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Abstract

Objective: To evaluate changes is serum creatinine in adolescent patients
receiving intravenous ketorolac.

Methods: Retrospective chart review of 343 patient charts from January
2007 to August 2014. Patients were included if they were 12-18 years of age,
received 2 or more doses of ketorolac and had at least one subsequent measure
of serum creatinine after initiation of ketorolac. Patients were dichotomized into
2 groups based on = 25% increase versus < 25% increase in serum creatinine.
The predictors were evaluated as 1) total ketorolac dose in milligrams (mg), 2)
total dose in mg/kilogram (kg) and 3) total doses received.

Results: One hundred and eleven patients were included in the analysis.
There was no significant difference in baseline demographics. Baseline serum
creatinine was significantly higher in the group with <25% increase in serum
creatinine (p = 0.006). Serum creatinine increased by = 25% in 11 patients. No
patients developed acute kidney injury.

Conclusion: Use of ketorolac in the pediatric emergency room for the
treatment of pain was not associated with a substantial increase in serum
creatinine or acute kidney injury. Further studies assessing the concurrent use
of ketorolac with other nephrotoxic medications are needed to determine if there

is increased risk for acute kidney injury.
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AKI: Acute Kidney Injury; NSAID: Non-Steroidal Anti-
Inflammatory Drugs; SCr: Serum Creatinine; Mg: Milligrams; Kg:
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Introduction

Nephrotoxic medications are a major cause of Acute Kidney
Injury (AKI), estimated to be causative in 25% of AKI cases [1].
The risk for nephrotoxic AKI increases with the use of multiple
nephrotoxic medications [2]. AKI from other causes occurs in up to
30% of hospitalized critically ill children, and is associated with worse
outcomes, including increased length of stay leading to increased
hospital costs [3-6].

The most common medications known to cause AKI include
chemotherapeutic agents, antimicrobials and non-steroidal anti-
inflammatory drugs (NSAIDs) [1]. NSAIDs are a widely used class
of medications in the pediatric population, and are known to cause
AKI in approximately 3% of hospitalized pediatric patients [7].
There are two proposed mechanisms by which NSAIDs lead to AKI.
The first is alteration of glomerular filtration rate by inhibiting the
formation of prostaglandins, resulting in vasoconstriction of the
afferent glomerular arteriole. The second mechanism, albeit more
rare, results in interstitial nephritis, which is thought to be driven by
leukotriene production involved in the inflammatory response [7]. In

a study of adolescent patients admitted to the hospital, use of NSAIDs
and subsequent development of AKI was associated with interstitial
nephritis in 2.7% of patients [7]. The risk for NSAID related AKI can
be exacerbated by intravascular volume depletion.

Ketorolac, an NSAID, is indicated for the treatment of moderate
to severe pain. The typical dosing regimen at Children’s Hospital
Colorado is 0.5 mg per kilogram of total body weight every 6 hours
with a maximum dose of 30 mg, and a maximum duration of 48
hours. Ketorolac has a notable adverse effect profile including
hypertension, gastrointestinal hemorrhage, thrombocytopenia and
AKI [7-10]. Despite this adverse effect profile, it is still widely used
within this institution and hospitals across the country.The purpose
of this study was to evaluate changes in serum creatinine (SCr) in
adolescent patients receiving intravenous ketorolac presenting to
the emergency department. We hypothesized that there is a dose-
dependent increase in SCr from baseline associated with the use of
higher dosing strategies.

Materials and Methods

We performed a retrospective chart review of patient’s who
presented to the emergency department, and received intravenous
ketorolac between January 2007 and August 2014. The Colorado
Multiple Institutional Review Board approved the study with a waiver
of informed consent. Patients were included if they were 12-18 years

Austin Pediatr - Volume 4 Issue 3 - 2017
ISSN : 2381-8999 | www.austinpublishinggroup.com
Poel et al. © All rights are reserved

Citation: Poel KT, Santos M, Soranno DE, Brou L, Kane A, Ingram E, et al. Assessment of Serum Creatinine
in Adolescents Receiving Intravenous Ketorolac in the Emergency Department: A Retrospective Study. Austin
Pediatr. 2017; 4(3): 1059.



Poel KT

Austin Publishing Group

Table 1: Comparison of demographics and baseline serum creatinine values (SCr); IQR: Interquartile Range.

<25% increase in SCr (n=100) 225% increase in SCr (n=11) p-value
Age (Median (IQR)) 14.5 (13.1, 16.5) 15.5 (14.8, 16.7) 0.12
Male: n (%) 50 (50.5) 7 (63.6) 0.53
Weight (Median (IQR)) 49.0 (40.7, 63.2) 48.5 (36.6, 62.1) 0.96
Indication for ketorolac

Surgical,n (%) 41 (41.8) 5(45.4)
Medical, N (%) 57 (58.2) 6 (54.6) 082
Baseline SCr (Median (IQR)) 0.62 (0.46, 0.76) 0.40 (0.11, 0.60) 0.006
Peak SCr (Median (IQR)) 0.65 (0.49, 0.76) 0.49 (0.19, 0.73) 0.12

Scr = serum creatinine, IQR = inter quartile range, n = number, % = percent.

of age, received 2 or more doses of ketorolac and had at least one
measure of serum creatinine (SCr) after initiation of ketorolac in a
single hospital encounter. Patients were excluded if a diagnosis of
AKI was made on current admission prior to receiving ketorolac.

Patient demographics included gender, height (cm), weight
(kg), baseline SCr as well as the highest SCr within 5 days of the last
ketorolac dose. Baseline SCr was the lowest value in the medical record
in the preceding 3 months prior to presentation [11]. If no baseline
SCr was available, one was assumed using an estimated glomerular
filtration rate of 120mL/minute/1.73m* using the Cockgroft Gault
equation. We assessed for differences in SCr across 3 different dosing
strategies: < 15mg vs. > 15mg per dose, < 0.5mg/kg/dose vs. > 0.5mg/
kg/dose and < 4 doses vs. > 4 doses.

Patients were dichotomized into 2 groups based on >25% increase
versus < 25% increase in SCr Categorical variables were compared
using Fisher’s exact tests. Due to the non-normal distribution of the
continuous variables, Wilcoxon rank-sum tests were performed to
assess differences in the outcome groups. To determine a correlation
between the change in SCr from baseline and the 3 different dosing
strategies, Spearman’s correlation testing was performed. A p-value of
< 0.05 was considered statistically significant. All statistical analyses
were conducted using SAS 9.4 (SAS Institute, Cary, NC).

Results

Three hundred and forty-three adolescent patients presented
to the emergency department and received intravenous ketorolac
during the study period. Two hundred and thirty-two patients did not
meet inclusion criteria. Two hundred and twenty-six patients lacked
follow up labs, three patients lacked a baseline SCr and one could
not be estimated using the Cockgroft Gault equation and 3 patients
were excluded due to poor records. One hundred and eleven patients
were included in the final analysis. One hundred (90%) patients had
a SCr that increased by < 25%. Eleven (10%) patients had a > 25%
increase in SCr from baseline. There were no significant differences in
patient demographics, which are described in Table 1. The indication
for ketorolac administration was more likely medical compared to
surgical for both groups, although this difference was not significant
(54.6% in = 25% group; 58.2% in < 25% group; p=0.82).

Eight (7%) patients did not have a baseline SCr and thus the
baseline value was estimated. Median baseline SCr was significantly
higher in the < 25% group, which included the eight patients with
no baseline SCr (0.62 vs. 0.40; p=0.006) (Table 1). There was no

Table 2: Change in serum creatinine (SCr) from baseline to peak between
different dosing strategies; IQR: Inter quartile Range.

Change in SCR from baseline
Dosing Strategy P-value

Median (IQR)

<15mg 0.0 (0.0, 0.02)
0.55

> 15mg 0.0 (0.0, 0.05)

< 0.5mg/kg/dose 0.0 (0.0, 0.04)
0.19

> 0.5mg/kg/dose 0.01 (0.0, 0.05)

<4 doses 0.01 (0.0, 0.05)
0.79

> 4 doses 0.0 (0.0, 0.04)

Mg = milligrams, kg = kilograms, IQR = interquartile range.

Table 3: Comparison of the number of patients in each group and the dosing
strategy received.

) ) <25% increase in = 25% increase in
Dosing regimens: scr scr P_value
n (%) (n=100) (n=11)
<15mg 10 (10.0) 1(9.1)
1
> 15mg 90 (90.0) 10 (90.9)
< 0.5 mg/kg/dose 56 (56.0) 6 (54.5)
1
> 0.5 mg/kg/dose 44 (44.0) 5 (45.5)
<4 doses 31 (31.0) 4 (36.4)
0.74
> 4 doses 69 (69.0) 7 (63.6)

N = number, % = percent, mg = milligrams, kg = kilograms, SCr = serum
creatinine.

significant difference in peak SCr between the 2 groups (0.65 + 0.27
vs. 0.49 + 0.54;p=0.12) (Table 1). There was no significant difference
in the change in SCr from baseline based on dosing strategy (Table
2). We also found no significant difference in SCr when patients were
dichotomized by < 25% vs. a > 25% increase in SCr when evaluated
by dosing strategy (Table 3). There was no significant correlation
between base SCr and peak SCr among the three different dosing
strategies described above: < 15mg vs. > 15mg per dose (p= -0.12,
p=0.2); < 0.5mg/kg/dose vs. > 0.5 mg/kg/dose (p=0.17, p=0.07); < 4
doses vs. > 4 doses (p=-0.08, p= 0.39).

Discussion

We were not able to identify any significant changes in SCr in the
presence of different dosing strategies in patients who presented to the
emergency department for treatment of pain and were subsequently
admitted. One important finding is that patients in the < 25% change
in SCr group had higher baseline SCr levels. This higher baseline value
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may be due to intravascular volume depletion/dehydration, and the
minimal change in creatinine following rehydration could possibly
suggest early renal injury. Importantly SCr has known limitations,
and is affected by factors unrelated to renal disease. Some of these
factors include muscle mass, hydration status, and liver dysfunction
with hyperbilirubinemia [12,13]. In addition, SCr is a late marker
of AKI, only rising more than 24 hours after injury has occurred,
at which time there may already be significant reduction in renal
function.

While there were no patients who met the Kidney Injury and
Disease: Improving Global Outcome (KDIGO) criteria for AKI, even
small increases in SCr in children may be clinically significant [14].
Routine surveillance of SCr should is considered in those deemed
at highest risk, and who receive additional nephrotoxic medications
during their hospital admission. A study in adult patients evaluated
the risk of AKI in patients who received one to three courses of
ketorolac compared to those who were treated with opioids. The
authors found a low rate of AKI in their population. They did report
an association between AKI and patients receiving > 5 days of
ketorolac exposure [15].

At Children’s Hospital Colorado, the pediatric nephrology
section provides wallet-warning cards counseling against nephrotoxic
medication use to those with known chronic kidney disease, and is
in the process of including other vulnerable populations at risk for
AKIT and chronic kidney disease in this group. We are in the process
of incorporating a nephrotoxic medication alert system detailed by
Goldstein et al to reduce the risk of nephrotoxic AKI in exposed
patients starting in the emergency department and who are admitted
to the hospital for routine SCr surveillance [16]. In addition, the
implementation of a clinically available biomarker of AKI has the
potential to be used in the emergency department in patients with
specific AKI risk factors, and could differentiate functional from
tubular injury. SCr only provides an assessment of functional injury,
and biomarkers, provide assessments of injury to sites where they
are expressed [17]. One biomarker, namely Neutrophil Gelatinase
Associated Lipocalin (NGAL), is a small protein expressed in the
distal nephron epithelium and secreted into the tubular lumen
very early after acute kidney injury, and is a sign of tubular injury
when present in the urine. The use of NGAL in the clinical setting
was recently described by Varnell et al. [18], and its future use could
certainly include patients in the emergency department who are
exposed to one or more nephrotoxic medications, especially if their
baseline SCr is abnormal, and there is uncertainty as to whether the
abnormal SCr represents more than functional injury or a pre-renal
state.

Therapeutic drug monitoring is not available for ketorolac,
and at our institution, ketorolac use is contraindicated in patients
with known renal disease, and in those who have undergone organ
transplant (heart, kidney, bone marrow). It is possible that target
analgesia could be accomplished with a lower prescribed dose of
ketorolac because of a dose-dependent analgesic effect that has
been described in adults [19]. This may in fact decrease the risk of
AKI, especially when there is concurrent use of other nephrotoxic
medications. Additional pediatric pharmacokinetic studies to assess
the possibility of a ceiling effect and the development of AKI in
children receiving ketorolac are necessary.

Although this study provides insight into changes in SCr and
ketorolac dosing, there are several important limitations. The study
is a retrospective review at a single institution and is subject to the
limitations associated with retrospective studies, including no
baseline SCr in 8 patients, and no routine surveillance of SCr, with
most patients only having 1 additional SCr measure after initiation
of therapy. There were possibly missed cases of acute kidney injury
without routine surveillance of SCr in the two hundred and twenty-
six patients that had to be excluded. Hydration status and fluid
resuscitation were not assessed as part of the data collection. We did
not perform a power analysis, and thus our results may be influenced
by insufficient power.

Conclusion

Use of ketorolac in the pediatric emergency room for the treatment
of pain was not associated with an increase in SCr in those admitted to
the hospital. Concurrent use of other nephrotoxic medications may
increase patient risk for AKI, and consideration of dosing strategies
similar to those described in adults should be explored to minimize
the possibility of side effects, including the development of AKI.
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