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Abstract

Background—The epidemiology of hospital adverse reactions, particularly allergic reactions, or
hypersensitivity reactions (HSRs), is poorly defined. To determine priorities for allergy safety in
healthcare, we identified and described safety reports of allergic reactions.

Methods—We searched the safety report database of a large academic medical center (AMC)
from April 2006 through March 2016 using 101 complete, truncated, and/or misspelled keywords
related to allergic symptoms, treatments, and culprits (e.g., medications, foods). Patient and event
data were summarized for adverse reactions (AR) and two types of ARs, HSRs and side effects/
toxicities.

Results—Among 9,111 keyword search-identified events, 876 (10%) were ARs, of which 436
(5%) were HSRs and the remaining 440 (5%) were side effects, reactions or toxicities. While
the most common HSRs were simple cutaneous reactions (83%), severe immediate HSRs were
also identified: Shortness of breath (16%), anaphylaxis (14%), and angioedema (12%). Most
HSRs were caused by drugs (81%), with antibiotics (26%), particularly beta-lactams (11%) and
vancomycin (8%), commonly implicated. Other causes of drug HSRs included contrast agents
(24%), chemotherapeutics (7%), and opioids (6%). Non-drug HSRs were from blood products
(8%), latex (3%), and devices (3%). Food reactions were rarely identified (1%).

Conclusions—We identified ARs, HSRs and side effects/toxicities, contained in a decade of
safety reports at an AMC. Allergy safety in the healthcare setting should target approaches
to common and severe reactions, with a focus on the safe administration of beta-lactams,
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vancomycin, contrast agents, chemotherapeutics, and opioids. Priority non-drug HSR culprits
include blood products, latex, and devices.

INTRODUCTION

Prevention of adverse reactions (ARs) to medications and other products is important to
patient safety.! In the inpatient setting, reactions are most often due to drugs (i.e., adverse
drug reactions, ADRSs). ADRs are generally reported by over one-third of patients? and
comprise 11% of malpractice cases in the United States.3 While patients both with and
without prior allergies may suffer an AR as a complication of their treatment, hospitalized
patients and medically complex patients often have multiple drug allergies and are at
particularly high risk for ordering errors and ARs.4%

Allergic reactions are hypersensitivity reactions (HSRs), immunologically-mediated
reactions to specific drug or non-drug culprits. HSRs can occur in the healthcare

setting from drugs as well as foods, cleaning solutions, blood products, and/or medical
devices. Drug HSRs were previously estimated to occur in approximately 2 per 1,000
hospitalizations.” Food allergies, documented in the electronic health records (EHRs) of
4% of patients,8 may be an emerging HSR culprit in the healthcare setting. Protecting
food-allergic inpatients requires that allergy information is conveyed to nutrition services in
addition to the pharmacy where drug allergies are communicated.®:10

Prior epidemiological studies of hospital ARs focused on drug reactions/ADRs, identifying
reactions through voluntary reporting,! stimulated reporting followed by chart review,*
ADR surveillance systems,12 exclusive chart review,13 keyword searches,# and billing
codes.1516 While studies have previously classified hospital ADRs as Type A (dose-related)
and Type B (non-dose related), few studies have estimated the burden of hospital drug-
induced HSRs, which are a subset of the Type B ADRs. To date, therefore, little is known
about healthcare system HSRs, specifically those that result in safety event reports. The
objective of this study was to identify and describe HSRs in a decade of voluntary safety
reporting to enhance hospitals’ and healthcare systems’ ability to create informed policy
guidance for allergy safety.

METHODS

Study Design and Data Source

We searched safety reports from Massachusetts General Hospital (MGH), a large AMC
in Boston, in rL Solutions (rL, Cambridge, MA) from April 2006 through March 2016.
At MGH, any employee with a valid EHR login can file safety reports, and there are
approximately 20,000 safety reports filed annually. MGH safety events are classified
into 22 event types in rL Solutions. While initial software versions relied heavily on
free-text event descriptions entered by the reporter, a 2014 upgrade included more coded
fields, including inpatient/outpatient, injury yes/no, patient affected details (e.g., name,
medical record number, sex, date of birth, location), and general event details (e.g., event
date, event time, location of event, reporter role). ADR event types encode fields for
medications administered during the event (which may include anti-allergy medications
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such as antihistamines), event severity, and contributing factors (which may specify that a
patient’s allergy was “unknown” or “not noted”). For other event types, and events prior
to September 2014, allergy data reside exclusively in the free text field, “brief factual
description.”

Safety Report Identification

To identify allergy-related safety events, we applied keyword search on free-text fields

for all event types and searched coded fields for ADR event types. Keywords included

101 allergist and pharmacist-devised complete, truncated, and/or misspelled terms related
to allergic reactions, culprit agents, and anti-allergy treatment (Supplemental Table 1).

If a case matched one or more keywords, at least one co-investigator with advanced
training in adverse and allergic reactions (KGB, ARW, YL) reviewed the event file to
determine if the event was an AR or HSR. ARs were defined as any undesired responses

to either a drug or non-drug culprit. HSRs were defined as ARs with allergic signs or
symptoms that may have an immunologically-mediated mechanism to a drug or non-drug
culprit. Immunologically-mediated mechanisms that were considered included all HSR
types defined by Gell and Coombs classifications,1’ but most commonly were a type |

(or immunoglobulin-E)-mediated HSR, with symptoms such as itching, hives, swelling,
wheezing, and a type IV HSR, which includes morbilliform drug eruptions, immunologic
organ reactions (e.g., acute interstitial nephritis), and severe cutaneous adverse reactions
(e.g., Stevens-Johnson syndrome). Non-lIgE-mediated reactions, direct mast cell reactions
clinically indistinguishable from Type | HSRs, were also considered HSRs. AR and HSR
events were included in subsequent descriptive analyses while events not describing an AR
or HSR were excluded from further review. Any unclear case was discussed by at least two
reviewers until a consensus was reached.

Data Extraction and Analysis

Event-specific data were extracted from rL Solutions and included event severity and
reporter department. Event severity was determined at the time of safety report triage by
five masters/doctorate-prepared nurses at the Edward P. Lawrence Center for Quality and
Safety who serve as staff specialists using a standardized scale modified from the Medical
Expense Reimbursement Plan (MERP).18 Patient-specific data (e.g., patient demographics,
history of adverse or allergy reactions documented in the EHR, comorbidities, primary
diagnoses, level of care, hospitalization length of stay [LOS]) were extracted from “Data

4 Quality” (D4Q) repository, an internally managed structured query language (SQL)
database. Comorbidities and primary admission diagnosis were defined by ICD9/10 codes
matching the medical encounter dates, with diagnosis categorization.1® LOS was calculated
as the integer difference between the discharge date and admission date.

The offending drugs were classified into a hierarchy of drug categories generally following
commercial knowledge bases (e.g., First Databank) including parent categories (e.g.,
antibiotics) and intermediate categories (e.g., penicillins); non-drug culprits were classified
based on type of culprit agent. We determined the route that triggered the reaction and
documented reaction symptoms and findings (e.g., itching, flushing, rash, shortness of
breath); reactions were grouped into reaction categories considering organ of involvement
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and mechanism (i.e., HSR or side effect/toxicity). We defined severe immediate HSRs as
those with respiratory symptoms, cardiac symptoms, angioedema, or anaphylaxis.

We report descriptive characteristics, such as numbers with frequencies for binary variables
and medians with interquartile ranges for continuous data. We compared binary frequencies
with Fisher’s exact test and continuous variables with Wilcoxan rank sum test, with a
two-sided p<0.05 considered statistically significant.

Number of Adverse Reactions and Hypersensitivity Reactions Identified

Of 9,111 reports identified, 876 (10%) were ARs. ARs were HSRs (n=436, 50%) and side
effect reactions or toxicities (n=440, 50%, Figure 1). ARs were from drugs (i.e., ADRS) in
686 (78%) cases. Non-drug culprits (n=190), included foods in 7 (<1.0%) cases. ARs and
HSRs detected remained generally consistent over the study period, from 62—-103 and 30-57
events per year, respectively (Figure 2).

Event Detalils

Most ARs (78%) were near misses (Table 1). HSRs resulted in lower patient harm than side
effect/toxicity reactions, including lower serious injury or high risk for serious injury events
(2% vs 5%), lower minor or temporary harm (10% vs 18%), and higher near misses (83% vs
72%, p<0.001).

Overall, nurses (27%) and pharmacists (27%) were the most common groups voluntarily
reporting ARs. Providers in radiology (12%), medicine (8%), and surgery (5%) also

filed AR reports. Providers in many other departments, including orthopedics, pathology,
physical/occupational therapy, psychiatry, respiratory care, transplant, and urology, rarely
filed AR, HSR, or side effect reports.

Side effect events were more commonly filed than HSRs by nurses (34% vs 20%, p<0.001)
and by medicine providers (12% vs 5%, p<0.001). HSRs were more commonly filed than
side effect events by pharmacists (34% vs 21%, p<0.001) and radiology providers (18% vs
7%, p<0.001).

Patient Details

Patients who experienced ARs had a median age of 56 years [IQR 35 years, 70 years], and
52% of them were female (Table 2). Nine reactions occurred in pediatric patients. Most
patients (76%) were white. HSR patients, compared to side effect/toxicity patients, were
more frequently female (55% vs 48%, p=0.07) and younger (median age 52 years vs 59
years, p<0.001). Overall, 294 AR patients (34%) had a prior adverse or allergic reaction
documented in the EHR. More HSR patients than side effect patients had a prior allergy
listed in the EHR (39% vs 28%, p<0.001).

AR patients commonly carried a diagnosis of malignancy (26%), atopic diseases (20%),
diabetes (19%), and renal failure (18%). Side effect patients more frequently had diabetes
(22% vs 17%, p=0.05) than HSR patients. The most common primary diagnoses of the
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patients who experienced ARs were circulatory system diseases (19%), neoplasms (12%),
injury/poisoning (9%), gastrointestinal diseases (8%), and respiratory diseases (7%). HSR
patients more frequently had neoplasms as the primary diagnosis compared to side effect
patients (14% vs 9%, p=0.04).

ARs, HSRs, and side effect reactions were all most commonly seen in patients on general
inpatient units (54%, 57%, 51% respectively). The intensive care unit (ICU) was also a
common setting with 30% of ARs seen in ICUs. Of the ARs seen in ICUs, side effect
reactions were more common than HSRs (35% vs 26%, p=0.005). Of inpatients, length of
stay was a median of 9 days for ARs; LOS was longer for side effect/toxicity reactions than
HSR reactions (median 11 days vs 6 days, p<0.001).

HSR Reactions, Culprit Agents, and Route

For all ARs, the most common reactions reported included itching (14%), shortness of
breath (13%), rash (13%), and anaphylaxis (12%, Table 3). HSRs were primarily cutaneous
(83%). The most common reactions were itching/pruritus (27%), rash (25%), hives (20%),
shortness of breath (16%), anaphylaxis (14%), and angioedema (12%). Common side effect
reactions included hematologic side effects (19%), altered mental status (14%), hypotension
(11%), shortness of breath (10%), and gastrointestinal symptoms (8%).

Drug HSR culprits (81%) included antibiotics (n=115, 26%), often beta-lactams (11%)
and vancomycin (8%, Table 4). Contrast agents (n=106, 24%), chemotherapeutics (n=29,
7%), and opioids (n=25, 6%) were also identified as HSR causes. Antibiotics (26% vs
6%, p<0.001), contrast agents (24% vs 5%, p<0.001), and chemotherapeutics (7% vs
2%, p=0.002) more frequently caused HSRs than side effect reactions. Opioids (15% vs
6%, p<0.001), anticoagulants (17% vs 1%, p=<0.001), cardiovascular agents (7% vs 3%,
p=0.002), and insulin (3% vs. 0%, p<0.001) more commonly caused side effect reactions
than HSRs.

Non-drug HSRs (n=84, 19%) included HSRs from blood products (n=35, 8%), latex (n=12,
3%), devices (n=11, 3%), and adhesive (n=8, 2%). Latex more frequently caused HSRs
than side effect reactions (3% vs <1%, p=0.02); adhesive more frequently caused side effect
reactions than HSRs (5% vs 2%, p=0.03).

There were seven food reactions identified, including 5 HSRs (71%); with culprit foods
including pine nuts, unspecified nuts, wheat, mushroom, and artificial sweetener. Two HSRs
occurred in patients without previously documented food allergies: One HSR was due to
food brought into the hospital by a patient’s family member, and one food reaction was due
to an incorrect diet order.

Routes by which culprit agents resulted in ARs included intravenous (65% for ARs, 75% for
HSRs, and 56% for side effect reactions) and oral/nasogastric (12% for ARs, 10% for HSRs,
and 13% for side effect reactions).

Reactions commonly occurred to contrast agents, blood products, vancomycin,
chemotherapeutics, cephalosporins, opioids, penicillins, cardiovascular agents, and
adhesives (Figure 3). HSRs from contrast agents included itching (n=45), erythema (N=7),
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and rash (n=7); severe immediate HSR symptoms to contrast media (n=47) included
respiratory symptoms (n=29), cardiac symptoms (n=3), angioedema (n=13), and anaphylaxis
(n=3). Other culprit agents for severe immediate HSRs (n=174) included blood products
(n=26), chemotherapeutics (n=16), opioids (n=14), cephalosporins (n=13), cardiovascular
agents (n=10), vancomycin (n=7), penicillins (n=3), and adhesives (n=2).

Of 60 anaphylaxis reports, culprit agents were blood products (n=8), cephalosporins

(n=6), opiates (n=4), cardiovascular agents (n=4), contrast agents (n=3), chemotherapeutics
(n=3), and vancomycin (n=2). Of 54 angioedema reports, culprits were contrast agents
(n=13), cephalosporins (n=3), blood products (n=3), opiates (n=3), vancomycin (n=2),

and chemotherapeutics (n=2). Seven severe cutaneous adverse reactions were identified
from antibiotics (penicillin, cephalosporin, ciprofloxacin, sulfamethoxazole/trimethoprim), a
cardiovascular agent (diltiazem), an immunosuppressive agent (leflunomide), and a blood
product (fresh frozen plasma). There were no hemolytic blood reactions identified in the
sample.

DISCUSSION

By searching a decade of voluntary reporting safety data from a large AMC, we identified
a variety of allergy-related incidents, including 436 HSRs. Patients with HSRs were more
commonly female, younger, and had a prior documented allergy of some type compared to
patients with side effect or toxicity reactions. Most hypersensitivity reactions (81%) were
from drug culprits, including antibiotics (26%), often beta-lactams (11%) and vancomycin
(8%), contrast agents (24%), chemotherapeutics (7%), and opioids (6%). Non-drug HSRs
(19%) included reactions to blood products (8%), latex (3%) and devices (3%). Allergy
safety event epidemiology can facilitate targeted programs for safe allergy practices in
healthcare.

Approximately one in five documented ADRs is an HSR.20:21 While we found that
approximately half of ARs were HSRs, this increased HSR proportion was by design,
given our aim to identify HSRs using keywords that targeted allergic-type reactions
and treatments. Evidence-based methodologies to prevent ADRs include choosing the
lowest effective dose, prescribing oral over parenteral medications, and performing
drug-specific monitoring.2223 EHRs enforce this safe prescribing and monitoring with
computerized physician order entry and clinical decision support.#24 HSR prevention
often includes similar principles,25:28 but also requires assessing prior allergies before
ordering medications, foods, or other treatments, and ensuring adherence to drug
administration protocols, including appropriate premedications, such as those required for
chemotherapeutics, or for patients with prior contrast reactions to receive radiocontrast
media.2’-28

In our study, HSRs were less morbid and resource-intensive than side effects and toxicities,
resulting in 3% less serious injury or high risk for serious injury events and 7% less minor
or temporary harm. Further, hospitalized patients with HSRs required a lower level of
inpatient care and had a five-day shorter median LOS than those with side effect reactions.
Although most true immunologic HSRs are not preventable (i.e., they are idiosyncratic),2%:26
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rapid recognition and treatment of these reactions can lead to decreased morbidity and
resource utilization. Most HSRs have been shown to be simple, cutaneous reactions,2%:30
and even severe immediate HSRs are often reversible with appropriate medical treatments
(e.g., epinephrine for anaphylaxis).3! However, prior studies support that anaphylaxis is
poorly recognized and undertreated in healthcare settings (i.e., not treated with epinephrine,
despite a clear indication), suggesting that additional attention to devising and implementing
HSR/anaphylactic protocols should still be prioritized. 3233

Compared to patients who experienced HSRs, those who experienced side effects more
commonly had a diagnosis of circulatory disease, which is consistent with cardiovascular
medications tending to cause more side effect reactions than HSRs. The most common

side effect reactions identified in this study were hematologic side effects, altered mental
status, and hypotension, and the most common culprits for these types of reactions were
anticoagulants, opioids, and blood products; other drugs such as insulin and non-drug
culprits such as tubing, needles, and catheters were more likely to cause side effect reactions
than HSRs.

Similar to prior safety report data, we found that registered nurses were the most common
healthcare team members filing safety reports, possibly due to their role in medication
administration and their familiarity with safety reporting systems.34-38 While prior studies
have described pharmacists as reporting 5-8% of ADEs,3’ we found pharmacists to be

more frequent AR/HSR reporters, consistent with drugs being the most common culprits
and pharmacists’ crucial role in medication safety and allergy checking.38 Finally, we

found that locations with frequent use of highly allergenic agents (e.g., radiology and
contrast agents, medicine and antibiotics) commonly reported HSR events. Although general
anesthetics were attributed to anaphylaxis events in our sample, and anesthesia is a setting
with exposure to antibiotics, latex, and other allergenic drugs and non-drugs, Anesthesia as a
department was an uncommon area from which AR safety reports were generated.

Antibiotics, the most common culprit drug class for HSRs, comprised over one quarter of
the HSRs captured. This is largely consistent with findings from other sites and employing
different methods: Spontaneous reporting found that antibiotics were the second most
common class of drugs to cause ADRs (17%), and active surveillance found that antibiotics
were the most common culprit (37%).39 Beta-lactams and vancomycin were particularly
significant. Although most general prescribers are not comfortable prescribing beta-lactams
to patients with prior penicillin allergy,%0-41 10-15% of patients report a penicillin

allergy.? With guideline-based approaches proven useful, safe, and effective,*2 hospitals
should standardize antibiotic management for patients with beta-lactam allergy histories.
Vancomycin can cause rate-dependent infusion reactions (“red man syndrome”), non-IgE-
mediated anaphylaxis, and delayed cutaneous eruptions ranging from mild to severe.43.44
This study identified that vancomycin administration warrants increased attention to
recommended infusion practices (e.g., rates <16.7 mg/min) and evidence-based approaches
to reduce symptoms in patients with prior vancomycin infusion reactions.26:4

While one prior study found contrast agents responsible for 1 in 10 reactions,3° we found
that they comprised almost one quarter of HSRs. Hospitals often have standardized and
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effective (<5% have breakthrough reactions) contrast allergy premedication protocols,46-49
but few have standardized responses to acute contrast reactions. Pilot educational programs
using simulation and algorithms have been used in radiology settings,?® but given

the frequency and severity of these reactions, standardized, algorithmic, hospital-wide
management approaches should be adopted.

While opioids represented just 6% of HSRs in this study, prior studies found that opioids
were more common ADR culprits: 30% with a spontaneous reporting, 21% with an active
surveillance, and 7% using claims data (ICD and E-Codes).16:39 In addition to causing
deleterious side effects (e.g., hypotension, respiratory depression), opioids frequently cause
itching, hives, and rash through direct mast cell activation, a non-immunologic reaction
that can be confused for an immunologically-mediated HSR.26:51 Although antihistamines
can minimize these symptoms, 26 to date, opioid HSR guidelines or algorithms have not
been broadly implemented in the healthcare setting. Effective protocols might advise when
patients may safely continue opioids despite symptoms and detail premedications that may
be used (e.g., nonsedating antihistamines such as fexofenadine).26

HSRs from blood products, latex, devices, and adhesives cumulatively caused 15% of ARs,
12% of HSRs, and 19% of side effect reactions. While hospitals have clear guidance for
suspected blood transfusion reactions,>? the policies that exist for latex exposure often
contain outdated information from the latex allergy epidemic of the 1990s.53 With the
prevalence of latex allergy decreasing, many patients who are labeled latex-allergic are
actually latex tolerant.>45% Revised latex policies should include a protocol for withdrawing
medications or vaccines through latex stoppers (e.g., the “one-stick” method); the evaluation
for latex allergy in patients who experience anaphylaxis without a clear, discernable trigger
(e.g., perioperative anaphylaxis); and follow up care for patients labeled as latex-allergic to
receive confirmatory testing.28

While these data come from a large AMC over a 10-year time frame, important study
limitations exist. The data come from a voluntary (spontaneous) reporting database, and
prior studies suggest that only 1 in 10 ADRs are spontaneously reported.>%:57 More events
would have been identified with active reporting methods with chart reviews,8° computer-
triggered monitoring,59 or active surveillance programs.39 Because the voluntary reporting
database did not have an established method for identification of allergy-related safety
reports, we used a novel, yet untested, group of keywords to identify allergy events.

While we could not determine the sensitivity of this method, specificity was adequate

for ARs (approximately 10% yield), but almost infeasible for HSRs (approximately 5%
yield). Improved methods for identifying allergy events are needed to facilitate regular
identification and tracking of HSRs with the goal of promoting allergy safety. Event

review was retrospective, therefore subject to potential misclassification or misattribution

of causative agents; however, reviewers were experienced, and prior data demonstrate that
most reported cases have at least probable causality between reaction and culprit agent.3°
Finally, we report on one AMC in the greater Boston area; among other resources, MGH
has specialty access to Allergy/Immunology, hospital protocols for many common HSR
drug culprits, and a unified approach to anaphylaxis.#261 Therefore, we may describe events
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with different outcomes than may be expected in other environments with different patients,
resources, or programs.

We identified allergy-related safety reports at an AMC over the last decade; most reactions
were from antibiotics, contrast agents, chemotherapeutics, and opioids. Although Allergy/
Immunology specialists are trained to identify and treat allergic reactions, access to allergy
specialists is limited, even at US AMCs. As such, hospitals have increasingly relied

on adoption of protocols for allergy mitigation and treatment. These data suggest that
healthcare systems should develop and implement standardized approaches to drug HSRs
from beta-lactams, vancomycin, contrast agents, chemotherapeutics, and opioids. Non-drug
policies, particularly for blood products, latex, and devices, should also be considered.
Finally, a uniform approach to severe immediate reactions, including anaphylaxis is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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9,111 Safety Report Reviewed

6,574 Not related to adverse or allergic
reactions or not adverse events
1,661 No harm or reaction
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Figure 1. Events and reactionsidentified through voluntary safety reporting
Of 9,111 reviewed event reports, 876 (10%) represented adverse reactions. Adverse

reactions were either hypersensitivity reactions (=436, 50%) or side effect/toxicity

reactions (n=440, 50%).
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Figure 2. Safety reportsindicating adver se reactions and hyper sensitivity reactionsidentified per
year

Adverse reactions and hypersensitivity reactions identified from allergy safety report
searching remained consistent over the study period (2006 through 2015); for adverse
reactions from 62-103 events per year, and for hypersensitivity reactions from 30-57 events

per year.
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Figure 3. Common agentsfor hypersensitivity reactions captures by voluntary reporting
This figure displays the most common causative agents for hypersensitivity reactions

identified by safety reports, and the indicated reactions. Cardiac symptoms included
tachycardia, tachypnea, palpitations, bradycardia, cardiac arrest, reduced cardiac function,
chest pain, chest tightness or pressure, and abnormal electrocardiogram. Mental status
changes include agitation, anxiety, hallucination, behavioral and movement change,

fatigue, psychosis, sedation, somnolence, unconsciousness, confusion, delirium, depression.
Gastrointestinal symptoms included nausea, vomiting, diarrhea, stomach distress, and small
bowel obstruction. Respiratory symptoms included airway compromise, shortness of breath,
wheezing, bronchospasm, decreased oxygen saturation, dyspnea, acute respiratory failure,
stridor, lung crackles, pulmonary edema, cyanosis, sneezing, coughing, and congestion.
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Safety report details of patients who experienced adverse reactions, including both hypersensitivity reactions

and side effect reactions

HSR reports Side effect Total AR
(n=436) reports (n=440) | Reports | p-value”®
(n=876)
Event severity 4 <0.001
Near misses 363 (83) 316 (72) 679 (78)
Minor or temporary harm 45 (10) 78 (18) 123 (14)
Serious injury or high risk for serious injury 8(2) 23 (5) 31(4)
Reporter
Nurses 89 (20) 151 (34) 240 27) | <0.001
Pharmacists 149 (34) 91 (21) 240 (27) <0.001
Radiology provider 77 (18) 29 (7) 106 (12) <0.001
Medicine provider 20 (5) 51 (12) 71 (8) <0.001
Surgery provider 18 (4) 21 (5) 39 (5) 0.74
Anesthesia provider 16 (4) 26 (6) 42 (5) 0.15
Emergency service provider 13 (3) 16 (4) 29 (3) 0.71
Other? 54 (12) 55 (13) 109 (12) | >0.99

Data presented as number (%)
*
Fisher’s exact test.

f43 AR reports had event severity missing

iOther includes pediatric services, blood transfusion services, 1V therapy, neurology, nutrition and food services, obstetrics/gynecology, oncology,

orthopedic surgery, pathology, physical/occupational therapy, psychiatry, respiratory care services, transplant services, and urology
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Demographic characteristics of patients who experienced adverse and hypersensitivity reactions

Table 2.

HSR patients | Sideeffect patients | Total AR | 5 yqjye”
(n=436) (n=440 patients
(n=876)
Female 238 (55) 213 (48) 451 (52) 0.07
Age (years), Med [IQR] 52 [31, 67] 59 [40, 74] 56 [35,70] | <0.001
Race 0.52
White 328 (75) 337 (77) 665 (76)
Black 22 (5) 28 (6) 50 (6)
Asian 22 (5) 13(3) 35(4)
Hispanic 4 (<1) 4(<1) 8 (<1)
American Indian 2 (<1) 0(0) 2(<1)
Other 31(7) 30 (7) 61 (7)
Declined or unknown 27 (6) 28 (6) 55 (6)
Prior ADR 171 (39) 123 (28) 294 (34) <0.001
Patient comorbidities
Malignancy 114 (26) 113 (26) 227 (26) 0.88
Atopic diseases 95 (22) 81 (18) 176 (20) 0.24
Diabetes 73 (17) 97 (22) 170 (19) 0.05
Renal failure 71 (16) 86 (20) 157 (18) 0.22
Primary diagnosis 7
Circulatory system diseases 63 (15) 102 (23) 165 (19) 0.001
Neoplasms 61 (14) 41 (9) 102 (12) 0.04
Injury and poisoning 42 (10) 38(9) 80 (9) 0.64
Gastrointestinal diseases 36 (8) 36 (8) 72 (8) >0.99
Respiratory diseases 30 (7) 35(8) 65 (7) 0.61
Highest level of care
Inpatient 250 (57) 223 (51) 473 (54) 0.05
Intensive care unit 112 (26) 152 (35) 264 (30) 0.005
Cardiac care unit 17 (4) 26 (6) 43 (5) 0.21
Emergency department 36 (8) 8(2) 44 (5) <0.001
Outpatient 10 (2) 9(2) 19 (2) 0.82
Neurologic intensive care unit 3(<1) 13 (3) 16 (2) 0.02
Unknown 8(2) 9(2) 17 (2) >0.99
Length of stay (days), Med [IQR] # 6[3,14] 115, 23] 9[4,19] <0.001

Data presented as number (%) unless otherwise specified

*
Fisher’s exact test or Wilcoxon rank sum test.

t

Only the 5 most common admission diagnosis categories are shown (see methods).17
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Table 3.

Most commonly reported adverse reactions overall and grouped into hypersensitivity reactions and side effect
reactions

Adver sereactions (n=876)

Itching 119 (14)
Shortness of breath ™ 111 (13)
Rash” 111 (13)
Anaphylaxis 109 (12)
Hives 90 (10)
Blood-related reactions 85 (10)
Altered mental status 70 (8)
Angioedema’t 66 (8)
Tachycardia or bradycardia 64 (7)
Erythema or flushing 62 (7)

Hyper sensitivity reactions (n=436)

Itching 116 (27)
Rash’ 109 (25)
Hives 89 (20)
Shortness of breath ™ 69 (16)
Anaphylaxis 60 (14)
Angioedema’f 54 (12)
Erythema or flushing 47 (11)
Tachycardia or bradycardia 29 (7)

Gastrointestinal symptoms§ 18 (4)

Fever or chills 11 (3)

Side effects reactions (n=440)

Hematologic side effect reactions 84 (19)

Altered mental status 61 (14)
Hypotension 49 (11)
Shortness of breath ™ 42 (10)
Gastrointestinal symptoms§ 36 (8)
Tachycardia or bradycardia 35(8)
Electrolyte abnormality 30(7)
Fever or chills 29 (7)
Hypertension 28 (6)
Skin break 28 (6)

Data presented as number (%). Note that percentages do not add up to 100% as patients could have had more than one reaction.
*
Includes bronchospasm, wheezing, and chest tightness

nype of rash not further specified
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ilncludes swelling and throat tightness

§Inc|udes abdominal pain, gastrointestinal upset, nausea, vomiting, and/or diarrhea
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Adverse and hypersensitivity reactions identified through voluntary reporting classified by culprit agents and

route
HSR reports Side effect Total AR | jyalue®
(n=436) reaction reports | reports
(n=440) (n=876)
Drug Culprit Agents 352 (81) 332 (75) 684 (78)
Antibiotics 115 (26) 25 (6) 140 (16) | <0.001
Penicillins 16 (4) 5(1) 21(2) 0.02
Cephalosporins 30 (7) 3(<1) 33 (4) <0.001
Vancomycin 36 (8) 11 (3) 47 (5) <0.001
Fluoroquinolones 12 (3) 2(0.5) 14 (2) 0.007
Sulfonamides 8(2) 3(0.7) 11(1) 0.14
Macrolides 1(<1) 1(0.2) 2 (<1) >0.99
Other antibiotics 21 (5) 6 (1) 27 (3) 0.003
Contrast agents 106 (24) 20 (5) 126 (14) <0.001
Opioids 25 (6) 64 (15) 89 (10) <0.001
Anticoagulants 5(1) 75 (17) 80 (9) <0.001
Cardiovascular agents 4 1eE) 81(7) 420 0.002
Chemotherapeutics 7 29(7) 10(2) 39(5) 0.002
General anesthetics 12 (3) 20 (5) 32 (4) 0.21
Vasopressors $ 2(<1) 15 (3) 17 (2) 0.002
Insulins 0 (0) 13(3) 13 (2) <0.001
Antipsychotics 5(1) 8(2) 13(2) 0.58
Immunosuppressants 8(2) 4 (<1) 12 (1) 0.26
Anxiolytics 2(<1) 9(2) 11(1) 0.06
Local anesthetics 3(<1) 7(2) 10 (1) 0.34
Anticonvulsants 1(<1) 9(2) 10 (1) 0.02
Antidotes or reversal agents 4 2(<1) 7@ oM 0.18
Hormones 4(1) 4(1) 8 (1) 0.99
Antiemetics 3(<1) 4(1) 7(1) >0.99
Electrolyte supplements 2(<1) 4(1) 6 (1) 0.69
Topical agents 5(1) 1(<1) 6 (1) 0.12
Diuretics 2(<1) 4(1) 6 (1) 0.69
Respiratory agents 1(<1) 4(1) 5(1) 0.37
Acetaminophen 3(1) 2(<1) 5(1) 0.69
Aspirin 1(<1) 3(1) 4 (<1) 0.62
Non-steroidal anti-inflammatory drugs 1(<1) 3(1) 4(<1) 0.62
Vaccines 1(<1) 3(1) 4 (<1) 0.62
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HSR reports Side effect Total AR | jyalue®
(n=436) reaction reports | reports
(n=440) (n=876)
Drug Culprit Agents 352 (81) 332 (75) 684 (78)
Antihistamines 0(0) 3(1) 3(<1) 0.25
Antidepressants 2(<1) 1(<1) 3(<1) 0.62
Radioactive isotopes 2 (<1) 1(<1) 3(<1) 0.62
Vitamins 3() 0(0) 3(<1) 0.12
Antivirals 0(0) 2 (<1) 2 (<1) 0.50
Corticosteroids 0 (0) 2 (<1) 2 (<1) 0.50
Other anti-inflammatory drugs 1(<1) 1(<1) 2 (<1) 0.99
Gastrointestinal agents 2 (<1) 0 (0) 2 (<1) 0.25
Other drug agents 7 82 100 18(2) 081
Non-Drug Culprit Agents 84 (19) 108 (25) 192 (22)
Blood products 35 (8) 29 (7) 64 (7) 0.44
Adhesives 8(2) 20 (5) 28 (3) 0.03
Devices 11 (3) 15 (3) 26 (3) 0.55
Tubing, needles, or catheters 2(<1) 17 (4) 19 (2) <0.001
Fluid and electrolyte solutions 4(1) 11 (3) 15(2) 0.12
Latex 12 (3) 3(1) 15 (2) 0.02
Other non-drug agents ™™ 4 @ 11(1) 0.55
Nutritional supplements 3(1) 6 (1) 9(1) 0.51
Food 5(1) 2 (<1) 7(1) 0.29
Route 1
Intravenous 326 (75) 247 (56) 573(65) | <0.001
Oral/nasogastric 43 (10) 58 (13) 101 (12) 0.14
Intradermal 1(<1) 28 (6) 29 (3) <0.001
Epidural 3(1) 5(1) 8(1) 0.73
Intramuscular 2 (<1) 5(1) 7(1) 0.45
Transdermal 0 (0) 3(1) 3(<1) 0.25
Other 5(1) 6 (1) 11(1) >0.99
Unknown 4(1) 6 (1) 10 () 0.75
Non-medication 52 (12) 82 (19) 134 (15) 0.006

*
Fisher’s exact test.
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Includes adenosine, amiodarone, captopril, digoxin, diltiazem, doxazosin, hydralazine, labetalol, lisinopril, metoprolol, milrinone, nicardipine,

nifedipine, nitroglycerin, verapamil, and valsartan. Three events were from an ACE-inhibitor.

’tlncludes anastrazole, carboplatin, cetuximab, doxorubicin, erlotinib, etoposide, ifosfamide, mitomycin, ofatumumab, oxaliplatin, paclitaxel,

panitumumab, rituximab, taxotere.

§Inc|udes dopamine, epinephrine, phenylephrine, norepinephrine, neosynephrine, vasopressin.

1 . . - .
Includes acetylcysteine, aminocaproic acid, deferasirox.
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”Includes acarbose, anti-thymocyte globulin, carbidopa-levodopa, citrate, dexmedetomidine, dextran, edrophonium, EMD experimental medication,
glyburide, mivacurium, pramipexole, probenecid, sildenafil, simvastatin, sitagliptin, and tizanidine.

Ak
Includes burn from electrophysiology lab, dressing materials, support bandage, support stockings, oxygen equipment, tourniquet, adhesive

remover, warming system materials, and chlorine bleach.

ﬁEchudes food ARs, all of which were oral/nasogastric.
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