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Feasibility Assessment of a Biomarker-Guided
Kidney-Sparing Sepsis Bundle: The Limiting
Acute Kidney Injury Progression In Sepsis Trial

OBIJECTIVES: To determine the feasibility, safety, and efficacy of a biomarker-
guided implementation of a kidney-sparing sepsis bundle (KSSB) of care in com-
parison with standard of care (SOC) on clinical outcomes in patients with sepsis.

DESIGN: Adaptive, multicenter, randomized clinical trial.
SETTING: Five University Hospitals in Europe and North America.

PATIENTS: Adult patients, admitted to the ICU with an indwelling urinary cath-
eter and diagnosis of sepsis or septic shock, without acute kidney injury (acute
kidney injury) stage 2 or 3 or chronic kidney disease.

INTERVENTIONS: A three-level KSSB based on Kidney Disease: Improving
Global Outcomes (KDIGOs) recommendations guided by serial measurements
of urinary tissue inhibitor of metalloproteinases-2 and insulin-like growth factor-
binding protein 7 used as a combined biomarker [TIMP2][IGFBP7].

MEASUREMENTS AND MAIN RESULTS: The trial was stopped for low en-
roliment related to the COVID-19 pandemic. Nineteen patients enrolled in five
sites over 12 months were randomized to the SOC (n = 8, 42.0%) or interven-
tion (n = 11, 58.0%). The primary outcome was feasibility, and key secondary
outcomes were safety and efficacy. Adherence to protocol in patients assigned
to the first two levels of KSSB was 15 of 19 (81.8%) and 19 of 19 (100%) but
was 1 of 4 (25%) for level 3 KSSB. Serious adverse events were more frequent
in the intervention arm (4/11, 36.49%) than in the control arm (1/8, 12.5%), but
none were related to study interventions. The secondary efficacy outcome was a
composite of death, dialysis, or progression of greater than or equal to 2 stages
of acute kidney injury within 72 hours after enrollment and was reached by 3 of 8
(87.5%) patients in the control arm, and 0 of 11 (0%) patients in the intervention
arm. In the control arm, two patients experienced progression of acute kidney in-
jury, and one patient died.

CONCLUSIONS: Although the COVID-19 pandemic impeded recruitment, the
actual implementation of a therapeutic strategy that deploys a KDIGO-based
KSSB of care guided by risk stratification using urinary [TIMP2]*[IGFBP7] seems
feasible and appears to be safe in patients with sepsis.
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epsis, a dysregulated immune host response to infection that results in
life-threatening organ dysfunction (1) affects more than 48 million people
every year worldwide and represents ~20% of global deaths (2). Almost
two-thirds of patients with its most severe presentation, septic shock, develop
acute kidney injury (AKI), and AKI is an independent risk factor for death
from sepsis. Indeed, patients with septic shock who develop Kidney Disease:
Improving Global Outcomes (KDIGO) stages 2-3 AKI are more than four
times more likely to die within 60 days compared with those without AKI (3).
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Question: Is it feasible and safe to implement
a biomarker-guided strategy to deliver Kidney
Disease: Improving Global Outcomes (KDIGOs)-
based kidney-sparing sepsis bundles (KSSBs) of
care in patients with sepsis?

Findings: Protocol adherence was 81.9% for the
first two levels of KSSB and 25% for level 3. No
serious adverse events were related to study inter-
ventions. The composite of death, dialysis, or acute
kidney injury progression occurred in 37.5% and
0% of patients in the control and intervention arm.

Meaning: Although the COVID-19 pandemic
impeded recruitment, the actual implementation of
atherapeutic strategy that deploys a KDIGO-based
KSSB of care guided by urinary [TIMP2]e[IGFBP7]
may be feasible and appears to be safe in patients
with sepsis.

. J

Importantly, this increased risk may be reversible be-
cause patients with sepsis who recover from AKI have
similar 1-year and 3-year mortality as those without
AKIT (4, 5). This is in agreement with preclinical (6-9)
and clinical (10) data demonstrating that the develop-
ment of AKI carries far-reaching consequences like
remote organ dysfunction (6-9) and susceptibility to
infection (7). Together, these data suggest that AKI
may be in the causal pathway to death from sepsis and
that efforts to reverse sepsis-associated AKI may im-
prove survival. However, there are no proven interven-
tions to reverse or prevent sepsis-associated AKI (11).

The novel urinary biomarkers tissue inhibitor of metal-
loproteinases-2 (TIMP2) and insulin-like growth fac-
tor-binding protein 7 (IGFBP7), provide early warning
of kidney tubular stress and anticipate the risk of devel-
oping AKI (12-15). An overall risk score of the combi-
nation of these biomarkers, [TIMP2]«[IGFBP7], has
been validated in critically ill subjects to predict the de-
velopment of moderate to severe AKI within 12 hours
after assessment (12-14), and has been approved by the
Federal Drug Administration (FDA) for clinical use
since 2014. Importantly, two single-center, randomized
clinical studies have used [TIMP2]¢[IGFBP7] to guide
the implementation of KDIGO bundles in patients after
cardiac surgery (PrevAKI) and major noncardiac sur-
gery (bigpAK) demonstrating decreased frequency and
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severity of postoperative AKI, and ICU and hospital
length of stay (LOS) (16, 17). However, this approach has
never been studied in patients with sepsis. The objective
of this study was to evaluate the feasibility and safety of a
[TIMP2]e[IGFBP7]-guided implementation of a kidney-
sparing sepsis bundle (KSSB, intervention arm) and to
assess the impact of such strategy on clinical outcomes
and resource utilization in comparison to the current
standard of care (SOC, control arm). Although recruit-
ment is an essential part of the assessment of feasibility, the
consequences of the COVID-19 pandemic on our study
preclude us from drawing any meaningful conclusions
on recruitment rates. However, we hope that the data we
present hereby will contribute to knowledge-building on
other key aspects of feasibility, safety, and the implementa-
tion of a biomarker-guided therapeutic strategy in sepsis.

MATERIALS AND METHODS
Trial Design, Oversight, and Ethics Statement

Limiting Acute Kidney Injury Progression In Sepsis was
designed as an adaptive, multicenter, randomized con-
trolled interventional trial and was sponsored by bio-
Meérieux. The study was conducted in accordance with
the provisions of the Declaration of Helsinki (October
2008) and the International Council for Harmonisation
(ICH) guidelines on Good Clinical Practice. The pro-
tocol and the informed consent form were reviewed and
approved by each independent site institutional review
board (supplemental digital content, http://links.lww.
com/CCX/B238). The trial was registered on clinicaltri-
als.gov (NCT04434209) and the protocol was published
ahead of enrollment (18). All patients enrolled in the
study signed an informed consent before any study pro-
cedures. A steering committee and an independent safety
monitoring committee oversaw the trial.

Patients

Patients were eligible for enrollment if they met the
following inclusion criteria: age greater than or equal
to 21 years; admission to ICU and expected to remain
for greater than 48 hours; presence of an indwelling
urinary catheter with an expectation for it to remain
for greater than 48 hours; a clinical diagnosis of sepsis
based on Sepsis-3 definition as having an infection and
organ dysfunction defined by an increase in Sequential
Organ Failure Assessment score of 2 or more, or septic
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shock, defined as vasopressor requirement to main-
tain a mean arterial pressure of greater than or equal
to 65mm Hg and a serum lactate level greater than 2
mmol/L (> 18 mg/dL) in the absence of hypovolemia.
Patients were excluded if they had: history of kidney
transplant or any solid organ transplant receiving calci-
neurin inhibitors; KDIGO stage 2 or 3 AKI at the time
of screening or within the past 2 weeks; been receiving
dialysis or were in imminent need of dialysis (defined
as within 6 hr per attending physician judgment) at the
time of enrollment; baseline estimated glomerular fil-
tration rate less than 45mL/min/1.73 m? calculated
using the modification of diet in renal disease study
formula based on the SCr measurement obtained at
the time closest to enrollment; total bilirubin greater
than 4mg/dL at enrollment; confirmed COVID-19
infection. The complete eligibility criteria have been
published (18) and can also be found in supplemen-
tary appendix (http://links.Iww.com/CCX/B238).

Randomization and Treatment

Patients were randomly assigned in a 1:1 ratio to a
control arm consisting of the use of local SOC guide-
lines for diagnostic assessment and treatment or to
the intervention arm, consisting of the use of serial
[TIMP2]«[IGFBP7] testing to guide the implemen-
tation of a KSSB. In the control arm, urine samples
for serial [TIMP2]«[IGFBP7] testing were collected,
frozen, and shipped to a central laboratory (bioMéri-
eux SA, Marcy I'Etoile, France) for analysis at the fol-
lowing time points: 1) between 6 and 9 hours after the
diagnosis of sepsis, 2) between 6 and 9 hours after the
first urine sample was collected, and 3) between 12 and
15 hours after the second urine sample was collected.
Results of urine samples were not available for clinical
decision-making. In the intervention arm, patients un-
derwent [TIMP2]«[IGFBP7] on-site testing at the same
time points as the control group. Patients with any
[TIMP2]«[IGFBP7] test result of greater than 0.3 were
provided one of three levels of kidney KSSBs depend-
ing on the quantitative value of the test results obtained
at the first time point. The level of the KSSB was then
continued or incremented based on subsequent quan-
titative levels of urinary [TIMP2]«[IGFBP7] and study
interventions were continued for a total of 72 hours
(Fig. 1). The treating clinician had the option to de-
cline the use of any KSSB intervention when they de-
termined it was not in the best interest of the patient.

Critical Care Explorations

The three levels of the KSSB interventions were based
on KDIGO guidelines (19), have been described in
detail (18), and can also be found in supplementary
appendix (http://links.lww.com/CCX/B238), but in
general consisted of the following: 1) level 1, identi-
fication and removal of any nephrotoxic medications,
the use of balanced crystalloids, and strict monitor-
ing of daily fluid input and output, 2) level 2, included
all interventions in level 1 plus the use of functional
hemodynamic monitoring (FHM) to guide fluid and
hemodynamic resuscitation, and 3) level 3, included
levels 1 and 2, plus the use of hospital resources in-
cluding consultation with a nephrologist and/or infec-
tious disease specialist, to assess other causes of AKI
and evaluate source control and antibiotic coverage.

Outcomes and Follow-up

The primary endpoint was feasibility, assessed by quan-
tifying the adequacy of treatment allocation based on bi-
omarker data and adherence to the study protocol. Two
key secondary endpoints were safety and efficacy. Safety
was evaluated by monitoring 1) all serious adverse events
(SAE), 2) all serious adverse device events (SADE), 3) all
serious unanticipated adverse device events (SUADE), and
4) all non-SAEs. Definitions for each category of adverse
events can be found in supplementary appendix (http://
links.Iww.com/CCX/B238). Efficacy was assessed by the
occurrence of a composite of death, dialysis (defined as
any form of renal replacement therapy [RRT]), or pro-
gression of greater than or equal to 2 stages of AKI (stages
0-2/3 or stages 1-3) within 72 hours after enrollment.

Additional major secondary outcomes were the
composite efficacy outcome at 48 hours, the rate of
occurrence of AKI, death or use of RRT within 72
hours of enrollment, in-hospital and 30-day mortality,
renal recovery defined as less than 120% study refer-
ence creatinine at the time of hospital discharge or
day 60 after enrollment, whichever occurred first, ICU
LOS, and RRT, ICU, invasive hemodynamic, and me-
chanical ventilation-free days. Follow-up was planned
for 60 days after enrollment.

STATISTICAL ANALYSIS

We estimated a sample size of 540 patients to detect
a 30% reduction in the primary composite endpoint.
The statistical analysis plan was published before
unblinding the results (18) and further details can also
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Figure 1. Diagram demonstrating the flow of patients in the study randomized to the treatment group (modified from [18]). Based

on the level of urinary [TIMP2]+[IGFBP7], denoted in the figure as “NC” for NephroCheck, patients would be allocated to receiving 1)
standard of care (SOC) if the first urinary NC level was below 0.3, 2) level 1 kidney-sparing sepsis bundle (KSSB) if NC was between
0.3 and 1, or 3) level 2 KSSB if NC was greater than 1. Then, 6-9 hr after the first NC, a second NC test would be sent, and patients
would be reassigned to either a higher level of KSSB or to stay in their current levels. As a rule, once a patient was at any given KSSB
level, the patient would stay at that level or move to a higher level based on NC, but never move to a lower level. Finally, 12 hr after the
second NC draw, a third NC would be sent, and patients would be reassigned to the corresponding KSSB level and maintained there for

a total of 72hr (i.e, total time since randomization).

be found in supplementary appendix (http://links.Iww.
com/CCX/B238). There was no blinding in this study
at the site level, but the sponsor and study members
were blind to group allocation. Because the study was
stopped early, the efficacy analysis was limited to re-
porting the number and proportion of patients expe-
riencing the primary composite endpoint in each arm.

Safety Analysis

All SAEs, SADEs, SUADEs, and non-SAEs that were
definitely, probably, or possibly related to the device
or a protocol-related procedure were coded using the
Medical Dictionary for Regulatory Activities, Version
23.0, (ICH, Geneva, Switzerland) to classify events under
low-level terms and the occurrence rate of occurrence
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was reported. SAEs/SADEs/SUADEs were also sum-
marized by their relationship to the study treatment. In
addition, mortality was assessed.

Summary statistical analyses were provided for
demographics, medical history, and risk factor vari-
ables at baseline. Continuous variables were summa-
rized using median values and categorical variables
using numbers and percentages. All analyses were con-
ducted using SAS software, version 9.4 (SAS Institute,
Inc, Cary, NC). No hypothesis testing was done for
efficacy due to the sample size.

RESULTS

The study was stopped prematurely because of unan-
ticipated low enrollment rates due to the COVID-19
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pandemic. A total of 19 patients were enrolled across
five sites from January 2021 to December 2021, 8
(42.0%) of whom were randomized to control and 11
(58.0%) to the intervention arm. Ten patients (56.2%)
were admitted to a medical ICU, and 9 to medical/sur-
gical ICUs. Enrolled patients had a median age of 71
years (range: 52-83), a median weight of 76 kg (range:
60-110); the majority were males (68.4%), of White
race (89.5%), had a confirmed infection (89.5%), and
had septic shock (94.7%). The source of infection was
bacterial, fungal, or yeast in 15 (78.9%), 4 (21.1%),
and 3 (15.8%) patients, respectively. Additional dem-
ographic information and differences between groups
are shown in Table 1.

Primary Outcome

Feasibility, Implementation, Protocol Adherence,
and Follow-up. All enrolled patients were adequately
assigned to the right level of bundled care based on
rapid turnover and communication of the results of
[TIMP2]«[IGFBP7].

Adherence to the study protocol is summarized in
eTable 1 (http://links.lww.com/CCX/B238). For KSSB
level 1, 9 of 11 patients in the intervention group had
1 or more nephrotoxic medications/agents stopped as
recommended per protocol. However, 5 of 8 patients
in the control group also had nephrotoxic medica-
tions discontinued by the treating team. For KSSB
level 2, FHM to guide resuscitation was used in 9 of
11 patients in the intervention group, and only in 1
of 8 patients in the control arm. The two patients in
the intervention arm who were not resuscitated using
FHM never reached the level 2 KSSB bundle based on
their biomarker levels. In addition, balanced crystal-
loid as the only resuscitation fluid was used in 8 of 11
patients in the intervention arm, whereas this was only
the case in 3 of 8 patients in the control arm. Although
compliance with KSSB levels 1 and 2 was excellent,
compliance with level 3 was low, with nephrology and
infectious disease consults only ordered in one of four
patients in the intervention arm.

Secondary Outcomes

Safety. The proportion of reported SAEs was higher
in the intervention arm (4/11, 36.4%) than in the con-
trol arm (1/8, 12.5%) (eTable 2, http://links.lww.com/
CCX/B238). In the intervention arm, SAEs included

Critical Care Explorations

cardiac arrest, aspiration, infective endocarditis, and
bronchial hemorrhage; the patient in the control group
had intestinal ischemia. Although all 5 SAEs were ul-
timately fatal, none were considered related to study
interventions.

There were no vascular or urinary catheter-related
infections reported in the first 72 hours after enroll-
ment. Three of 8 patients (37.5%) in the control arm
and 2 of 11 (18.2%) patients in the intervention arm
were reported to have urinary catheter infections in
the period from 72 hours to 30 days after enrollment.

Composite Efficacy Endpoint. The composite ef-
ficacy outcome of death, dialysis, or progression of
greater than or equal to two stages of AKI within 72
hours after enrollment was reached by 3 of 8 (37.5%)
patients in the control arm, and 0 of 11 (0%) patients in
the intervention arm (Table 2). In the control arm, two
patients experienced progression of AKI, and one pa-
tient died. No patient required RRT during the 72-hour
window. However, one patient in the control arm and
three patients in the intervention arm required RRT
after the 72-hour window (Table 2).

Additional Secondary Outcomes. Secondary out-
comes are summarized in Table 2 and eTable 3 (http://
links.Iww.com/CCX/B238). Death, dialysis, or pro-
gression of AKI at 48hr followed the same trend as
the composite at 72hr. The higher occurrence of the
composite outcome in the control group was driven
by higher number of patients dying and experiencing
progression of AKI (Table 2, eTable 3, http://links.Iww.
com/CCX/B238). Similarly, AKI of any stage occurred
more frequently in controls and almost every metric of
resource utilization was worse in controls as compared
with the intervention group (Table 2, eTable 3, http://
links.Iww.com/CCX/B238). These differences are only
trends and need to be interpreted with caution.

Overall, 18 of 19 patients (94.7%), 7 in the con-
trol group, and 11 in the treatment group received
at least one protocol-specified nephrotoxic medi-
cation or another medication considered by the site
investigator to be potentially nephrotoxic. The mean
number of nephrotoxic drugs used was 3.5 in the con-
trol arm and 3.3 in the intervention arm, with no ob-
vious group differences in the distribution of diverse
types of drugs (eTable 1, http://links.Iww.com/CCX/
B238). Three (37.5%) patients in the control arm and
8 (72.7%) patients in the treatment arm received bal-
anced crystalloids, with volumes of 4,417 + 1,666 mL
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TABLE 1.
Demographics and Baseline Patient Data

Variable Measure All Patients Control Intervention
Site
Brigham and Women's Hospital n (%) 1 (5.3%) 0 (0%) 1 (9.1%)
University Hospital of Angers n (%) 1 (5.3%) 1 (12.5%) 0 (0%)
Memorial Sloan Kettering Cancer Center n (%) 2 (10.5%) 0 (0%) 2 (18.2%)
University of Munster n (%) 14 (73.7%) 6 (75.0%) 8 (72.7%)
University of Leipzig n (%) 1 (5.3%) 1 (12.5%) 0 (0%)
Type of ICU
Combined ICU n (%) 3 (15.8%) 1 (12.5%) 2 (18.2%)
Medical n (%) 10 (52.6%) 6 (75.0%) 4 (36.4%)
Neurologic/neurosurgical n (%) 1 (5.3%) 1 (12.5%) 0 (0%)
Surgical n (%) 5 (26.3%) 0 (0%) 5 (45.5%)
Demographics
Age Median (range) 71 (52-83) 71.5 (53-83) 67 (52-81)
Male n (%) 13 (68.4%) 5 (62.5%) 8 (72.7%)
Race
Unknown n (%) 2 (10.5%) 1 (12.5%) 1 (9.1%)
White n (%) 17 (89.5%) 7 (87.5%) 10 (90.9%)
Baseline medical condition
Weight Median (range) 76 (60-110) 72.5 (60-110) 80 (63.5-91.6)
Reference serum creatinine Median (range) 0.8 (0.5-1.4) 0.8 (0.5-1.3) 0.8 (0.6—1.4)
Admission serum creatinine Median (range) 1 (0.5-3.7) 1.1 (0.5-1.4) 1 (0.6-3.7)
Enrollment serum creatinine Median (range) 0.8 (0.5-1.5) 0.8 (0.5-1.4) 0.8 (0.6—1.5)
Acute kidney injury stage
0 n (%) 17 (89.5%) 7 (87.5%) 10 (90.9%)
1 n (%) 2 (10.5%) 1 (12.5%) 1 (9.1%)
Medical history
Diabetes n (%) 4 (21.1%) 3 (37.5%) 1 (9.1%)
Hypertension n (%) 5 (26.3%) 2 (25.0%) 3 (27.3%)
Active cancer treatment n (%) 4 (21.1%) 2 (25.0%) 2 (18.2%)
Sepsis diagnosis
SOFA score increase n (%) 15 (78.9%) 6 (75.0%) 9 (81.8%)
SOFA score Median (range) 9.5 (4-15) 10.5 (4-15) 9 (5-15)
Septic shock n (%) 18 (94.7%) 7 (87.5%) 11 (100.0%)
Lactate Median (range) 1.7 (0.9-9) 1.75 (0.9-2.4) 1.4 (0.9-9)
Confirmed infection n (%) 17 (89.5%) 7 (87.5%) 10 (90.9%)
Bacterial n (%) 15 (78.9%) 7 (87.5%) 8 (72.7%)
Fungal n (%) 4 (21.1%) 2 (25.0%) 2 (18.2%)
Yeast n (%) 3 (15.8%) 0 (0%) 3 (27.3%)

SOFA = Sequential Organ Failure Assessment.
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TABLE 2.
Summary of Clinical Outcomes

Endpoint

Primary endpoint

Composite at 72 hr (n, %)

Death within 72 hr

RRT within 72 hr

Progression of AKI within 72 hr
Secondary endpoints

Composite at 48hr (n, %)

Death within 48 hr

RRT within 48 hr

Progression of AKI within 48 hr
Mortality

In-hospital

30d
AKI

AKI stage 1 or greater

AKI stage 2/3

Renal recovery (n/total of patients with any AKI)
Resource utilization

ICU length of stay (mean, sp)

ICU-free days (mean, sp)

Invasive hemodynamic-free days (mean, sp)

Mechanical ventilation-free days (mean, sp)

RRT-free days (mean, sp)

All Control Intervention
3/19 (15.7) 3/8 (37.5) 0/11 (0)
1/19 (5.3) 1/8 (12.5) 0/11 (0)
0/19 (0) 0/8 (0) 0/11 (0)
2/19 (10.5) 2/8 (25) 0/11 (0)
1/19 (5.3) 1/8 (12.5) 0/11 (0)
0/19 (0) 0/8 (0) 0/11 (0)
0/19 (0) 0/8 (0) 0/11 (0)
1/19 (5.3) 1/8 (12.5) 0/11 (0)
2/19 (10.5) 1/8 (12.5) 1/11 (9.1)
3/19 (15.8) 1/8 (12.5) 2/11 (18.2)

11/19 (57.9) 7/8 (87.5) 4/11 (36.4)
4/19 (21.1) 3/8 (37.5) 1/11 (9.1)
4/19 (21.1) 4/7 (57.1) 0/4 (0)

17.4 (12.6) 13.5 (8.2)
106(121) 14.9 (7.2)

9 (2.6) 22.2 (3.3)
154(131) 20.9 (9.1)
28.4 (4.2) 28.5 (2.7)

AKI = acute kidney injury, RRT = renal replacement therapy.

and 2,088+1,639mlL, respectively. One patient in
the control arm (40% glucose) and two in the treat-
ment arm (albumin) received other types of fluids.
Eight patients had no bolus fluids recorded following
enrollment.

DISCUSSION

During the first 2 years of the COVID-19 pandemic,
numerous trials were halted and many never resumed.
Unfortunately, the LAPIS trial was a casualty of the
pandemic, and the available sample is insufficient to
identify or refute an efficacy signal. The decision was
made not to include COVID patients for two reasons.
First, what we know today about the prevalence, path-
ophysiology, and characteristics of AKI and the perfor-
mance of [TIMP2]«[IGFBP7] in COVID patients was

Critical Care Explorations

largely unknown then. Second, because KSSB bundles
were designed for bacterial sepsis and therefore, may
not be appropriate for patients with COVID given
that the development of AKI during COVID may be
influenced by factors that are not considered in these
interventions. However, in this study, we report sev-
eral important findings that can inform future trials.
Together with our prior publication (18), this report
provides a detailed roadmap for implementation and
assessment of the efficacy of an escalating, biomarker-
guided, sepsis care bundle to reduce the development
of moderate to severe AKI.

There is no question that recruitment for LAPIS
was lower than expected and that the effect of the pan-
demic on our ability to recruit ultimately lead to the
premature termination of the study. Although we can-
not draw conclusions on potential recruitment outside

www.ccejournal.org 7
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of a global pandemic, our results provide important
insights into other aspects of feasibility and safety that
are directly related to study design. For instance, the
investigators identified the tight 6-hour enrollment
window as the only potential barrier to enrollment.
After a discussion during our last investigators meet-
ing, the window was extended to 12 hours. Despite that
a stratified intervention based on the rapid turnover of
a biomarker appeared complex, we demonstrated that
the collection, processing, and communication of the
biomarker results to the treating team was never a bar-
rier to enrollment. Furthermore, the adoption of the
proposed interventions by treating physicians was not
difficult and adherence to the protocol was high overall,
probably because these are therapeutic strategies with
which most clinicians are familiar. The only aspect
of the implementation of the bundles that failed was
KSSB level 3. We submit that this may be more a reflec-
tion of local practice, as most patients were enrolled
in Europe, where consultations with other services in
this context are less frequent than in North America.
In fact, the only patient in whom a protocol-mandated
consultation with specialists was ordered was enrolled
in the United States. The study also provides data to
support the idea that the implementation of KDIGO
bundles may be safe, as no numerical differences were
found in SAEs, SADEs, SAUDEs, or catheter-related
infections between groups. Overall, our study serves
as “proof of concept” that the implementation of a bio-
marker-guided protocol to deploy therapeutic inter-
ventions is possible in patients with sepsis. Given the
extraordinary circumstances of the COVID-19 pan-
demic where non-COVID research was dramatically
impacted, it is important to evaluate feasibility using
criteria other than enrollment. LAPIS highlights how
focusing only on enrollment may be insufficient, and
that the evaluation of other aspects such as barriers to
implementation of study procedures, protocol adher-
ence, and limitations to follow-up were as fundamental
as being able to enroll patients, yielding very impor-
tant information for future trials.

Two of the most frequently voiced arguments
against the use of AKI biomarkers are that early di-
agnosis is futile because there are no specific thera-
pies to treat AKI and that KDIGO recommendations
are “routinely administered” However, prior trials
have shown that the implementation of KDIGO-
recommended interventions can decrease the risk of

8 www.ccejournal.org

moderate-severe AKI when guided by urinary levels
of [TIMP2]+[IGFBP7] in patients undergoing car-
diac surgery and major abdominal surgery (16, 17,
20). Our results now provide the first evidence that
a biomarker-guided implementation of KSSB based
on KDIGO recommendations is feasible and may be
beneficial in patients with sepsis. In addition to sup-
porting the strong rationale and mounting evidence
for the use of biomarker-guided therapeutic interven-
tions (21), our results also highlight a profound lack of
implementation of KDIGO bundles in daily practice
reported by others (22), particularly the use of FHM
to guide fluid resuscitation. This is an important de-
ficiency because FHM-guided resuscitation in septic
patients results in lower net fluid balance, risk of res-
piratory failure, or AKI requiring RRT (23). In addi-
tion, FHM-guided resuscitation is one of the most
important measures to prevent AKI in cardiac surgery
patients (24). With this in mind and in the absence of
specific treatments for AKI, harnessing a strategy that
deploys common, recommended, proven, and widely
available, yet unused therapies based on the risk strat-
ification of patients using an FDA and Conformite
Europeenne-approved biomarker to reduce AKI
seems like the easiest, cheapest, most logical next step
to improve the care of patients with sepsis.

Our decision to publish the results from this lim-
ited dataset was motivated in part by the notion that
science should be engaged in knowledge-building.
The international critical care research community is
large and heterogeneous, and resources and priorities
are not equally distributed. It is our hope that by pro-
viding transparency into LAPIS, and its successes and
failures, we will facilitate advances in one of the most
significant complications of sepsis, AKI.

CONCLUSIONS

The effects of the COVID-19 pandemic on the LAPIS
study preclude us from making any conclusions about
recruitment. However, our data suggest that the actual
implementation of a therapeutic strategy that deploys
a KDIGO-based, kidney KSSB of care guided by risk
stratification using urinary [TIMP2]«[IGFBP7] is fea-
sible and appears to be safe in patients with sepsis and
septic shock. Future studies will need to address the
efficacy of this strategy to improve clinically relevant
outcomes.
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