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Abstract

Background and objectives Regulatory agencies warn about the risk of AKI with levetiracetam use on the basis of
information from case reports. We conducted this study to determine whether new levetiracetam use versus
nonuse is associated with a higher risk of AKI.

Design, setting, participants, & measurements This was a population-based retrospective cohort study of adults
with epilepsy in Ontario, Canada. Patients who received a new outpatient prescription for levetiracetam
between January 1, 2004 and March 1, 2017 were matched to two nonusers on stage of CKD, recorded seizure in
the prior 90 days, and logit of a propensity score for levetiracetam use. The primary outcome was a hospital
encounter (emergency department visit or hospitalization) with AKI within 30 days of cohort entry. Secondary
outcomes were AKIwithin 180 days and change in the concentration of serum creatinine. We assessed the primary
outcome using health care diagnosis codes. We evaluated the change in the concentration of serum creatinine
in a subpopulation with laboratory measurements.

Results We matched 3980 levetiracetam users to 7960 nonusers (mean age 55 years, 51% women). Levetiracetam
use was not significantly associated with a higher risk of AKI within 30 days (13 [0.33%] events in levetiracetam
users and 21 [0.26%] events in nonusers [odds ratio, 1.24; 95% confidence interval, 0.62 to 2.47]). Similarly, there
wasno significant association with AKIwithin 180 days (oddsratio, 0.70; 95% confidence interval, 0.43 to 1.13). The

change in the concentration of serum creatinine did not significantly differ between levetiracetam users and

nonusers.

Conclusions In this population-based study levetiracetam use was not associated with a higher risk of AKI.
Clin | Am Soc Nephrol 14: 17-26, 2019. doi: https://doi.org/10.2215/CJN.07490618

Introduction
Levetiracetam (trade name Keppra) is a popular second
generation antiepileptic drug, with annual worldwide
sales approximating $1 billion United States dollar (1).
It is often used adjunctively with other antiepileptic
drugs, is highly bioavailable, undergoes little metabo-
lism, and is excreted by the kidneys with dose adjust-
ment recommended in CKD (2,3). Levetiracetam has
no reported clinically significant interactions with other
antiepileptic drugs, and is perceived to have a more
favorable adverse effect profile than other antiepileptic
drugs (2). The most common adverse events reported
with levetiracetam are somnolence, asthenia, dizzi-
ness, headaches, and behavioral changes (4).
Although the risk of AKI was not identified in
randomized, controlled trials of levetiracetam use
(Supplemental Table 1), postmarketing surveil-
lance has identified a possible association between
levetiracetam and AKI. In 2016 the World Health
Organization issued a warning linking levetiracetam
use with 150 cases of AKI, including 49 cases of inter-
stitial nephritis (5). A detailed review of 39 cases of
AKI established a possible causal relationship in nine
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cases, with a median onset of AKI 27 days from drug
initiation.

Regulatory agencies in the United States, Canada,
Europe, and Japan have issued warnings about the risk
of AKI with levetiracetam use, which have resulted in
changes in product monograph warnings (Supple-
mental Table 2). In January of 2017, the US Food and
Drug Administration noted a potential safety signal in
the Federal Adverse Event Reporting System (Supple-
mental Table 2). At the same time, Health Canada
conducted a safety review and recommended that the
risk of AKI be listed in all levetiracetam product
monographs (Supplemental Table 2) (6).

We performed a search of bibliographic databases and
identified only eight studies, all case reports, that sug-
gested a greater risk of AKI with levetiracetam (Supple-
mental Table 3). In these reports, four cases of AKI were
attributed to interstitial nephritis, two to rhabdomyolysis,
and one to a pharmacokinetic interaction with metho-
trexate (7—14). Therefore, to provide additional safety data
we conducted this population-based cohort study to
determine whether levetiracetam use is associated
with a higher risk of AKI compared with nonuse.
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Materials and Methods
Design and Setting

We conducted a population-based, retrospective cohort
study using linked health care databases in Ontario,
Canada between January 1, 2004 and March 1, 2017.
Ontario has approximately 13.5 million residents who
have universal access to hospital care and physician ser-
vices, with individuals 65 years of age or older also
receiving universal drug coverage (14% of the population
or 1.9 million persons). Individuals under the age of 65
are eligible for universal drug coverage if they receive
disability support, receive social assistance, or have high
drug costs relative to their income. This study was ap-
proved by the institutional review board at Sunnybrook
Health Sciences Centre, Toronto, Canada. These datasets
were linked using unique encoded identifiers and analyzed
at the Institute for Clinical Evaluative Sciences (ICES). The
full dataset creation plan and underlying analytic code are
available from the authors upon request, understanding
that they may rely upon coding templates or macros that
are unique to the ICES environment where the study was
conducted. The reporting of this study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology guidelines (Supplemental Table 4) (15).

Data Sources

We ascertained patient characteristics, drug use, cova-
riate information, and outcome data using records from
eight linked databases. We obtained vital statistics from
the Ontario Registered Persons Database, which contains
demographic information on all Ontario residents ever
issued a health card. We used the Ontario Drug Benefit
program database to determine prescription drug use.
This database contains accurate records of all dispensed
outpatient prescriptions, with an error rate of 0.7% (16).
We identified diagnostic and procedural information on
all hospitalizations and emergency department visits
from the Canadian Institute for Health Information
Discharge Abstract Database and National Ambulatory
Care Reporting System database, respectively. We ob-
tained covariate information from the Ontario Health
Insurance Plan database, which includes health claims for
physician services. We used the ICES Physician Database
to ascertain levetiracetam prescriber information. In a
subpopulation, we obtained serum creatinine laboratory
measurements using data from the Ontario Laboratory
Information System. We have previously used these
databases to research adverse drug events including
AKI (17-22).

International Classification of Diseases, ninth revision
(ICD-9; pre-2002) and 10th revision (ICD-10; post-2002)
codes were used to assess baseline comorbidities in the 5
years before receipt of a prescription (Supplemental Table
5). Only ICD-10 codes were used to ascertain outcomes,
because all outcomes would have occurred after imple-
mentation of this coding system in 2002 (Supplemental
Table 6). Comorbidities were evaluated using the Adjusted
Clinical Group scoring system with the Johns Hopkins
Adjusted Clinical Group System Version 10 (23). Data-
bases were complete for all variables used except for
levetiracetam prescriber data (18% missing) and income
data (0.4% missing). The only reason for lost follow-up was

emigration from the province, which occurs in <0.2% of
the population each year and was not assessed in this
study (24).

Cohort Build and Exposure Categorization

We established a cohort of patients in Ontario, Canada
with evidence of a new outpatient prescription dispensed
for oral levetiracetam (levetiracetam users). The date of
dispensing served as the start date for follow-up, also referred
to as the index date. As a referent group we identified a group
of adult patients from the Ontario population who had
never received a prescription for levetiracetam before a
randomly assigned index date (levetiracetam nonusers). We
did not choose another antiepileptic medication as a com-
parator because levetiracetam is often used adjunctively,
and instead aimed to have similar baseline antiepileptic
drug use in both groups.

From both the user and nonuser groups we excluded the
following patients: (1) age<18 years on index date, (2)
evidence of a prescription for levetiracetam in the 180 days
before the index date (to ensure that these were new
prescriptions), (3) patients with no evidence of a drug
prescription in the 120 days before index date (to ensure
eligibility and active use of the provincial universal drug
benefit program), (4) those who had a hospital discharge or
emergency department visit in the 2 days before index date
(to ensure these were new outpatient levetiracetam pre-
scriptions), (5) those with a history of ESKD, and (6) those
with no evidence of epilepsy defined by no evidence of any
of the following: a hospital encounter for seizure, electro-
encephalography in the prior 5 years, or a prescription for
an antiepileptic in the prior 120 days (to capture both
outpatient and hospital encounters with epilepsy). Patients
with multiple eligible study prescriptions were restricted to
the first eligible study prescription.

Outcomes

Primary Outcome. We assessed the primary outcome
of a hospital encounter (emergency department visit or
hospital admission) with AKI within 30 days after the
index date, because most case reports describe AKI events
from levetiracetam within this period. The primary
outcome was assessed with an ICD-10 diagnosis code
(Supplemental Table 6). In Ontario, we previously dem-
onstrated that this AKI code identified a median increase
in serum creatinine of 1.50 mg/dl at the time of emergency
department visit (25th to 75th percentile, 0.70-3.26) above
the most recent value (25). Although the specificity is
>95%, the sensitivity of the AKI code is limited for milder
forms of the condition. The incidence of AKI, as defined by
the diagnosis code, can be underestimated up to five-fold
compared with definitions using serum creatinine mea-
surements. Therefore, we also examined a subpopulation
with linked laboratory values as described below.

Secondary Outcomes. We assessed a hospital encounter
with AKI within 180 days after the index date. This was
done to account for any delay in the development of AKI
and to account for any susceptibility levetiracetam may
confer to other AKI insults over time (i.e., two-hit hypoth-
esis). To gain insights into the possible causes and severity
of AKI, we assessed for a diagnosis of acute interstitial
nephritis, rhabdomyolysis, receipt of acute dialysis, kidney


http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07490618/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07490618/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07490618/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07490618/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07490618/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07490618/-/DCSupplemental

Clin } Am Soc Nephrol 14: 17-26, January, 2019

Levetiracetam and AKI Risk, Yau et al. 19

5721 Ontario residents over the age of 18 who were
dispensed a new outpatient prescription for levetiracetam
(between January 1, 2004 and March 1, 2017). The index
date was the date that levetiracetam was dispensed.

2,306,016 Ontario residents over the age of 18 who were
not dispensed a prescription for levetiracetam (between
January 1, 2004 and March 1, 2017). The index date was
randomly assigned (e.g. a fake levetiracetam start date).

Patients Excluded (n=721)

1. Evidence of hospital discharge or ED
visit in the 2 days prior to index date
(n=628)

2. Evidence of ESKD (n=81)

3. No evidence of epilepsy (defined as no
evidence of any of the following:
history of hospital encounter for
seizure, electroencephalography in the
prior 5 years, or antiepileptic
prescription in the prior 120 days)
(n=32)

Patients Excluded (n=892,877)

1. Evidence of hospital discharge or ED
visit in the 2 days prior to index date
(n=21,670)

2. Evidence of ESKD (n=12,017)

3. No evidence of epilepsy (defined as no
evidence of any of the following: history
of hospital encounter for seizure,
electroencephalography in the prior 5
years, or antiepileptic prescription in
the prior 120 days) (n=859,190)

4980 levetiracetam users

3980 levetiracetam users

Matched by CKD stage, hospital
encounter for seizure in 90 days, and
propensity score (1:2)

1,413,139 levetiracetam nonusers

7960 levetiracetam nonusers

Figure 1. | Cohortselection with inclusion and exclusion criteria. We identified 3980 new levetiracetam users and matched them ina 1:2 ratio
to 7960 levetiracetam non-users by CKD stage, hospital encounter with seizure in the prior 90 days, and a logit of the propensity score for

levetiracetam use. ED, emergency department.

biopsy, or a nephrologist consultation within 180 days after
the index date (codes are presented in Supplemental Table 6).

In a subpopulation of patients with serum creatinine
measurements taken before and within 180 days after the
index date, we defined AKI as evidence of an increase in
concentration of serum creatinine value by =0.3 mg/dl or a
=50% increase in the follow-up compared with preindex
date baseline value, which are the laboratory thresholds
used to define AKI in the Kidney Disease Improving Global
Outcomes classification system (26). In addition, we com-
pared the absolute and percentage change in serum
creatinine between the two groups. We estimated baseline
eGFR using the Chronic Kidney Disease Epidemiology
Collaboration equation (27).

Statistical Analyses

Using a logistic regression model, we derived propensity
scores for the predicted probability of receiving a new
outpatient prescription for levetiracetam. Using a greedy
matching algorithm without replacement, one levetirace-
tam user was matched to two nonusers on stage of CKD,
whether they had a hospital encounter for epilepsy or
seizure in the prior 90 days, and the logit of the propensity
score for levetiracetam use (within a caliper width of 0.2
SD). Propensity score matching was used to ensure that
user and nonuser groups were balanced on a wide range of

measured baseline characteristics (variables included are
provided in Supplemental Table 7). A 1:2 matching ratio
was selected to maximize statistical power while minimiz-
ing the loss of levetiracetam users.

We used standardized differences to compare baseline
characteristics between users and nonusers, with a value
>10% indicating imbalance (28-30). We used conditional
logistic regression to estimate odds ratios (ORs) and 95%
confidence intervals (95% CIs). In all outcome analyses we
interpreted two-tailed P values <0.05 as statistically sig-
nificant. To comply with ICES privacy regulations to
minimize the chance of identifying a patient, numbers of
patients were suppressed in the case of 1-5 patients
(reported as =5). We performed all analyses using SAS
version 9.4 (SAS Institute, Cary, NC).

Results
Study Participants

The creation of our cohort is shown in Figure 1. From
2004 to 2017, there were 4980 levetiracetam users and
1,413,139 nonusers eligible for the study. Before matching,
levetiracetam users compared with nonusers were more
likely to be younger and have greater comorbidity, and
had a greater number of hospitalizations and emergency
department visits in the baseline period (Table 1).
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Table 1. Baseline characteristics of levetiracetam users versus nonusers before and post propensity score matching

Before Matching Post Matching
Chevasimite Levetiracetam Levetiracetam Sta'n dardlze;d Levetiracetam Levetiracetam Stap dardlzid
Users Nonusers IDiffisiEngs Users Nonusers IDitieHeng:
(%) (%)
Total patients, N 4980 1,413,139 3980 7960
Demographics
Mean age*SD, yr 54+21 69+16 76 55+21 55+21 0
=65 yr 3092 (62) 395,028 (28) 73 2403 (60) 4878 (61) 2
Women 2549 (51) 837,046 (59) 16 2048 (52) 4013 (50) 2
Long-term care 352 (7) 52,086 (4) 15 273 (7) 522 (7) 1
Rural residence 496 (10) 167,640 (12) 6 409 (10) 829 (10) 0
Income quintile®
1 (lowest) 1149 (23) 335,883 (24) 2 958 (24) 2009 (25) 3
3 (middle) 1002 (20) 267,725 (19) 3 808 (20) 1584 (20) 1
5 (highest) 897 (18) 246,083 (17) 2 696 (18) 1375 (17) 1
Comorbidities®
Johns Hopkins ACG 10.0+£4.3 8.2%3.8 45 9.7%43 9.8+4.2 4
System Aggregated
Diagnosis Groups,
mean+SD¢
AKI 16 (0.3) 2517 (0.2) 2 13 (0.3) 21(0.3) 1
Anxiety disorder and depression 881 (18) 186,741 (13) 12 699 (18) 1495 (19) 4
Benign brain tumor 11 (0.2) 219 (0.0) 6 6(0.2) 22 (0.3) 3
Bipolar disorder 344 (7) 76,931 (5) 6 280 (7) 624 (8) 4
Brain injury 220 (4) 7274 (0.5) 25 153 (4) 287 (4) 2
Brain cancer 329 (7) 726 (0.1) 37 142 (4) 167 (2) 11
Cancer® 1804 (36) 441,339 (31) 11 1333 (34) 2621 (33) 1
CKD 549 (11) 134,314 (10) 5 432 (11) 830 (10) 2
Chronic liver disease 361 (7) 68,436 (5) 10 273 (7) 598 (8) 3
Coronary artery disease, 1026 (21) 382,315 (27) 15 824 (21) 1668 (21) 1
including angina®
Congestive heart failure 451 (9) 134,949 (10) 1 362 (9) 774 (10) 3
Diabetes 127 (3) 49,027 (4) 5 103 (3) 190 (2) 2
Epilepsy /seizure" 3481 (70) 25,154 (2) 202 2482 (62) 5019 (63) 1
Previous 90 d 1087 (22) 2772 (0.2) 74 460 (12) 920 (12) 0
Previous 90-365 d 1583 (32) 6731 (0.5) 94 1091 (27) 1984 (25) 6
Hypertension 1322 (27) 706,449 (50) 50 1095 (28) 2148 (27) 1
Migraine 618 (12) 85,403 (6) 22 485 (12) 987 (12) 1
Mood disorder 236 (5) 27,938 (2) 15 174 (4) 413 (5) 5
Multiple sclerosis 28 (0.6) 2612 (0.2) 6 15 (0.4) 92 (1) 11
Neuropathic pain 67 (1) 19,639 (1) 1 47 (1) 141 (2) 6
Parkinson disease 42 (0.8) 6712 (0.5) 4 36 (0.9) 136 (2) 9
Peripheral vascular disease 54 (1) 16,050 (1) 0 45 (1) 109 (1) 3
Stroke, including TIA 660 (13) 36,398 (3) 40 481 (12) 966 (12) 0
Trigeminal neuralgia 80 (2) 20,422 (1) 2 59 (2) 172 (2) 6
Concurrent medication use’
ACE inhibitors or ARBs 851 (17) 460,963 (33) 36 706 (18) 1362 (17) 2
Antidepressants 239 (5) 80,146 (6) 4 199 (5) 405 (5) 0
Antiepileptics 942 (19) 74,430 (5) 43 703 (18) 1562 (20) 6
Antineoplastics 176 (4) 37,894 (3) 5 129 (3) 234 (3) 2
Antipsychotics 190 (4) 49,287 (4) 2 165 (4) 332 (4) 0
B blockers 642 (13) 304,371 (22) 23 518 (13) 1046 (13) 0
Benzodiazepines 413 (8) 149,512 (11) 8 309 (8) 653 (8) 2
Calcium channel blockers 556 (11) 285,732 (20) 25 456 (12) 899 (11) 1
Glucocorticoids 263 (5) 51,529 (4) 8 176 (4) 338 (4) 1
Diuretics—potassium sparing 58 (1) 40,865 (3) 12 51 (1) 98 (1) 1
Diuretics—thiazides 225 (5) 156,167 (11) 25 187 (5) 318 (4) 4
Diuretics—loop 228 (5) 102,693 (7) 11 185 (5) 388 (5) 1
Methotrexate 20 (0.4) 10,269 (0.7) 4 15 (0.4) 44 (0.6) 3
NSAIDs (excluding ASA) 141 (3) 128,727 (9) 27 117 (3) 219 (3) 1
Statins 1052 (21) 533,226 (38) 37 886 (22) 1757 (22) 1
Number of unique medications, 3.4+5.0 49+4.6 31 3.4+49 3.4+5.1 0
mean*SD
Antiepileptic use (in prior 120 d)’
Carbamazepine 162 (3) 7476 (0.5) 20 125 (3) 275 (4) 2
Clobazam 146 (3) 1079 (0.1) 24 85 (2) 159 (2) 1
Divalproex sodium 96 (2) 5104 (0.4) 15 67 (2) 162 (2) 3
Gabapentin 120 (2) 26,704 (2) 4 89 (2) 267 (3) 8
Lacosamide 56 (1) 178 (0.0) 15 37(0.9) 52(0.7) 4
Lamotrigine 115 (2) 2248 (0.2) 20 85 (2) 168 (2) 0
Phenytoin 426 (9) 11,026 (0.8) 37 291 (7) 677 (9) 5
Pregabalin 50 (1) 21,028 (2) 4 44 (1) 105 (1) 2
Primidone 27 (0.5) 2215 (0.2) 7 22 (0.6) 33(0.4) 2
Topiramate 43 (0.9) 1887 (0.1) 10 31(0.8) 62 (0.8) 0
Valproic acid 63 (1) 2104 (0.1) 13 46 (1) 90 (1) 0
Antiepileptic use
(prescribed on
index date)
Carbamazepine 39 (0.8) 355 (0.0) 12 23 (0.6) 34 (0.4) 3
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Table 1. (Continued)

Before Matching Post Matching
CharsiEmi Levetiracetam Levetiracetam Sta??ardlzid Levetiracetam Levetiracetam Staff\;iarduid
Users Nonusers 12X e: ence Users Nonusers 121 ef ence
(%) (%)
Clobazam 43 (0.9) 37 (0.0) 13 13 (0.3) 10 (0.1) 5
Divalproex sodium 31 (0.6) 316 (0.0) 11 14 (0.4) 21(0.3) 2
Gabapentin 41(0.8) 1139 (0.1) 11 24 (0.6) 49 (0.6) 0
Lamotrigine 32(0.6) 113 (0.0) 11 18 (0.5) 18 (0.2) 5
Phenytoin 108 (2) 551 (0.0) 20 48 (1) 76 (1) 3
Healthcare contacts, mean=SD/
Number of primary 14.9%+19.0 9.7+10.6 33 13.7+17.4 13.7+16.2 0
care physician visits
Number of internal 3.1+8.5 0.8+3.0 35 24+69 2.3+6.8 1
medicine visits
Number of nephrology visits 0.2*+1.3 0.1+0.8 10 0.2*1.1 0.2*+1.3 0
Number of neurology visits 3.8%5.7 0.2+0.9 88 2.8+4.2 2.5+3.8 8
Number of psychiatry visits 0.9+5.6 0.6+4.1 7 1.0+6.1 1.0+4.9 1
Number of hospitalizations 1.1*+1.6 0.4*1.0 49 09*1.4 09+1.4 1
Number of ED visits 2.2%3.1 0.8*1.9 54 1.9+2.8 1.9%+3.2 2
Healthcare usage®
Serum creatinine tests 3283 (66) 1,017,278 (72) 13 2617 (66) 5275 (66) 1
CT head 2362 (47) 143,204 (10) 90 1620 (41) 3315 (42) 2
MRI head 1781 (36) 50,669 (4) 89 1164 (29) 2185 (27) 5
Electroencephalography 1702 (34) 12,678 (0.9) 97 1113 (28) 2061 (26) 6
Chest x-ray 2413 (49) 445,900 (32) 35 1767 (44) 3579 (45) 1
Echocardiography 1044 (21) 240,986 (17) 10 770 (19) 1601 (20) 2
Epilepsy surgery 27(0.5) 29 (0.0) 10 13 (0.3) 12 (0.2) 4
Video EEG monitoring 365 (7) 1578 (0.1) 39 209 (5) 336 (4) 6
Urinalysis 1554 (31) 555,062 (39) 17 1263 (32) 2493 (31) 1
Levetiracetam prescriber
Primary care physician 1749 (35) — — 1435 (36) — —
Internal medicine 74 (2) — — 49 (1) — —
Neurology 2176 (44) — — 1754 (44) — —
Neurosurgery 19 (0.4) — — 11 (0.3) — —
Psychiatry 17 (0.3) — — 15 (0.4) — —
Other /missing 945 (19) — — 716 (18) — —
Laboratory data (in subpopulation)
=1 serum creatinine 619 202,714 509 (13) 1018 (13)
measurement
Mean serum creatinine 0.83+0.29 0.93%0.36 31 0.82+0.27 0.84+0.26 8
level, mg/dl*=SD
Median serum creatinine 0.77 (0.66-0.94) 0.86 (0.72-1.04) 0.77 (0.66-0.93) 0.79 (0.67-0.96)
level mg/dl (IQR)
Median eGFR, ml/min per 90 (73-105) 77 (61-89) 91 (74-108) 91 (75-105)
1.73 m? (IQR)
eGFR Category, ml/min per
1.73 m?
=60 528 of 619 (85) 153,348 of 202,714 (76) 1 442 of 509 (87) 884 of 1018 (87) 0
45-60 56 of 619 (9) 29,952 of 202,714 (15) 8 42 of 509 (8) 84 0of 1018 (8) 0
15-45 35 0f 619 (6) 18,907 of 202,714 (9) 6 25 of 509 (5) 50 of 1018 (5) 0
<15 0 of 619 (0) 507 of 202,714 (0.3) 0 0 of 509 (0) 0 of 1018 (0) 0
Random urine albumin
creatinine ratio, mg/g
<30 51 of 75 (68) 36,665 of 51,154 (72) 12 43 of 58 (74) 90 of 118 (76) 0
=30 24 of 75 (32) 14,489 of 51,154 (28) 8 15 of 58 (26) 28 of 118 (24) 0

ACG, Adjusted Clinical Group; TIA, transient ischemic attack; ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin II
receptor blocker; NSAID, nonsteroidal anti-inflammatory drug; ASA, acetylsalicylic acid; ER, emergency department; CT, computed
tomography; MRI, magnetic resonance imaging; EEG, electroencephalogram; —, not applicable; IQR, interquartile range.

“Data are presented as the number (percentage) of patients, unless otherwise reported.

PStandardized differences are less sensitive to sample size than traditional hypothesis tests are. They provide a measure of the difference
between groups with respect to the pooled SD; a standardized difference >10% was considered a meaningful difference between the
groups.

“Income was categorized into fifths of average neighborhood income on the index date.

dComorbid conditions in the 5 yr preceding the index date were considered.

*We used the ACG scoring system to score comorbidity. The ACG is a population/ patient case-mix adjustment system that provides a
relative measure of the individual’s expected consumption of health services. ICD-9/ICD-9-CM codes are categorized into 32 groups,
called Ambulatory Diagnostic Groups, on the basis of clinical similarity, chronicity, likelihood of requiring specialty care, and disability.
These groups are further reduced to 12 “Collapsed Ambulatory Diagnostic Groups.”

fCancers include lung /bronchi, colon/rectum, breast, pancreas, prostate, leukemia, non-Hodgkin lymphoma, liver, ovarian, and
esophageal.

8Coronary artery disease includes receipt of coronary artery bypass graft surgery, and percutaneous coronary intervention.
"Epilepsy /seizure codes are hospital diagnosis codes and do not capture those patients who do not present to hospital, which un-
derestimates the prevalence of the condition.

'Dispensed medications in the 120 d preceding the index date were considered.

JHealth care contacts in the year preceding the index date were considered.

“Health care use in the year preceding the index date was considered.
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Table 2. Outcomes assessed using database codes

No. Events (%)

Outcome Odds Ratio (95% CI) P Value
Levetiracetam Users (1=3980) Nonusers (n=7960)
30 d after prescription
AKT? 13 (0.33) 21 (0.26) 1.24 (0.62 to 2.47) 0.55
180 d after prescription®
AKT? 23 (1.15) 65 (1.63) 0.70 (0.43 to 1.13) 0.15
Rhabdomyolysis® 10 (0.50) 14 (0.35) 1.43 (0.64 to 3.22) 0.39
Nephrologist consultation 36 (1.80) 62 (1.55) 1.17 (0.77 to 1.77) 0.47
Acute dialysis® 0 (0.00) =5 (=0.06) — —
Acute interstitial nephritisb =5(=0.12) =5 (=0.06) — —
Kidney biopsy” =5 (=0.12) =5 (=0.06) — —

95% CI, 95% confidence interval; —, not applicable.

“The number of events (and the proportion of patients who experienced an event) for both outcomes were assessed using hospital
diagnosis codes. This underestimates the true event rate because these codes have high specificity but low sensitivity.

To comply with Institute for Clinical Evaluative Sciences privacy regulations to minimize the chance of identifying a study patient,
numbers of patients were suppressed in the case of 1-5 patients (reported as =5).

We matched 3980 (79.9%) of our original cohort of
levetiracetam users to 7960 levetiracetam nonusers. The
two groups were well balanced on >100 different charac-
teristics including patient demographics, comorbidities,
concurrent medication use (including antiepileptics),
health care contacts, and health care use. Standardized
differences were <10% across all characteristics measured
except for brain cancer and multiple sclerosis, which were
11% (Table 1). Among levetiracetam users, the median
(25th to 75th percentile) age was 55 (36-73) years, and
60.4% of levetiracetam users were aged =65 years. Con-
tinuous use was defined as consecutive prescription claims
within a period equivalent to 150% of the days supplied
for the previous prescription. The median (25th to
75th percentile) duration of continuous prescriptions for
levetiracetam users in follow-up was 287 (84-827) days.
Levetiracetam users who were successfully matched to
nonusers were less likely to have had a seizure in the prior
90 days compared with nonmatched levetiracetam users
(Supplemental Table 8).

Primary Outcome

Levetiracetam use compared with nonuse was not
significantly associated with a higher 30-day risk of
hospital encounter with AKI, with 13 (0.33%) events in
levetiracetam users versus 21 (0.26%) events in nonusers
(OR, 1.24; 95% CI, 0.62 to 2.47; P=0.55) (Table 2).

Secondary Outcomes

Levetiracetam use compared with nonuse was also not
significantly associated with a higher 180-day risk of hos-
pital encounter with AKI (Table 2). At 180 days there were
23 (1.15%) events in levetiracetam users and 65 (1.63%)
events in nonusers (OR, 0.70; 95% CI, 0.43 to 1.13; P=0.15).

Among the 23 patients with AKI in the levetiracetam
group followed for 180 days from the index date, none
were taking methotrexate or had a concurrent recorded
diagnosis of rhabdomyolysis. When the 3980 levetiracetam
users were followed for 180 days, no patients received
acute dialysis, =5 (=0.1%) had a hospital encounter with a

diagnosis of acute interstitial nephritis, and =5 (=0.1%)
received a kidney biopsy. After extending follow-up to 365
days, the number of acute interstitial nephritis diagnoses
remained =5 (=0.1%) in the levetiracetam users. The risk of a
hospital encounter with rhabdomyolysis (without the need
for a concurrent recorded diagnosis of AKI) was not signif-
icantly different in levetiracetam users compared with non-
users over a period of 180 days after the index date (10 [0.50%]
events in levetiracetam users and 14 [0.35%] events in nonusers
[OR, 1.43; 95% CI, 0.64 to 3.22; P=0.39]). Over this same period
there was also no significant difference between the two
groups in the likelihood of having a nephrology consultation
(36 [1.80%] events in levetiracetam users and 62 [1.55%] events
in nonusers [OR, 1.17; 95% CI, 0.77 to 1.77; P=0.47]).

Levetiracetam use compared with nonuse was not
significantly associated with a higher risk of AKI in the
subpopulation with serum creatinine values (Table 3). A
baseline creatinine value was available in 619 (15.5%)
patients in the levetiracetam group, of which 509 (82.2%)
were matched to levetiracetam nonusers who also had a
baseline creatinine value. Within this subset, standardized
differences were well balanced (Supplemental Table 9).
Median baseline creatinine was 0.77 mg/dl in levetirace-
tam users and 0.79 mg/dl in nonusers. The baseline
creatinine was measured a median (25th to 75th percentile)
of 179 (65-297) days before the index date. In this cohort, 67
of 509 levetiracetam users (13.2%) had a baseline eGFR<60
ml/min per 1.73 m”. At 30 days the OR for AKI on the basis
of laboratory measurements was 1.25 (95% CI, 0.41 to 3.82;
P=0.70). Similarly, at 180 days there were 19 (3.73%) AKI
events in levetiracetam users by serum creatinine mea-
surements and 27 (2.65%) events in nonusers (OR, 1.44; 95%
CI, 0.78 to 2.66; P=0.24).

There were 151 levetiracetam users and 275 nonusers
who had a baseline serum creatinine measurement and
at least one measurement within 180 days of follow-up.
The mean (£SD) rise in the concentration of serum
creatinine in the 180 days after the index date was
0.09£0.21 mg/dl in levetiracetam users and 0.10+0.31 in
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Table 3. AKI in subpopulation assessed using laboratory data

No. Events (%)

AKT* Odds Ratio (95% CI) P Value
Levetiracetam Users (1=509) Nonusers (n=1018)

30d =5 (=0.1)° 8 (0.79) 1.25 (0.41 to 3.82) 0.70

180d 19 (3.73) 27 (2.65) 1.44 (0.78 to 2.66) 0.24

95% CI, 95% confidence interval.

users and was randomly assigned in nonusers.

*AKI was assessed by the change from a baseline serum creatinine concentration to peak serum creatinine concentration measured
within the time period indicated after the index date. Peak serum creatinine concentration may have been measured in an outpatient
laboratory, emergency department, or hospital setting. Index date was defined as the date of prescription dispensing in levetiracetam

"To comply with Institute for Clinical Evaluative Sciences privacy regulations to minimize the chance of identifying a study patient,
numbers of patients were suppressed in the case of 1-5 patients (reported as =5). Accordingly, an odds ratio assuming five events in the
levetiracetam group is presented. This may overestimate the true rate.

nonusers with an absolute difference between the groups of
0.01 (95% CI, —0.06 to 0.05; P=0.86) (Figure 2).

Discussion

In this population-based cohort study we found no
significant association with new levetiracetam use and the
risk of AKI. This finding was consistent in our primary and
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secondary analyses. Our results suggest that those who
developed AKI were not at serious risk, because no
individuals in the levetiracetam group received acute
dialysis.

Our results are consistent with the findings from prior
randomized and open-label trials, which did not describe a
significant risk of AKI with levetiracetam (Supplemental
Table 1). Only a single case of kidney failure was noted in

Levetiracetam
- Follow-up

Levetiracetam
- Baseline

Nonusers -
Baseline

Nonusers -
Follow-up

Levetiracetam (n=151)

Nonusers (n=275)

Difference (Levetiracetam - Nonusers)

Mean +SD? | Percentage +SD® | Mean +SD? | Percentage +SD® | Mean (95% Cl) | Percentage (95% CI)
Change in
Creatinine | 0.09 = 0.21 13.5% + 29.53% 0.10 £ 0.31 11.1% + 37.77% | 0.01 (-0.06, 0.05) 0.0% (-7.0%, 6.9%)
mg/dL

Figure 2. | Changes in serum creatinine level within 180 days of levetiracetam use. No significant differences were observed between baseline
and follow-up serum creatinine levels in both levetiracetam users and non-users. ®“Change in serum creatinine was defined as the peak serum
creatinine concentration in the 180 days after the index date minus the baseline serum creatinine concentration. Peak serum creatinine
concentration may have been measured in an outpatient laboratory, emergency department, or hospital setting. "Percentage change defined as:
([peak serum creatinine concentration in the 180 days after the index date]—[baseline serum creatinine concentration])/baseline serum

creatinine concentrationX100. 95% Cl, 95% confidence interval.
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the largest postmarketing open-label trial, which included
1541 patients on levetiracetam (31).

On the basis of case reports, interstitial nephritis, rhab-
domyolysis, and interaction with methotrexate have been
proposed as potential mechanisms of levetiracetam-
associated AKI. Given the findings of our population-
based study, we evaluated the quality of the case reports
associating levetiracetam use with AKI (Supplemental
Table 10) (32). On the basis of the Naranjo algorithm, which
we used to determine the likelihood that an adverse reaction
was secondary to levetiracetam, all case reports fell in the
category of “probable adverse drug reaction” (33).

Two of the four case reports attributing acute interstitial
nephritis to levetiracetam use had biopsy confirmation
(9,10), whereas another case attributed hypokalemia and
hypomagnesemia to an acquired kidney tubular disorder
secondary to levetiracetam use (34). The product mono-
graph for levetiracetam lists nephritis as a possible man-
ifestation associated with Drug Reaction with Eosinophilia
and Systemic Symptoms. In our study levetiracetam use
was not associated with a higher risk of acute interstitial
nephritis when patients were followed for 365 days.

Rhabdomyolysis is a known cause of AKI (35). In our
study, the incidence of rhabdomyolysis was not signifi-
cantly different in levetiracetam users compared with
nonusers. None of the levetiracetam users who developed
AKI had evidence of rhabdomyolysis. Rhabdomyolysis
with levetiracetam use has been documented in nine case
reports in the literature (Supplemental Table 11), within 2
weeks of drug initiation, and with a higher prevalence
reported in Japanese patients (7,13,36-42). Although pro-
longed seizures can independently cause rhabdomyolysis,
two case reports of AKI have been attributed to rhabdo-
myolysis secondary to levetiracetam use (7,13).

High-dose methotrexate is known to cause AKI either
through crystal deposition or direct kidney tubular injury.
Health Canada issued a warning in October of 2016
regarding a possible drug interaction between methotrex-
ate and levetiracetam that could result in acute kidney
failure (43). Methotrexate is excreted through the kidneys,
and a case of delayed methotrexate elimination with
coadministration with levetiracetam resulting in kidney
failure has been reported (44). A subsequent retrospective
study in 81 patients by the same group did not support this
interaction (45). None of the levetiracetam users who
developed AKI in our study were using methotrexate.

Our study has several strengths. This is the first large
observational study to investigate the association between
levetiracetam use and AKI. It included 3980 levetiracetam
users, which is 13-times larger than the number of patients
taking levetiracetam in the largest randomized trial (46).
Furthermore, we included patients excluded from prior
studies such as those with CKD. We acknowledge that our
study has limitations. A small number of events meant
some estimates were imprecise, with inadequate statistical
power to detect a small difference in risk. We did not have
data on medications used in hospital and did not study
levetiracetam use initiated in hospital. In our region
levetiracetam is most often used adjunctively and we did
not conduct a study of patients with new onset epilepsy
who initiated levetiracetam as their first antiepileptic
treatment. In addition, a dose-dependent effect was not

evaluated. Only a limited number of patients had baseline
and follow-up laboratory measurements available for
analysis, reducing our precision to detect differences in
risk for milder AKI. Follow-up laboratory measurements
were assessed retrospectively in routine care rather than
by a standardized protocol. Despite this, the lack of any
appreciable AKI risk with levetiracetam was consistent in
all of the analyses performed.

In conclusion, the findings from our population-based
study do not support an association between levetiracetam
use and risk of AKIL Currently, the risk of AKI is labeled in
Canadian and American levetiracetam product monographs
as a postmarketing adverse event. Popular prescribing refer-
ences such as Lexicomp list kidney failure as an adverse event
<1% of the time. Although this study found no association
between new levetiracetam use and AKI, there was inade-
quate statistical power to detect a rare idiosyncratic event. At
this time, for patients presenting with serious AKI while
taking levetiracetam, all other causes should be excluded
before carefully considering levetiracetam as a potential cause.
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