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Acute Kidney Injury (AKI) is a common phenomenon in the acute as well as inpatient
setting, affecting approximately 20% of patients. AKI is a common complication in
critically ill patients worldwide. To prevent and reduce the incidence of severe AKI,
risk stratification is deemed important for providing care to patients at high risk of
AKI and its downstream complications. Although the Kidney Disease Improving Global
Outcomes (KDIGO) guideline defines AKI according to serum creatinine and urine
output, serum creatinine is an imperfect marker for detecting severe AKI. New and novel
AKI biomarkers are emerging. Thus, prediction of AKI or risk stratification of patients
in danger of kidney damage is crucial for initiating preventive measures for AKI. Renal
Angina (RA) is a concept developed by Goldstein and Chawla in 2010 as a form to pre-
test probability assessment for Acute Kidney Injury. Since its conception, Renal Angina
has been validated and used in multiple studies; involving paediatric as well as adult
patients. However, not many clinicians are well versed on how ‘Renal Angina’ may be
applied in the clinical setting for their patients. The concept of RA involves recognising
the risk factors, symptomatology of AKI including serum creatinine, as well as elevated
levels of biomarkers for AKI. Itis hoped that these will as prolificand become mainstay, as
cardiac angina and raised troponins are, in the diagnosis of Acute Coronary Syndrome. In
this paper, we summarise and synthesize the concepts surrounding R4, its development,
the current applications, benefits, and pitfalls, as well as its use and relevance, moving
forwards into the future.

Introduction

Clinically, the concept of Renal Angina (RA) was put forth to

a relatively new, exciting and complex concept that physicians

may be less familiar with, compared to cardiac angina [2-4]. There

highlight the characteristics of renal injury and to assist in the
determination of which patients are at highest risk for Acute Kidney
Injury (AKI). It has been used as an analogy, with reference to the
concept of angina pectoris, which is used to increase the suspicion
of acute coronary syndrome [1,2]. When Goldstein and Chawla first
described it, RA drew some parallels from cardiac angina. This
was with regards to the combined use of biomarkers (eg. cardiac
troponins, CKMB) and clinical signs as well as the risk stratification
strategies to diagnose and manage both conditions [2]. With RA,
the diagnosis of AKI should be suspected, considering risk factors
for kidney injury, symptoms of kidney injury, elevation in serum

creatinine as well as increases in AKI biomarkers. RA represents

are multiple reasons as to why clinicians and scientists continue
to work on and refine the predictive factors for AKI. It serves as
an independent risk factor for mortality, increases hospitalization
costs and length of stay, as well as ventilator days for critically
ill patients in Intensive Care Units (ICU). In fact, AKI increases
mortality rates and lengthened ICU stay by fourfold [5,6]. It also
increases mortality rates in both adults and children with multi-
organ failure, hematopoietic stem-cell or solid-organ transplant,
patients on Extracorporeal Membrane Oxygenation (ECMO) and
Acute Respiratory Distress Syndrome (ARDS) [4,6-10]. Delayed
recognition and diagnosis will contribute significantly to the poor
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outcomes. However, by the time clinicians diagnose AK], it has
often progressed to a state of damage which may not be amenable
or reversible to acute intervention. This paper, as a short review,
will summarize and synthesize the concepts surrounding R4, its
current applications, as well as explore the use and relevance of RA
in the future.

Clinical Presentation and Assessment

The symptoms of AKI are not as distinct and obvious as the
spectrum of angina in acute coronary syndrome. This makes it
challenging to pick up and diagnose, especially in the acute setting
such as the Emergency Department (ED). AKI does not present with
overt symptoms like pain, making it difficult to anticipate and alert
the clinician of any ongoing injury. The risk factors of AKI must
be taken into consideration just as how a patient with significant
cardiac risk factors and chest pain are being observed very closely
by ED physicians. Patients with the right symptomatology and risk
factors for AKI should raise alarm bells, just like in the cardiac
patients (Tables 1 & 2). Astute clinicians will also look for signs
such as oliguria, fluid overload and increase in serum creatinine,
from the investigations panel. Unlike chest pain in ACS, as AKI is
more silent, it is hence more commonly missed. Furthermore,
AK]I, in the critically ill such as in the context of multiple trauma
or serious emergencies and the more complex presentations of
patients in the ED, often presents at a more advanced stage of the
disease. It is important to understand that AKI is part of a spectrum
of disease severity affecting the kidney, and the early detection of
AKI via the understanding of the concept of RA, may help reduce
or even prevent progression injury and complications. AKI is also
noted to be more common in critically ill patients, affecting as high
as about 35% of the patients in the ICU context [5,6,11,12].

Pathophysiology

The pathophysiology of AKI is complex and multifactorial.
Generally, the aetiologies and subsequent mechanism of injury can
be differentiated into pre-renal, intra-renal, and post-renal causes
[5]. This classification is also often used by clinicians. Pre-renal
causes account for the majority of AKI. In pre-renal AKI, hypo-
perfusion and decreased renal perfusion or reduced renal blood
flow is the underlying mechanism. The common aetiologies include
hypovolemia from blood loss, other causes of fluid loss including
diarrhoea, dehydration, and vomiting. In addition, causes of
reduced cardiac output (eg. heart failure, cardiomyopathy, cardiac
tamponade) could also lead to hypo-perfusion. The spectrum
of shock caused by a variety of factors can also contribute to
hypovolemia and hypo-perfusion states. The kidneys are extremely
sensitive to these perfusion changes and alterations as they receive
roughly 25% of the total cardiac output [6,11].

Intra-renal causes of AKI can be further classified into four

different categories based on the anatomical subdivisions. Damage

to the renal tubules, glomerulus, interstitium, and vasculature
of the kidney are the main groups of causes. Tubular damage
usually results from ischemia, or nephrotoxic injury mostly
caused by nephrotoxic medications. Glomerular injury can occur
in acute Glomerulonephritis (GN). Injury to the interstitium can
be the result of hypersensitivity and inflammatory reactions
to medications which are very commonly prescribed, such as
antibiotics like penicillin, sulpha based drugs, and cephalosporins
[11,12]. Post-renal causes of AKI can be caused by an obstruction
to either the upper or lower urinary tract. Obstruction will lead to
increased pressure in the collecting system which contributes to the
inflammatory process, decreased blood flow and eventually, kidney
injury. Patients with urological conditions such as large obstructing
calculi or external obstruction, caused by large intra-abdominal or
pelvic tumours re at risk for this [6,12].

Biomarkers in AKI

The search for the ideal biomarker/s for AKI continues to
interest many researchers and scientists. Some have referred to
this AKI biomarker quest as the “search for the renal troponin I".
The interest remains high because if there exist such a biomarker,
earlier detection, diagnosis and thus, interventions can be
instituted appropriately and perhaps the incidence of AKI, which
may potentially progress to Chronic Kidney Disease (CKD) and
at times, to end stage kidney failure can be lowered [5,12]. The
diagnosis of AKI is traditionally dependent on the changes in
Serum Creatinine (SCr), a marker which has been shown to have
limitations based on factors such as time, body habitus, sex, age,
steady-state measurements, and other patient factors. The rise in
SCr is not immediate upon insult to the kidneys. Moreover, as there
are no specific symptoms, the diagnosis of AKl is often delayed, thus
creating a significant barrier to effective early intervention. At times,
for patients whose kidney function is being monitored at intervals,
small increments in SCr may not be acted upon immediately by the
clinician. However, it has been noted that even small increases in
SCr (of the magnitude 0.3 mg/dl) may reflect significant kidney
damage and can be associated with poor patient outcomes. As a
result, intensive research efforts have been expended to identify
the novel AKI biomarkers that can assist to direct and determine
appropriate therapy which can be instituted perhaps even prior to
arise in SCr [3-5,13].

The assessment of AKI with the concept of RA utilizes risk
factors as well as novel biomarkers (Tables 1 and 2). It has been
found that there is an increase in serum or urine concentration
of these biomarkers that can pick up early injuries to the kidneys,
even before a rise in serum creatinine can be detected [7,12,14].
Neutrophil Gelatinase-Associated Lipocalin (NGAL) is currently the
most commonly used biomarker. Other biomarkers such as KIM-1
(Kidney Injury Molecule-1), L-FABP (Liver-type Fatty Acid Binding
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Protein), IL-18 (Interleukin-18) are also available currently, but
may not be used as frequently. Across several studies, the use of

these biomarkers were tested for its sensitivity for AKI. The utility,

Table 1: Established Risk Factors of Acute Kidney Injury (AKI).

sensitivities, setting and limitations of some of these studies are
summarised in Table 3 [14-34].

Demographic Past Medical history Exposures
Age > 65 Hypertension Sepsis / Septic shock
Female Chronic Kidney Disease Cardiogenic shock

Diabetes Mellitus

Volume depletion

Ischemic Heart Disease

Nephrotoxic exposure

Cardiac surgery

Mechanical ventilation

Liver failure/cirrhosis

Vasopressors

Table 2: Comparison of Cardiac and Renal Angina.

ACS / Cardiac Angina

AKI / Renal Angina

The spectrum of unstable angina, non-ST-elevation AMI

An increase in basal serum creatinine of at least 0.3mg/dl
within 48 hrs.

A decrease in creatinine clearance of at least 50%,

Definition and ST-elevation AMI initiated due to plaque rupture
The need for renal replacement therapy and Urine output of
less than 400-500 ml/day or <0.5 ml/kg/hr for 6 hrs.
Increased age
Diabetes mellitus Diabetes mellitus
Hypertension Liver cirrhosis and liver failure
Hyperlipidemia Congestive heart failure
Risk Factors
Family history in first degree relatives Sepsis

Smoking Exposure to nephrotoxins
Obesity Volume depletion

Cardio-pulmonary bypass time

Clinical Symptoms

Chest pain (angina)
Angina equivalent

A small proportion may be ‘silent’ or secondary AMI

Usually silent or asymptomatic

Presentation may be linked to other primary causes like
volume depletion, sepsis, congestive heart failure

Biomarkers

Usually: Troponins

Others: CKMB, Myoglobin, other inflammatory markers

Some examples:
IL-18 (interleukin -18)
NGAL(neutrophil gelatinase associated lipocalin)

KIM-1(Kidney Injury Molecule-1)

Other Investigations

Electrocardiography
Echocardiography
Angioplasty
Stress Test

Functional and perfusion scans

Cardiac output assessment
Urine assessment: electrolytes, cells, sediments

AKI Renal imaging

Management/ Therapy

Acute or delayed PCI

Appropriate Medications including thrombolytic agents
and antiplatelet

Cardiac Rehabilitation

Regular follow up

Early goal directed therapy
Minimize nephrotoxic exposures
Evaluate treatable causes
Fluid management

Optimize hemodynamics

Consider early Renal Replacement Therapy
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Table 3: Summary of biomarkers for AKI and their sensitivities across several studies.

Biomarkers Utility in study Sen:;gnxlz}frlll;(:l;:ggdlc- Setting Type of study Limitation
0.72 [14] Adult cardiac surgery Meta-Analysis
Prediction of AKI 0.96 [15] Pediatric cardiac surgery Prospective
0.80 [16] ICU Cohort
Neutrophil
Gelatinase- Prospective Associated with
associated Diagnosis of AKI 0.95[17] Emergency department Cohort sepsis, CKD, UTI
lipocalin NGAL
0.61 [18] Pre-eclamptic women Case Control
Diagnosis and prognos- 0.87 [19] All hospitalised patients Prospective
tication of AKI 0.81 [20] Emergency department Cohort
Prediction of adverse .
outcomes in AKI 0.69 (21) All hospital departments Case Control
Kidney Injury 0.85 (22) Adult cardiac surgery Meta Analysis Associated in
Molecule - 1 various chronic
0.71 (20) : proteinuric inflam-
KIM 1 Diagnosis Of AKI Emergency department Pr(éi%icrttwe matory disease
0.77 [22] ICU Meta Analysis
Prediction of AKI 0.72 [14] Adult cardiac surgery Meta Analysis
Liver-type Fat- .
s : : : 0.70 [20] Strongly associ-
t}./' Acfl)d_Bn-ld_ Dlagrtli(ézltsioa:gfpg%ignos Emergency department ated with anemia
ing Protein Prospective in nondiabetic
Cohort atients
L-FABP Prediction and prognos- 0.75 [23] Icu P
tication of AKI '
Prediction of AKI 0.82 [24] Pediatric cardiac surgery
1L-18 0.64[20] Emergency department Prospective Not reliable for
Diagnosis and prognos- gency éep Cohort prediction of AKI
tication of AKI
0.59 [25] ICU
0.80 [26]
. . ICU ;
Tissue Inhibi- Prospective
tor of Metallo- Cohort
Proteinases-2 Prediction of AKI 0.82 [24]
TIMP 2 0.79 [27] Randomised Control Trial
and 0.84 [28] High risk surgical patients Pr(()jso%i)c:twe ASSZ?:;::&;"’ith
Insulin-like ]
Growth 0.85 [29] Major surgery Prospective
factor-Binding Cohort
Protein 7 Diagnosis of AKI 0.71 [30]
IGFBP7 Coronary artery bypass Prospective
Prediction and prognos- 0.82 (31) surgery Cohort
tication of AKI ’
0.97 (32) HOSpl.tahSEd Cross-sectional Associated with
patients UTI, urothelial car-
Calprotectin Diagnosis of AKI cinoma, IBD, myo-
0.99 33) Case-Control cardial infarction,
0.94 (34) Coronary care units Prospective Study prostate cancer

NGAL (Neutrophil Gelatinase-Associated Lipocalin) is a protein
associated with human neutrophil gelatinase found in certain
granules. The homodimeric form is produced by neutrophils whilst

the monomeric and heterodimeric forms are produced by proximal

tubular epithelial cells. NGAL stimulates epithelial growth and
protects the epithelium against ischemia. Injury to the renal tubular
epithelial cells causes NGAL to be released into the urine and

plasma before serum creatinine increases can be detected. Other
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than predicting AKI, NGAL is also a good prognostic marker in AKI
for mortality and requirement of dialysis [35-37]. KIM-1 (Kidney
Injury Molecule-1) is a proximal tubule apical transmembrane
protein. Its level increases with inflammation and fibrosis. In
ischemic and toxic renal injuries, the extracellular domain of KIM-1
is separated from the membrane, resulting in a 100-fold increase
in urinary KIM-1 levels [38-41]. In patients undergoing cardiac
surgery, KIM-1 was useful in predicting the prognosis of stage 1
and stage 3 AKI [38]. Additionally, when used together with NGAL,
it was able to predict dialysis requirement and hospital mortality in
201 patients with AKI in on study [41].

IL-18 (Interleukin-18) is a cytokine that is cleaved off by the
enzyme, caspase-1, and released by monocytes and macrophages.
It is produced by the intercalated cells of the collecting ducts
in kidneys and injured tubular epithelial cells [13]. Urinary IL-
18 was found to increase significantly more in comparison with
“prerenal azotemia”, urinary tract infections, chronic renal failure
and nephrotic syndrome [42-44]. L-FABP (Liver-type Fatty Acid-
Binding Protein) belongs to a family of carrier proteins for fatty
acids. It helps regulate fatty acid uptake and intracellular transport.
It is expressed in the liver; stomach, intestine, lung and kidney.
L-FABP is a sensitive early biomarker of AKI in paediatric patients
post cardiopulmonary bypass surgery. Increased levels were also
associated with poor prognosis and renal replacement therapy
in patients with impaired renal function. In patients with early
AKI, urinary L-FABP can also use to improve the prediction of AKI
progression, the need for dialysis, and mortality [45-48].

TIMP-2 (Tissue Inhibitor of MetalloProteinases-2) and IGFBP7
(Insulin-like Growth Factor-Binding Protein 7) are two novel
biomarkers that, when used together, have been noted to have good
predictive value for AKI. They are expressed in the tubular cells in
response to damage. In a study with 1000 critically ill patients at
risk for AKI, TIMP-2 and IGFBP7 outperformed existing markers
including NGAL, KIM-1, IL-18 and L-FABP [26]. However, another
study amongst 94 ICU patients, found that TIMP-2 and IGFBP7
levels did not differ between patients who developed AKI and
patients who did not [49]. Calprotectin is a heterodimer made up of
two monomers, namely, ST00A8 and S100A9. Epithelial cells of the
renal collecting ducts were shown to produce the two monomers
in response to even unilateral ureteral obstruction. In iatrogenic
renal ischemic reperfusion injury, the level of urine calprotectin
rose some 69-fold, staying elevated until the fifth postoperative
day [33,34]. Urine calprotectin has also been used in differentiating
pre-renal AKI from intrinsic AKI [32-34,47,48].

In general, the uses of many of these newer biomarkers are
not widely available across all centres. Thus, there is currently,
no standardized set of testing package recommended for specific
groups of patients. What exist is more likely institution or

department-based guidelines to approach some of these patients

presenting, especially in the acute setting. The cost for many of
these biomarkers remain high and thus is not part of the routine
tests readily available to patients. Moreover, as we have seen in the
literature, the diagnostic accuracy of these tests remains variable
and no perfect set of biomarkers have been put forth for specific
groups of patients with AKI. Across the world, patients are not
presenting early enough and many do not have regular screening
despite having multiple risks factors for AKI. It will also be obvious
that whereas ECG and cardiac markers may be on the general health
assessment package for people who opt for ‘health screening), it is
not the same for renal assessment. The latter are often not included
in these screening packages. At most, usually only a simple point
of care urine ‘Dipsticks’ assessment is included. If we do reach the
stage where the cost can be managed, perhaps in the near future, a
combined biomarkers package can be suggested for certain groups
of patients, especially those at risk. It really comes down to the right
combination of diagnostic capabilities, cost effectiveness and not

using these biomarkers test indiscriminately [49-51].
Current Applications

Since the original paper was published [2], there have been
attempts at applying the concept of RA in the clinical setting
[9,10,49,52-54]. Most notable, the Renal Angina Index (RAI) in
children was proposed [10,52-54]. A similar type of index for adults
was also being put forth to detect early signs of persistent AKI
[9,27,40, 55-57]. Despite being tested on several cohort of patients,
mostly in the west, the validation of the RAI still lags behind
amongst Asian patients. The RAI was derived by combining risk
factors and clinical signs of AKI. Basu et al. provided the reasoning
for this such that ‘as a patient achieves higher risk they require less
“clinical signs of AKI” early on to fulfil the criteria for renal angina’.
They also concluded that “if a patient has less risk but shows more
overt signs of clinical AKI signs, renal angina would also be fulfilled”.
They used the RAI to improve the prediction of AKI in paediatric
patients. This involves a scoring system involving risk stratification,
changes in creatinine clearance and fluid overload status. The total
score ranges from 1-40, whereby, a score of more than or equal to 8
fulfils the criteria of RA [10,52].

Abbasi et al. conducted a systematic review on the prediction
of AKI in children [53]. The collation of data from a total of 11
studies, with 3701 children showed that the RAI has a sensitivity
and specificity of 85% and 79% respectively, in predicting AKI in
children [53]. In a very recently published study by Hanson et al.
the authors formulated an “Acute” RAI to be used in the ED setting,
in a pilot study with 118 paediatric patients. The study found that
their RAI had a negative predictive value of 99% and a sensitivity
of 94%, suggesting that a negative RAI has the potential to rule out
AKI in the ED setting [58]. Goldstein et al. is currently improving on
the current models of RAI by including urine NGAL measurements

to guide clinicians with regards to fluids use, diuretics and dialysis
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initiation for patients with high risk of kidney injury [54]. Cruz et
al. looked at the risk factors and small increases in creatinine in a
prospective study of 506 ICU patients [9]. The observed sensitivity
of RAI was 92%, and the negative predictive value was 99% [9].
Matsuura et al. used a modified RAI in critically ill patients. This
modified RAI did notinclude fluid overload in the equation, but used
only serum creatinine change in the assessment. The study found
that in adults, the modified RAI model only had an AUC (Area Under
the Curve, c-statistic) of 0.63. However, when the study included
the biomarker L-FABP, the AUC went up to 0.81, which supported
the concept that biomarkers may be useful in RA [55]. Some
authors also looked at different combination of biomarkers with
the RAI and their predictive performance. For example, Basu et al.
compared (RAI+Elastase-2), (RAI+Matrix Metalloproteinase-8) as
well as (RAI+Elastase-2+MMP-8) and found that the probability of
AKI were 27.3%, 24.1% and 31.4% respectively [52]. Even as these
biomarkers may add value, we may still find this not as discerning
as we would like it to be, especially in the clinical setting.

There are many patients presenting to the emergency

department daily, with a myriad of comorbidities and illnesses.
Early detection of AKI through RA has the potential to prevent
progression and complications of renal injury. It would be
worthwhile for physicians to always keep in mind the possibility
of RA in patients, especially those who are critically ill or who have
significant risk factors. Therefore, a thorough history and physical
examination exercise should always be carried out to ascertain the
patient’s symptoms and risk factor profile. One must have a high
index of suspicion for patients who are severely ill or who need
to be sent to the ICU as AKI is especially common in these groups
of patients. Other risk factors also need to also be considered as
it may be likely that these patients are unable to communicate as
well at presentation due to Altered Mental States (AMS). This would
make physical examination and vital parameters essential in the
assessment of these patients. The presence of raised jugular venous
pressure, leg swelling, or weight gain would alert the physician into
the possibility of renal angina. Furthermore, urine output should
be strictly monitored, looking out for oliguria and decreased urine
output (Figure 1).

Approaching Renal Angina in a Patient

i Tharough history and physical examination

Signs & Symptoms in conjunction with Risk Factors for AKI
¢ For asymptomatic patients who have risk factors, consider screening
i at intervals in primary care setting

! cardiac Output Assessment/ Ensure haemodynamics are optimised
AKl Biomarkers, as relevant in your context

Urinalysis and Assessment

: Ensure good blood sugar controlf avoid hyperglycaemia
If treatable causes present, resuscitate and manage accordinghy (g.
% volume depletion, GN, sepsis, aortic dissection, rhabdomyolysis)

AKI specific imaging

Early Goal Directed Therapy

Start AKI Therapeutic Drug
Early CRRT

Make appropriate choices of drugs and minimize nephrotoxic exposure

Figure 1: A simplified approach to the potential Renal Angina patient.

Copyright@ Fatimah Lateef | Biomed ] Sci & Tech Res | BJSTR. MS.ID.006026.

29579


https://dx.doi.org/10.26717/BJSTR.2021.37.006026

Volume 37- Issue 4

DOI: 10.26717/BJSTR.2021.37.006026

In addition, laboratory tests help guide the clinician in this
process. With the risk factors and physical examination findings,
serum creatinine and the renal biomarkers should be ordered
appropriately. Serum creatinine is a well-known marker of kidney
injury. Small increases in serum creatinine can be an early sign of
AKI. Serum and urine biomarkers as discussed above should also
be assessed if available, and if the overall clinical picture points
towards progression of kidney injury, formal evaluation and
subsequent management for AKI should begin (Figure 1). Currently,
the mainstay of management includes fluid therapy, identification
and avoidance of nephrotoxic medication, and escalation of therapy
with Renal Replacement Therapy (RRT). Early identification of at-
risk patients especially in the Emergency Department (ED) will
allow for earlier intervention and identification of reversible causes
of AKI, as well as increase confidence for step up therapy to RRT if
indicated [54,55,57-59] (Figure 1).

Even as RA seems promising in its future applications, there
are possible factors to consider when using RA in the assessment
of patients. Firstly, RA considers that small elevations in serum
creatinine can be an early marker of AKI. However, there are many
other factors that can affect creatinine values, including laboratory
error. Furthermore, normal values of creatinine will vary especially
in children of different ages, body weight and sizes, compared to
adults, where the reference values of creatinine are more accurately
predictable. In addition, several variations of the RAI have been
used across studies, and thus more research needs to be conducted
before a standardized application of RA can be formalized and
broadly applied, across different cohorts of patients and different

ethnic groups and countries.
Conclusion

Renal Angina is arelatively new and promising concept that may
shift the paradigm of AKI as we progress into the future. New and
emerging studies and trials of putting RA into practice have shown
some reliable and encouraging results, with RA being a useful tool
for both “rule in”, as well as “rule out” kidney injury in patients [59].
Although currently not widely applied, the understanding of RA
still has value in raising the index of suspicion of AKI and is worth
understanding and familiarizing ourselves with, in order to aid in
early interventions where appropriate.
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