
302

SECTION 11

Prevention and Treatment: 
General Treatment Concepts

OBJECTIVES
This chapter will:
1. Review nonpharmacologic strategies for prevention and 

management of acute kidney injury.
2. Describe the role of fluid administration in preventing 

acute kidney injury.
3. Review the importance of renal perfusion pressure and 

nephrotoxicity in the pathophysiology of acute kidney 
injury.

Acute kidney injury (AKI) is one of the most common 
complications in hospitalized patients, particularly in 
patients in intensive care units (ICUs).1 Rates of AKI in 
hospitalized patients have been reported to be nearly 20%2 
and approaching 70% for critically ill patients in the ICU.3 
Common causes of AKI are sepsis (accounting for nearly 
50% of AKI cases),4 major surgery, shock, and nephrotoxic 
agents.3 AKI is associated with worsening of short- and 
long-term outcomes,5 such as higher mortality, prolonged 
hospitalization, and, at the same time, increased risk for 
progression to cardiovascular events and chronic kidney 
disease (CKD).6,7 Even limited increases in serum creatinine 
are associated with increased morbidity and mortality.8 
From a pathophysiologic point of view, AKI is often the 
consequence of a combination of insults that simultaneously 
result in failure of renal autoregulation, inflammation, direct 
nephrotoxicity, and ischemic damage. Often there are 
multiple exposures. Considering the fact that there are no 
specific treatments for AKI and considering the significant 
impact of AKI on dysfunction of other organs, prevention 
and early diagnosis of AKI are fundamental to reduce  
the effects of injury. This chapter summarizes the most 
important nonpharmacologic interventions that may help 
to prevent AKI, focusing on the role of optimizing volume 
and hemodynamic status and minimizing nephrotoxin 

exposure. Some interventions are alluded to only briefly 
because they are addressed in detail in other chapters; for 
further information, the reader is directed to those 
chapters.

RISK ASSESSMENT AND EARLY DIAGNOSIS 
OF ACUTE KIDNEY INJURY

Despite intense investigation in the last three decades, 
strategies to limit the development or the impact of AKI 
have yielded few successful results. One possible explana-
tion for this can be found in the difficulties in identifying 
patients at high risk for AKI development or, even better, 
to detect renal damage early.1 The initial care of patients 
at risk for AKI should be focused on the identification of 
modifiable risk factors.9 If renal damage occurs, timely 
intervention is fundamental to reduce the impact. Unfor-
tunately, early diagnosis of AKI is often difficult for several 
reasons. First, AKI diagnosis is based on changes in serum 
creatinine and/or urine output.9 Such methods, however, 
are often late indicators of AKI and potentially are influenced 
by several factors, such as renal reserve or use of fluid or 
diuretics. Creatinine is influenced by age, muscle mass, 
protein intake, and gender.10 Over the last decade, there 
has been extensive research for novel biomarkers of kidney 
injury to discover a “kidney troponin,” a sensitive, specific, 
and early marker of renal injury.11 More recently, the cell 
cycle arrest biomarkers, tissue inhibitor of metalloproteinase-2 
(TIMP-2), and insulin-like growth factor binding protein-7 
(IGFBP7) have been discovered as early indicators of kidney 
stress, and their product predicts the onset of severe AKI 
within 12 hours.12 A variety of other markers also may 
provide information, and the possibility to detect AKI early 
using these new tools could improve the management of 
patients in the near future.
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did the need for organ support and length of hospital stay.21 
Finally, in the ProMISe study, no difference in 90-day 
mortality was reported between patients in the EGDT group 
and usual care; the investigators, moreover, reported that 
the average costs in the EGDT group were higher than in 
usual care even if this is not statistically significant.22 These 
RCTs did not focus specifically on AKI outcomes, but, 
recently, an ancillary study to the ProCESS trial, focusing 
on AKI outcomes in patients with septic shock without 
AKI at enrollment, did not show significant differences 
between the two protocol-based resuscitation and the usual 
care in incidence of AKI (36.7% vs. 38.1, p = .9), AKI 
duration (p = .59), or rate of renal replacement therapy 
(6.9% vs. 4.3%, p = .08)—the trend favoring usual care.23

A similar approach has been described also for surgical 
patients during the perioperative period, in which protocolized 
fluid management has been associated with decreased peri-
operative complications,24,25 including the risk of acute renal 
dysfunction26 and improved survival.16 A recent systematic 
review of RCTs on goal-directed therapy (GDT) fluid resuscita-
tion confirmed that GDT was associated with decreased risk 
of postoperative AKI (odd ratio [OR] 0.59), but most of the 
protection from AKI occurred in studies with similar amount 
of fluid administration between the groups.27 Thus it seems 
difficult to speculate that benefits of GDT were related to fluid 
expansion, although this finding suggests that other aspects 
should be taken into consideration. Indeed, in these studies 
inotropic drug use in GDT patients was related to a decrease 
in AKI episodes (OR = 0.52), whereas this difference was not 
observed in studies that did not include inotropic drugs.27

In conclusion, the optimal management of hemodynamic 
parameters and the prevention of dehydration with fluids 
appear to be beneficial to prevent the development or the 
worsening of AKI. Protocol-based approaches do not appear 
to be superior to standard care in the management of septic 
patients but may still have a role in some surgical popula-
tions. However, careful monitoring of hemodynamic status 
is required to avoid fluid overload.

Choice of Fluids for Prevention of  
Acute Kidney Injury
The type of fluid that should be used for the maintenance 
of volume status in critically ill patients is still an object 
of debate (Table 51.2). Several RCTs investigated the 
comparison between the use of colloids or crystalloids for 
fluid resuscitation in patients with shock,28–33 with an overall 
conclusion that no significant differences in mortality and 

ADEQUATE VOLUME AND  
HEMODYNAMIC STATUS

Optimization of hemodynamic parameters (maintenance 
of optimal volume status, cardiac output, and blood pressure) 
is a key factor for the prevention of AKI. It is accepted that 
the correction of volume deficit and improvement in 
hemodynamic status has a positive effect on kidney function, 
minimizing the extension of renal damage and the potential 
progression to chronic disease.9 However, indiscriminate 
use of intravenous fluids should be discouraged because 
fluid overload benefits neither the kidney nor the patient. 
Despite the widely accepted practice to volume-expand 
patients to prevent AKI, no randomized controlled trials 
(RCTs) have investigated the role of volume expansion versus 
placebo in the prevention of AKI, with the exception of 
contrast-induced AKI.13 Management of hemodynamic status 
requires careful titration of fluids to reduce the risk of 
positive fluid balance, which represents an important factor 
associated with an increased mortality and reduced renal 
recovery in patients with AKI.14,15 For this reason, hemo-
dynamic monitoring may be required to ensure adequate 
volume expansion in hypovolemic patients and to prevent 
excessive fluid administration.16 To improve the evaluation 
of hemodynamic status, protocolized resuscitation strategies 
(early goal-directed therapy, EGDT) with specific intensive 
monitoring (including some measure of cardiac output or 
tissue oxygen delivery) and predefined end points, were 
developed for the prevention of organ function in patients 
with septic shock17 or during the perioperative period in 
surgical patients.18,19

However, recent RCTs have failed to demonstrate benefit 
for EGDT compared with standard care. The Protocolized 
Care for Early Septic Shock (ProCESS) trial in the United 
States,20 the Australasian Resuscitation in Sepsis Evaluation 
(ARISE) trial,21 and the Protocolised Management of Sepsis 
(ProMISe) trial in England22 had virtually identical results 
(Table 51.1). The ProCESS study compared three different 
resuscitation strategies (protocol-based EGDT, protocol- 
based standard therapy, and usual care) in 1341 septic 
patients and described no significant differences in 60-day 
mortality rate (21% vs. 18.2% vs. 18.9%), as well as 90-day 
mortality, 1-year mortality, or need for organ support.20 The 
ARISE trial showed similar results: patients were enrolled 
randomly to receive EGDT or usual care and, despite a 
higher amount of fluids, vasopressors, inotropes, and red 
cell transfusions received by EGDT group, 90-day mortality 
did not significantly differ between the two groups, nor 

TABLE 51.1 

Main Results From Randomized Clinical Trials Comparing Early Goal-Directed Therapy and Usual Care for Patients 
With Septic Shock

SAMPLE SIZE AND SETTING PRIMARY END POINT RESULTS

ProCESS 
trial20

1341 patients with septic 
shock in 31 centers in 
United States

60-day in-hospital 
mortality

EGDT vs. usual care, 21% vs. 18.2% (p = .83)
No differences in 90-day mortality, 1-year mortality, 
or need for organ support

ARISE trial21 1600 patients with early 
septic shock in 51 centers in 
Australia and New Zealand

All-cause mortality 
within 90 days

EGDT vs. usual care, 18.6% vs. 18.8% (p = .9).
No differences in survival time, in-hospital mortality, 
length of hospital stay, and duration of organ support

ProMISe 
trial22

1260 patients with early 
septic shock in 56 hospitals 
in England

All-cause mortality 
at 90 days

EGDT vs. usual care, 29.5% vs. 29.2% (p = .9)
No differences in other serious adverse events. On 
average, the use of EGDT increased costs

EGDT, Early goal-directed therapy.
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in this study (randomization process, statistical analysis) 
have been described in subsequent publications.35–37 Thus, 
given their renal toxicity, in addition to increased costs, 
there is no evidence that colloids are superior to crystalloids 
for intravascular volume expansion. Similarly, the choice 
of which crystalloid solution to be used in fluid resuscitation 
is still not well defined. Isotonic saline solution contains 
154 mmol/L of sodium and chloride, and that chloride 
concentration may cause hyperchloremic metabolic acido-
sis38,39 and poor renal outcomes.40

At the same time, hypernatremia is common in patients 
in ICUs, and it is an important risk factor for the develop-
ment of AKI and death.41 For these reasons, balanced 
solutions, characterized by more physiologic concentrations 
of sodium and chloride, have been introduced in clinical 
practice (see Table 51.2), and several retrospective studies 
and RCTs have compared kidney outcomes for these balanced 
fluids to saline solutions.42 In 2014 Young et al. demonstrated 
that resuscitation with Plasma-Lyte A (140 mmol/L of 
sodium, 98 mmol/L of chloride) compared with saline 
solution is associated with a more rapid improvement of 
acid-base status and better renal outcomes in trauma 
patients.43 More recently, the SPLIT trial compared the effect 
of buffered crystalloids to saline on renal outcomes in 2278 
patients in ICU, concluding that use of buffered crystalloids 
does not reduce the risk to develop AKI (9.6% vs. 9.2%, 
relative risk 1.04, p = .77), need for RRT (3.3% vs. 3.4%, 
relative risk 0.96, p = .91), and in-hospital mortality (7.6% 
vs.8.6%, relative risk 0.88, p = .4).44 Importantly, study 
fluid exposure in this trial was extremely low—2L over the 
entire ICU stay—and the population was low risk compared 
with most observational studies. Given the preponderance 
of observational data, we recommend avoiding saline solu-
tions for volume expansion except in patients with hypo-
natremia and hypochloremic alkalosis. In conclusion, the 
use of crystalloids rather than colloids is suggested for the 
expansion of intravascular volume in critically ill patients. 
Although there is no RCT evidence of the superiority of 
buffered solutions, chloride-rich solutions should be used 
with caution in this setting, especially in patients at 
increased risk for AKI.

Maintenance of Adequate Mean Arterial Pressure
The persistence of hypotension, despite optimization of 
intravascular volume, is an important risk factor for the 
development of AKI in patients with shock.9 In this setting, 

renal outcomes were found between the two approaches. 
In 2004 the Saline versus Albumin Fluid Evaluation (SAFE) 
trial of 6997 critically ill patients, comparing 4% albumin 
with 0.9% saline, concluded that there were no significant 
differences between albumin and saline arms in relative 
risk of death, as well as in renal outcomes (need and duration 
of renal replacement therapy [RRT]).29 However, a potential 
advantage of resuscitation with colloid solutions may be 
related to their greater volume expanding effect compared 
with crystalloids, reducing the total amount of fluids 
administered (27% less compared with saline in SAFE 
study). More recently, the Albumin Italian Outcome Sepsis 
(ALBIOS) study compared 20% albumin with specific serum 
albumin target to saline solution in patients with severe 
sepsis. In this study, such targeted albumin infusion did 
not decrease the total administered fluids, nor did it result 
in any difference in clinical outcomes including AKI. 
However, during the first 7 days, patients in the albumin 
group, as compared with those in the crystalloid group, 
had a higher mean arterial pressure (p = .03) and lower net 
fluid balance (p < .001).30

Until recently hydroxyethyl starch (HES) solutions were 
the most commonly used nonprotein intravascular volume 
expanders. Compared with albumin, their advantages are 
related to reduced cost, and some studies have suggested 
antiinflammatory effects. However, negative effects on 
coagulation and renal dysfunction (“osmotic nephrosis”) 
have been described. The Efficacy of Volume Substitution 
and Insulin Therapy in Severe Sepsis (VISEP) study com-
pared hypertonic HES to lactated Ringer’s solutions in septic 
patients and demonstrated no significant difference in 
mortality, but an increased risk for AKI (34.9% vs. 22.8%) 
and days on renal replacement therapy in HES arm.32 A 
Cochrane review conducted by Perel et al. concluded that 
there is no evidence from RCTs that the use of colloids 
reduces the risk of death in hospitalized patients and that 
fluid resuscitation with colloids is not recommended.34 In 
2012 the Scandinavian 6S trial focused on septic patients 
and described a higher risk of 90-day mortality (relative 
risk = 1.17, p = .03) for patients who received HES compared 
with those who received Ringer’s acetate solution alone.28 
The Crystalloid versus Hydroxyethyl Starch Trial (CHEST) 
did not demonstrate difference in 90-day mortality between 
patients in ICUs receiving HES or saline solutions, but 
increased use of RRT was reported.33 More recently, the 
CRISTAL study showed no differences in mortality or need 
for RRT between colloids and crystalloids arms in 2857 
patients in ICUs31; however, some methodologic problems 

TABLE 51.2 

Comparison of Fluid Composition of the Main Crystalloids and Colloids in Clinical Practice

ISOTONIC 
SALINE

RINGER’S 
LACTATE

RINGER’S 
ACETATE

PLASMA-
LYTE A 4% ALBUMIN 20% ALBUMIN HETASTARCH GELOFUSINE

Sodium (mmol/L) 154 130 131 140 140 48–100 137–154 154
Potassium (mmol/L) 0 4 4 5 0 0 0–4 0
Chloride (mmol/L) 154 110 110 98 128 130–160 110–154 120
Calcium (mmol/L) 0 3 2 0 0 0 0–5 0
Magnesium (mmol/L) 0 0 1 1.5 0 0 0.9–1.5 0
Bicarbonate (mmol/L) 0 0 0 0 0 0 0 0
Lactate (mmol/L) 0 28 0 0 0 0 0 0
Acetate (mmol/L) 0 0 30 37 0 0 0 0
Gluconate (mmol/L) 0 0 0 0 0 0 0 0
Octonoate (mmol/L) 0 0 0 0 6.4 32 0 0
pH 5 6.5 5–6 7.4 6.7–7.3 6.4–7.3 5–5.5 7.4
Osmolality (mOsm/kg) H2O 308 275 270 295 250 130 309 274
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related to the great renal exposure to contrast media after 
intraarterial infusion.55 Likewise, the use of low-osmolar 
and iso-osmolar iodinated contrast media is recommended, 
rather than high-osmolar agents, in patients at increased 
risk of CI-AKI.9 Whether iso-osmolar contrast media are 
less nephrotoxic than low-osmolar agents is still not well 
defined.56,57 Another general recommendation is to stop 
nephrotoxic drugs 48 hours before contrast medium expo-
sure.52 Several protocols considered an adequate hydration 
status the crucial measure to prevent CI-AKI. Oral fluid 
intake may be sufficient in low-risk patients.58 However, 
intravenous hydration before and after the procedure is 
recommended for high-risk patients.9 Expansion of intra-
vascular volume, the suppression of renin-angiotensin 
cascade, the reduction of renal hypoperfusion, and the 
consequent increase of urine output reduce the concentration 
and the toxicity of contrast medium on tubular epithelium.59 
There is no clear evidence about the optimal rate and 
duration of fluid administration in preventing CI-AKI, as 
well as the choice of the optimal fluid.

Recently, the POSEIDON trial reported the advantages 
of a new fluid protocol guided by the left ventricular end-
diastolic pressure in patients undergoing cardiac catheteriza-
tion, and this was associated with an absolute 10% reduction 
in CI-AKI.60 Regarding the choice of the optimal fluid, 
hypotonic saline (0.45%), isotonic saline (0.9%), and sodium 
bicarbonate solutions have been tested and compared in 
this setting. Several studies and meta-analyses demonstrated 
the superiority of sodium bicarbonate in preventing CI-AKI 
compared with saline solutions,61–63 related to an increased 
bicarbonate excretion and a consequent decrease in the 
acidification of urine. However, these results were not 
confirmed by other investigators, who did not find a sig-
nificant benefit with sodium bicarbonate versus sodium 
chloride.64,65 A recent meta-analysis by Zhang et al. con-
cluded that sodium bicarbonate is superior to saline solu-
tions in preventing CI-AKI in patients with preexisting renal 
insufficiency, but no significant benefits in decreasing the 
requirement of dialysis or reducing mortality were found.66 
Moreover, the use of sodium bicarbonate was associated 
with an increased incidence of CI-AKI in a retrospective 
study by From et al.67 In conclusion, KDIGO guidelines 
recommend volume expansion with either sodium chloride 
or sodium bicarbonate, rather than no intravenous volume 
expansion in patients at increased risk for CI-AKI.9

Aminoglycosides
It is well known that nephrotoxicity is the major limitation 
for the use of aminoglycosides in the treatment of severe 
gram-negative infections in critically ill patients. The risk 
of AKI attributable to aminoglycosides is sufficiently high 
(from 5% to 20%, according to the definition of AKI and 
the population used in several studies)68 to advise against 
a widespread use of aminoglycosides in clinical practice 
and limit their use to where they represent the best, or the 
only therapeutic, option. Their bactericidal activity is 
concentration dependent, and elevated levels are correlated 
with increased risk of nephrotoxicity. A retrospective study 
evaluating risk factors for AKI in patients receiving high 
doses of intravenous aminoglycosides demonstrated that 
new onset of AKI was correlated strongly with the presence 
of septic shock and Simplified Acute Physiology Score 
(SAPS) II.69 The accumulation of the drug in the renal 
interstitium and in the renal tubular epithelial cells through 
a well-known receptor (megalin) appears to be the principal 
pathologic mechanism.70 For these reasons, the KDIGO 

tissue perfusion may be restored with the use of vasopressor 
agents.45 The optimal mean arterial pressure (MAP) in this 
setting is still not well defined. Evidence from one RCT 
suggested an optimal MAP goal of 65 mm Hg during the 
first 6 hours of treatment,45 but patients with chronic 
hypertension or atherosclerosis may require a higher blood 
pressure target.46,47 The Sepsis and Mean Arterial Pressure 
(SEPSISPAM) was an RCT conducted in France in 2014 
and aimed to investigate high versus low MAP targets in 
patients with septic shock; the investigators did not find 
significant differences in mortality between patients treated 
with low or high MAP target, but a higher incidence of 
atrial fibrillation was described in high-target group (6.7% 
vs. 2.8%, p = .02).48 However, patients with chronic hyperten-
sion treated with a higher target had a lower rate of RRT, 
even though survival was not different compared with those 
with low MAP target.

Recently, the Third International Consensus Definitions 
for Sepsis and Septic Shock (Sepsis-3) confirmed the use 
of vasopressor agents to maintain a MAP of 65 mm Hg or 
greater for patients with sepsis.49 The optimal timing to 
begin vasopressors and which vasopressor agent is the most 
effective are not well defined. A retrospective analysis of 
2849 patients with septic shock described decreased mortal-
ity when vasopressors were infused 1 to 6 hours after the 
onset of shock.50 Because the early initiation of vasopressors 
may reduce the overall volume of fluids infused in these 
patients, further RCTs are needed to investigate this impor-
tant issue. At the same time, there are no sufficient clinical 
data to define which vasopressor agent is the most effective 
for the prevention of AKI in patients with shock. Importantly 
the use of norepinephrine to restore blood pressure in 
vasodilatory shock is not associated with increased risk 
for AKI compared with other vasopressor agents, and 
dopamine is associated with increased cardiac arrhythmias 
without any benefit compared with norepinephrine.

MINIMIZING NEPHROTOXIN EXPOSURE

Minimizing nephrotoxin exposure is perhaps the most 
important strategy currently available to prevent AKI. The 
knowledge of specific risk factors and the possibility of 
alternative therapeutic strategies in patients at high risk 
are the most important preventive strategies to reduce the 
risk to develop AKI. Radiocontrast agents, aminoglycosides 
and amphotericin are the most studied nephrotoxins in 
ICU. A complete analysis about strategies to minimize 
nephrotoxicity is discussed in Section 10.

Prevention of Contrast-Induced Acute Kidney Injury
Contrast-induced AKI (CI-AKI) is a very common problem 
in ambulatory and hospitalized patients.51 Because there 
is no specific treatment for CI-AKI, prevention is the best 
strategy,52 and Kidney Disease: Improving Global Outcomes 
(KDIGO) guidelines recommended several nonpharmacologic 
strategies (Fig. 51.1).9 First of all, the volume of contrast 
medium administered is a key risk factor, particularly for 
specific procedures that required high doses of contrast 
agent (coronary angiography) 53; evidence suggested that 
contrast medium should be limited to a gram of iodine to 
estimated glomerular filtration rate (eGFR) ratio of less than 
1 to reduce the risk of CI-AKI.54 The risk of CI-AKI, moreover, 
seems to be greater in intraarterial administration compared 
with intravenous administration of contrast media, probably 
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of treated patients (using KDIGO criteria for AKI).76 New 
lipid-associated formulations (liposomal amphotericin B, 
amphotericin B lipid complex, amphotericin B colloidal 
dispersion) have been developed in the last years,77 and 
several studies demonstrated their better safety profile 
compared with the standard formulation.78,79 Falci et al. 
compared the impact of nephrotoxicity in patients receiving 
amphotericin B deoxycholate, liposomal amphotericin B, 
and amphotericin B lipid complex and found that the 
liposomal formulation was associated with better outcomes 
(AKI and overall mortality) compared with the others.80 
More recently, a Cochrane systematic review of 12 RCTs 
confirmed that liposomal amphotericin B is less nephrotoxic 
and was associated with fewer infusion-related adverse 
events than the standard formulation.81 However, these 
formulations are still nephrotoxic, albeit less so. The KDIGO 
guidelines recommend the use of alternative antifungal 
therapy as azole antifungal agents and/or the echinocandins 
in patients at high risk for AKI.9

CONCLUSION

Careful attention to volume status (avoiding too little or too 
much fluid), maintenance of mean arterial pressure, and 
minimizing nephrotoxin exposure remain the most effective 

guidelines suggest that, in patients with normal renal func-
tion, aminoglycosides should be administered in a single-
dose daily rather than multiple-dose regimen.9 This strategy 
could maintain the optimal antimicrobial activity and limit 
nephrotoxicity.

These results have been confirmed in two meta-analyses.71,72 
In a recent retrospective analysis of Picard et al. evaluating 
the risk of AKI attributable to aminoglycosides in septic 
patients, short duration of treatment and single-dose daily 
regimen did not increase the AKI risk in ICU patients treated 
for severe sepsis.73 Moreover, KDIGO guidelines suggest 
monitoring drug levels when treatment with single-dose 
daily regimen is used for more than 48 hours even if the 
optimal timing is still not standardized.9 Likewise, it is 
suggested to prefer, where suitable, topical or local applica-
tions of aminoglycosides (instilled antibiotic beads, nebulized 
treatment) rather than intravenous administration.9,74

Amphotericin B
Conventional amphotericin B (sodium deoxycholate) has 
been the standard treatment for many invasive fungal 
infections for the last 50 years. Despite its broad-spectrum 
fungicidal activity, drug-induced nephrotoxicity is common, 
and it is associated with several adverse effects, including 
AKI.75 Amphotericin nephrotoxicity occurs in about a half 

Assess Cl-AKI risk

1. Baseline eGFR
2. Comorbidities (advanced age, 

hypertension, diabetes, recent use of 
nephrotoxic drugs)

eGFR ≥ 60 mL/min/1.73 m2

LOW RISK
eGFR < 60 mL/min/1.73 m2

HIGH RISK

• No need for specific prophylactic
measures

• Avoid dehydration (adequate oral fluid
intake)

• Discontinue nephrotoxic drugs (NSAIDs)

• Discontinue nephrotoxic drugs, 
metformin, NSAIDs 48 hours before 
exposure

• Use low- or iso-osmolar iodinated 
contrast media

• Use the lowest volume of contrast 
media consistent with a diagnostic 
result

• Volume expansion (NaCl or NaHCO3, 
1–1.5 mL/kg/hr 3–12 pre-and 6–12 
postadministration

• Monitor diuresis and signs of volume 
overload

• Consider antioxidant medications (oral 
NAC 1200 mg bid pre-and postcontrast 
administration)

• Monitor renal function (serum 
creatinine, eGFR) 24–48 hours after 
contrast media exposure

FIGURE 51.1 Flow chart of general recommendations for the prevention of contrast-induced acute kidney injury (CI-AKI). eGFR, Estimated 
glomerular filtration rate; NSAIDs, nonsteroidal antiinflammatory drugs. 



3. In distributive shock, vasopressor agents (norepi-
nephrine is first line) should be used to ensure an 
adequate mean arterial pressure (65 mm Hg), 
possibly higher in patients with preexisting, poorly 
controlled hypertension.

4. To minimize exposure to nephrotoxins, low- and 
iso-osmolar nonionic contrast agents should be 
used in the lowest volume necessary. Volume 
expansion with saline solution or sodium bicarbon-
ate solutions should be administered. Amphotericin 
B should be avoided where possible and, if  
used, only in lipid formulations. Aminoglycosides 
should be used only when necessary and should 
be dosed daily or less often according to therapeutic 
monitoring.
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