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The new frontiers of acute kidney injury 
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Acute kidney injury (AKI) is a poorly understood syndrome. AKI has 
definitions and concepts that are changeable, and it can not rely on the possibility 
of histological examination for diagnosis, either because of the difficulty in 
performing a kidney biopsy in critical patients or for its focal nature and its 
preference for the external layer of the medulla that comprises most of the 
juxtamedullary glomeruli, which are not frequently obtained.(1)

The pathophysiology of AKI has many aspects and depends on many 
mechanisms involving the endothelium, glycocalyx, cytoskeleton, integrins, 
lymphokines and chemokines among others. In the most studied experimental 
animal models of ischemia and reperfusion(1) and even in recent studies 
of human kidneys from organ donors whose glycocalyces were analyzed 
in vivo, AKI has inflammatory components and involves neutrophils and 
macrophages/monocytes.(2)

Experimental studies have helped to clarify many aspects of AKI, but it 
is only possible to evaluate one etiological agent and a small number of 
mechanisms and outcomes in each study. This limitation is the exact opposite 
of what happens to patients in which multiple known factors (ischemic or toxic) 
act in synchrony or chaotically and in which multiple interactions between 
organs take place.(3)

It is possible that the phases of AKI, which are described as prerenal, 
initiation, extension, maintenance and recovery, do not occur homogeneously 
in all nephrons. Over times, this syndrome has had multiple definitions (over 
30 according to certain reviews) based on serum creatinine levels.(4) Recently, 
new AKI classification methods(5,6) have been proposed that also use the serum 
creatinine levels and diuresis but in a manner that is dynamic and standardized.

Several drugs have been tested with the objective of preventing and 
treating AKI, but the promising results obtained in animal studies were not 
achieved in studies with humans. Is shall be asked if it is possible that the 
problem with those studies was the diagnosis and severity of disease instead 
of the treatment tested?

It has only recently become understood that that very small increases in 
serum creatinine (0.3 mg/dL) have an impact on mortality(7), that the cost 
associated with these increases is high(8) and that AKI patients can progress 
to stage 5 chronic kidney disease and become dialysis-dependent(9). However, 
the implications of the elevated costs implied in treating severe patients by 
dialysis have been known for a long time and are thoroughly characterized 
and quantified, suggesting that the quality of life of the survivors is reasonably 
acceptable, despite the high mortality and cost.(10)
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AKI prevention and decreasing the number of AKI 
patients who require dialysis are, therefore, essential goals.

The tests to identify biomarkers in urine are not new in 
AKI, and recently, significant knowledge about biomarkers 
has become available. A number of the biomarkers are 
already available for use in critical medicine. These are 
clearly capable of predicting which critical patients are at 
most risk for acquiring AKI, which AKI patients are at 
most risk of progressing to the need for dialysis and which 
patients are at most risk of death.(11)

The monitoring of urine electrolytes has always been 
studied in AKI patients. More recently, the use of a 
quantitative approach involving acidosis provided a new 
research perspective. The kidney is the main regulator 
of strong ion difference (SID). A broader analysis of this 
physiology aspect is beyond the scope of this paper, but in 
summary, the most relevant anion in urine is the sulfate 
(SO4

2-) ion, which is derived from sulfuric acid metabolism, 
and the most relevant cation is ammonium (NH4

+). When 
a strong ion, such as lactate, is combined with plasma, 
the plasma SID decreases. A type of counter-regulation 
is the increase of urine chlorine excretion, which leads 
to a decrease in urine SID.(12) To save sodium, chlorine 
excretion is accompanied by NH4

+. Most patients with 
severe metabolic acidosis under intensive care have AKI at 
a certain level; thus, renal compensation for acidosis does 
not occur, and, as a consequence, positive urine SID and 
a high chlorine plasma concentration can be observed. 
However, patients with adequate renal response present 
with negative urine SID and Δ[AG] - Δ[HCO3-]. These 
findings, which are often related to metabolic alkalosis, can 
be interpreted as a renal response to metabolic acidosis.(13)

In AKI patients, urea and urine electrolyte analysis 
often reveals dysregulation of free water clearance/
natriuresis and a dysregulation of urea transport.(14) In 
AKI patients with metabolic acidosis, there is an elevated 
urine SID (strong ion difference in the urine).(15) A 
study published in this edition of the RBTI(16) confirms 
this finding. It is an interesting possibility that daily 
monitoring of simple parameters, such as phosphorus 
levels, non-measurable anions and urine potassium, along 
with decreased urine sodium and chlorine and urine SID 
can facilitate the early diagnosis of AKI, even before the 
decrease in urinary output and creatinine. This hypothesis 

is being tested by the same group in a prospective study 
and has already been exemplified in a case report.(17) It is 
important to note that the disproportionate relationship 
between the resorption of sodium and anions is the 
critical factor in the determination of urinary pH and 
the excretion of acid. Several anions affect both urinary 
pH and acid excretion through their influence on the 
electrical gradient that is established by active sodium 
transport in renal tubular cells. According to this 
hypothesis, the magnitude of this gradient is determined 
by the relative potential for transepithelial movement 
by available anions. Those anions that are more easily 
transported epithelially have a greater tendency to be 
transported along with sodium, thereby decreasing this 
difference in potential. Thus, the changes in urinary 
pH can be related to passive movement of hydrogen in 
response to changes in the transtubular gradient. This 
explanation does not exclude the possibility of active 
transport of hydrogen in the acidification process.(18) 
The chemical nature of these so-called non-measurable 
anions is mostly unknown; a small portion consists of 
amino acids, uric acid and organic acids.(19) Adding more 
complexity, these anions can also be urinary bicarbonate, 
as in the case of renal tubular acidosis. Finally, changes 
in urine SID, NH4

+, carbon dioxide partial pressure 
(PaCO2) or phosphate (PO4

3-) lead independently and 
directly to a common final result, which is a change in 
urinary pH. Thus, the serial observation of urinary pH 
can provide an accurate evaluation of acid excretion.(20)

In this context, a study published in this edition of the 
Brazilian Journal of Intensive Care(16) demonstrates for the 
first time the association of laboratory markers, the costs 
of which are not high, with mortality and possibly the 
early diagnosis of AKI. 

Therefore, the study further broadens the frontiers of 
AKI by overcoming the well-known and inadequate limit 
of 2 mg/dL serum creatinine, as defined during the 1990s 
by the International Society of Nephrology, which was 
necessary for the diagnosis of this condition.

Rather than focusing on a reductive concept of 
renal function, we should study renal functions, as the 
characteristics of several renal roles that are not limited to 
the measurement of creatinine and diuresis and that are 
increasingly being recognized.
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