W) Check for updates

3 Trajectory of Kidney Function: The Canary in Sepsis

Acute kidney injury (AKI) is a common form of organ failure in
sepsis, with incidence rates of 40-60% (1, 2). Patients with sepsis-
induced AKI have unacceptably high mortality rates (3). Despite
the frequency of AKI complicating sepsis, treatments are limited
(4). The Kidney Disease: Improving Global Outcomes consensus
group defines AKI as an increase in serum creatinine or a decrease
in urine output. However, the Kidney Disease: Improving Global
Outcomes definition does not stratify patients on the basis of
differences in AKI recovery patterns. Combining patients with
different AKI recovery patterns may hide subgroups that are more
tightly associated with clinical outcomes (5).

The trajectory of renal dysfunction is a clinically intuitive
parameter by which to risk-stratify participants with AKI. Previous
work has shown that the trajectory of serum creatinine after AKI
informs short- and long-term prognoses (5, 6), but the value of
longitudinal urinary biomarker concentrations within hours after
an intervention has not been reported. In this issue of the Journal,
Fiorentino and colleagues (pp. 1262-1270) report the findings from
a secondary analysis of the ProCESS (Protocolized Care for Early
Septic Shock) study (7), a multicenter randomized controlled trial
(RCT) completed in the United States that recruited patients from
the emergency department with septic shock and tested two
alternative resuscitation strategies compared with usual care.

The current study validates that prespecified cutoffs of the
product of two urinary biomarkers, TIMP2 (tissue inhibitor of
metalloproteinases 2) and IGFBP7 (insulin-like growth factor
binding protein 7), are associated with the development of a
composite outcome of stage 3 AKI, renal replacement therapy, or
death within 7 days after study enrollment (8).

Among 1,341 participants recruited in ProCESS, 688 had urine
available at Hour 0 (baseline) and Hour 6 (immediately after
implementation of the 6-h resuscitation strategy), and 113 (16.4%)
reached the primary outcome, which was mostly driven by rates of
stage 3 AKI and death. Only two patients required renal replacement
therapy. Participants were stratified into four biomarker subgroups
(negative at both Hour 0 and Hour 6 [—/—], negative at Hour 0 and
positive at Hour 6 [—/+], positive at Hour 0 and negative at Hour
6 [+/—], and positive at both Hour 0 and Hour 6 [+/+]) on the
basis of prespecified [TIMP-2] X [IGFBP7] = 0.3 (ng/ml)z/ 1,000
at 0 (baseline) and 6 hours (after resuscitation). A majority of
participants had a positive urinary [TIMP-2] X [IGFBP7] value at
Hour 0 (n=457), and 64% were in the +/+ subgroup, whereas
32% were in the +/— subgroup. In contrast, 231 participants had a
negative biomarker level at Hour 0 and 76% remained negative
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(—/—), whereas 24% became positive at Hour 6 (—/+). In the +/+
subgroup, the odds for the primary outcome were twofold greater
than those of participants in the +/— subgroup (composite

7-d outcome, 24% vs. 9%, respectively). This association was
maintained after adjustment for demographics, serum creatinine,
and nonrenal Sequential Organ Failure Assessment score.

The primary results of the parent ProCESS study were
null despite significant differences in the volume of crystalloid
resuscitation fluid given in each experimental group. On average,
during the 6 hours of resuscitation, 2.3 L of fluid was given in the
usual-care group, 2.8 L of fluid was given in the early goal-directed
therapy group, and 3.3 L of fluid was given in the protocol-based
standard therapy group. It is tempting then to speculate that urinary
[TIMP-2] X [IGFBP7] status at Hour 0 would inform the response
to fluid resuscitation and subsequent clinical outcomes. However,
Fiorentino and colleagues were unable to demonstrate a treatment
interaction between [TIMP-2] X [IGFBP7] concentrations at
Hour 0 and resuscitation group for the composite 7-day outcome.
Moreover, the concentration of [TIMP-2] X [IGFBP7] at Hour 6
was not influenced by the randomized treatment arms (early goal-
directed therapy vs. protocol-based standard therapy vs. usual
care). Heterogeneity in the AKI clinical syndrome may require the
incorporation of multiple biomarkers to identify AKI subgroups
that respond differently to therapies in septic shock (9).

This paper underscores the limitations of serum creatinine to
diagnose AKI. Sepsis and hypoperfusion involve injury primarily to
tubular epithelial cells and their microenvironment (10). Several
mechanisms are postulated to explain the ensuing reduction in
glomerular filtration rate, including 1) constriction of afferent
arterioles in response to distal chloride delivery (tubuloglomerular
feedback), 2) back leak of filtrate, and 3) tubular obstruction by
intraluminal casts (11, 12). As the authors have indicated, both
IGFBP-7 and TIMP-2 are secreted mostly by tubule epithelial cells;
thus, both are more direct markers of kidney injury during sepsis
than estimates of glomerular filtration (e.g., serum creatinine). The
discordance in tubular injury and serum creatinine is underscored
by the finding that among 457 patients with a positive [TIMP-2] X
[IGFBP7] result at Hour 0, only 270 (60%) participants had AKI
defined by changes in serum creatinine or urine output.

This study was strengthened by being a secondary analysis
of a large RCT; however, some limitations exist. The choice of
resuscitation fluid deserves further study, as cohort studies and
RCTs have demonstrated worse outcomes for patients resuscitated
with unbalanced crystalloid solutions (13, 14). Urinary biomarker
measurements were specific to [TIMP-2] X [IGFBP7] and it is
unknown whether longitudinal measurement of alternative
biomarkers may better inform clinical outcomes. Although
repeat urinary biomarker measurements at 6 hours improved
the C statistic to predict the primary outcome, it is unclear if
this is a clinically meaningful difference compared with simply
measuring serum creatinine again at 6 hours after resuscitation.

So where does this leave us in risk-stratifying and treating patients
with AKI complicating septic shock? Clearly persistent kidney injury is
a worrisome sign and portends poor prognosis. In addition, an
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individual patient’s response to a 6-hour resuscitation bundle in septic
shock is quite variable. This begs the question of whether participants
in the —/+ or +/+ subgroups may actually benefit from an
alternative resuscitation strategy. Several RCTs are specifically seeking
to clarify the optimal resuscitation strategy in participants with septic
shock (15-17). The present study supports that the trajectory of
biomarker measurements may inform prognostic enrichment
strategies for clinical trial enrollment (18). The authors should be
commended for their continuous advances in moving [TIMP-2] X
[IGFBP7] from risk assessment toward clinical management. In sepsis,
we are constantly searching for better tools to risk stratify patients.
Perhaps the trajectory of kidney function is the canary in the coal
mine that can inform clinical management and guide development of
effective therapeutics for patients with septic shock.

Author disclosures are available with the text of this article at
www.atsjournals.org.

Pavan K. Bhatraju, M.D., M.Sc.
Mark M. Wurfel, M.D., Ph.D.
Jonathan Himmelfarb, M.D.
Department of Medicine
University of Washington
Seattle, Washington

References

1. Bagshaw SM, George C, Bellomo R; ANZICS Database Management
Committee. Early acute kidney injury and sepsis: a multicentre
evaluation. Crit Care 2008;12:R47.

2. Hoste EAJ, Bagshaw SM, Bellomo R, Cely CM, Colman R, Cruz DN,
et al. Epidemiology of acute kidney injury in critically ill patients: the
multinational AKI-EPI study. Intensive Care Med 2015;41:1411-1423.

3. Bagshaw SM, Lapinsky S, Dial S, Arabi Y, Dodek P, Wood G, et al.;
Cooperative Antimicrobial Therapy of Septic Shock (CATSS) Database
Research Group. Acute kidney injury in septic shock: clinical outcomes
and impact of duration of hypotension prior to initiation of antimicrobial
therapy. Intensive Care Med 2009;35:871-881.

4. Kidney Disease: Improving Global Outcomes. Acute kidney injury
[accessed 2020 Jan 8]. Available from: http://kdigo.org/home/
guidelines/acute-kidney-injury/.

5. Bhatraju PK, Zelnick LR, Chinchilli VM, Moledina DG, Coca SG, Parikh
CR, et al. Association between early recovery of kidney function after
acute kidney injury and long-term clinical outcomes. JAMA Netw
Open 2020;3:6202682.

W) Check for updates

6. Kellum JA, Sileanu FE, Bihorac A, Hoste EAJ, Chawla LS. Recovery after

acute kidney injury. Am J Respir Crit Care Med 2017;195:784-791.

7. Yealy DM, Kellum JA, Huang DT, Barnato AE, Weissfeld LA, et al.;

ProCESS Investigators. A randomized trial of protocol-based care for
early septic shock. N Engl J Med 2014;370:1683-1693.

8. Fiorentino M, Xu Z, Smith A, Singbartl K, Palevsky PM, Chawla LS, et al.;

ProCESS and ProGReSS-AKI Investigators. Serial measurement

of cell-cycle arrest biomarkers [TIMP-2] ¢ [IGFBP7] and risk for
progression to death, dialysis, or severe acute kidney injury in patients
with septic shock. Am J Respir Crit Care Med 2020;202:1262-1270.

9. Bhatraju PK, Zelnick LR, Herting J, Katz R, Mikacenic C, Kosamo S, et al.

Identification of acute kidney injury subphenotypes with differing
molecular signatures and responses to vasopressin therapy. Am J
Respir Crit Care Med 2019;199:863-872.

10. Peerapornratana S, Manrique-Caballero CL, Gémez H, Kellum JA.
Acute kidney injury from sepsis: current concepts, epidemiology,
pathophysiology, prevention and treatment. Kidney Int 2019;96:
1083-1099.

11. Thomson SC, Blantz RC. Glomerulotubular balance, tubuloglomerular
feedback, and salt homeostasis. J Am Soc Nephrol 2008;19:
2272-2275.

12. Sanders PW, Booker BB, Bishop JB, Cheung HC. Mechanisms of
intranephronal proteinaceous cast formation by low molecular
weight proteins. J Clin Invest 1990;85:570-576.

13. Semler MW, Self WH, Wanderer JP, Ehrenfeld JM, Wang L, Byrne DW,
et al.; SMART Investigators and the Pragmatic Critical Care Research
Group. Balanced crystalloids versus saline in critically ill adults.

N Engl J Med 2018;378:829-839.

14. Brown RM, Wang L, Coston TD, Krishnan NI, Casey JD, Wanderer JP,
et al. Balanced crystalloids versus saline in sepsis: a secondary
analysis of the SMART clinical trial. Am J Respir Crit Care Med 2019;
200:1487-1495.

15. Self WH, Semler MW, Bellomo R, Brown SM, deBoisblanc BP, Exline
MC, et al.; CLOVERS Protocol Committee and NHLBI Prevention
and Early Treatment of Acute Lung Injury (PETAL) Network
Investigators. Liberal versus restrictive intravenous fluid therapy for
early septic shock: rationale for a randomized trial. Ann Emerg Med
2018;72:457-466.

16. Macdonald SPJ, Taylor DM, Keijzers G, Arendts G, Fatovich DM,
Kinnear FB, et al. REstricted Fluid REsuscitation in Sepsis-
associated Hypotension (REFRESH): study protocol for a pilot
randomised controlled trial. Trials 2017;18:399.

17. Wei S, Kao LS, Wang HE, Chang R, Podbielski J, Holcomb JB, et al.
Protocol for a pilot randomized controlled trial comparing plasma with
balanced crystalloid resuscitation in surgical and trauma patients with
septic shock. Trauma Surg Acute Care Open 2018;3:6000220.

18. Parikh CR, Moledina DG, Coca SG, Thiessen-Philbrook HR, Garg AX.
Application of new acute kidney injury biomarkers in human
randomized controlled trials. Kidney Int 2016;89:1372-1379.

Copyright © 2020 by the American Thoracic Society

3 Rats Race to Keep Pace in the Growing Cystic Fibrosis Model Space

In cystic fibrosis (CF), which occurs in people with two mutant copies
of the CFTR (cystic fibrosis transmembrane conductance regulator)
gene, chronic airway infection and inflammation are the major causes
of morbidity and mortality. Although the mechanisms underlying
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disease can be elegantly dissected using in vitro systems, a clear
understanding of disease pathophysiology relies on effective animal
models (1). A number of CF animal models have been developed
through disruption of CFTR loci, with advantages and disadvantages
to each (2). Mice and rats are less expensive to purchase and house,
have faster reproductive cycles, and can be studied with
commercially available reagents for immunologic evaluations.
However, small mammals are more anatomically divergent from
humans than larger mammals, and these models fail to develop all
manifestations of CF pathophysiology (3). The ferret and pig CF
models develop lung pathology more closely resembling human CF
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