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Abstract

Objective—Prior research indicates off-label use is common in the intensive care unit (ICU);
however the safety of off-label use has not been assessed. The study objective was to determine
the incidence of adverse drug reactions (ADRs) associated with off-label use and evaluate off-label
use as a risk factor for the development of ADRs in an adult ICU population.

Setting—Medical ICUs at three academic medical centers
Patients—Adult patients (age = 18 years old) receiving medication therapy

Interventions—All administered medications were evaluated for Food and Drug Administration
(FDA) approved or off-label use. Patients were assessed daily for the development of an ADR
through active surveillance. Three ADR assessment instruments were used to determine the
probability of an ADR resulting from drug therapy. Severity and harm of the ADR were also
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assessed. Cox proportional hazard regression was used to identify a set of covariates that
influenced the rate of ADRs.

Measurements and Main Results—Overall, 1654 patient days (327 patients) and 16,391
medications were evaluated, with 43% of medications being used off-label. One hundred and
sixteen ADRs were categorized dichotomously (FDA or off-label), with 56% and 44% being
associated with FDA approved and off-label use, respectively. The number of ADRs for
medications administered and number of harmful and severe ADRs did not differ for medications
used for FDA approved or off-label use (0.74% vs 0.67%, p = 0.336; 33 vs. 31 events, p=0.567; 24
vs. 24 events, p = 0.276). Age, sex, number of high-risk medications, number of off-label
medications, and severity of illness score were included in the Cox proportional hazard regression.
It was found that the rate of ADRs increases by 8% for every one additional off-label medication
(HR =1.08; 95 % CI: 1.018-1.154).

Conclusion—While ADRs do not occur more frequently with off-label use, ADR risk increases

with each additional off-label medication used.
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Introduction

The off-label use of medications poses several clinical, safety, ethical, and legal issues. Off-
label prescribing refers to the use of medications in a manner different from the structured
product label.> Pharmaceutical manufacturers must demonstrate the safety and efficacy of a
medication for indications listed in a proposed package labeling before obtaining approval
for sale from the Food and Drug Administration (FDA).2 However, the FDA does not
regulate medical practice or how these medications are prescribed following approval 34
Physicians are allowed to prescribe FDA-approved medications for indications, doses, routes
of administration, and patient populations (e.g, pediatrics, pregnant women, etc.) beyond
manufacturer recommendations provided in the package insert.3 Off-label use may be
warranted based upon published clinical evidence supporting its use or in clinical scenarios
lacking robust data where the theoretical benefit outweighs the potential risks.
Unfortunately, federal regulating agencies do not provide guidance for appropriate off-label
prescribing practices and this has created patient safety concerns.®

Off-label prescribing is common in several patient populations. About 21% of medications
prescribed in an outpatient setting were used for non-FDA-approved indications with the
vast majority (73%) having little or no evidence supporting their use.® Several published
reports have found the off-label rate of medication use in neonatal and pediatric patient
populations in the ICU or emergency department to range from 26% to 59%.~° The
incidence of off-label use for the five most commonly prescribed chemotherapeutic agents
has been reported to exceed 50%.10 Furthermore, off-label prescribing patterns are common
in adult critically ill patients.11
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The intensive care unit (ICU) population is of particular interest for medication safety
concerns due to the severity of illness and the numerous medications that patients
receive.12-14 Up to 36% of medications ordered in the ICU are used off-label 111
Gastrointestinal, antibiotic, antiepileptic, and immunologic agents are the most common
therapeutic drug classes administered in the ICU that are not supported by information
provided in the product label.1? More concerning is the high incidence of off-label drug use
that has minimal or no published evidence supporting the unapproved use. The rates of off-
label drug use in the critically ill population with a low level of evidence and weak
recommendation for use is 48.3% and 43.5%, respectively.1! The lack of evidence
supporting off-label prescribing practices raises significant concerns about patient safety and
the additional risk of adverse drug reactions (ADR).14

Nevertheless, the association between off-label use of medications and the risk of ADRs in
adult ICUs has not been evaluated. Due to the high frequency of off-label medication use in
an ICU setting, it is important to examine the impact this practice has on patient safety
outcomes.!! The purpose of this study was to determine the incidence of ADRs associated
with off-label drug use and to evaluate off-label drug use as a risk factor for the development
of ADRs in an adult ICU patient population.

Materials and Methods

This investigation was a prospective evaluation of all patients admitted to the medical
intensive care unit (MICU) at three academic medical centers: University of Pittsburgh
Medical Center Presbyterian Hospital, Pittsburgh, PA, Banner Good Samaritan Medical
Center, Phoenix, AZ, and the University of Chicago Medical Center, Chicago, IL. The
MICU at Presbyterian Hospital is a 24-bed unit, divided into two medical services, with each
service consisting of twelve beds and a clinical pharmacist participates in daily work rounds
on all beds. One medical service (12 beds) was included from UPMC Presbyterian hospital.
Banner Good Samaritan Hospital is a 32-bed MICU where a clinical pharmacist participates
in daily work rounds on 16-beds. These 16-beds were included in this study. Partial units
were selected because these patients were in the care of the investigators (PS, MB). The
University of Chicago is a 16-bed MICU with a usual census of approximately 20 patients
on the MICU service that accounts for overflow in other units. The clinical pharmacist cares
for all patients on the service. Institutional Review Board approval was obtained at each
study site prior to initiation of this study.

Off-label Drug Use Evaluation

This evaluation occurred over a three-month time period at each institution. Adult patients
(age = 18 years old) receiving medication therapy on the MICU service where a clinical
pharmacist was present were included in the study. Upon admission of the patient to the
MICU, and each subsequent weekday morning (Monday through Friday) throughout the
subject’s entire ICU stay, any new medications prescribed in the previous 24 hours were
evaluated. The new medications that were added to the medication profile over the weekend
were included in Monday’s analysis. All medications that were administered, regardless of
the route, including scheduled and “as needed” medications, were included and assessed.
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Medication-specific information collected included: dose, duration, route of administration,
frequency, indication, as well as the location of origin for when the medication was started
(before hospital admission, before admission to the ICU, after admission to the ICU). If
details regarding the medication order were not easily available, such as the indication for
use, the site investigator questioned and confirmed the medication-related information with
the prescriber and this information was recorded. All inpatient medications were then
evaluated to determine if they were being utilized for FDA-approved or off-label use.18 All
of the off-label medications were subsequently classified into one of the following categories
based upon why the medication was considered to be off-label: 1) patient population; 2)
indication of use; 3) dose; 4) route of administration.8 Medications were also assessed to
determine if they were considered to be a high alert medication as described by the Institute
for Safe Medication Practice (ISMP).16 The strength of evidence supporting each off-label
indication was evaluated through the use of a nationally recognized drug information
database, DRUGDEX (DRUGDEX, MICROMEDEX Healthcare Series, Thomson Reuter,
Greenwood,CO) .17 We dichotomized the DRUGDEX strength of evidence categories and
defined DRUGDEX categories “A” or “B” as “high evidence” and DRUGDEX strength of
evidence categories “C” or “none” as “low evidence”. Patient age, sex, and ICU length of
stay were also collected. Severity of illness was determined by calculating the Acute
Physiology Assessment and Chronic Health Assessment Evaluation 11 (APACHE I1) and
Sequential Organ Failure Assessment (SOFA) score.18: 19Figure 1 displays the steps taken to
evaluate the medications.

Adverse drug reaction Evaluation

All patients were evaluated daily for the development of an ADR by the clinical pharmacist
through communication during patient care rounds and chart review. To minimize variability
in assessment, only one clinical pharmacist at each site evaluated medications for the
development of an ADR. An ADR was defined as “an undesirable clinical manifestation that
is consequent to and caused by the administration of a particular drug”.2% The clinical
pharmacist assessing the suspected ADR was not part of the evaluation of the off-label or
FDA-approved use status of the medications and therefore was blinded to those determinants
outside of their personal knowledge. When the clinical pharmacist identified a suspected
ADR, the ADR was assessed using three objective, previously published ADR assessment
determination instruments.29-22 These tools have been utilized to determine whether the
signs, symptoms, or laboratory abnormalities are the result of drug-induced injury or from
non-drug-related causes. These three tools contain assessment categories such as previous
documentation of a reaction in the literature, alternative causes of the reaction, timing of the
reaction, availability of objective evidence, symptom resolution following discontinuation of
suspected drug, and similar reaction after rechallenged with suspected medication.29-22 An
event was considered to be an ADR when two of the three instruments had an agreement of
possible, probable or definite. Possible is a commonly used categorization for a suspected
ADR occurred and the 2 out of 3 agreement method has been used previously to increase the
rigor of the ADR evaluation.24-26 The severity of the ADR was then classified based upon
the National Cancer Institute’s Common Terminology Criteria for Adverse Events
(CTCAE).2” The ADR was graded on a scale of 1 to 5 with death as a result of the ADR
represented as a level 5.27 For this investigation, a Grade of 1-2 was considered “mild/
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moderate”, whereas a Grade of 3-5 was considered “severe/life threatening”. A modified
version of the MEDMARX® form was used as an assessment of harm to the patient as a
result of the ADR.28 Categories A through | were included in the evaluation. Category A
events were defined as those that had the capacity to cause patient harm (least severe), while
Category | events represented events that were the most severe and contributed to or resulted
in a patient’s death.28 For this investigation, we defined MEDMARX categories A-D as “no
harm” and categories E-1 as “harm” which is consistent with the National Coordinating
Council for Medication Error Reporting and Prevention interpretation.2930 Events
associated with harm from drugs are considered adverse drug events (ADEs).2%

The type of reaction, its level of severity, and related harm were recorded. After the ADR
was identified, assessed, and recorded, the medication suspected of causing the ADR was
then mapped to the FDA-approved or off-label use data. Based upon the clinical
pharmacist’s patient care responsibilities, when an ADR was identified, the ADR was
reported to the attending physician caring for the patient and submitted to the institution’s
ADR reporting system. Figure 2 displays the steps taken to evaluate the ADRs.

Guideline Comparison

A review of published guidelines was conducted to further clarify the data supporting off-
label drug use. A post-hoc assessment of the 25 most common non-FDA-approved
indications identified in this study was conducted to determine if the non-FDA-approved
indication was supported by recommendations in published guidelines. The term “guideline”
plus drug class and the indication was searched for the past 10 years in Medline using
Pubmed. A second strategy was also employed that consisted of a search for guidelines for
each of the top 25 non-indicated uses in guidelines.gov.

Risk Factor Evaluation

Based upon the literature, risk factors for the development of an ADR are numerous, and
specific risk factors have been identified to contribute to the risk of ADRs in critically ill
patients.13 These include patient and drug-related risk factors.13 Specific risk factors, such as
patient age, severity of illness, total medications received, total number of high alert
medications received, as well as the number of off-label medications received, were
evaluated.

Statistical Analysis

Descriptive statistics and student t-test, chi-square, and Mann-Whitney-U tests were used to
summarize and compare the patient population that developed one or more ADRs to patients
that did not develop an ADR. Chi-square was used to compare the ADRs resulting from
medications with high or low levels of evidence as well as the number of harmful and severe
ADRs resulting from FDA-approved or off-label medications. The ADRs that occurred were
classified and analyzed according to their assignment in the off-label or FDA approved use
category and the categories for severity and harm. Only ADRs attributed to one causal
medication that could be dichotomized to either FDA approved use or off-label use were
considered. A p-value of < 0.05 was considered to be statistically significant. For patients
that developed an ADR, only medications received before the ADR were included in the
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analysis, as medication received after would not impact the ADR that already occurred. For
patients that did not develop an ADR, all medications were included as an ADR could have
occurred with even the last medication received prior to the patient leaving the MICU.

To evaluate the strength of the linear association between the number of medications
received and the number of ADRs a Spearman correlation was used. To assess the linear
association between the day of ADR occurrence in the total patient’s length of stay and the
total length of stay, a Pearson correlation was used.

A Cox proportional hazard regression was used to test the relationship between the drug
status (off-label vs. FDA-approved) and the ADR outcome. We hypothesized that patients
that received more off-label medications had a greater risk of developing an ADR. The
method of variable selection used was the Forward stepwise likelihood ratio criterion. The
variables initially included were age, sex, length of stay, SOFA score, number of
medications before the ADR, number of high-risk medications before the ADR, and the
number of off-label medications before the ADR. In addition, interactions were created
between SEX and LOS, SOFA, # of meds before ADR, # HIGH risk meds before ADR, # of
off-label meds before ADR. The APACHE I score was not included due to multicollinearity
with SOFA score.

We also built two additional models. One model tested if a low level of evidence for an off-
label indication was a risk factor for the development of an ADR. A second model tested if
the different type of off-label use (patient population, indication, dose, route of
administration) was a risk factor for the development of an ADR. Forward stepwise
likelihood ratio criterion, which is more robust than forward conditional and forward Walds
methods, was used for both models.3! In addition to main effects, interaction effects of sex
with other predictors were entered into the models. The variables included initially were age,
sex, SOFA score, high-risk medication status, and the level of evidence (high/low) for the
first model, and age, sex, SOFA score, high-risk medication status, and the type of off-label
use for the second model. Statistical analyses were completed using STATA software,
version 12, College Station, Texas.

A total of 1654 patient days (327 patients) and 16,391 medications were evaluated.
Demographics of all patients are displayed in Table 1. Of the medications prescribed, 7056
(43.0%) were considered to be off-label. Upon evaluation of the categories of off-label use,
5756 (81.6%) was attributed to a non-indicated use and 895 (12.7 %) was attributed to a
non-indicated dose (Table 2). Of the medications used for an off-label indication, 51.7 %
(2976 /5756) had a low strength of evidence.

There were 126 ADRs identified, resulting in 76.2 ADRs per 1000 patient days. One
hundred and sixteen ADRs resulting from either approved use or an off-label use, were
included in further analysis as they were attributed to one causal medication that could be
dichotomized to either FDA approved use or off-label use. Of these 116 ADRs,
corticosteroids and opioids were the most commonly implicated classes of medications.
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Corticosteroids and opioids accounted for 12% and 11.2% of the ADRSs, respectively (Table
3). Upon review of the types of ADRs, hypotension was the most frequently occurring
outcome (12.2%) followed by delirium (11.2%). Table 4 displays the types of ADRs that
were identified and the frequency of occurrence. Upon comparison of patients that
developed an ADR to those that did not, patients that developed an ADR had a higher mean
APACHE Il score (p = 0.004) and mean SOFA score (p < 0.001). Patients that developed an
ADR had a longer median ICU length of stay (p<0.001), a higher mean number of total
medications (p < 0.001) and more high alert medications received (p<0.001), as well as a
higher median number of the total number of off-label medications received (p<0.001). In
patients that developed an ADR, the number of medications, number of high alert
medications, and number of off-label medications that were received prior to the ADR were
also identified and displayed in Table 1. There was a statistically significant difference
between the number of medications (p = 0.008), number of high alert medications
(p<0.001), and number of off-label medications (p <0.001) that were received prior to the
ADR to the total number of medications that patient received that did not develop an ADR
(Table 1).

Of the 116 ADRs that could be categorized dichotomously, 56 % (65/116) of the ADRs were
associated with FDA-approved use, whereas 44 % (51/116) of the ADRs were associated
with off-label use. The frequency of ADRs, normalized for the number of medications in
each group, did not differ irrespective of the medication’s off-label or FDA-approved use (p
= 0.336) as displayed in Table 5. For the ADRs that were dichotomized, overall, there were
70.1 ADRs per 1000 patient-days, with 39 ADRs per 1000 patient days that were due to an
FDA-approved use and 30.8 ADRs per 1000 patient days that were due to an off-label
medication. There were 45 ADRs that resulted from off-label medications that were due to
non-indicated use. Of these ADRs, 25 were attributed to medications with a low strength of
evidence, and 20 ADRs being attributed to a medication with a high strength of evidence (p
=0.33).

The resultant harm and severity of the ADR caused by FDA-approved or off-label use was
also assessed. Harmful ADRs, defined as MEDMARX categories E-1, were identified and
compared and 64 ADRs were considered to result in patient harm (Table 5). The number of
harmful ADRs did not differ for medications used for FDA-approved or off-label use (33 vs.
31 events, respectively; p = 0.567). Severe ADRs, defined as a CTCAE severity rating of 3—
5 (severe/life threatening), were identified and compared and 48 ADRs were considered to
result in a severe outcome (Table 5). The number of severe ADRs did not differ for
medications used for FDA-approved or off-label use (24 vs. 24; p = 0.276). It was also found
that there was a moderate linear association between the number of medications received
and the number of ADRs (r = 0.408; p < 0.001) and that there was a strong strength linear
association between the day of ADR occurrence in the total patient’s length of stay and the
total length of stay (r = 0.754; p < 0.001).

For the Cox proportional hazard regression, four variables (length of stay, number of
medications received before the ADR, number of high-risk medications received, number of
off-label medications received), were selected at the final step and were included in the final
model. All four variables were significant (Table 6). For the primary variable of interest,

Crit Care Med. Author manuscript; available in PMC 2016 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Smithburger et al.

Page 8

number of off-label medications received, it was found that the rate of all ADRs increases by
8% for every one additional off-label medication received (Hazard Ratio = 1.08; 95 % ClI:
1.018 — 1.154).

The number of high-risk medications was the only variable included in the final model used
to test the risk of developing an ADR with consideration to the level evidence supporting the
off-label drug use. Medications with a low strength of evidence did not significantly predict
the occurrence of an ADR as compared to medications with a high strength of evidence.
However, the odds of developing an ADR was 2.76 times higher with each additional high-
risk medication received (OR 2.763; 95% CI: 1.531-4.987).

The results for the second model that was tested to determine if the different type of off-
label use (patient population, indication, dose, route of administration) was a risk factor for
the development of an ADR, produced similar findings. The different type of off-label use
(patient population, indication, dose, route of administration) was not a predictor for the
development of an ADR, as the number of high-risk medications was the only variable
selected in the final model. (Odds Ratio (OR) = 2.749; 95% CI: 1.523-4.962) .

Lastly, 97 medications were considered in the 25 most common, off-label, non-indicated
uses evaluation. Of these 97 medications, 57 medications (58.8 %) were highlighted as
possible therapeutic options in at least one guideline. The drug class, non-indicated use, and
guideline are displayed in Supplemental Digital Content - Table 7.32-50

Discussion

This is the first multicenter investigation in the ICU to assess the impact of off-label
medication use on the frequency, severity, and harm of ADRs. Upon evaluation of the
medication use in our population, we found an incidence of off-label use to be 48 % of the
medications prescribed. Our rate is higher than the 36% of off-label use that was identified
in a recent ICU snapshot evaluation.1! The difference could be explained by the different
study designs between the evaluations. The incidence of off-label use has also been
described in the hospitalized pediatric and neonatal population and ranges from 26% to 59%
in the ICU and emergency department settings.”~® The high incidence of off-label use in the
pediatric population was primarily due to the fact that many medications do not receive
regulatory approval in the pediatric population.5”:58 Also, the lack of clinical trial data
supporting the drug’s indication and doses higher than recommended in package inserts
were other common reasons contributing to high off-label use in pediatrics.57:58

The ordering of an off-label medication does not necessarily imply a lack of evidence to
support its use. However, there is also a dearth of supporting evidence for use of many off-
label uses.1! The lack of regulation and evidence suggest a medication safety concern.
Therefore, our investigation aimed to evaluate the incidence and association of ADRs with
off-label medication use in the ICU.

We specifically aimed to evaluate the difference in frequency, severity, and harm of the
ADRs caused by medications being used for off-label use as compared to their FDA-
approved indication. Our results indicate there is no difference between the frequency,
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severity, or harm of the ADRs between medications used for FDA-approved or off-label use.
The evaluation of ADRs associated with off-label use was also conducted in a pediatric
emergency department.8 This investigation found a rate of ADRs to be 0.6% (40/6675) with
12.5 % of those ADRs resulting from an off-label medication, which is lower than what we
observed in our investigation.8 They concluded that the frequency of ADRs from off-label
medications was less frequent than ADRs that resulted from FDA-approved use.8 This
investigation has several significant differences as compared to our study. First of all,
pediatric emergency department patients are very different than an adult ICU population.
Besides age of the patient, the adult ICU patient’s length of stay is considerably longer than
the short period of time a patient spends in the emergency department. This would allow for
increased numbers of medications to be given and for changes in organ function to occur,
which results in fluctuations in drug metabolism and elimination.>® Also, the method of
ADR detection differed. We used an active surveillance method by having a clinical
pharmacist concurrently evaluate patients for ADRs and conduct medical chart reviews,
whereas the study conducted by Phan and colleagues retrospectively reviewed the medical
chart to identify the ADRs. This may explain the increase in the frequency of ADRs we
identified as compared to the study by Phan and colleagues.8: 80 Furthermore, Phan et al, did
not assess severity or harm to the patient, which is an important aspect of our investigation.8

Overall, we found 70.1 ADRs per 1000 patient days for all medication use in this
multicenter study. This rate was similar to a previously published report, which observed
86.5 total ADRs per 1000 patient days in a MICU at a single center.51 Previous
investigations have identified rates of ADRs ranging between 13.8 to 116.8 events per 1000
patient days in the 1CU.13. 61-64 The wide variability in the incidence of ADRs could be
explained by the mode of detection. Voluntary reporting of ADRs underestimates the actual
adverse event rate and has been shown to be an unreliable method of detection.®® However,
the use of multiple modes and active surveillance strategies improve the detection of ADRSs,
which was utilized in our investigation.®®

The five most common classes of medications implicated in the development of an ADR in
our study, corticosteroids, opioids, sedatives, anti-infectives, and anticoagulants, also
mirrored those identified in previous investigations.362 We also found a strong correlation
between the day of ADR occurrence in the total patient’s length of stay and the total length
of stay and a moderate correlation between the number of total medications received and the
number of ADRs a patient develop. These results are consistent with known patient- and
medication-related risk factors associated with the development of ADRs.13.14 Additional
investigations need to be conducted to further explore this relationship.

We found that the number of off-label medications received increased the rate of all ADRs
by 8% for every one additional off-label medication, but off-label use does not appear to
result in ADRSs that are of higher severity or harm. A focus on the safe use and monitoring of
high alert medications is paramount in the prevention of ADRs. The use of daily patient care
rounds as a time to enhance communication between patient care providers is also key in the
prevention of ADRs.1# The inclusion of a pharmacist as a member of the care team is
another strategy to aid in the prevention of ADRs. A clinical pharmacist’s presence on daily
patient care rounds has been shown to decrease the incidence of ADRs and their associated
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costs.56 The rates of ADRs have also been shown to be higher in units with high
patient:nurse ratio as well as greater nursing workloads.12 Therefore, Adequately staffing
ICUs to ensure optimal patient:nurse ratios is another important aspect of patient safety and
the prevention of ADRs. The implementation and utilization of a computerized physician
order entry process and clinical decision support software is another powerful tool in
reducing errors and ADRs and should be considered when possible.53

The results of this investigation do not only add to the repertoire of tools clinicians possess
to improve patient safety in the ICU, but is may assist pharmacy and therapeutics
committees during their formulary decisions. Clinicians should be aware as the number of
off-label medications used increase, the rates of ADRs increase. Clinicians also need to be
aware of the strength of evidence supporting the off-label use of medications in their patient
population. Pharmacy and therapeutics committees should also be concerned about the
strength of evidence surrounding off-label use when making formulary and guideline
decisions. In our investigation, we identified that the majority of medications involved with
the top 25 of-label indications were mentioned in guidelines as possible therapeutic options
which may have been a driving factor of why the level of evidence was not identified as a
predictor of an ADR. When specifically evaluating a medication to be added to a hospital
formulary, a similar investigation should be conducted.

Our study provides valuable information in regards to the role of off-label medication use
and the development, severity, and harm of ADRs. However, several limitations should be
noted. First of all, these results may not be generalizable to community or rural hospital
settings; institutions without a clinical pharmacist’s presence on daily ICU patient care
rounds; non-adult ICU populations; or facilities without patient safety technology. This
study was conducted at three academic medical centers with a dedicated clinical pharmacist
in each MICU and computerized physician order entry as well as clinical decision support
software. These resources may affect the prevention, identification, and reporting of ADRs.
A second limitation is the inclusion and analysis of only ADRs that could be dichotomized
into off-label or FDA-approved use categories. While ten ADRs were not included in the
analysis, the authors chose this method of analysis to achieve the primary objective of the
study, to determine the incidence of ADRs associated with off-label drug use and evaluate
off-label drug use as a risk factor for the development of ADRs in an adult ICU patient
population. The inclusion of ADRs with two or more potentially causal medications,
representing both the off-label and FD- approved category, would prevent dichotomization
of the outcome. Another limitation, the clinical pharmacists performing the ADR
assessments were blinded to the results of the FDA-approved and off-label uses. This was
completed to prevent assessment bias. Even while blinded, the clinical pharmacists they may
have known some of the approved indications due to experience. However, since off-label
use occurs frequently it is highly possible that this was not the case. In addition, a
combination of prospective ADR identification and chart review was utilized to as a more
inclusive approach to identify ADRs.85 Our ADR rate is consistent with the literature,
however, there is always the possibility that the detection of a few ADRs did not occur or
that the experience of the clinical pharmacist impacted the identification of ADRs. A final
limitation is that an assessment of medication errors was not conducted with the ADRs,
therefore, the dichotomization of preventable vs. non-preventable adverse reactions could
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not be conducted. It should also be noted that identifying ADRs in the midst of critical
illness related events may be difficult. However, through the use of validated causality
assessment tools, the identification of ADRs and the causal medication is made more
objective. Lastly, a post-hoc assessment of off-label use and discussion in guidelines was
only conducted for non-indicated use and not dose, population, or route of administration as
this type of detail is atypical in most guidelines.

Conclusion

Off-label use of medications frequently occurs in the ICU. While the incidence of ADRs
does not differ between medications used for FDA-approved versus off-label uses, clinicians
should be aware that the risk of developing an ADR increases with the increasing number of
off-label medications received, irrespective of the level of evidence to support the use of the
off-label medication. The prevention of ADRs is important to patient safety and should be at
the forefront of safe medication practices.
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Figure 1.

Medication assessment. FDA = Food and Drug Administration, MICU = medical ICU.
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Figure 2.
Evaluation of adverse drug reactions (ADRs). ADEs = adverse drug events, CTCAE =

Common Terminology Criteria for Adverse Events, FDA = Food and Drug Administration.
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Comparison of Patient Characteristics Between Those With and Without an Adverse Drug Reaction

table 1

p (Between No ADR

Characteristic Total (n=327) No ADR (n=237) ADR (n=90) and ADR)
Patient age, median (IQR)? 60 (48-70) 60 (47-70) 61 (50-73) 0.687
Patient sex, % male 51.07 48.94 56.66 0.212
Acute Physiology and Chronic Health 19.3+7.6 18.6 £7.7 21172 0.004
Evaluation score, mean + SD

Sequential Organ Failure Assessment 6.3+0.2 5.6+0.2 8+0.5 <0.001
score, mean + SD

Patient ICU length of stay, median (IQR)? 3(2-7) 324 6 (4-11) <0.001
No. of medications received before ADR, 13(9-18) 13 (8—18)17 14.5 (11 -22) 0.008
median (IQR)4

No. of high-alert medications received 4 (2-6) 4 (Z—G)b 4(3-7) <0.001
before ADR, median (IQR)4

No. of off-label medications before ADR, 5(3-8) 5 (3_7)17 6 (4-9) 0.031
median (IQR)?

No. of Food and Drug Administration- 8(5-11) 8 (5_11)17 9 (5-11) 0.028

approved medications before ADR,
median (IQR)4

ADR = adverse drug reaction. IQR = interquartile range.

a .
Mann-Whitney U'test.

Page 17

For patients that did not experience an ADR, the “number of medications received before ADR,” the “number of high-alert medications received
before ADR,” the “number of off label medications before ADR,” and the “number of Food and Drug Administration-approved medications before

ADR?” are the total medications received.
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Medications, Off-Label Use, and Adverse Drug Reaction: By Site

TABLE 2

Description Total Sitel Site2 Site3
No. of medications evaluated 16,391 8,821 4,386 3,184
Patient days 1,654 931 367 356
Medications off-label 7,056 3,846 1,791 1,419
Nonindicated population 159 0 4 14
Nonindicated use 5,756 3,182 1540 1,119
Nonindicated dose 895 544 187 220
Nonindicated route 246 120 60 66
Total ADRs 126 49 58 19
ADRSs with one drug culprit 116 47 50 19
Off-label 51 16 24 18
Off-label due to indication 45 12 17 16

ADR = adverse drug reaction.
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Description of Adverse Drug Reactions

Description Number (%)
(n=116)
Hypotension 14(12.07)
Delirium 13(11.21)
Tachycardia 12(10.34)
Hyperglycemia 10(8.62)
Other (e.g., tremor, ototoxicity, and 11 (9.46)
seizure)
Bleeding 8 (690)
Thrombocytopenia 7 (6.03)
Constipation 5(5.17)
Elevated triglycerides 6(5.17)
Hypoglycemia 5(431)
Electrolyte abnormalities (e,g, 5(431)
hyperkalemia and hypokalemia)
Acute kidney injury 4 (3.45)
Diarrhea 4 (3.45)
Impaired oxygenation/shortness 4 (3.45)
of breath
Rash 4 (3.45)
Nausea 3(257)

table 4

Page 20

Adverse drug reaction Definitions/Descriptions: hypotension = blood pressure < 90/60mm Hg; delirium = per standardized scale or physician
judgment; tachycardia = heart rata > 100 beats/min; hyperpylcemia = blood sugar > 1 80; bleeding = loss of blood or visible signs of bleeding;
constipation = < bowel movements in 1 week; elevated triglycerides = triglycerides > 200; hypoglycemia = blood sugar < 70 mg/dL; electrolyte
abnormalities = electrolyte readmg outside of the normal range; acute kidney injury = an increase in the serum creatinine by two-fold or a decrease

in the glomerular filtration rate 50%, a urine output of < 0.5 mL/kg/hr for 12 hr; diarrhea = three or more watery stools per day; impaired

oxygenation/shortness of breath = increase in oxygen requirements, mechanical ventilation support, or patient subjective complaint; rash = a skin

eruption that may be accompanied by itching; nausea = a sensation often associated, but not limited to vomiting.
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table 5

Page 21

Adverse Drug Reaction Rate, Severity, and Harm: By Food and Drug Administration-Approved or Off-Label

Status
Description n FDA-Approved Use  Off-Label Use p(Between FDA-Ap
proved and Off-Label Use)
No. of ADRs attributed to one 116 63 53 0.336
drug
Harmful ADRs (MEDMARX 64 33 31 0.576
categories E-I)
Severe ADRs (Common 48 24 24 0.276

Terminology Criteria for
Adverse Events severity
rating 3-5)

FDA = Food and Drug Administration. ADR = adverse drug reaction.
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table 6

Cox Proportional Hazard Regression of Potential Relationships Between Drug Status and Adverse Drug
Reactions

Hazard Ratio

Covariate (95% ClI) p
Length of stay 0.911 (0.856-0.969) 0003
No. of medications 0.897 (0.862-0.934) < 0.001
before ADR

No, of high-alert 1.259(1.127-1.407) < 0.001
medications received

before ADR

No. of off-label 1.084(1.018-1.154) 0.012
medications before

ADR

ADR = adverse drug reaction.
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