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Abstract

Background: Ketorolac has been documented to cause acute kid-
ney injury (AKI) but current data suggest that it is safe for those 
who have low risk for renal dysfunction. In our facility, there have 
been cases of AKI in those treated with Ketorolac but the incidence 
is not known. This study describes the prescribing habits of Ke-
torolac in our facility and determines the incidence of AKI while 
on this therapy.

Methods: Electronic medical records of patients who received Ke-
torolac were reviewed during the last 3 months of 2012. AKI was 
defined as an increase of serum creatinine of 0.3 mg/dL or greater 
and a decrease in estimated glomerular filtration rate (eGFR) to less 
than 60 mL/minute.

Results: A total of 633 patient charts were reviewed and 341 pa-
tients met the inclusion criteria. The mean age was 45.7 years. Six-
ty-five percent of the patients were females and 35% were males. 
The most common diagnosis for prescribing Ketorolac was osteo-
arthrosis. Thirty milligram IV every 6 hours is the conventional pre-
scribed dose. Of the patients 6.4% developed AKI during treatment 
with Ketorolac, 68% of those with AKI were 65 or older, 68% had 
hypertension, 41% were diabetic, 40% were concomitantly receiv-
ing either an angiotensin converting enzyme-inhibitor (ACE-I) or 
an angiotensin receptor blocker (ARB), 40% were also being given 
diuretics, 72% received Ketorolac during the time of AKI and 3.8% 
of all patients who received Ketorolac developed hyperkalemia 
while on treatment.

Conclusions: AKI occurs more commonly than previously antici-
pated in Ketorolac treated patients even at average doses and short 
durations. Hypertension and diabetes are the two most common co-

morbidities in patients who developed AKI. Those who are greater 
than 65 years old may be at higher risk. Concomitant use of drugs 
that affect renal function, such as ACE-I, ARBs and diuretics, may 
increase the risk of AKI. Ketorolac prescribing in the acute care 
hospital should consider individual comorbidities, and use of other 
drugs that can increase kidney failure risk. Awareness of current 
renal function through diligent review of daily labs may help pre-
vent administration of Ketorolac in those with impaired renal func-
tion. Medication alerts that notifying the ordering physician of the 
eGFR may help prevent inadvertent prescription in those with AKI 
or chronic kidney disease.

Keywords: Ketorolac; Acute kidney injury; NSAIDs

Introduction

Ketorolac (Toradol) is an intravenously administered non-
steroidal anti-inflammatory drug (NSAID) used in clinical 
practice since the 1990s. Case reports of acute kidney injury 
(AKI) associated with Ketorolac have been published since 
then [1-8]. Concerns about other serious side effects such 
as bleeding diathesis, gastrointestinal complications and 
even death have been raised [9, 10]. Current data suggest 
that its use in patients with normal renal function and when 
given for less than 5 days is not associated with an increased 
risk of kidney injury [11]. In addition, IV use of Ketorolac 
is deemed safe for analgesia even in post-operative patients 
who have low risk of renal dysfunction [3, 12, 13]. Factors 
that are known to pose a higher risk for AKI with Ketorolac 
include conditions such as diabetes, chronic kidney disease 
(CKD), cirrhosis and heart failure. NSAIDs should be used 
with caution in those who have concomitant use of other 
nephrotoxic agents, diuretics, volume depletion and advance 
age [14].

NSAIDs are potent analgesics with established nephro-
toxic potential. They can cause hemo-dynamically mediated 
renal injury through their inhibitory effects on prostaglandin. 
NSAIDs can also cause toxicity through interstitial or glo-
merular disease. Electrolyte disturbances, such as hyperka-
lemia and hyponatremia are known potential adverse effects 
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of NSAIDs [15].
In our facility, Ketorolac is a widely used NSAID type 

analgesic. It is also incorporated in pain management proto-
cols for post-operative patients. Our Nephrology Consulting 
Service has noticed increasing incidence of AKI in patients 
without known renal disease and who received Ketorolac. 
Furthermore, in those with underlying kidney disease, and in 
whom Ketorolac was administered, we have seen worsening 
of their renal function.

Given the widespread use and known side effects of Ke-
torolac, there is great concern to improve safety of Ketorolac 
prescription in the hospital setting. Recent data have shown 
that NSAID prescribing decreased after implementation of 
estimated glomerular filtration rate (eGFR) reporting [16]. 
Results of this study can be used to formulate safety proto-
cols and/or laboratory alerts (creatinine and eGFR) through 
the electronic medical record (EMR) when prescribing 
Ketorolac. A comparison analysis can be done to evaluate 
changes in prescribing patterns of Ketorolac after the order-
ing alert has been implemented. Improvement of NSAID 
prescribing can also be achieved through educational pro-
grams [17]. Results from this study can point to key areas of 
improvement when prescribing Ketorolac and can be used in 
educating hospital employees and trainees.

Key questions

1) How common is Ketorolac used in patients with abnormal 
renal function in our facility? 2) What is the conventional 
prescribed dose and duration of Ketorolac? 3) How often is 
Ketorolac administered to those who have risk for renal in-
jury? (those who have diabetes, CKD, liver disease, heart 
failure and age > 65). 4) What other potentially nephrotoxic 
agents are used with Ketorolac? (diuretics, other NSAIDs, 
angiotensin converting enzyme-inhibitor (ACE-I), angioten-
sin receptor blockers (ARBs) and vancomycin). 5) What is 
the incidence of AKI with Ketorolac use in our hospital?

Objectives

The purpose of this study is to describe Ketorolac prescrib-
ing habits of medical professionals in a 150-bed acute care 
hospital over a 3-month period. The secondary objective is to 
observe the incidence of AKI in patients who have received 
Ketorolac.

 
Patients and Methods

   
Study population

Inclusion criteria

1) Age 18 and above. 2) Both male and female. 3) Patients 

who received at least one dose of IV Ketorolac during Octo-
ber 1, 2012 - December 31, 2012 admitted in the Cleveland 
Clinic Florida Facility. 4) Departments included are: medical 
ICU, surgical ICU, and medical floors.

Exclusion criteria

1) Patients in whom IV Ketorolac was prescribed but did 
not receive the drug. 2) Department excluded: emergency 
room, PACU, operating room. 3) Patients who were not ad-
mitted and who do not have a creatinine level obtained prior 
to Ketorolac administration. 4) Patients who were not admit-
ted and who do not have a creatinine level obtained at least 
within the last 3 days of Ketorolac exposure.

Study design

Retrospective cohort study.

Methods and data collection

EMRs of patients, who have received IV Ketorolac within 
October 1, 2012 through December 31, 2012 in the in-patient 
setting of Cleveland Clinic Florida-Weston, were reviewed. 
Baseline demographics (age, sex and race), and comor-
bidities that have been associated with an increased risk of 
NSAID-induced renal injury (CKD, cardiovascular disease 
(CVD), hypertension, liver disease and diabetes) were ob-
tained. Data regarding the dose of Ketorolac, pre-dose cre-
atinine, eGFR, and reason for admission, were collected. We 
also determined if there was a complication of AKI during 
the treatment duration. Treatment duration was defined as 
the time of initial administration up to the third day of last 
exposure to Ketorolac. AKI will be defined as an elevation 
of serum creatinine by 0.3 mg/dL and an eGFR of < 60 mL/
min. The presence of hyperkalemia will also be monitored as 
having serum potassium of greater than 5.3 during the treat-
ment duration.

 
Results

  
A total of 633 patient charts were reviewed and 341 patients 
met the inclusion criteria. The mean age was 45.7 years. Six-
ty-five percent of patients were females. The most common 
diagnosis for prescribing Ketorolac was osteoarthrosis. The 
conventional prescribed dose is 30 mg IV every 6 h and the 
average duration is less than 5 days. During treatment with 
Ketorolac, 6.4% of patients developed AKI. In patients with 
AKI, 74% were 65 or older, 77% had hypertension, and 45% 
were diabetic. Of the AKI patients, 45% were concomitantly 
receiving either an ACE-I or an ARB and 45% were also be-
ing given diuretics. In addition, eight of 22 (36%) patients 
with AKI received two or more drugs that affect renal func-
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tion and that can potentiate the AKI risk from NSAIDs. Dur-
ing the time of AKI, 72% received Ketorolac at least once 
while eGFR was < 60. Hyperkalemia occurred in 3.8% of all 
patients and in 9% of those who developed AKI (Table 1).

Discussion
  
In this study, we report Ketorolac use and prescription in 
hospitalized patients in our facility. There are limited data 
on the incidence of AKI with Ketorolac and its prescription 
in CKD patients. An Irish study of NSAID prescription prac-
tices in 388 patients found that NSAID use was common 
even in patients with renal risks [18]. Our results show evi-
dence that patients still receive Ketorolac despite AKI. The 
authors identified 40.3% CKD patients (St 2-3) and 35.1% 
with known ischemic heart disease or hypertension received 
NSAIDs [18]; however, the incidence of AKI was not deter-
mined and the type of NSAID use was varied. Two studies 
evaluated Ketorolac use on post-surgical patients and found 
it to be safe without an increased renal failure risk in whom 

NSAID was not contraindicated [12, 13].
In a previous study, incidence of AKI with Ketorolac use 

was minor. Feldman et al showed the overall incidence of 
acute renal failure was 1.1% [10] compared to ours which 
was 6.4%. In Feldman’s study, definition of AKI was defined 
as an increase in the serum creatinine of 50% or greater. We 
also used the AKIN criteria to define AKI as having 0.3 mg/
dL increase in serum creatinine but also included an eGFR 
of less than 60 mL/min.

There were many variations of prescribing Ketorolac by 
physicians from doses as low as 15 mg once daily up to 30 
mg every 6 h. Both scheduled and as needed (PRN) dosing 
were included even at minimal dose in this study as this can 
still have adverse renal effects in those already at high risk. 
The average prescription in most is less than 5 days duration 
and is in accordance with FDA recommendations.

We found that Ketorolac is used commonly in those who 
have comorbidities that can increase the risk for NSAID-
induced AKI and other adverse effects. The most common in 
this study were hypertension, diabetes and admittance to the 
ICU. FDA recommendations advise that Ketorolac should be 

Factor Total patients included  (n = 341) Patients with AKI (n = 22)

Mean age 45.7 years 64 years

Females 222 (65%) 10 (45%)

Males 119 (35%) 13 (55%)

Number of patients with AKI 23 (6.7%) n/a

Hyperkalemia 13 (3.8%) 2 (9%)

Admitted to ICU 74 (22%) 3 (14%) 

Diabetes 55 (16%) 10 (45%)

Hypertension 129 (38%) 17 (77%)

CKD 4 (1.1%) 1 (5%)

CHF 5 (1.5%) 2 (9%)

CVD 24 (7%) 2 (9%)

Liver disease 14 (4.1%) 1 (5%)

Concomitant use

Diuretics 109 (32%) 10 (45%)

Other NSAIDS 55 (16%) 1 (4%)

RAS inhibitor (ACE-I or ARB) 85 (25%) 10 (45%)

Vancomycin 65 (19%) 7 (32%)

IV contrast 60 (18%) 3 (14%)

Mean initial rise in creatinine 0.6 mg/dL

Table 1. Demographics and AKI Risk Factors
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used with caution in patients with hypertension and taking 
anti-hypertensive. It can precipitate new onset high blood 
pressure and worsen existing uncontrolled hypertension. 
Patients who are on ACE-I, ARBs and diuretics should be 
monitored closely during treatment with Ketorolac. There 
was only one patient who received Ketorolac with underly-
ing CKD stage 3. There was an observed worsening of re-
nal function during treatment with Ketorolac in this patient. 
There were no dialysis patients in this cohort.

Elderly patients are at higher risk for NSAID-induced 
AKI [14]. The aging kidney is more susceptible to AKI due 
to anatomical, physiologic and clinical factors. Renal mass 
is decreased and by age 70, 30-50% of cortical glomerular 
tissue has been lost [19]. There is an expected age-related 
decline renal blood flow and eGFR [20]. According to the 
FDA, the half life of Ketorolac is increased by 5 - 7 h in the 
elderly (65 - 78 years old) compared to their young counter-
parts and dosage should be adjusted. The elderly also have 
higher incidence of CHF, HTN, diabetes, CVD and CKD, all 
of which can increase the risk of AKI. The actual incidence 
of AKI in these patients may be underestimated because of 
the blunted rise in serum creatinine due to the decreased 
muscle mass in geriatrics [21]. Serum creatinine, although 
not the ideal marker to assess renal function in the elderly, 
should be used with caution. In our cohort, more than 70% 
of those that had AKI were 65 years and older. In addition 
to above innate risks, it is likely that the elderly have higher 
need for NSAIDs because of the higher incidence of inflam-
matory arthritis.

Hyperkalemia was uncommon with Ketorolac use in our 
patients. Even in the group with AKI, the incidence of hy-
perkalemia was as low as 9%. The mechanism for which hy-
perkalemia occurs with Ketorolac use is through decreased 
potassium excretion through the inhibitory effects of Ketor-
olac on aldosterone [5]. Hyperkalemia from other etiologies 
could have contributed. The use of RAS inhibitor, volume 
depletion resulting in decreased sodium delivery to the distal 
tubule, use of other NSAIDs or from decreased eGFR itself 
can likewise cause increase in serum potassium.

The use of drugs that may increase renal failure risk 
with NSAID was common. Diuretics and RAS inhibitor are 
the two most frequently prescribed medications along with 
Ketorolac. We observed that 36% of those who developed 
AKI were exposed to two or more potentially nephrotoxic 
agents further increasing risk of AKI. Vancomycin has been 
considered to cause kidney injury and 32% of those with 
AKI were concomitantly receiving vancomycin and Ketoro-
lac. Recently, we have reported a series of patients who have 
developed ATN and AIN which was attributed to vancomy-
cin. This antibiotic may have potential nephrotoxic potential 
and should be used with caution with high-dose NSAIDs.

There are many strengths of this study. First is that it 
included a general cohort of patients including not only 
post-operative patients, but also those admitted to the ICU 

and medical floors. Second, we have included serum creati-
nine and eGFR to define AKI which makes a more accurate 
diagnosis especially in the elderly. Also, we were able to 
highlight the incidence of AKI and more importantly, that 
the prescription of Ketorolac in those who already have on-
going renal injury is still being given NSAIDs. However, 
there are several limitations that we recognize. Our study 
was conducted in a single center and was a retrospective, ob-
servational study. The results may not be reflective of other 
institutions. The audit did not identify patients with early 
CKD (stage 1-2) because the EMR does not report the actual 
numerical value of eGFR above 60 mL/min. In addition, the 
eGFR calculation did not differentiate between races. Cor-
rection of eGFR for ethnicity should be considered in future 
studies. Comparison with other estimates of renal function 
such as creatinine clearance was not available. Our findings 
cannot exclude other causes of AKI such as volume deple-
tion, ATN or other drug-induced AKI. Ketorolac, however, 
can increase the AKI in susceptible individuals through its 
inhibitory effect of prostaglandin, risk via mechanisms that 
affect renal perfusion and decreasing GFR.

We propose that prior to Ketorolac prescription, the re-
nal risk should be identified. The patient’s age, serum cre-
atinine and eGFR must be considered and the dose should 
be adjusted accordingly. PRN, rather than scheduled dosing 
may be appropriate in most. Review of medications is impor-
tant in assessing risk. If medications that affect volume, renal 
dynamics and nephrotoxic agents are being given, Ketoro-
lac should be used with caution and patient’s renal function 
should be monitored closely. An alert notification reporting 
the current eGFR and serum creatinine may improve pre-
scription of Ketorolac in those with already decreased renal 
function.

In conclusion, hospitalized patients have characteristics 
that can increase the risk of AKI with Ketorolac. In our facil-
ity, patients who are hypertensive and diabetic are common-
ly given Ketorolac. Although there was a transient increase 
in serum creatinine that was observed, there is a higher inci-
dence of AKI in those who receive Ketorolac than previously 
reported. Concomitant use of diuretics and RAS inhibitors 
were commonly observed in those who had developed AKI 
and those who are hypertensive, diabetic or elderly that may 
be at higher risk.
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