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Intravenous hydration is the standard of care for preventing con-
trast-associated acute kidney injury (CA-AKI) in patients under-
going invasive cardiovascular procedures1,2. However, the type 
of solution, the volume and the timing of administration are still 
a matter of debate. Intravascular volume expansion is usually 
accomplished by the administration of isotonic saline. Several 
hydration protocols have been reported and recommended 
(Table 1).

Sodium bicarbonate has been proposed as an alternative solu-
tion to prevent CA-AKI3. One potential mechanism of kidney 
protection is the alkalinisation of the renal tubular fluid and the 

scavenging of reactive species generated from nitric oxide. Free 
radical formation is promoted by an acidic environment typical of 
tubular urine but is inhibited by the higher pH of normal extracel-
lular fluid. Sodium bicarbonate has been compared with isotonic 
saline in several randomised trials with conflicting results3-6. The 
most definitive data are from the Prevention of Serious Adverse 
Events Following Angiography (PRESERVE) randomised trial, 
which included 4,993 high-risk patients undergoing scheduled 
angiography and found that both treatments were associated with 
similar outcomes7. 

In the current issue of EuroIntervention, Lombardi et al report 
on the PrevenTion of contrast-inducEd nephropAThy with urinE 
alkalinisation (TEATE) prospective, randomised, open-label trial 
to test the hypothesis that an alkaline urine status with either oral 
or intravenous (i.v.) bicarbonate on top of hydration alone pre-
vents CA-AKI8. The authors compared 1) saline hydration alone; 
2) i.v. bicarbonate; and 3) oral bicarbonate, in patients with chronic 
kidney disease scheduled for the intra-arterial contrast media 
(CM) administration. The primary endpoint was the incidence of 
CA-AKI according to alkaline urine status achieved immediately 
before angiography. Secondary endpoints were the mean change 
in urine pH up to the time of angiography and the incidence of 
CA-AKI in the 3 groups. Patients achieving a pH >6 before angi-
ography had significantly lower incidences of CA-AKI com-
pared with the others (odds ratio 0.48, 95% confidence interval: 

Table 1. Hydration protocols with normal saline for preventing 
CA-AKI.

Volume Duration*

ESC/EACTS 
Guidelines1

1 mL/kg/h 12 hours before

0.5 mL/kg/h if LVEF ≤35% or NYHA >2 24 hours after

American College of 
Radiology2 100 mL/h

12 hours before

24 hours after

Gupta RK et al11 

3 mL/Kg/h
1 hour before

6 hours after

*Before and after contrast media administration. CA-AKI: contrast-associated acute kidney 
injury; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association
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0.25-0.90; p=0.023). The proportion of patients achieving a pH >6 
was significantly higher in the i.v. and oral bicarbonate groups 
compared with hydration alone. The incidence of CA-AKI, how-
ever, was not significantly different in the 3 treatment arms.

Article, see page 562

The authors conclude that urinary pH before CM administra-
tion is an inverse correlate of CA-AKI incidence, and bicarbonate 
is superior to hydration alone in achieving urinary alkalinisation. 
However, bicarbonate did not reduce the incidence of CA-AKI. 
Although being a confirmatory study, which reaffirms the lack of 
superiority of sodium bicarbonate solution versus sodium chlo-
ride solution in CA-AKI prevention, the TEATE trial emphasises 
an important new concept in the field of CA-AKI prevention. 
Sodium bicarbonate solution might be superior to normal saline 
only in patients with a baseline urine pH <6. The pH of urine 
ranges from 4.5 to 8, depending upon the systemic acid-base bal-
ance. The median pH of human 24-hour urine is ~69. A low urine 
pH has been found as a predictor of chronic kidney disease10. In 
the REMEDIAL trial, baseline urine pH was <6 in approximately 
17% of patients5. Further studies that only include patients with 
a baseline urine pH <6 are needed to clarify this concept. 

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
1. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, 
Byrne RA, Collet JP, Falk V, Head SJ, Jüni P, Kastrati A, Koller A, Kristensen SD, 
Niebauer J, Richter DJ, Seferović PM, Sibbing D, Stefanini GG, Windecker S, 
Yadav R, Zembala MO. 2018 ESC/EACTS Guidelines on myocardial revasculariza-
tion. EuroIntervention. 2019;14(14):1435-534.

2. Mehran R, Baber U, Sharma SK, Cohen DJ, Angiolillo DJ, Briguori C, Cha JY, 
Collier T, Dangas G, Dudek D, Džavík V, Escaned J, Gil R, Gurbel P, Hamm CW, 
Henry T, Huber K, Kastrati A, Kaul U, Kornowski R, Krucoff M, Kunadian V, 
Marx SO, Mehta SR, Moliterno D, Ohman EM, Oldroyd K, Sardella G, Sartori S, 
Shlofmitz R, Steg PG, Weisz G, Witzenbichler B, Han YL, Pocock S, Gibson CM. 
Ticagrelor with or without Aspirin in High-Risk Patients after PCI. N Engl J Med. 
2019;381:2032-42.
3. Merten GJ, Burgess WP, Gray LV, Holleman JH, Roush TS, Kowalchuk GJ, 
Bersin RM, Van Moore A, Simonton CA 3rd, Rittase RA, Norton HJ, Kennedy TP. 
Prevention of contrast-induced nephropathy with sodium bicarbonate: a randomized 
controlled trial. JAMA. 2004;291:2328-34.
4. Brar SS, Shen AY, Jorgensen MB, Kotlewski A, Aharonian VJ, Desai N, Ree M, 
Shah AI, Burchette RJ. Sodium bicarbonate vs sodium chloride for the prevention of 
contrast medium-induced nephropathy in patients undergoing coronary angiography: 
a randomized trial. JAMA. 2008;300:1038-46.
5. Briguori C, Airoldi F, D'Andrea D, Bonizzoni E, Morici N, Focaccio A, Michev I, 
Montorfano M, Carlino M, Cosgrave J, Ricciardelli B, Colombo A. Renal Insufficiency 
Following Contrast Media Administration Trial (REMEDIAL): a randomized com-
parison of 3 preventive strategies. Circulation. 2007;115:1211-7.
6. Solomon R, Gordon P, Manoukian SV, Abbott JD, Kereiakes DJ, Jeremias A, Kim M, 
Dauerman HL; BOSS Trial Investigators. Randomized Trial of Bicarbonate or Saline 
Study for the Prevention of Contrast-Induced Nephropathy in Patients with CKD. Clin 
J Am Soc Nephrol. 2015;10:1519-24.
7. Weisbord SD, Gallagher M, Jneid H, Garcia S, Cass A, Thwin SS, Conner TA, 
Chertow GM, Bhatt DL, Shunk K, Parikh CR, McFalls EO, Brophy M, Ferguson R, 
Wu H, Androsenko M, Myles J, Kaufman J, Palevsky PM; PRESERVE Trial Group. 
Outcomes after Angiography with Sodium Bicarbonate and Acetylcysteine. N Engl J 
Med. 2018;378:603-14.
8. Lombardi M, Molisana M, Genovesi E, De Innocentiis C, Limbruno U, Misuraca L, 
Moretti L, Di Vito L, Renda G, Zimarino M, Di Nicola M, De Caterina R. Urine alka-
linisation to prevent contrast-induced acute kidney injury: the prospective, randomised, 
controlled, open-label TEATE trial. EuroIntervention. 2022;18:562-73.
9. Worcester EM, Bergsland KJ, Gillen DL, Coe FL. Mechanism for higher urine pH 
in normal women compared with men. Am J Physiol Renal Physiol. 2018;314: 
F623-9.
10. Nakanishi N, Fukui M, Tanaka M, Toda H, Imai S, Yamazaki M, Hasegawa G, 
Oda Y, Nakamura N. Low urine pH Is a predictor of chronic kidney disease. Kidney 
Blood Press Res. 2012;35:77-81.
11. Gupta RK, Bang TJ. Prevention of Contrast-Induced Nephropathy (CIN) in 
Interventional Radiology Practice. Semin Intervent Radiol. 2010;27:348-59.


