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1.1          The “Atra Mors” 

 Although not infectious, acute kidney injury (AKI) is pandemic. Interestingly, like 
infection by  Yersinia pestis , AKI has “spread” to both high- and low-income countries 
(even if likely secondary to signifi cantly different pathogenetic pathways), and its out-
comes are bad worldwide [ 1 ]: the deadly burden of AKI affects up to 5,000 cases per 
million people per year and kills up to 50 % of patients requiring renal replacement 
therapy (RRT) secondary to AKI [ 2 ]. Again, similarly to the Black Death ( Atra Mors , 
in Latin) pandemics which broke out between the fourteenth and the nineteenth cen-
tury, we are fi ghting against a barely known enemy without a specifi c therapy to admin-
ister. Very differently from the plague, AKI is a syndrome and is caused by multiple 
etiologies, frequently occurring simultaneously. However, the exact damage occurring 
to kidneys’ structure and function, through multiple and complex pathophysiologic 
mechanisms, is largely unknown. This uncertainty led the medical community (only 
recently, about 10 years ago) to search for a standard AKI defi nition [ 3 ] which is able 
to conventionally describe that the abrupt decrease of kidney function is not an “on-off” 
disease, but it has a spectrum of phenotypes (currently known as “AKI stages”; see 
Chap.   2    ). The standard defi nition is unable to identify and differentiate AKI etiologies 
and somehow causes a “one-fi ts-all” issue: detractors of “consensus-based” defi nitions 
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argue that, for example, a stage II septic AKI might not be clinically comparable to a 
stage II postabdominal surgery AKI [ 3 ]. At least, however, some light has been shed on 
the obscure epidemiology of AKI, and it is now clear that AKI occurs with a different 
incidence in different clinical settings [ 4 ], inevitably leading, regardless of etiology, to 
signifi cantly worse outcomes as compared to non-affected (plagued) patients. Exactly 
as it happened before the availability of antibiotics during plague pandemics, preven-
tion of AKI might represent today the most signifi cant way to improve outcomes in 
those populations at risk of developing an acute renal dysfunction.  

1.2     Why AKI Kills 

 From the milestone paper by Meitnitz, back in 2002 [ 5 ], clinicians understood two 
fundamental concepts: (1) if two critically ill patients with the same severity of 
disease (assessed through common metrics such as APACHE score) are admitted 
to the same intensive care unit (ICU), the one with AKI has an independently 
higher risk of dying: the “only” fact the kidneys are not working, regardless how 
good is medical treatment in your ward, how early, intense, and optimal is your 
RRT, and how appropriate is your antibiotic therapy, your patient has AKI and, as 
such, his chances of surviving decrease; (2) this frustrating scenario (again similar 
to that of Indian fellows staring powerlessly at hundreds of patients suffering from 
 Yersinia ’s lesions) taught us that the commonly used “severity scores” have over-
looked for years the actual impact of renal function on patient outcomes: a novel 
and specifi c AKI risk stratifi cation was absolutely needed [ 3 ]. Interestingly, the 
impact of isolated AKI (e.g., in case of glomerulonephritis in a previously healthy 
patient) on patients’ outcome is signifi cantly different compared to AKI occurring 
in patients with multiple comorbidities (e.g., cardiorenal or hepatorenal syndrome) 
or multiple organ failure (MOF). As a matter of fact, it is currently unknown if this 
harmful disease affects critically ill patients in association with the most severe 
clinical pictures, already hampered by a worst outcome, or is itself the cause of 
increased death rate. It is possible that the truth is in the middle: kidneys are vic-
tims and culprits in the course of MOF, being most frequently injured by systemic 
diseases (e.g., sepsis) and causing themselves, in a sort of vicious circle, damage to 
other organs. AKI is a “pan-metabolic, pan-endocrine, and pan-organ” problem 
[ 6 ]. Vaara and coauthors [ 7 ] elegantly described the “population-attributable mor-
tality” of AKI by attempting to compare AKI and non-AKI patients through a most 
complex system of propensity matching in a large database from several Finnish 
ICUs that included more than 60 variables. These authors concluded that almost 
20 % of mortality in the ICU population is caused by AKI. In particular, AKI seems 
to affect and enhance infl ammatory processes and to cause a profound depression 
of immunocompetence. This is associated with the release of cytokines and infl am-
matory mediators, increase in oxidative stress, activation of white line cells, neu-
trophil extravasation, generalized endothelial injury, increased vascular 
permeability, and tissue edema formation [ 8 ]. The alteration of the delicate equi-
librium in multiple immuno-homeostatic mechanisms further justifi es the role of 
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“injured” kidneys as “activators” of MOF: the lungs, heart, liver, and brain are all 
equally exposed to this largely unexplored syndrome [ 9 ]. 

 The alteration of fl uid management is another key issue in patients suffering 
from AKI [ 10 ]: critically ill patients are necessarily administered with large amounts 
of fl uids (fl uid challenges, transfusions, antibiotics, parenteral nutrition, vasoactive 
drugs, etc.). Fluid overload (the percentage of cumulative fl uid balance over patients’ 
body weight) may result from overzealous fl uid administration or oliguria or a com-
bination of the two (see Chap.   19    ). It has been speculated that these two aspects may 
combine, again, into a vicious circle: it is possible that the largest fl uid replacement 
is needed in most severe patients who are those at highest risk for AKI. Furthermore, 
infused fl uids for volume replacement have been recently claimed to be in cause, 
per se, for nephrotoxicity and renal damage [ 11 ,  12 ]. Third, fl uid overload and AKI 
share endothelial dysfunction due to infl ammation or ischemia/reperfusion with 
glycocalyx alteration and subsequent capillary leakage [ 13 ]. As a matter of fact, 
organ edema (affecting the lungs, heart, liver, brain, and kidneys themselves) 
impairs organ function, and it is considered a fundamental constituent of MOF. It is 
actually diffi cult to understand who comes fi rst (AKI or fl uid overload) but it is clear 
that in case of severe AKI, the only way to manage fl uid balance is aggressive ultra-
fi ltration through RRT [ 14 ].  

1.3     The Mark of AKI 

 Differently from plague infection, patients who survive AKI carry the signs of the 
disease in the following years. Recently, Heung and coworkers on behalf of the 
Centers for Disease Control and Prevention CKD Surveillance Team [ 15 ] showed 
that, in a cohort of about 100,000 hospitalized patients, the majority (70.8 %) had 
fast recovery (within 2 days), 12.2 % had intermediate recovery (3–10 days), 11.0 % 
had slow or no recovery (above 10 days), and the remaining 6.0 % were lost to fol-
low- up: one patient over ten (maybe more) does not recover an intra-hospital AKI 
episode and is destined to chronic kidney disease (CKD) thereafter. Impressively, 
the authors remarked that, at 1-year follow-up, the presence of any AKI episode was 
strongly associated with the development of CKD, with a relative risk of 1.43 (95 % 
confi dence interval [CI] 1.39–1.48), 2.00 (95 % CI 1.88–2.12), and 2.65 (95 % CI 
2.51–2.80) for fast, intermediate, and slow recovery, respectively. Thus, even a tran-
sient AKI episode, lasting less than 2 days, leaves a scar in patients’ kidneys that 
subsequently increases the risk of further renal damage. Follow-up should be war-
ranted to all AKI patients.  

1.4     How to Reduce AKI Mortality 

 Dr. Alexandre Yersin, from the Pasteur Institute, signifi cantly contributed to plague 
therapy by isolating the bacterium in 1894 and was thereafter honored by giving his 
name to the etiologic agent. Today, the therapeutic solution of AKI is far from being 
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identifi ed, and we possibly will never see a single name on such treatment. However, 
several approaches can be currently suggested. 

 Primum non nocere: the avoidance of useless and not effective treatments may 
certainly help clinicians to focus on more consistent approaches [ 16 ]. 

 In the same light, the earliest diagnosis of AKI is currently considered a funda-
mental aspect of plague’s management: the identifi cation of renal dysfunction from 
its milder forms [ 17 ] or, better, before the manifest sings are apparent [ 18 ] is useful 
in order to promote preventive measures (e.g., administer antibiotics targeting 
serum levels, reduce contrast media, avoid starches administration, etc.) and to keep 
clinicians aware about kidney’s health in the eventual attempt of precluding the 
worsening of AKI severity. Great expectations are currently trusted on renal bio-
markers for early detection of AKI (see Chap.   2    ) [ 19 ] and “acute kidney stress” 
[ 20 ]. 

 Third, act upon disease pathogenesis. Sepsis, fl uid overload, surgery, cardiac 
dysfunction, and trauma: they all have partially different clinical pictures and 
deserve tailored attention. Possibly, a surgical patient will benefi t from an accurate 
and aggressive goal-directed fl uid replacement (see Chap.   10    ), whereas a septic one 
should be “fl uid restricted,” mostly avoiding starch infusion (see Chaps.   19     and   20    ). 
Research is ongoing in every single setting, and scientifi c updating is certainly an 
important part of clinicians’ efforts: we should attempt to administer the most 
appropriate therapy according to the most recent evidences. 

 Then, do not delay RRT (see Chap.   5    ) and treat fl uid accumulation. Importantly, 
RRT dose should be closely monitored during the entire ICU stay and changed bas-
ing on clinical needs (see Chap.   6    ) [ 21 ]. 

 Finally, read this book carefully: the most updated therapeutic approaches are 
described in the next chapters in order to increase clinician’s awareness and good 
clinical practice against AKI, the plague of critically ill patients.     
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