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Before You Start: Facts You Need to Know
• The incidence of AKI has grown rapidly in 

recent years.
• CKD and proteinuria are common risk factors 

for developing AKI.
• Patients with a rapid course to ESKD often 

have non-linear decline in kidney function 
marked by AKI.

• Diagnostic tests such as fractional excretion of 
sodium (FeNa) may be less reliable in patients 
with CKD.

• After an episode of moderate to severe AKI or 
those where recovery to baseline has not 
occurred, patients should be evaluated within 

3 months to resolution and for new onset or 
worsening of pre-existing CKD.

• Ideally, long-term goals of care (including 
whether to initiate dialysis) should be dis-
cussed before hospitalization, particularly 
among frail and elderly patients with CKD.

8.1  Introduction: The Growing 
Impact of AKI

8.1.1  Occurrence and Definition

The Centers for Disease Control and Prevention 
estimate that kidney disease is the eighth leading 
cause of death in the United States (US) and con-
sumes 23% of total Medicare expenditures. It is 
projected that by the year 2030, 16.7% of adults 
in the US over the age of 30 will have CKD [1]. 
AKI, particularly when severe, has been recog-
nized as an increasingly common risk factor for 
CKD progression [2]. AKI is characterized by an 
abrupt decline in glomerular filtration rate (GFR). 
The Kidney Disease Improving Global Outcome 
(KDIGO) Clinical Practice Guideline for Acute 
Kidney Injury suggests that a minimal threshold 
for defining AKI should include an increase in 
serum creatinine of at least 0.3  mg/dL 
(26.5 μmol/L) within 48 h or 1.5 times the base-
line value within 7  days, or urine volume less 
than 0.5 mL/kg/h for at least 6 h (Table 8.1), with 
increasing severity denoted by incrementally 
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larger increases in serum creatinine values or the 
persistence or worsening of oliguria [3]. This 
change in paradigm has been largely driven by 
observations showing that even in the absence of 
overt kidney failure, smaller changes in serum 
creatinine independently associate with poor 
clinical outcomes (Fig. 8.1) [4]. Within hospital-
ized populations, incidence rates for AKI vary by 
setting, ranging up to 18% in hospitalized patients 
and up to 57% in ICU patients [5, 6]. Population- 
based studies within industrialized countries esti-
mate incidence rates for AKI of between 2147 
and 5000 cases/million population/year [7].

While AKI can be associated with exacerba-
tions of intrinsic kidney disease or systemic dis-
eases that target the kidney (e.g., lupus), the 
majority of AKI in developing countries occurs 
as a consequence of an acute illness or proce-
dures that either compromise perfusion (e.g., 
volume-depleting illnesses, acute blood loss, 

Table 8.1 Staging of AKI. Kidney disease improving 
global outcomes [3]

Stage Serum creatinine Urine output
1 1.5–1.9 times baseline

OR
≥ 0.3 mg/dL (≥ 26.5 μmol/L) 
increase

˂0.5 mL/kg/h 
for 6–12 h

2 2.0–2.9 times baseline ˂0.5 mL/kg/h 
for ≥12 h

3 3.0 times baseline
OR
Increase in serum creatinine to 
≥4.0 mg/dL (≥ 353.6 μmol/L)
OR
Initiation of renal replacement 
therapy
OR, in patients ˂ 18 years, 
decrease in eGFR to ˂ 35 mL/
min per 1.73 m2

˂0.3 mL/kg/h 
for ≥24 h
OR
Anuria for 
≥12 h

Reprinted from Kidney International Supplements; 
Volume 2, Issue 1; Kidney Disease: Improving Global 
Outcomes (KDIGO) Acute Kidney Injury Work Group; 
KDIGO Clinical Practice Guideline for Acute Kidney 
Injury; 2012; pages 1–138; with permission from Elsevier

Fig. 8.1 Increased mortality risk associated with AKI 
extends to milder injury. Systematic review showing con-
sistent increases in mortality risk associated with incre-
mentally larger acute changes in serum creatinine in 
different acute care settings illustrated by Forrest plot. (a) 
Risk category denoted by a 50% increase in baseline 
serum creatinine/25% decrease in baseline GFR/urine 
output <0.5 mg/kg/h × 6 h (Relative Risk = 2.4), (b) Injury 
denoted by a doubling in baseline serum creatinine/50% 
decrease in GFR/urine output <0.5  mL/kg/h × 12  h 

(Relative Risk = 4.15), and (c) Failure denoted by a tri-
pling of baseline serum creatinine/GFR decrease of 
>75%/acute increase in serum creatinine to >4  mg/dL 
with and acute rise of 0.5 mg/dL/urine output <0.3 mL/
kg/h × 24 h/anuriax12 h (Relative Risk = 6.37). (Reprinted 
from Kidney International; volume 73, issue 5; Ricci Z, 
Cruz D, Ronco C; The RIFLE criteria and mortality in 
acute kidney injury: a systematic review; March 2008; 
pages 538–546, with permission from Elsevier)
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Table 8.2 Urinalysis findings in AKI

Normal or hyaline 
casts

Pre-renal azotemia
Post-renal/obstruction

Dysmorphic RBC’s/
RBC casts

Glomerulonephritis
Malignant hypertension
Thrombotic microangiopathy
Vasculitis

WBC’s/WBC casts Glomerulonephritis
Acute interstitial nephritis 
(AIN)
Pyelonephritis

“Muddy-brown 
casts” or pigmented 
casts

Acute tubular necrosis (ATN)
Myoglobinuria
Hemoglobinuria

Eosinophiluria AIN
Atheroembolic disease

Crystals Uric acid
Calcium oxalate (can be seen in 
ethylene glycol ingestion)
Calcium phosphate
Triple phosphate
Cystine
Crystal caused by drugs or 
toxins (indinavir, acyclovir, 
amoxicillin)

major vascular surgery) and/or stimulate a pro-
found inflammatory response (e.g., sepsis) 
(Table 8.2). Medications directly toxic to the kid-
ney (e.g., non-steroidal anti-inflammatory drugs, 
aminoglycosides, iodinated contrast) may also 
contribute to up to 1/5 of cases [8]. Recent 
advances in cancer chemotherapies, including 
immune checkpoint inhibitors and tyrosine 
kinase inhibitors, have been also associated with 
AKI. In developing countries, where disease sur-
veillance is not widely implemented, a higher 
prevalence of diarrheal and infectious-related 
causes of AKI exist, particularly among 
children.

8.1.2  Prognosis

AKI is strongly associated with devastating 
short-term complications with mortality rates 
up to 56.8% among critically ill patients with 

severe AKI [5, 8, 9]. Of greater concern are sig-
nals arising from both administrative and labo-
ratory databases that the incidence of AKI is 
expanding rapidly (Fig. 8.2) [7]. Similar growth 
in nondialysis- requiring AKI, which constitute 
most cases, has also been observed. There are 
numerous possible reasons for these increases, 
including increasing prevalence of comorbidi-
ties including CKD, parallel rises in known pre-
cipitants including sepsis, increasing use of 
medications or invasive procedures that place 
patients at increased risk for developing AKI, 
and aging populations throughout the world 
[10]. The latter was illustrated in a study show-
ing that the observed increases in population-
based incidences of AKI among a rural United 
States community from 2006 to 2014 were no 
longer present after adjusting for age and sex, 
suggesting that observed increases may be 
largely related to an increasingly elder popula-
tion [11].

Recent attention focused on the long-term 
impact of this disease indicates that AKI strongly 
associates with CKD progression, particularly in 
severe cases or when superimposed on underly-
ing CKD, as well as with cardiovascular compli-
cations such as heart failure. When taken together 
with ongoing increases in disease incidence, 
important implications emerge including a grow-
ing population of AKI survivors at risk for the 
development or acceleration of CKD and its 
complications.

In this chapter, we will examine the bidirec-
tional nature of the interaction between AKI and 
CKD. Specifically, we will detail how the grow-
ing population of patients with CKD may be 
especially vulnerable to developing AKI and its 
complications. In addition, we will discuss litera-
ture suggesting that AKI is an important contrib-
utor to both the development and progression of 
CKD.  Lastly, we will review recent practice 
guidelines to the diagnostic approach and man-
agement of this disease.

8 Acute Kidney Injury in Chronic Kidney Disease
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Fig. 8.2 The population incidence of dialysis and non-
dialysis requiring AKI in the USA is increasing. (a) 
Community-based incidence rates (per 100,000 person-
years) of non-dialysis requiring AKI per year. (b) 
Community-based incidence rates (per 100,000 person-
years) of dialysis requiring AKI per year. (Reprinted from 
Kidney International; volume 72, issue 2; Hsu CY, 
McCulloch CE, Fan D, Ordonez JD, Chertow GM; 
Community-based incidence of acute renal failure; July 
2007; pages 208–212, with permission from Elsevier)

8.2  CKD as a Risk Factor for AKI

Administrative data have identified CKD as a risk 
factor for AKI. However, as many early studies 
used diagnostic coding to identify AKI, concerns 
over potential biases in detection (e.g., AKI is 
more likely to be recognized in patients with 
underlying CKD) prompted additional studies 
using serum creatinine to define AKI.  A 
population- based study in Northern California 
observed an adjusted odds of developing dialysis- 
requiring AKI of up to 20- to 30- fold higher in 
those with advanced Stage III and Stage IV CKD 
compared to non-CKD patients (Fig.  8.3) [12]. 

Subsequent studies have demonstrated a graded 
relationship between the severity of CKD and the 
risk for AKI, indicating that the increase in 
observed risk begins at even earlier stages of 
CKD [13]. Despite the consistency of this data, 
some concern exists over whether biases in ascer-
tainment may be partially responsible for these 
observations. Among these include the notion 
that patients with CKD are more likely to have 
serum creatinine checked, which increases the 
likelihood of detecting AKI.  In studies that use 
serum creatinine to define AKI, the same abso-
lute increase in serum creatinine in a patient with 
CKD represents a smaller overall change in kid-
ney function compared to a patient without CKD, 
making it easier for patients with CKD to meet 
diagnostic criteria.

Other markers of kidney disease, such as pro-
teinuria, have also been shown to associate with 
an increased risk for AKI independent of 
eGFR. In the Atherosclerosis Risk in Communities 
(ARIC) cohort, which prospectively followed 
11,200 patients, a stepwise increase in risk for 
AKI was observed with increasing degrees of 
albuminuria. After adjusting for age, gender, 
race, cardiovascular risk factors, and categories 
of eGFR, the ORs for AKI were 1.9 (95% CI, 
1.4–2.6), 2.2 (95% CI, 1.6–3.0), and 4.8 (95% CI, 
3.2–7.2) for urine albumin-to-creatinine ratio 
groups of 11 to 29  mg/g, 30 to 299  mg/g, 
and  ≥  300  mg/g, respectively [13]. Another 
population- based cohort of nearly one million 
patients in Canada also confirmed an indepen-
dent association between proteinuria and the risk 
for hospitalization with AKI, death, and the com-
posite endpoint of doubling of serum creatinine 
or ESKD. Across all stages of CKD, increasing 
levels of proteinuria measured by urine dipstick 
carried an increased adjusted risk for hospitalized 
AKI.  Even among those with preserved eGFR, 
mild to heavy proteinuria carried a graded 2.5 
(95% CI, 2.3–2.7) to 4.4 (95% CI, 3.7–5.2) fold- 
risk of hospitalization for AKI (Fig.  8.4) [14]. 
More recently, one study examined the associa-
tion between proteinuria and post-operative AKI 
among patients undergoing non-cardiac surgery. 
After adjustment for kidney function, comorbid 
conditions, medication use, and intraoperative 
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Fig. 8.3 Multivariable association of baseline estimated 
GFR and dialysis-requiring ARF stratified by the presence 
or absence of diabetes mellitus (DM). Each model 
adjusted for age, sex, race/ethnicity, diagnosed hyperten-
sion, and documented proteinuria. (Reprinted from 

Kidney International; volume 72, issue 2; Hsu CY, 
McCulloch CE, Fan D, Ordonez JD, Chertow GM; 
Community-based incidence of acute renal failure; July 
2007; pages 208–212, with permission from Elsevier)

Fig. 8.4 Estimated glomerular filtration rate and protein-
uria independently associate with acute kidney injury. 
Adjusted for means (and frequencies) of covariates for: 
age, sex, aboriginal status, low income, social assistance, 
comorbidities (HIV/AIDS, history of cancer, cerebrovas-
cular disease, congestive heart failure, chronic pulmonary 
disease, dementia, diabetes mellitus, hypertension, meta-
static solid tumor, mild liver disease, moderate or severe 
liver disease, myocardial infarction, paralysis, peptic ulcer 

disease, peripheral vascular disease, rheumatic disease). 
In this analysis, dipstick urinalysis was used to classify 
participants with respect to proteinuria: normal (urine dip-
stick negative), mild (urine dipstick trace or 1+), or heavy 
(urine dipstick ≥2+). The tests for linear trend across 
eGFR categories and across proteinuria categories were 
all significant at the p < 0·0001 level. (Data from Lancet 
2010 Dec 18;376(9758):2096–103)

hemodynamics, they observed ORs for AKI of 
1.14 (95% CI, 0.75–1.73), 1.24 (95% CI, 0.79–
1.95), 2.75 (95% CI, 1.74–4.35), and 3.95 (95% 
CI, 1.62–9.62) for trace, 1+, 2+ and 3+ protein-
uria, respectively [15]. A similar trend was 

observed in a study of United States Veterans 
undergoing elective inpatient surgery [16].

Chronic kidney disease often co-exists with 
other comorbid diseases that themselves increase 
the risk for AKI in this population. Patients with 

8 Acute Kidney Injury in Chronic Kidney Disease
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congestive heart failure, for example, are at risk 
for AKI that occurs during acute decompensa-
tions of the disease itself (i.e., acute cardiorenal 
syndrome) or exacerbated by its therapy (i.e., 
diuretics or RAAS inhibitor medications that are 
used in guideline-directed medical therapy). 
Cardiovascular disease, including coronary artery 
disease (CAD), is another common comorbidity 
that tracks with CKD and is associated with 
AKI. Patients with CAD are at particular risk of 
AKI due to contrast exposure (e.g., heart cathe-
terization procedures) and, less commonly, due 
to atheroembolic disease.

In summary, these studies reinforce the link 
between both underlying structural or functional 
impairment of the kidney and the risk for AKI, as 
well as the susceptibilities conferred by common 
comorbid conditions and their therapies. Whether 
reducing proteinuria modifies the risk for AKI 
remains an important question that remains to be 
tested. While the intuitive notion that lower func-
tional reserve in any organ might lower the 
threshold for injury, the presence of CKD and/or 
proteinuria can help clinicians identify patients at 
highest risk for developing AKI.  Therefore, we 
recommend measuring proteinuria and serum 
creatinine prior to procedures or drug exposures 
carrying intrinsic risk for AKI (e.g., iodinated 
contrast procedures) to aid in risk stratification.

8.3  AKI as a Risk Factor for CKD

Early studies more than a half-century ago sug-
gested that patients with normal kidney function 
before a severe AKI event were often able to 
return to active lives independent of dialysis. 
However, small but detailed physiologic studies 
revealed “subclinical” decreases in clearance, as 
well as an inability to concentrate and dilute 
urine when measured directly, refuting the 
notion of AKI being a self-limited event. The 
potential outcomes of AKI are illustrated in 
Fig. 8.5. For some patients, there appears to be a 
complete or near-complete recovery. In others, 
an incomplete recovery of AKI may occur result-
ing in the development of incident CKD. Lastly, 
among those with previous CKD, AKI may serve 

to accelerate the progressive loss of kidney func-
tion over time, although the mechanisms that 
lead to decline and potential interventions to 
attenuate disease progression have not been fully 
established.

Animal studies have demonstrated that 
beyond the initial tubular injury and nephron 
loss, ischemic insults to the kidney also result in 
endothelial damage to the microvasculature, 
which have less regenerative capacity than 
tubules. The loss of vascularity may lead to 
chronic regional ischemia that promotes down-
stream hypoxic signaling, inflammation, and 
fibrosis (Fig.  8.6) [17]. Even after apparent 
recovery, affected animals can develop protein-
uria and are less able to excrete sodium in the 
urine leading to salt- sensitive hypertension, 
which may contribute to further loss of kidney 
function. Furthermore, nephron loss in other 
experimental models of CKD has also been 
observed to lead to compensatory adaptations 
including hyperfiltration in the “remnant kid-
ney” that result in glomerular hypertension and 
cellular proliferation. Whether the latter also 
occurs following AKI is not clear.

Prospective studies of children who recover 
from AKI associated with the hemolytic uremic 
syndrome (HUS) found that survivors were 
more likely to develop microalbuminuria and 
lower eGFR values using cystatin C levels rela-
tive to a group of control patients during 5 years 
of follow- up [18]. The extension of these find-
ings to adults has been noted in multiple obser-
vational studies [2]. One such study used 
administrative data for 233,803 hospitalized 
Medicare beneficiaries and found that among 
those with a discharge diagnosis of AKI, there 
was a 7% chance of initiating treatment for 
ESKD within 2 years of follow-up, with a nearly 
two-fold increase in adjusted risk compared 
with CKD patients hospitalized without 
AKI.  The likelihood of a patient with CKD 
experiencing AKI to need treatment for ESKD 
was 14%, with an over four-fold adjusted risk 
compared to CKD patients without an AKI diag-
nosis. The latter is particularly compelling given 
literature identifying CKD as the predominant 
risk factor for AKI [19].

B. C. Birkelo et al.
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Fig. 8.5 Potential 
kidney outcomes 
following AKI

Fig. 8.6 Potential mechanisms of how AKI can lead to 
irreversible loss of kidney function. Tubule cross-section. 
(a) Cross section of normal renal tubule with intact epithe-
lial cells, renal interstitium, and peri-tubular blood ves-
sels. (b) Cross section of renal tubule with acute tubular 
necrosis (ATN) with epithelial cell necrosis, intra-tubular 
cast formation, endothelial injury of peri-tubular blood 
vessels, and migration of monocytes and macrophages 
into renal interstitium. (c) Cross section of renal tubule 
after normal repair and regeneration showing restoration 
of normal renal architecture. (d) Cross section of renal 
tubule after severe episode of AKI, resulting in maladap-

tive repair. Epithelial cells have evidence of cell cycle 
arrest and epigenetic changes that favor a fibrosis pheno-
type. Renal interstitium shows evidence of fibrosis. Post- 
injury vascular supply is less dense than baseline. The 
combination of decreased blood supply and fibrosis leads 
to zones of hypoxia wherein the combination of decreased 
vascular supply and fibrosis can initiate a vicious cycle 
leading to ongoing fibrosis. (Reprinted from Kidney 
International; volume 82, issue 5; Lakhmir CS, Kimmel 
PL; Acute kidney injury and chronic kidney disease: an 
integrated clinical syndrome; September 2012; pages 
516–524, with permission from Elsevier)

8 Acute Kidney Injury in Chronic Kidney Disease
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Subsequent studies anchored by baseline kid-
ney function have found similar results. In a 
population- based study in Northern California in 
patients whose eGFR before hospitalization was 
>45  mL/min/1.73m2, patients experiencing 
dialysis- requiring AKI were 28 times more likely 
to develop advanced CKD compared to other 
hospitalized patients without AKI after adjust-
ment and matching for potential confounders 
(Fig. 8.7) [20]. The risk for incident CKD appears 
to be increased 1.9-fold even among patients with 
reversible AKI in whom eGFR returns to within 
10% of their pre-hospitalization baseline [21]. 
Enough data has accumulated to perform mean-
ingful meta-analyses which estimate pooled 
adjusted hazard ratios for CKD, ESKD, and mor-
tality following AKI of 8.8 (95% CI, 3.1–25.5), 
3.1 (95% CI, 1.9–5.0), and 2.0 (95% CI, 1.3–3.1), 
respectively, compared to hospitalized patients 
without AKI [2]. More recently, the largest multi- 
center prospective cohort study examined long- 
term outcomes including kidney disease 
progression following an episode of AKI among 

patients who survived at least 3 months after a 
hospitalization. Among 769 adults with AKI and 
769 adults without AKI who were matched on 
center, baseline CKD status and eGFR, age, 
comorbidities (diabetes mellitus and cardiovas-
cular disease), and treatment in the ICU, AKI was 
associated with an increased risk of both incident 
CKD and progressive CKD (adjusted hazard 
ratio for incident CKD 3.98, 95% CI 2.51–6.31; 
aHR for CKD progression 2.37, 95% CI 1.28–
4.39) [22].

Building upon this literature, recent efforts 
have focused on identifying patients at highest 
risk for developing CKD following AKI. Several 
studies have demonstrated a graded relation-
ship between AKI severity (as measured by 
change in serum creatinine) and the risk for 
incident and progressive CKD [23]. Another 
potential harbinger of poor outcomes includes 
the duration of injury. Studies in surgical 
patients found that higher long-term mortality 
rates among those with injury that persists for 
multiple days, even among those with mild 

Fig. 8.7 Severe AKI increases the risk of developing 
advanced kidney disease. Kaplan-Meier Curves showing 
the long-term risk of KDOQI Stage 4 or worse kidney dis-
ease among patients with well-preserved kidney function 
who did (dashed line) or did not (solid line) suffer and 
recovered at least partially from dialysis-requiring AKI. 

(Reprinted from Kidney International; volume 76, issue 8; 
Lo LJ, Go AS, Chertow GM, et  al.; Dialysis-required 
acute renal failure increases the risk of progressive chronic 
kidney disease; October 2009; pages 893–899, with per-
mission from Elsevier)

B. C. Birkelo et al.
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injury, and were more prognostic than injury 
severity alone [24]. More recent studies in hos-
pitalized and cardiac surgery patients have 
shown similar findings. A large retrospective 
study of hospitalized patients showed a dose-
dependent association between duration of AKI 
with incident CKD at 1 year [25], while a study 
of patients undergoing elective cardiac surgery 
found that duration of AKI lasting >3 days had 
an adjusted odds ratio of 13.5 (95% CI 4.2–
43.7) for incident CKD at 1  year [26]. Non- 
recovery from AKI may also be predictive of 
CKD progression. In a multivariable model 
predicting risk of progression to advanced CKD 
among survivors of AKI, serum creatinine at 
hospital discharge and AKI severity were major 
drivers of risk (C statistic for full model 0.81, 
95% CI 0.75–0.86) [27]. Other risk factors for 
long-term loss of kidney function following 
AKI include advancing age, African American 
race, baseline kidney function, comorbidity 
burden including the presence of diabetes, 
HTN, or CHF, and serum albumin levels during 
hospitalization [28]. Proteinuria following AKI 
has also been shown to be a predictor of long-
term kidney disease. In a study of patients with 
AKI sustained during a hospitalization, higher 
levels of albuminuria measured at 3 months 
after hospital discharge were associated with 
increased risk of progressive chronic kidney 
disease, defined as a halving of estimated GFR 
or end-stage kidney disease [29].

Lastly, the majority of studies have character-
ized the impact of a discrete episode of AKI on 
disease progression. However, recent attempts 
have also begun to examine the impact of subse-
quent AKI events on long-term loss of kidney 
function. Thakar et al. [30] followed a high-risk 
cohort of 3679 diabetic patients, 62% with 
 baseline proteinuria, within an integrated health 
care system for the development of stage IV 
CKD over a mean of 5  years. Despite overall 
preserved baseline kidney function (mean eGFR 
81 +/− 26 mL/min/1.73 m2), 14% of the popula-
tion experienced an AKI event, with nearly one-
third of this group experiencing multiple events. 
Patients experiencing an AKI event were twice 
as likely to reach stage IV CKD as those who did 

not (24.6% vs. 12.9%, p  <  0.01). Multivariate 
Cox regression analysis identified the presence 
of any AKI to be associated with an adjusted 
Hazard Ratio of 3.5 (95% CI, 2.7–4.6) with each 
subsequent episode of AKI further doubling that 
risk (HR 2.02; 95% CI, 1.78–2.30). Retrospective 
studies have identified factors that may increase 
an individual’s risk for recurrent AKI, including 
demographics (older age, black race, Hispanic 
ethnicity), comorbid conditions (congestive 
heart failure, diabetes, liver disease, and cancer), 
acute events (decompensated liver disease, acute 
coronary syndrome, volume-depleting events), 
and more severe illness at index hospitalization 
[31, 32]. Renal functional reserve (RFR), which 
refers to the kidney’s ability to increase its filtra-
tion rate in response to a stimulus, is a topic of 
ongoing investigation and a factor that appears 
to be associated with risk of AKI. RFR is mea-
sured as the difference between baseline GFR 
and GFR measured after a protein load. 
Assessment of RFR may more accurately cap-
ture the degree of structural injury following 
AKI in patients with normal GFR (i.e., subclini-
cal injury). Diminished RFR has also been 
observed in patients with CKD. Recent studies 
have demonstrated that lower RFR are associ-
ated with risk of AKI, as was shown in a study of 
patients undergoing cardiac surgery who had 
RFR measured pre- operatively; in that study, 
pre-operative RFR predicted post-operative AKI 
with an area under the receiver operator curve of 
0.83 (95% CI, 0.70–0.96), and patients with a 
RFR ≤ 15 mL/min/1.73m2 were 11.8 times more 
likely to experience AKI [33]. RFR measure-
ment is not used in routine clinical practice at 
present, and remains an area of active 
investigation.

With biological and epidemiologic evidence 
supporting an independent association between 
AKI and incident CKD, research efforts over the 
past decade have explored potential mechanisms 
by which AKI may lead to new or progressive 
CKD.  Preclinical studies have implicated mal-
adaptive repair processes after AKI which may 
promote interstitial fibrosis through a number of 
mechanisms. Tubular injury can result in intersti-
tial fibrosis through secretion of profibrotic fac-

8 Acute Kidney Injury in Chronic Kidney Disease
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tors and tubular mitochondrial dysfunction [34]. 
AKI can also cause a reduction in capillary den-
sity in affected tissue (microvascular rarefaction) 
which may promote interstitial fibrosis through 
renal hypoxia [35]. Identification of these bio-
chemical pathways of progression holds promise 
for possible targets of therapy, however this work 
remains nascent [36]. Regardless, it is clear that 
AKI is an important marker for long-term loss of 
kidney function, particularly among those with 
pre-existing CKD.  Therefore, we recommend 
that an episode of AKI be documented in the 
medical history portion of the electronic medical 
record, and that the routine evaluation of all 
patients with CKD include inquiring about past 
history of AKI.

8.4  Prevention and Management 
of AKI in CKD

8.4.1  Before and Early During 
Hospitalization: Recognizing 
High-Risk Patients 
and Situations

As the interaction between AKI and CKD 
becomes clearer, improved understanding of 
how to optimally care for this growing popula-
tion will be needed. An important first step is 
for clinicians to recognize the patients and 
situations that combine to increase the risk for 
developing AKI in patients with CKD. In addi-
tion to patients with CKD, other patients at 
risk of developing AKI include patients with 
diabetes, hypertension, heart failure, and 
African American race. Among the fastest 
growing populations experiencing AKI include 
the elderly, who like those with CKD are also 
less likely to recover and more likely to prog-
ress to ESKD following AKI.  Age- related 
changes in both structure and function of the 
kidneys in this population and a higher comor-
bidity burden combine to reduce the threshold 
for injury in response to abrupt changes in 
renal perfusion. Additionally, these patients 
are at increased risk for inappropriate drug 

dosing and polypharmacy that increase the 
risk of drug interactions and/or 
nephrotoxicity.

Certain medication classes of proven bene-
fit in the chronic setting can also lower the 
threshold for AKI during acute illness. For 
example, the normal response to decreases in 
kidney perfusion include increases in post-
glomerular (i.e., efferent arteriolar) vascular 
tone, which helps to maintain glomerular per-
fusion pressure and adequate filtration. 
However, the increased use of medications in 
the CKD population, including angiotensin 
converting enzyme inhibitors (ACE- I) and 
angiotensin receptor blockers (ARBs), blunts 
the compensatory response that maintains glo-
merular perfusion pressure. When coupled 
with diuretics or antihypertensive agents that 
decrease effective circulating volume or 
reduce perfusion pressure, the threshold for 
kidney injury can be lowered. This risk is par-
ticularly relevant in patients with heart failure, 
for whom increasingly potent blockade of the 
renin- angiotensin system coupled with aggres-
sive diuresis as part of evolving guideline-
directed medical therapy may lower the 
threshould for AKI. Careful stepwise initation 
and titration of these medications may be 
warranted in patients with underlying 
CKD.  Furthermore, temporary suspension of 
these medications during AKI or when the risk 
for AKI is high (such as during acute illness) 
may be prudent. In these so-called sick-day 
protocols patients are instructed to withhold 
ACE-I, ARBs, and diuretics during volume- 
depleting illnesses such as diarrhea or vomit-
ing. The evidence to support the widespread 
adoption of such protocols has been mixed. A 
pooled analysis of three randomized clinical 
trials that examined similar protocols in which 
specific medications are temporarily withheld 
during illness or a radiologic or surgical pro-
cedure found a nearly 50% increased risk of 
AKI among those who continued the meds 
compared with those who held them as part of 
the sick-day protocol, however the observed 
effect was not statistically significant (RR 
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1.48, 95% CI 0.84–2.60) [37]. The effective-
ness of sick-day protocols in reducing AKI 
may also be limited by insufficient under-
standing by patients. Illustrating this point, a 
small study of 20 volunteers with stage 3–5 
CKD assessed the usability of the sick-day 
protocol used by the National Health System 
in Scotland. The volunteers were educated 
about the protocol and provided mock medi-
cation bottles, and were then asked which (if 
any) medications should be held in four differ-
ent clinical scenarios. Of the 20 study partici-
pants, only one individual was able to identify 
the correct medications to hold in each of the 
four scenarios [38]. An ongoing clinical trial 
examining this topic is being completed at the 
time of this writing and may provide better 
guidance. We do recommend that patients 
with CKD be cautioned to avoid NSAIDs in 
combination with the aforementioned antihy-
pertensives and/or diuretics as the latter com-
promise prostaglandin-mediated dilation of 
the afferent arterioles during decreased perfu-
sion, which may make patients with CKD 
more vulnearable. Healthcare providers 
should have a low threshold for suspending 
these medications when the risk for AKI is 
more dynamic such as during hospitalization 
or before anticipated procedures known to 
increase risk for AKI including major surgery 
or contrast exposure. Communication with 
procedural teams should be pursued to ensure 
that risk is minimized (i.e., minimizing con-
trast loads) and that adequate prophylaxis is 
given (see Chap. 3 for contrast- induced 
nephropathy).

Finally, facilitating communication with 
patients or their surrogates regarding the long- 
term goals of care before hospitalization is a 
much-needed area for improvement, particu-
larly among frail and elderly patients with 
CKD.  Studies have demonstrated that among 
patients with diminished functional status, such 
as nursing home residents, nearly two-thirds of 
patients die within a year of initiating chronic 
dialysis and premorbid functional status is 
maintained only in 13% of patients [39]. 

Therefore, attempts to ascertain patient goals of 
care in the context of chronic disease and func-
tional status should occur prior to hospitaliza-
tion. This will enable patients and physicians 
with an established relationship to develop a 
plan of action should hospitalization with AKI 
occur (e.g., advance directive) and help patients 
better balance the risk of potential AKI with the 
benefit of procedures that carry an intrinsic risk 
for AKI (e.g., major vascular surgery). The pos-
sibility of a more conservative approach to care 
should be presented as a viable option early in 
the course of conversation and the joint input of 
both the patient’s primary provider and nephrol-
ogist should be sought.

8.4.2  Determining the Time Course 
and Diagnosis of AKI

A simplified algorithm of the evaluation and 
treatment of AKI is depicted in Fig. 8.8. In eval-
uating a patient with suspected AKI, effort 
should be made to determine whether the pat-
tern of kidney injury is acute, acute on chronic, 
or chronic. This discrimination is important, as 
some forms of AKI are reversible if the inciting 
event is removed. Clinicians should elicit a his-
tory of CKD including obtaining pre-hospital-
ization serum creatinine values, if available. 
Baseline serum creatinine obtained during 
chronic steady state can provide insight into the 
acuity of change in kidney function, more accu-
rately gauge the severity of AKI, and provide 
prognostic information. Any abrupt rise from 
the baseline creatinine in patients with CKD 
should prompt evaluation for AKI. Radiographic 
evidence of small, scarred kidneys would sug-
gest underlying CKD. However, in some cases 
of CKD the kidney size may be normal or 
increased such as in diabetic nephropathy, HIV-
associated nephropathy, polycystic kidney dis-
ease, or infiltrative diseases such as amyloidosis. 
Additional findings that may suggest underlying 
CKD include anemia, hyperphosphatemia, 
hypocalcemia, hyperparathyroidism, and 
neuropathy.
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Fig. 8.8 Algorithm for evaluation and treatment of AKI
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8.4.3  History, Physical Exam, 
and the Differential Diagnosis 
of AKI

Once a diagnosis of AKI has been made, steps 
should be taken to determine the etiology. 
Classically, underlying causes are grouped into 
pre-renal, intrinsic, or post-renal categories 
(Table  8.2). However, many cases of AKI are 
multifactorial and multiple contributors should 
be considered.

Pre-renal AKI most often results from 
impaired perfusion to the kidney and is the most 
common cause of community-acquired AKI. 
Early in the course of injury, net filtration is 
diminished. However, compensatory hemody-
namic and hormonal adaptations occur within the 
kidney that increase the efficiency of filtration 
and promote sodium and water retention that 
maintain blood volume and minimize the devel-
opment of tissue injury if adequate perfusion can 
be restored quickly. Therefore, the diagnosis of 
pre-renal AKI is made after a successful interven-
tion is applied (e.g., creatinine decreases with IV 
fluid resuscitation). However, deciding which 
intervention to apply can be challenging as pre- 
renal physiology can be seen in both states of 
absolute volume depletion (e.g., diarrhea, vomit-
ing, overdiuresis, dehydration, bleeding) and dis-
eases with decreased effective circulating volume 
(e.g., nephrotic syndrome, liver disease, conges-
tive heart failure) which often present with signs 
of fluid accumulation (i.e., edema). In patients 
with underlying CKD, diminished renal reserve 
and blunted ability to adapt to decreased perfu-
sion may lower the threshold for progression to 
true parenchymal injury, underscoring the impor-
tance of a timely diagnosis.

A rapid historical assessment for volume- 
depleting illness including bleeding, vomiting, 
diarrhea, febrile illness, infection, or prolonged 
heat exposure should be elicited. Information on 
comorbid disease states including poorly con-
trolled diabetes (osmotic diuresis), or those asso-
ciated with effective arterial volume depletion 
including congestive heart failure or cirrhosis 
should also be sought. Additionally, contributing 
medications should be identified, paying particu-

lar attention to recent changes or addition of anti-
hypertensives, diuretics, cathartics, NSAIDs/
COX-2 inhibitors, and ACE/ARB use. Physical 
exam should prioritize determining volume sta-
tus. In patients with absolute depletion of circu-
lating volume, patients may have orthostatic 
hypotension, flat neck veins, decreased skin tur-
gor, hypotension or tachycardia. In contrast, 
patients with decreased effective circulating vol-
ume such as patients with cirrhosis or CHF may 
have evidence of volume overload including jug-
ular venous distension, S3 gallop, edema, or 
ascites.

Several laboratory tools have traditionally 
been used to reflect appropriate tubular response 
to diminished perfusion, supporting the diagno-
sis of pre-renal azotemia rather than intrinsic 
causes of AKI during oliguric kidney injury. 
Among these include a BUN/Cr ratio of >20:1, a 
fractional excretion of sodium (FeNa) of less 
than 1%, or a fractional excretion of urea 
(FeUrea) of less than 35% in patients exposed to 
diuretics. However, the predictive value of these 
tools in the patient with underlying CKD may be 
diminished. For example, a lower filtered of 
sodium and impaired tubular function may result 
in a higher FeNa at baseline. Therefore, the pre-
dictive value of FeNa levels >1% for indicating 
the presence of tubular dysfunction may be less 
reliable, although a low FeNa of <1% in the oli-
guric CKD patient still suggests pre-renal azote-
mia. These caveats place a greater emphasis on 
history and physical exam findings and other 
supplemental laboratory data to establish the 
diagnosis and nature of pre-renal AKI listed in 
Text Box 8.1.

A diagnosis of intrinsic renal injury is made 
when tissue damage to one or more portions of the 
kidney (glomerulus, vasculature, tubules, or inter-
stitium) has occurred. While a discussion of the 
vast etiologies of intrinsic AKI is beyond the scope 
of this chapter, ATN is considered to be among the 
most common injuries in hospitalized patients. 
Kidney perfusion is estimated to account for 25% 
of cardiac output with portions of the tubular epi-
thelium being particularly vulnerable to decreases 
in perfusion due to high metabolic activity and 
relative low tissue oxygen content. For this reason, 
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Box 8.1 AKI: Pre-Renal, Intrinsic, and 
Post-Renal Causes

Pre-Renal Causes
 Intravascular Volume Depletion
  Hemorrhage
   Renal losses—aggressive diuresis, 

osmotic diuresis (hyperglycemia)
   Increased insensible losses—

sweating, burns
  GI losses
   “Third-spacing”—pancreatitis, 

rhabdomyolysis
   Hypercalcemia (also causes renal 

vasoconstriction)
 Decreased Perfusion
  Congestive heart failure
  Sepsis
  Liver failure
  Systemic vasodilation/anaphylaxis
 Drugs
  Antihypertensives
  Diuretics
  Anesthetics
  Vasopressors
  Ergotamine
   ACE-I or ARB’s—in renal artery 

stenosis or other causes of 
hypoperfusion

   NSAID’s—during kidney 
hypoperfusion

 Vascular
  Renal Artery Stenosis
Intrinsic
 Acute Tubular Necrosis
 Acute Interstitial Nephritis
  Medications
  Infections
 Small-vessel disease
   Thrombotic microangiopathy, vas-

culitis, atheroemboli
 Glomerular disease
  Lupus
  Anti-GBM disease
   Membranoproliferative glomerulo-

nephritis (GN)
  Post-infectious GN

  Infective endocarditis
   IgA nephropathy/Henoch- Schonlein 

purpura
 Tubular obstruction
   Cast nephropathy (multiple 

myeloma)
  Stones or crystals
 Post-Renal
  Bladder outlet obstruction
  Calculi
  Tumors
  Retroperitoneal fibrosis

many consider ATN and pre- renal azotemia to rep-
resent different points on the same spectrum of 
response to acute ischemia within the kidneys. 
However, in addition to diminished perfusion, 
direct tubular injury can result from inflammation 
from sepsis or nephrotoxic medications including 
iodinated contrast, NSAIDs, aminoglycosides, 
and amphotericin (Table  8.3). Novel anticancer 
therapies developed over the past two decades, 
including molecularly targeted agents (small mol-
ecule tyrosine kinase inhibitors and monoclonal 
antibodies) and immune checkpoint inhibitors 
(ICIs), have also been associated with kidney com-
plications including electrolyte abnormalities and 
AKI. The incidence of AKI associated with these 
therapies ranges from 2 to 7% depending on the 
agent [40–43]. Direct nephrotoxicity from these 
agents can occur by a number of mechanisms. 
Intraglomerular thrombotic microangiopathy 
(TMA) is a rare but serious complication that is 
seen with agents targeting vascular endothelial 
growth factor (e.g., bevacizumab and lenvatinib). 
Patients with AKI caused by TMA typically pres-
ent with proteinuria and hypertension. Drug with-
drawal or dose reduction is often adequate therapy, 
though some patients may require eculizumab, 
plasmapheresis, or rituximab to restore renal func-
tion [44, 45]. Biopsy series suggest acute tubuloin-
terstitial nephritis (ATIN) is a common form of 
kidney injury in patients treated with an ICI [41]. 
Risk factors for ATIN include eGFR <60 and con-
current proton-pump inhibitor use [46]. Various 
case series and case reports suggest that treatment 
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Table 8.3 Drugs associated with AKI

ATN Antibiotics/antivirals
Aminoglycosides
Amphotericin B
Acyclovir (can also cause crystal formation)
Indinavir (can also cause crystal formation), 
tenofovir, cidofovir, adefovir
Foscarnet
Pentamidine
Anti-Inflammatory agents
NSAIDs (including COX-2 inhibitors)
Immunosuppressive agents
Cyclosporine
Tacrolimus
Chemotherapeutic agents
Ifosfamide
Cisplatin
Organic solvents
Ethylene glycol (can also cause crystal 
formation)
Toluene
Radiocontrast agents
Other
Herbal remedies, acetaminophen

AIN Antibiotics
Penicillins
Cephalosporins
Sulfamethoxazole
Ciprofloxacin
NSAIDs/COX-2 inhibitors
Chemotherapeutic agents (cause acute 
tubulointerstitial nephritis)
Tyrosine kinase inhibitors
Immune checkpoint inhibitors
Loop and thiazide diuretics
Allopurinol
Omeprazole
Phenytoin

with glucocorticoids and drug discontinuation are 
effective in achieving at least partial kidney recov-
ery, with a recurrence rate after therapy reinitiation 
of 16% [46, 47]. Glomerular diseases (most com-
monly minimal change disease, focal-segmental 
glomerulonephritis, and membranous nephropa-
thy) have also been associated with these novel 
agents and typically present with nephrotic syn-
drome. Glucocorticoids and drug discontinuation 
generally lead to at least partial recovery in most 
patients [48–51].

Certain diseases can also contribute directly to 
tubular injury. For example, in some patients with 

multiple myeloma, monoclonal urinary immuno-
globulin light chains (Bence Jones proteins) that 
are freely filtered can precipitate in the tubular 
lumen causing intraluminal cast formation and 
incite a strong inflammatory reaction that injures 
tubular epithelia. Clinically, this can mimic ATN, 
especially since conditions that result in volume 
depletion can predispose to cast formation. 
Urinalysis typically shows bland urine sediment 
and standard urine dipsticks, which typically 
detect albumin and not light chains. Features that 
may increase suspicion of myeloma cast nephrop-
athy include ATN without a clear precipitant or 
out of proportion to the presumed insult in a mid-
dle-aged or elderly patient. Accompanying hyper-
calcemia or anemia, back pain, and/or a history of 
unexplained CKD should raise suspicion. In these 
patients, further testing including serum/urine 
protein electrophoresis, immunofixation, and free 
light chain assays should be considered. 
Rhabdomyolysis and gross hemolysis can also 
cause direct tubular injury due to the release of 
contents of damaged muscle or red blood cells 
into the circulation, resulting from trauma, over-
exertion, autoimmune disease, or associated with 
medications (e.g., statins). Heme-pigments 
including myoglobin or hemoglobin are filtered 
by the glomerulus and degraded with the subse-
quent release of heme pigment that can cause 
direct tubular injury, tubular obstruction, and 
vasoconstriction. Concurrent volume depletion is 
an important risk factor in both cases with clinical 
and laboratory manifestations including decreased 
urine output, dark urine, elevated creatinine 
kinase levels (rhadomyolysis), elevated LDH, low 
haptoglobin levels (hemolysis), and a urine dip-
stick that is positive for blood but without obvious 
red blood cells on microscopy.

Acute interstitial nephritis (AIN) is another 
subclass of intrinsic kidney injury. AIN is an 
inflammatory reaction that involves the intersti-
tium of the kidney, the tissue that resides between 
the tubules. The inflammatory infiltrates generally 
consist of lymphocytes and monocytes, but plasma 
cells, eosinophils, and neutrophils may also be 
present. There is also interstitial edema in sites of 
inflammatory infiltrate. Medications account for 
the vast majority of cases of AIN (Table 8.3), with 
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NSAIDs, penicillin antibiotics, and proton-pump 
inhibitors being common offenders. Rarely, AIN 
can be seen as a consequence of infection or sys-
temic disease such as sarcoidosis or Sjögren’s syn-
drome. Physical and laboratory findings consistent 
with AIN include rash, fever, leukouria, and/or the 
presence of eosinophils in the blood or urine, 
though estimates of their relative and combined 
diagnostic performance are highly variable. The 
main treatment of AIN is removal of the offending 
medication, though steroids may have a limited 
role when initiated early.

Though less common, processes that cause 
rapid and severe injury to the glomerulus can 
result progressive loss of kidney function over 
days to weeks and constitute a nephrologic 
emergency. Acute glomerulonephritis (GN) can 
be caused by numerous etiologies including 
autoimmune diseases and infections (Table 8.2). 
History should focus on symptoms of vasculitis 
including arthritis, rash, hemoptysis, serositis 
or risk factors for blood-borne viral infections 
like hepatitis B, C, and human immunodefi-
ciency virus, or endocarditis. Exam findings of 
uveitis, arthritis, rash, or embolic phenomenon 
should increase suspicion for potential for glo-
merulonephritis. On urinalysis, hematuria and/
or proteinuria should prompt examination of 
the urine sediment for dysmorphic red blood 
cells or red cell casts (Table 8.4), which suggest 
glomerulonephritis. If proteinuria is detected, a 
urine spot  protein-to- creatinine ratio (PCR) or 
24-h excretion should be directly quantified. In 

general, proteinuria >3.5  g/24  h is considered 
“nephrotic.” If a diagnosis of acute GN is being 
considered, early nephrology consultation 
should be considered to guide further serologic 
testing and to facilitate timely tissue diagnosis 
and treatment.

The constellation of thrombocytopenia, ane-
mia, and kidney dysfunction, with or without 
fever and central nervous system (CNS) manifes-
tations, should prompt consideration of throm-
botic microangiopathy (TMA). TMA is 
characterized by microangiopathic hemolytic 
anemia and thrombocytopenia, with other end- 
organ manifestations such as kidney dysfunction 
and CNS symptoms being variable depending on 
the degree of platelet thrombosis in the microcir-
culation. Thrombocytopenia occurs from platelet 
aggregation in microcirculation. Hemolytic ane-
mia occurs from mechanical stress and fragmen-
tation of RBC’s during transit through narrowed 
vessels. In addition to thrombocytopenia and 
anemia, other lab findings include elevated bili-
rubin, elevated LDH, reticulocytosis, and low 
haptoglobin. Schistocytes are seen on peripheral 
smear. Hemolytic uremic syndrome (HUS) pre-
dominantly affects children and is characterized 
by AKI, often associated with diarrheal illness 
and usually with minimal or no CNS symptoms. 
Thrombotic thrombocytopenic purpura (TTP) 
does occur in adults and generally has CNS 
involvement with variable kidney involvement. 
Scleroderma and malignant hypertension can 
also present with TMA.

Lastly, post-renal AKI refers to obstruction 
to urine flow within the collecting system (kid-
ney, ureters, bladder, or urethra). Obstruction to 
urine flow can occur via intraluminal (stones, 
crystals, urethral stricture) or extraluminal 
(prostate, retroperitoneal fibrosis) causes. 
Common causes of post-renal AKI in patients 
with CKD are prostatic obstruction and defects 
of bladder emptying such as in neurogenic 
bladder in patients with long-standing diabetes. 
Additionally, the use of narcotics or anti-hista-
mines (which impair bladder emptying), can be 
particularly problematic in the elderly. In addi-
tion to inquiring about symptoms of urinary 
difficulty (type and duration) and history of uri-

Table 8.4 Drugs with potentially toxic accumulation in 
AKI or CKD

Drug
Clinical manifestations of 
accumulation

Allopurinol Leukopenia, increased risk for 
immune-mediated hypersensitivity 
reaction

Codeine
Morphine

Respiratory depression, CNS 
depression

Propoxyphene Dysrhythmia
Midazolam Drowsiness, sedation, apnea
Meperidine Tremor, agitation, anxiety, 

myoclonus, seizure
Enoxaparin Increased risk of bleeding
Succinylcholine Hyperkalemia
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nary tract infections or nephrolithiasis, provid-
ers should also consider recent exposure to 
medications that can cause urine crystal forma-
tion (intravenous acyclovir or indinavir). In 
patients with a known history of malignancy, a 
history of prior radiation to the abdomen or pel-
vis might suggest the possibility of retroperito-
neal fibrosis. It is important to note that the 
absence of oliguria does NOT rule out signifi-
cant obstruction. Furthermore, bilateral 
obstruction is not necessary to have significant 
worsening of kidney function in patients with 
CKD, as unilateral obstruction can cause sig-
nificant decline in kidney function when there 
is underlying parenchymal disease in the con-
tralateral kidney. In addition to physical exam 
findings of a distended or palpable bladder, 
non-invasive renal imaging including ultra-
sound or non-contrasted CT may reveal a 
dilated collecting system (i.e., hydronephrosis). 
Imaging should be obtained whenever there is 
suspicion of obstruction or if AKI is worsening 
without an obvious cause. However, imaging 
may not show evidence of obstruction early in 
the course of obstruction in patients with con-
comitant volume depletion or retroperitoneal 
fibrosis. A simple measure that can be con-
ducted at the bedside is a bladder scan or post-
void urine residual. Urine volume greater than 
400 mL on a routine bladder scan or a post-void 
residual volume of greater than 100 mL should 
prompt work- up and management for outflow 
obstruction. Prompt relief of outflow obstruc-
tion can result in rapid improvement in kidney 
function if addressed early.

8.4.4  General Management 
Principles

An abbreviated summary of AKI treatment 
guidelines is provided in Text Box 10.2. An 
exhaustive discussion of specific management 
strategies across the broad spectrum of AKI is 
beyond the scope of this chapter. However, once 
the diagnosis of AKI is made, the search for the 
underlying cause(s) should be accompanied by a 
simultaneous assessment for evolving complica-

tions. Among these include electrolyte abnor-
malities (e.g., hyperkalemia, hyperphosphatemia, 
hypocalcemia), acidosis, volume overload, and 
signs or symptoms of uremia, such as decline in 
mental status or pericarditis. We recommend 
early consultation with a nephrologist in patients 
with evidence of evolving complications of AKI 
or progressively worsening AKI, as dialytic ther-
apy may be required. Concomitantly, interven-
tions to address potentially reversible causes 
should be applied. In the absence of obvious vol-
ume overload, a trial of volume expansion is 
often reasonable. While both crystalloid and col-
loid solutions can be used, isotonic crystalloids 
are recommended except in cases of hemor-
rhagic shock [3]. Balanced crystalloid solutions 
(e.g., lactated ringers) may be superior to non- 
balanced crystalloids (e.g., normal saline), as 
data from recent randomized clinical trials of 
patients in emergency department and ICU set-
tings have observed improved outcomes (includ-
ing lower mortality, less renal replacement 
therapy and persistent kidney dysfunction, and 
hospital-free days) with use of balanced crystal-
loids compared with normal saline [52]. Starch- 
based solutions should be avoided given evolving 
evidence that they may be associated with the 
development of AKI.  There is no established 
role for the use of diuretics in prevention of 
AKI. However, if volume overload is thought to 
be contributing to or complicating the AKI (e.g., 
congestive heart failure), loop diuretics can be 
used and are preferred over monotherapy with 
thiazide diuretics, as the latter are less effica-
cious in patients with diminished GFR. KDIGO 
proposes a stage-based approach to the manage-
ment of AKI, shown in Fig.  8.9. However, we 
would add that consideration for dose adjust-
ment of drugs and assessment of the need for 
renal replacement therapy (RRT) should occur at 
all stages of AKI and be individualized to each 
patient. Furthermore, as the optimal care of 
patients following AKI has not been established, 
we feel that greater attention for follow-up of 
patients with AKI shortly after discharge should 
focus on patients with persistent injury or among 
those with moderate to severe injury (KDIGO 
Stages II and III).
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Fig. 8.9 Stage-based management of AKI.  Shading of 
boxes indicates priority of action—solid shading indicates 
actions that are equally appropriate at all stages whereas 
graded shading indicates increasing priority as intensity 
increases. AKI acute kidney injury, ICU intensive-care 

unit. (Reprinted from Kidney International Supplements; 
Volume 2, Issue 1; Kidney Disease: Improving Global 
Outcomes (KDIGO) Acute Kidney Injury Work Group; 
KDIGO Clinical Practice Guideline for Acute Kidney 
Injury; 2012; pages 1–138; with permission from Elsevier)

Box 8.2 Abbreviated Summary of Guidelines 
for Treatment of AKI [3]
What the Guidelines Say You Should Do 
in AKI
• The cause of AKI should be determined 

whenever possible, paying special atten-
tion to reversible causes

• Patients should be risk stratified for AKI 
according to their susceptibilities and 
exposures

• Test patients at increased risk for AKI 
with measurements of SCr and urine 
output to detect AKI, with frequency 
and duration of monitoring based on 
patient risk and clinical course

• In the absence of hemorrhagic shock, 
use isotonic crystalloids rather than col-
loids as initial management for expan-
sion of intravascular volume

• Avoid restriction of protein intake with 
the aim of preventing or delaying initia-
tion of RRT

• Diuretics should not be used to prevent 
AKI

• Diuretics should not be used to treat 
AKI, except in the management of vol-
ume overload

• Low-dose dopamine should not be used 
to prevent or treat AKI
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It is important to note that the estimation eGFR 
assumes a “steady state” of glomerular filtration. 
However, elevation of creatinine lags behind the 
initial decrease in GFR and the calculated eGFR 
is not necessarily an accurate reflection of true 
GFR in patients with AKI and dynamic changes 
in kidney function. The trend in creatinine should 
be considered when interpreting GFR, and if the 
creatinine trend is increasing, there should be an 
understanding that the actual GFR is less than the 
calculated GFR. This is important to keep in mind 
with medication dosing, particularly with poten-
tially nephrotoxic medications such as vancomy-
cin and aminoglycosides. We would recommend 
conservative dosing of potentially nephrotoxic 
medications, cautious use of scheduled dosing in 
drugs with a narrow therapeutic window, and 
more frequent evaluation of measurable drug lev-
els to guide additional dosing. Some common 
medications that accumulate with compromised 
kidney function are listed in Table 8.4.

8.4.5  Renal Replacement Therapy 
(RRT)

Patients whose injury appears progressive or 
not readily reversible may require dialysis. 
The decision to initiate RRT is generally based 
on averting or treating complications of AKI 
including azotemia, hyperkalemia, metabolic 
acidosis, and volume overload. Despite its 
critical role in managing severe AKI, RRT is 
not devoid of risk. The process of dialysis 
itself carries the risk of hypotension and 
arrhythmia. The anticoagulation process for 
RRT with heparinization carries bleeding risk, 
and anticoagulation with regional citrate intro-
duces risk of significant electrolyte abnormal-
ities. Temporary vascular access via catheter 
for RRT carries risk of bleeding, infection, 
pneumothorax (with internal jugular cathe-
ters), and risk of subsequent central venous 
stenosis. There is also a concern that the 
effects of RRT may delay recovery of renal 
function and contribute to the progression of 
CKD, though this has yet to be proven. Given 
these considerations, the optimal timing to ini-

tiate dialysis has been unclear. Over the past 
decade this topic has been studied in multiple 
randomized clinical trials comparing early 
versus delayed dialysis initation strategies. 
The earliest of these included two RCTs 
(AKIKI and ELAIN), which compared overall 
survival in critically ill patients with severe 
AKI who were randomized to early versus 
delayed dialysis initiation strategies. The two 
studies had conflicting findings, with AKIKI 
observing no survival benefit at 60 days with 
the early initiation strategy, while ELAIN 
observed a reduced mortality at 90 days with 
early initiation [53, 54]. Notably, nearly half 
of patients in the delayed arm of the AKIKI 
trial did not start RRT, and there were twice 
the rate of catheter-associated bloodstream 
infections in the early arm.

Given the discrepant findings of AKIKI and 
ELAIN, the IDEAL-ICU study similarly com-
pared early and delayed initiation of RRT in 
patients septic shock and severe AKI.  IDEAL- 
ICU was stopped early for futility after showing 
no significant difference in 90-day mortality. 
Most recently, STARRT-AKI, a large multina-
tional trial randomized over 3000 patients with 
severe AKI (defined as KDIGO stage 2 or 3 AKI) 
to an accelerated (within 12 h of meeting eligibil-
ity criteria) or standard strategy (dialysis for spe-
cific indication or if AKI duration exceeding 
72 h). Consistent with the findings of AKIKI and 
IDEAL-ICU, STARRT-AKI found no significant 
difference in 90  day mortality observed with 
early initiation [55]. With the benefit of early ini-
tiation of dialysis not having been consistently 
demonstrated, we generally favor a delayed 
approach in initiating RRT for AKI that is guided 
by specific clinical indications.

8.4.6  Special Considerations 
for the Hospitalized Patient 
with AKI or CKD

There are some special considerations that should 
be given to patients with CKD who experience 
AKI. It is preferable to avoid nephrotoxic expo-
sures including IV contrast dye (e.g., CT with 
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iodinated contrast) in patients with 
CKD. Additionally, in patients with significantly 
impaired kidney function (GFR  <  30  mL/
min/1.73  m2), MRI with gadolinium contrast 
should be avoided when possible due to the rare 
but serious potential consequence of nephrogenic 
systemic fibrosis (NSF). Newer gadolinium 
agents may have a better safety profile, though it 
is unclear if the lower incidence of NSF observed 
since these agents have come into use is due to 
lower risk of the agents itself or the more judi-
cious use of the agents in individuals with kidney 
disease [56]. Standard electrolyte repletion pro-
tocols should be avoided in patients with CKD 
and with AKI in CKD, as the “standard reple-
tion” protocols for potassium, magnesium and 
phosphorus can result in overcorrection in 
patients with impaired excretion. In patients with 
advanced CKD who may need permanent vascu-
lar access for dialysis in the near future, an 
assessment of the patient’s dominant arm should 
be ascertained, and the non-dominant arm should 
be avoided for blood pressure measurement, 
blood draws, and peripherally inserted central 
venous catheters. Additionally, subclavian cen-
tral catheters should be avoided due to the risk for 
subsequent central venous stenosis, which can 
hinder successful creation of arterioveneous fis-
tula or graft placement on the ipsilateral side. 
Lastly, transfusion of blood products, while often 
necessary, should be carefully considered in 
patients who may be eligible for renal transplan-
tation in the future, as exposure to and develop-
ment of preformed antibodies targeting human 
leukocyte antigen may hinder future organ 
matching.

8.4.7  Following AKI: At the Time 
of Discharge and Beyond

As data accumulate indicating that AKI is an 
important risk factor for both subsequent AKI 
and accelerated progression of CKD, determin-
ing how to best care for these patients will 
depend on identifying potential care processes 
that can reduce the risk for further injury. Per the 
KDIGO Clinical Practice Guidelines for Acute 

Kidney Injury, “patients should be evaluated 3 
months after AKI for resolution, new onset or 
worsening of pre-existing CKD” [3]. However, 
studies have indicated that patients with persis-
tent kidney dysfunction following an AKI event 
are infrequently seen by nephrologists in the 
year following AKI and may even be unaware of 
having had AKI.  A recent study finding that 
among survivors of stage 2–3 AKI, a majority 
were unaware of that diagnosis at hospital dis-
charge [57]. Whether this results in lack of 
receipt of established standards of care such as 
timely vascular access for dialysis or transplant 
referral or risk factor management is unknown. 
We recommend that patients who survive an epi-
sode of AKI, particularly if severe, be followed 
regularly to assess for early evidence of CKD 
(i.e., development of hypertension, proteinuria, 
or reduced GFR). Post-AKI proteinuria in par-
ticular has been shown to be a valuable predictor 
of CKD progression among patients who survive 
AKI, with a prospective study of AKI survivors 
found that the risk of kidney disease progression 
increased by over 50% for every doubling of 
post-AKI urine albumin-creatinine ratio (HR 
1.53 for each doubling, 95% CI 1.45–1.62) [58]. 
Follow-up care after AKI also provides the 
opportunity for a careful appraisal of a patient’s 
medications to ensure appropriate dosing, assess 
nephrotoxin exposures, and consider resuming 
nephro- and cardioprotective medications such 
as ACE-I and ARB. The importance of medica-
tion reconciliation after an episode of AKI was 
illustrated in a recent study that found an 
increased risk of hypoglycemia after hospital 
discharge in diabetic patients with AKI com-
pared with matched diabetic patients who did 
not have AKI (HR 1.27, 95% CI 1.22–1.33); the 
risk was even higher among patients with non-
recovery of kidney function after AKI (HR 1.48, 
95% CI 1.36–1.60) [59]. Finally, survivors of 
AKI appear to be at increased risk of cardiovas-
cular disease. In a systematic review and meta-
analysis of cohort studies of adults with and 
without AKI, individuals with AKI had an 86% 
and 38% increased risk of cardiovascular mortal-
ity and major cardiovascular events, respectively 
(RR 1.86; 95% CI, 1.72–2.01 and RR 1.38; 95% 
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CI, 1.23–1.55) [60]. A subsequent prospective 
cohort study that examined outcomes among 
survivors of AKI compared with matched 
patients without AKI found that AKI was associ-
ated with increased risk of heart failure events, 
which was attenuated after adjusting for residual 
kidney function and proteinuria at 3 months fol-
lowing hospital discharge [22]. As cardioprotec-
tive medications are often suspended around the 
time of AKI, and with CKD a potent cardiovas-
cular risk factor, it is important that careful reini-
tiation of these medications be considered after 
AKI has resolved.

8.4.8  Novel Biomarkers 
in the Diagnosis of AKI

The current gold standard for diagnosis of AKI 
relies on changes in serum creatinine, which pro-
vides a retrospective surrogate measure of GFR, 
but provides little to no additional phenotyping. 
Creatinine alone does not distinguish between 
pre-renal azotemia and true parenchymal dam-
age, nor does it characterize the critical aspects of 
injury—type of injury, onset, or etiology. These 
limitations prompted the American Society of 
Nephrology (ASN) to deem the discovery and 
standardization of AKI biomarkers with early 
diagnostic and prognostic potential a top-priority 
research area [61]. In the time since, several urine 
and serum candidate biomarkers have shown 
promise in specified patient populations with 
defined use cases. The rationale for their use 
derives from preclinical identification of candi-
date markers serving a functional (i.e., enzymatic 
or inflammatory) and/or structural role within 
renal tubular epithelia, or as low molecular 
weight proteins normally filtered through by the 
glomerulus and/or metabolized by healthy tubu-
lar epithelia. The native functions of these mark-
ers indicate their various locations (i.e., 
intracellular or on the plasma membrane). In 
commonly used animal models of AKI including 
ischemia-reperfusion or nephrotoxic injury, 
active release or shedding of these markers in 
either free or membrane bound form (exosomes) 
into the urine following tubular damage has 

prompted testing in analogous settings of human 
injury such as cardiopulmonary bypass. Serum/
plasma markers, particularly low molecular 
weight proteins normally filtered by the kidney 
have also been studied. Early applications of 
novel biomarkers have included clinical trials, 
where they have been used in enrollment criteria 
to enrich study populations, as well as AKI phe-
notyping studies, though validation of their 
strength as indicators of specific injury types 
remains ongoing. Recently, the acute dialysis 
quality initiative (ADQI) suggesed a potential 
role of novel biomarkers in combination with 
serum creatinine to differentiate types of AKI by 
distinguishing functional changes (elevation in 
serum creatinine) from evidence of structural 
damage (biomarker elevation) [62]. These AKI 
categories provide substages of KDIGO stages of 
AKI, including stage 1S (“subclinical” AKI: cre-
atinine negative, biomarker positive), stage 1A: 
(“pre-renal azotemia”: creatinine positive, bio-
marker negative), and stage 1B (“intrinsic AKI”: 
creatinine positive, biomarker positive). The 
strength of this recommendation was condional, 
indicating that further research is needed to 
improve confidence.

8.5  Conclusion

In summary, the incidence of AKI is increasing 
and associated with increased morbidity and 
mortality. AKI is now recognized as a risk factor 
for progressive CKD.  Additionally, patients 
with CKD are at increased risk for development 
of AKI due to structural and functional abnor-
malities, comorbidities, need for invasive proce-
dures, and multiple medications. Patients with 
rapid progression to ESKD often have courses 
marked by decline in kidney function due to one 
or more episodes of AKI. It is important to iden-
tify and counsel patients at risk for AKI and to 
employ risk reduction measures prior to the 
development of AKI.  A rapid assessment for 
reversible causes of AKI should occur, espe-
cially in patients with CKD, and treatment 
aimed at rapid optimization of volume and 
hemodynamic status should be pursued. Early 
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consultation with a nephrologist is indicated if 
the cause is not immediately clear, evidence of 
progressive AKI or the complications emerge, 
or if a tissue diagnosis is required. Finally, 
patient who experience AKI should be followed 
for the resolution of AKI and to evaluate for 
development or progression of CKD.

Before You Finish: Practice Pearls for the 
Clinician
• Check eGFR and proteinuria before exposures 

to nephrotoxins and high-risk procedures to 
better identify patients at risk for AKI in 
whom risk reduction strategies may be 
helpful.

• Discuss long-term goals of care (including 
whether to initiate dialysis) before 
hospitalization.

• Obtain pre-hospitalization “baseline” serum 
creatinine to better define kidney function.

• As the rise in creatinine tends to lag behind the 
inciting injury, focus your search for the 
underlying cause in the hours to days before 
creatinine starts to rise.

• The trend in eGFR during evolving or recov-
ering AKI will be more useful for guiding 
drug dosing than a single eGFR value.

• A high FeNa may not exclude pre-renal azote-
mia in the patient with CKD and AKI.

• Starch-based crystalloid solutions, phosphate- 
containing cathartics, and meperedine should 
be avoided in patients with CKD or AKI.

• Avoid subclavian lines to preserve future dial-
ysis access in hospitalized patients with CKD 
or severe AKI.

• As patients with CKD who experience AKI 
may be at high risk for progression to ESKD, 
prior episodes of AKI in the patient’s medical 
history should be documented.
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