and its singular vali-

dated measured value. In contrast, assessing UO requires a

dynamic evaluation of change over time, with values measured

against time intervals. Accurate UO monitoring has previously

been difficult as it relies on manual UO measurements from

urinary catheters and subsequent documentation in the EHR.

Additionally, most automated urimeters fail to clear the drain

line, producing inaccurate real-time UO measurements. Con-

tinuous UO monitoring with an automatic flow of data allevi-

ates this limitation. TaggedAPTARAEnd

TaggedAPTARAPRecent findings suggest that oliguria may be strongly cor-

related with patient outcomes. Kellum et al. examined the

UO and SCr AKI criteria in 32,000 adults in a single health

system. They investigated associations between morbidity

and mortality in patients who met SCr or UO output criteria

for AKI, either alone or combined. Their findings revealed

significant increases in hospital LOS, provision of renal

replacement therapy, and mortality at 30 days, 90 days, and 1

year among patients who experienced AKI according to

either criterion. Notably, the occurrence of these adverse out-

comes nearly doubled in patients who developed AKI accord-

ing to both criteria combined compared with those meeting

either of the single criteria.17 Neglecting to consider UO in

defining AKI could result in failure to recognize many

affected patients. UO can detect AKI earlier than SCr, as SCr

is a late biomarker of AKI. TaggedAPTARAEnd

TaggedAPTARAPWhile SCr is a reliable indicator of glomerular filtration rate

under normal kidney function, its accuracy diminishes in non-

steady-state conditions. Postoperative cardiac surgery and

other critically ill patients receiving aggressive fluid resuscita-

tion experience an increased volume of distribution, leading to

SCr dilution.43 This dilution delays diagnosis and underesti-

mates the severity of AKI. Continuous UO and other AKI-

related biomarkers may facilitate earlier detection relative to

SCr criteria. Moreover, Accuryn AKI Alert provides a more

accurate prediction of CSA-AKI compared with relying solely

on clinical and surgical risk factors in this patient population.

With prediction and early diagnosis of AKI, kidney care bun-

dles and future novel therapies can prevent the incidence and

progression of AKI. Early prediction and diagnosis of AKI is

vital to implement timely strategies to reduce the progression. TaggedAPTARAEnd

TaggedAPTARAPKDIGO guidelines for AKI recommend initiating various

supportive measures known as the kidney care bundle (volume

management, maintenance of adequate blood pressure, and

judicious avoidance of nephrotoxins, contrast agents, and

hyperglycemia) in patients at high risk for or in AKI. However,

only a minority of high-risk patients or patients in AKI are

treated with complete bundle care.44 Early implementation of

the KDIGO kidney care bundle effectively reduces AKI in car-

diac surgery patients.10,11,45 The Accuryn AKI Alert diagnoses

AKI a median of 33.6 (IQR = 15.43, 95.68) hours in advance
of SCr criteria for AKI stage 2, compared with standard of

care based on hourly UO, which diagnoses AKI 11 hours ear-

lier than SCr as previously described.15,46 Oliguria is also an

independent predictor of adverse clinical outcomes,16,47 which

this study confirms with increased LOS metrics and mortality. TaggedAPTARAEnd

TaggedAPTARAPCMS recently acknowledged the importance of AKI preven-

tion and early treatment. CMS now considers AKI stage 2 a

Hospital Harm, with inclusion in the Electronic Clinical Qual-

ity Measures. AKI stage 2 by SCr will be a reportable event

starting in 2025, with financial repercussions for healthcare

systems in 2027.48 Due to this CMS ruling and the fact that

STS49 only collects AKI stage 2 data, we defined the SCr AKI

stage 2 criterion was defined as the benchmark or “gold stand-

ard” to compare the stage 1, 2, and 3 Accuryn AKI Alert

scores. TaggedAPTARAEnd

TaggedAPTARAPThe Accuryn AKI Alerts depend on the KDIGO UO crite-

ria.13 The 6-hour Accuryn AKI Alert (for AKI stage 1) score

demonstrates similar performance to the 12-hour (for AKI

stage 2) and 24-hour (for AKI stage 3) scores in discriminating

between patients meeting the SCr AKI stage 2 criteria. Their

respective AUROCs are comparable, with only marginal dif-

ferences (0.78, 0.74, and 0.76, respectively) (Supplementary

Fig 1). This suggests that 6 hours of low UO may be as infor-

mative as 12 and 24 hours of oliguria. TaggedAPTARAEnd

TaggedAPTARAPThe only US Food and Drug Administration�approved bio-

marker for early clinical AKI prediction currently is the prod-

uct of the urinary concentrations of tissue inhibitor of

metalloproteinase and insulin-like growth factor-binding pro-

tein (NephroCheck). This test calculates the AKI Risk Index,

which, if >0.3 (mg/L),2 predicts the development of AKI stage

2 to 3 within 12 hours, with a reported sensitivity of 92% and

specificity of 46%.50,51 Accuryn AKI Alert’s sensitivity and

specificity are comparable to NephroCheck’s. At the operating

point corresponding to AKI stage 1 by UO, the sensitivity and

specificity are 0.9 and 0.36, respectively. TaggedAPTARAEnd

TaggedAPTARAH2Study LimitationsTaggedAPTARAEnd

TaggedAPTARAPFirst, while this data includes multiple academic centers in

the United States, the sample size remains relatively small.

Due to financial and time constraints, this study was done

before the assembly and cleaning of all available data was

finalized. The results may not be generalizable to all cardiac

surgery patients worldwide. However, the overall event rates

and outcomes concord with recently published studies in car-

diac surgery patients.10,52 Second, the association between

AKI and adverse outcomes could be confounded by different

factors not captured. The data used were not recorded specifi-

cally for this study, thus potentially limiting the strength of

inferences. Third, although the sensitivity of the Accuryn AKI

Alert is high, the specificity is not. However, due to the impact

of AKI on patients’ immediate and long-term outcomes (and

healthcare costs), false negatives carry more risks than false

positives. Therefore, sensitivity was prioritized over specific-

ity, thus, focusing on the AKI stage 1 alert. Fourth, while UO

was reliably measured for all patients included in this analysis,

the frequency of SCr measurements was not consistent for all
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patients, which could contribute to the lower diagnosis rate

compared with Accuryn AKI Alert. Fifth, the Accuryn AKI

Alert presented in this study is specific to the Accuryn Moni-

toring System. Lastly, many factors might influence UO during

cardiac surgery, especially cardiopulmonary bypass, volume

status, and diuretics. The authors plan to consider these con-

founding factors when using Accuryn AKI Alert in predicting

AKI with the final dataset. TaggedAPTARAEnd

TaggedAPTARAH1Conclusions TaggedAPTARAEnd

TaggedAPTARAPPatients undergoing cardiac surgery experience high rates of

AKI, which dramatically worsens their prognosis. Early identi-

fication of AKI with the Accuryn AKI Alert allows clinicians

to implement the KDIGO kidney care bundle and optimize

treatment early, potentially improving patient outcomes and

lowering healthcare costs.TaggedAPTARAEnd
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