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Abstract 11 

Background:  Aspirin desensitization is an effective treatment option for aspirin-exacerbated respiratory 12 

disease (AERD). Aspirin desensitization protocol modifications have improved the safety and efficiency 13 

of this procedure, yet some providers remain reluctant to perform it. 14 

Objective:  The primary objective of this study was to evaluate the safety and outcomes of outpatient 15 

aspirin desensitization procedures. A secondary objective was to assess for clinical characteristics that 16 

might predict reaction severity during aspirin desensitization. 17 

Methods:  Two hundred seventy-five patients underwent aspirin desensitization at Scripps Clinic 18 

between January 2009 and August 2015. Baseline patient characteristics and reaction results were 19 

analyzed in the 167 patients who reacted during desensitization.  20 
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Results:  All of the 167 reactors, including 23 who were classified as severe reactors, were successfully 21 

desensitized in the outpatient setting. The average desensitization duration among reactors was 1.67 22 

days, and the average duration for GI reactors was 2.29 days. Mean baseline SNOT-22 score was higher 23 

in severe reactors compared to non-severe reactors (p=.05). Overall, patients on omalizumab had a 24 

similar reaction profile to those not on omalizumab. 25 

Conclusions:  Most patients undergoing aspirin desensitization will develop symptoms. It remains 26 

difficult to predict the severity of these symptoms. However, desensitization can be done safely and 27 

efficiently in an appropriately equipped outpatient setting. This treatment option should be made 28 

available to all patients with AERD. The SNOT-22 score may be able to predict more severe reactions and 29 

merits further study. Eight of the 9 patients on omalizumab reacted during desensitization, suggesting 30 

that it does not block reactions during aspirin desensitization.  31 

Clinical implications: Aspirin desensitization is a relatively safe procedure that may be performed in a 32 

properly equipped outpatient setting and it is a treatment option that should be made available to all 33 

patients with AERD. 34 

Capsule Summary: This study demonstrates that despite the variation in reaction severity among 35 

AERD patients undergoing aspirin desensitization, it may be accomplished safely and efficiently in an 36 

outpatient setting.  37 

Key Words: AERD, aspirin-exacerbated respiratory disease, asthma, chronic rhinosinusitis, aspirin 38 

desensitization 39 

Abbreviations used: AERD (aspirin-exacerbated respiratory disease), CRS (chronic rhinosinusitis), COX-1 40 

(cyclooxygenase-1), NSAIDs (nonsteroidal anti-inflammatory drugs), ASA (aspirin), PGE2 (prostaglandin 41 

E2), cysLTs (cysteinyl leukotrienes), FEV1 (forced expiratory volume in 1 second), LTMD (leukotriene 42 
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modifying drug), GI (gastrointestinal), PNIF (peak nasal inspiratory flow), ACT (asthma control test), 43 

SNOT-22 (sino-nasal outcome test), IM (intramuscular) 44 

 45 

Introduction: 46 

Aspirin-exacerbated respiratory disease (AERD) is characterized by chronic rhinosinusitis (CRS), nasal 47 

polyposis, asthma, and intolerance to cyclooxygenase-1 (COX-1) inhibiting medications [1-3]. The 48 

estimated prevalence among asthmatics is 7%, and the prevalence is even higher in severe asthmatics 49 

and in those with CRS and nasal polyps [4]. Patients with AERD experience various naso-ocular and/or 50 

lower airway symptoms following ingestion of COX-1 inhibiting nonsteroidal anti-inflammatory drugs 51 

(NSAIDs). Less commonly, patients experience nausea, vomiting, abdominal pain, urticaria/angioedema, 52 

and rarely, hypotension. 53 

These adverse reactions to aspirin (ASA) and/or other NSAIDs are secondary to inhibition of COX-1 54 

rather than an IgE-mediated phenomenon. The exact pathophysiology of AERD is not entirely 55 

understood, but involves disruption of arachidonic acid metabolism, resulting in a depletion of anti-56 

inflammatory prostanoids, particularly prostaglandin E2 (PGE2), and an overproduction of pro-57 

inflammatory cysteinyl leukotrienes (cysLTs). The ingestion of a COX-1 inhibitor exacerbates this 58 

dysregulation and causes further reduction in PGE2, which normally functions as a “brake” mechanism 59 

on 5-lipoxygenase activity. This enhances type 2 inflammation via the actions of mast cells, eosinophils, 60 

platelets, and other mediators [5-7]. 61 

ASA challenge is considered the “gold standard” for diagnosing AERD. Once the diagnosis is confirmed 62 

with a positive challenge, management involves avoidance of all COX-1 inhibiting drugs or ASA 63 

desensitization followed by continuous ASA therapy. ASA challenge and desensitization are usually done 64 
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simultaneously in these patients and ASA desensitization will be used hereafter to refer to this 65 

combined procedure. 66 

ASA desensitization is a provocative procedure and will likely induce symptoms in a patient with AERD. 67 

Therefore, safety is an important consideration when performing ASA desensitization in AERD. Certain 68 

risk factors have been linked to severe bronchial reactions during ASA desensitization, including no use 69 

of a leukotriene-modifying drug (LTMD) at the time of desensitization, baseline forced expiratory 70 

volume in 1 second (FEV1) less than 80% predicted, and history of a prior emergency department visit 71 

for asthma [8]. Atopic status, gender, age at disease onset, systemic corticosteroid dependence, and the 72 

type or severity of the historical reaction to ASA/NSAIDs have not been shown to be associated with 73 

severity. 74 

Over the years, modifications to ASA desensitization protocols have enhanced its safety. One of the best 75 

examples of this is the use of LTMDs, such as montelukast, for at least one week prior to ASA 76 

desensitization [9-11]. LTMDs reduce the intensity of the reactions to ASA, especially in the lower 77 

airways, but typically do not block the reactions completely, which is essential as one goal of 78 

desensitization is to confirm the diagnosis of AERD [9-11]. Another safety modification to the 79 

desensitization protocol was the addition of intranasal ketorolac prior to oral ASA (Figure 1). The 80 

addition of intranasal ketorolac significantly reduces the mean percent decline in FEV1 measurement as 81 

well as decreasing the risk of extra-pulmonary reactions, such as laryngospasm and gastrointestinal (GI) 82 

symptoms [12].  83 

Despite these modifications that have enhanced safety, a recent survey of ASA desensitization practices 84 

among allergists and fellows-in-training in the United States indicated that only 62.5% of respondents 85 

perform ASA desensitization for AERD [13]. Of those who do not, nearly 28% do not refer the patient to 86 

an allergist who does. Safety concerns, logistics of nursing care, and lack of exposure to the procedure 87 
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during fellowship training were listed as the primary deterrents to the use of desensitization in AERD. 88 

This survey highlighted the need for more safety and outcomes data for ASA desensitization in AERD.  89 

Over the past decade our group has successfully performed hundreds of outpatient ASA desensitization 90 

procedures without any serious complications, hospitalizations, or deaths. As a result of this familiarity 91 

with ASA desensitization, we sought to address some of the concerns highlighted in the survey and to 92 

supply readers with our outcomes and safety data by conducting a 5-year review of our ASA 93 

desensitization procedures. Additionally, we analyzed various patient characteristics to determine which 94 

factors, if any, may influence or predict reaction severity. 95 

Methods: 96 

This was an IRB-approved review of all ASA desensitization procedures performed at Scripps Clinic from 97 

January 2009 through August 2015. A total of 275 procedures were performed during that time period. 98 

Of those, 71 were excluded from chart review due to missing charts (n=10), patients declining 99 

participation in research (n=2), or use of an altered desensitization protocol (n=59). This latter group 100 

included 3 patients who did not receive ketorolac per patient preference, and 56 patients who 101 

participated in research projects that involved alterations of the standard desensitization protocol used 102 

at Scripps Clinic. The goal of the analysis was to gather information regarding outcomes of 103 

desensitization using the specific protocol described in Figure I. Therefore, patients who did not undergo 104 

this protocol were excluded.  105 

The charts of the remaining 204 patients were reviewed in detail. Of the 204 patients, 167 reacted 106 

during ASA desensitization and this group became the focus of our analysis.  107 

Baseline patient characteristics, such as age, sex, ethnicity, medication use, FEV1, and symptom scores 108 

were reviewed. The reactors were then analyzed to assess the type and frequency of induced reactions, 109 

treatment provided, and changes in objective measures collected during the procedures. Basic statistical 110 
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calculations were performed to determine whether any baseline characteristic was predictive of 111 

reaction severity during desensitization and to detect differences between reactions to nasal ketorolac 112 

and those to oral aspirin. 113 

Results: 114 

Patient Demographics 115 

Baseline patient characteristics for 167 reactors are presented in Table I. Mean age was 47.2 years and 116 

there were nearly twice as many females as males. Mean baseline FEV1 was 86% of predicted (range: 37-117 

114%). Mean peak nasal inspiratory flow (PNIF) rate was 155.7 L/min. The majority of patients (73.1%) 118 

had a history of positive skin tests to inhalant allergens. Of those, 14.4% were receiving allergy 119 

immunotherapy at the time of desensitization. The average number of sinus surgeries was 2.9 (range: 0-120 

12). Twenty-two patients (13.2%) had previously undergone at least one ASA desensitization. The vast 121 

majority of patients (98.8%) were on a LTMD at the time of desensitization, with montelukast being the 122 

most common. Only 4.5% of patients were on omalizumab at the time of desensitization, while 26.3% 123 

were on systemic corticosteroids.  124 

Symptom Scores 125 

We recently began collection of the Asthma Control Test (ACT) and Sino-Nasal Outcome Test (SNOT-22) 126 

prior to ASA desensitization. Therefore, only 45 patients had these baseline symptom scores measured 127 

during the above review period. Among these patients, the average ACT score was 21.8 (range: 11-25). 128 

The average SNOT-22 score was 28.7 (range: 2-76).  129 

Reaction Characteristics 130 

Table II contains data on reaction characteristics. The data is separated into three columns to define 131 

ketorolac reactors, ASA reactors, and all reactors. Some patients reacted to both medications during the 132 
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procedure and were included under both columns. More patients (88%) reacted to ketorolac than to 133 

ASA (38.9%). Most ketorolac reactors (53.1%) reacted to the 7.58 mg dose, while most ASA reactors 134 

(83.1%) reacted to one of the 60 mg doses. 135 

Reaction Types 136 

Reactions were categorized as follows:  137 

- Naso-ocular: Conjunctival injection, tearing, rhinorrhea, nasal congestion, sneezing, pruritus 138 

- Classical: Naso-ocular symptoms and a ≥ 15% decline in FEV1 139 

- Bronchial: Isolated decline in FEV1 ≥ 15%  140 

- Laryngeal: Symptoms involving the posterior oropharynx or larynx (i.e. throat tightness) 141 

- GI: Nausea, vomiting, gastric pain or heartburn 142 

- Cutaneous: Urticaria, angioedema, pruritus or erythema  143 

Isolated naso-ocular reactions represented 56.5% of the reactions to nasal ketorolac, followed by 144 

classical (22.4%), mixed (17.7%), and bronchial (2.7%) reactions. A single patient had an isolated 145 

laryngeal reaction to ketorolac. No isolated GI reactions and no cutaneous reactions to ketorolac 146 

occurred. Isolated naso-ocular reactions were the most common reactions to ASA as well, comprising 147 

26.2% of the reactions. Classical (23.1%), bronchial (20.0), and mixed (17.0%) reactions were also 148 

common. Isolated laryngeal, GI, and cutaneous reactions each occurred less than 5% of the time.  149 

Several patients had mixed reactions, meaning they met the criteria for at least 2 of the categories 150 

described above. The most common mixed reaction among ketorolac reactors was naso-ocular 151 

combined with laryngeal. Among ASA reactors, naso-ocular with bronchial, classical with GI, and 152 

bronchial with laryngeal reactions were most common. Looking at all reactors, naso-ocular (43.1%), 153 

mixed (32.3%), or classical (18.6%) reactions occurred over 90% of the time. Isolated bronchial, 154 
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laryngeal, or cutaneous reactions were far less common. There were no isolated GI reactions when all 155 

reactors were analyzed together.  156 

Changes in PNIF and FEV1 157 

The mean drop in PNIF was 32.4% and 23.0% in ketorolac and ASA reactions, respectively (P = .02). On 158 

average, FEV1 declined by 11.0% (range: 0-63%) and 12.3% (range: 0-45%) in ketorolac and ASA 159 

reactions, respectively, but this difference did not reach statistical significance (P = .51). 160 

Treatments Utilized During Desensitization 161 

Table III summarizes the treatments administered for reactions during ASA desensitization. The reactors 162 

are divided into three columns to highlight treatments required for ketorolac reactors, ASA reactors, and 163 

all reactors. Patients reacting to intranasal ketorolac required 3.1 treatments, on average, compared to 164 

2.2 for those reacting to oral ASA (p = .01). Considering all reactors together, the average treatment 165 

requirement per patient was 3.6.  166 

Regarding ketorolac reactors, 74.8% received at least one antihistamine. Nasal decongestants (52.4%) 167 

and bronchodilators (40.8%) were also frequently used. GI medications were prescribed for 7.5% of all 168 

ketorolac reactors. A small percentage of ketorolac reactors required intramuscular (IM) epinephrine. 169 

Up to 15% of all ketorolac reactors did not receive any form of treatment despite having a documented 170 

reaction.  171 

ASA reactors were most commonly treated with a bronchodilator (56.9%), followed by antihistamines 172 

(52.3%), nasal decongestants (18.5%), and GI medications (10.8%). No ASA reactor required IM 173 

epinephrine and 10.8% of aspirin reactors did not receive any treatment.  174 

The final column in table III looks at treatment frequency among all reactors. Overall, antihistamines 175 

were used in 76% of patients. Other commonly used medications were bronchodilators, nasal 176 
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decongestants, and GI medications. Overall, 21 (12.6%) patients did not require any form of treatment 177 

despite objective reactions. 178 

Length of Desensitization 179 

The average length of desensitization among all reactors was 1.67 days (range: 1-4 days). Among those 180 

who had a GI reaction, the average length of desensitization was 2.29 days (range: 1.5-4 days) (P = 181 

0.006).  182 

Severe Reactions 183 

Twenty-three patients (13.8%) had severe reactions during desensitization. We defined a severe reactor 184 

as follows: 185 

- Required IM epinephrine and/or 186 

- Required ≥ 3 doses of a β2-agonist and/or had an FEV1 drop of ≥ 30% 187 

Four patients required IM epinephrine and 21 required ≥ 3 doses of a β2-agonist and/or had an FEV1 188 

drop of ≥ 30%. Two of the patients requiring IM epinephrine also met the other criterion. Table IV 189 

provides data for each patient requiring epinephrine administration during the desensitization. All 4 190 

patients received epinephrine as treatment for ketorolac reactions.  191 

GI Reactors 192 

Of the 17 patients who had a GI reaction, 10 had the reaction to nasal ketorolac, 6 to oral ASA, and a 193 

single patient had a GI reaction to both ketorolac and ASA. Eight of the 17 (47%) reported having had a 194 

historical GI reaction upon ASA or NSAID ingestion in the past.  195 

Predictive Risk Factors 196 
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The final analysis performed attempted to identify whether any baseline characteristics were predictive 197 

of a severe reaction (Table V). Severe reactors, as defined above, were compared to those who did not 198 

have a severe reaction. Severe reactors had a higher mean baseline SNOT-22 score compared to non-199 

severe reactors (p=.05), and may be able to predict severe reactions, but only 45 of 167 participants had 200 

a baseline SNOT-22 score.  Patients on systemic corticosteroids at the time of desensitization were more 201 

likely to have a severe reaction. The time interval between the most recent sinus surgery and ASA 202 

desensitization was not found to be predictive of a severe reaction, and that time interval did not 203 

correlate with the patient’s baseline SNOT-22 score.  204 

Omalizumab Use During Desensitization 205 

Eight of the 167 (4.8%) reactors were receiving omalizumab during ASA desensitization. Of the 37 non-206 

reactors, only 1 was on omalizumab therapy. Average baseline FEV1 and PNIF among these patients was 207 

2.79 L, 85.4% of predicted and 166.9 L/min, respectively. These measurements were comparable to the 208 

patients in this study who were not receiving omalizumab. However, the average number of sinus 209 

surgeries (5.1) prior to desensitization was higher in patients on omalizumab compared to all reactors 210 

(2.9). Fifty percent of the patients on omalizumab experienced a decline in FEV1 ≥ 15%. There was no 211 

difference in the number of treatments received for patients on omalizumab versus those not on anti-212 

IgE therapy. Average length of desensitization was slightly higher in this subset of patients at 1.8 days 213 

compared to 1.67 days for all reactors. None of the patients receiving omalizumab were severe reactors.  214 

Discussion: 215 

ASA desensitization followed by daily ASA treatment has long been regarded as an effective treatment 216 

modality in AERD. Various safety measures have been implemented into ASA desensitization protocols 217 

to mitigate the risks inherent in a provocative challenge. However, despite the efficacy and improved 218 

safety and efficiency of ASA desensitization, a recent survey found that safety and logistical concerns 219 
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deter many providers from using ASA desensitization in the management of AERD [13]. Our current 220 

study helps to address these issues and also highlights other features relevant to ASA desensitization in 221 

AERD. 222 

Using criteria consistent with higher severity of reactions, we found that nearly 14% of patients 223 

undergoing ASA desensitization were classified as severe reactors. We also described 4 patients who 224 

received IM epinephrine during desensitization. These patients were not hypotensive nor demonstrated 225 

other findings suggestive of an anaphylactic reaction. Rather, it was the combination of symptoms 226 

(usually laryngospasm and/or GI symptoms) in light of the entire clinical course that prompted the 227 

supervising allergist to use epinephrine to more rapidly resolve the reaction. The percentage of severe 228 

reactions is a reminder that these procedures are not without risk and should be performed with proper 229 

precautions in place. Yet, desensitization was successfully performed in an outpatient setting in 100% of 230 

the patients, including severe reactors.  231 

It would certainly be helpful to accurately predict reaction severity based on baseline patient 232 

characteristics, but this proves to be difficult. A high SNOT-22 score may be predictive of reaction 233 

severity, but this finding requires further study given the smaller numbers of SNOT-22 scores that were 234 

collected during the review period. However, it is reasonable to conclude that patients with more active 235 

inflammation, particularly of the upper airway, are more likely to experience a significant reaction with 236 

COX-1 inhibition.    237 

Despite previous findings by other authors [8], we did not see a correlation between FEV1 and reaction 238 

severity. This potential association may have been missed in our study due to the widespread use of 239 

LTMD drugs   in our patients. The average baseline FEV1 measurement among our patients was relatively 240 

high at 86% of predicted and nearly all were treated with a LTMD prior to and throughout 241 

desensitization, which has been shown to decrease bronchial reaction severity [9-11]. We also did not 242 

see a correlation between age and reaction severity as seen in prior studies [8, 14] However, it is 243 
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important to point out that the definition of a “severe reaction” is arbitrary, and is not necessarily 244 

consistent across different studies. 245 

This study addresses an important safety issue, which is the development of GI symptoms during 246 

desensitization. In our experience, GI reactions during desensitization can be severe and frequently 247 

prolong desensitization. Half of the GI reactors in our study had no reported historical GI reaction to ASA 248 

or other NSAID.  Thus, in this group of GI reactors, a history of previous GI reaction may predict a similar 249 

reaction during desensitization, but many patients will experience a GI reaction for the first time during 250 

their desensitization. In our series, 5.3% (9/167) had a GI reaction in the absence of a history. This 251 

requires some degree of caution in terms of protocol choice. A rapid protocol may lead to the 252 

administration of an additional dose of medication while a reaction is already progressing, which could 253 

lead to a more significant GI reaction. 254 

As mentioned previously, one of the other common deterrents to performing ASA desensitization is 255 

logistics, including the time commitment required from both patients and providers. Balancing efficiency 256 

with safety is certainly an important consideration in ASA desensitization. A recent publication by Chen 257 

et al. proposed an hourly dose-escalation protocol with an average desensitization length of 1.60 days in 258 

their 57 patients [15]. This average included 9 patients who had a silent desensitization, which requires 259 

less time to perform. In our study, patients required an average of 1.67 days to complete 260 

desensitization, and this number did not include any non-reactors. Furthermore, this number was 261 

reduced to an average of 1.60 days when excluding GI reactors.  262 

A faster protocol may be useful in some patients, but selecting which patients are appropriate 263 

candidates remains problematic. We did have a small percentage of patients (12.6%) with only mild 264 

reactions during desensitization and no need for treatment, which may make them suitable candidates 265 

for more rapid desensitization protocols. However, given the difficulty in predicting reaction severity, 266 
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and the possibility of dose stacking, the hourly dose-escalation protocol will need to be approached with 267 

caution. 268 

Our study addresses another important topic in ASA desensitization in AERD, which is the role of 269 

omalizumab. A few case reports suggest a potential benefit of omalizumab use during ASA 270 

desensitization. In a small total number of AERD patients who received omalizumab treatment during 271 

ASA desensitization, respiratory symptoms were significantly reduced or even absent following 272 

provocation with oral ASA [16-18]. Omalizumab was discontinued in some of these patients and 273 

subsequent ASA challenges were able to elicit typical ASA-provoked symptoms. A recent double-blind 274 

randomized trial of AERD patients undergoing ASA desensitization while on omalizumab also showed 275 

attenuation of ASA-induced respiratory reactions as compared to placebo [19]. These authors suggest 276 

that omalizumab may be able to restore ASA tolerance without the need for ASA desensitization. Yet, if 277 

omalizumab can truly diminish the response to ASA, it may introduce diagnostic uncertainty in those 278 

who do not react.  279 

However, in our study, we did not find any clear difference in reaction type or severity among those on 280 

omalizumab compared to those not on it during the time of ASA desensitization. Furthermore, all 8 281 

patients in our study had objective upper and/or lower airways reactions that did not appear to be 282 

blunted by the medication. Our data does not support the findings suggested by recent case reports. It is 283 

the authors’ opinion that omalizumab remains an option for AERD patients who are unable to complete 284 

ASA desensitization or continue to have poorly controlled symptoms following desensitization. However, 285 

given the small number of patients on omalizumab in our study, more studies will need to be conducted 286 

to determine whether any true benefit may be obtained from using omalizumab during, or in place of, 287 

ASA desensitization.  288 
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In summary, the safety and efficiency of in-office oral ASA desensitization have improved and will likely 289 

continue to improve, thus making it a viable option for patients with AERD.  The consistent theme of 290 

this, and other studies of ASA desensitization is that the reactions, even when more severe, are able to 291 

be managed in an outpatient setting.  There may be circumstances that make it difficult for individual 292 

offices to perform ASA desensitization, but the opportunity to discuss this treatment option should be 293 

made available to each patient with AERD. Unfortunately, it is still difficult to predict who will have 294 

minimal symptoms and thus could be eligible for a faster dosing protocol, or who will have more severe 295 

symptoms and require a multi-day desensitization. Developing biomarkers or clinical scores to predict 296 

desensitization reactions are ideal targets for future study.  297 

 298 
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 391 

 392 

 393 

 394 

 395 

 396 

 397 

Figure Legends: 398 

Figure I. Nasal Ketorolac and Oral Figure I. Nasal Ketorolac and Oral Figure I. Nasal Ketorolac and Oral Figure I. Nasal Ketorolac and Oral Aspirin Challenge Protocol.Aspirin Challenge Protocol.Aspirin Challenge Protocol.Aspirin Challenge Protocol.    399 

ⱡ
If no reaction occurs within 3 hours after 325 mg dose, consider it a negative challenge. 400 

a. After reactions are treated and resolve, continue next scheduled ketorolac dose OR repeat oral provoking aspirin dose. 401 
b. Desensitization is complete after 325 mg of aspirin. 402 
c. Patient should take 650 mg of aspirin that evening then continue 650 mg twice daily as their continuous aspirin dose until 403 

further instructed. 404 

 405 

Table Legends: 406 

Table I. Baseline Patient Characteristics.Table I. Baseline Patient Characteristics.Table I. Baseline Patient Characteristics.Table I. Baseline Patient Characteristics.    407 

Abbreviations: SD (standard deviation); N (number); FEV1 (forced expiratory volume in 1 second); PNIF 408 

(peak nasal inspiratory flow); ACT (Asthma Control Test); SNOT-22 (Sino-Nasal Outcome Test); LTMD 409 

(leukotriene modifying drug); LTRA (leukotriene receptor antagonist) 410 

*45 patients had baseline SNOT-22 and ACT scores 411 

    412 

Table II: Reaction characteristics for positive intranasal ketorolac and oral aspirin challenges.Table II: Reaction characteristics for positive intranasal ketorolac and oral aspirin challenges.Table II: Reaction characteristics for positive intranasal ketorolac and oral aspirin challenges.Table II: Reaction characteristics for positive intranasal ketorolac and oral aspirin challenges.    413 

Abbreviations: N (number of patients); PNIF (peak nasal inspiratory flow); SD (standard deviation); FEV1 414 

(forced expiratory volume in 1 second); NO (naso-ocular); GI (gastrointestinal); LTMD (leukotriene 415 

modifying drug); IV (intravenous) 416 
a 
Nausea, vomiting, gastric pain or heartburn 417 

b
 Urticaria, angioedema, pruritus or erythema 418 

c
 Mixed reaction means the patient experienced a combination of reaction types 419 

*p-value .02 420 

**p-value .51 421 

    422 

Table III. Treatments utilized during reactions to intranasal ketorolac and aspirin challenges.Table III. Treatments utilized during reactions to intranasal ketorolac and aspirin challenges.Table III. Treatments utilized during reactions to intranasal ketorolac and aspirin challenges.Table III. Treatments utilized during reactions to intranasal ketorolac and aspirin challenges.    423 

Abbreviations: N (number of patients); GI (gastrointestinal); H2 (histamine 2 receptor); LTMD 424 

(leukotriene modifying drug); IV (intravenous) 425 
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*Each patient may have received more than one type of medication within a medication class (i.e. nasal 426 

and ocular antihistamines, for example), so the number of specific medications within each medication 427 

class will not necessarily add up to the number of patients treated with that medication class. 428 

 429 

Table IV. Characteristics of those treated with intramuscular epinephrine during desensitization.Table IV. Characteristics of those treated with intramuscular epinephrine during desensitization.Table IV. Characteristics of those treated with intramuscular epinephrine during desensitization.Table IV. Characteristics of those treated with intramuscular epinephrine during desensitization.    430 

Abbreviations: LTMD (leukotriene-modifying drug); FEV1 (forced expiratory volume in 1 second); PNIF 431 

(peak nasal inspiratory flow); GI (gastrointestinal) 432 

 433 

Table V. Reaction severity and baseline patient characteristicsTable V. Reaction severity and baseline patient characteristicsTable V. Reaction severity and baseline patient characteristicsTable V. Reaction severity and baseline patient characteristics....    434 

Abbreviations: SNOT-22 (Sino-Nasal Outcome Test); SD (standard deviation); FEV1 (forced expiratory 435 

volume in 1 second); PNIF (peak nasal inspiratory flow); ACT (Asthma Control Test); ASA (aspirin) 436 

*by Fisher’s exact test (for proportions) or Wilcoxon rank sum test for (continuous variables). 437 
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Table I. Baseline Patient Characteristics.Table I. Baseline Patient Characteristics.Table I. Baseline Patient Characteristics.Table I. Baseline Patient Characteristics.    1 

    2 

    3 

    4 

    5 

    6 

    7 

    8 

    9 

    10 

    11 

  

Age, mean (SD) [range], y 47.2 (11.7) [19-81] 

Sex 

     Male, N (%) 

     Female, N (%) 

 

63 (37.7) 

104 (62.3) 

Ethnicity 

     Caucasian, N (%) 

     African-American, N (%) 

     Hispanic, N (%) 

     Asian, N (%) 

     Unknown, N (%) 

 

107 (64.1) 

3 (1.8) 

6 (3.6) 

1 (0.6) 

50 (29.9) 

Number of sinus operations, mean (SD) [range] 2.9 (2.2) [0-12] 

Baseline FEV1, mean (SD) [range], L 

Baseline FEV1, mean (SD) [range], % predicted 

2.89 (0.76) [1.25-5.27] 

86.0 (14.6) [37-114] 

Baseline PNIF, mean (SD) [range], L/min 155.7 (49.9) [50-350] 

Baseline ACT score* 21.8 (3.9) [11-25] 

Baseline SNOT-22 score* 28.7 (21.0) [2-76] 

Positive skin test to aeroallergens, N (%) 

Active allergen immunotherapy, N (%) 

122 (73.1) 

24 (14.4) 

LTMD use, N (%) 

     LTRA 

          Montelukast 

          Zafirlukast 

     Zileuton 

     Zileuton and montelukast 

Omalizumab use, N (%) 

Systemic corticosteroid use, N (%) 

Previous aspirin desensitization, N (%) 

 

165 (98.8) 

 

152 (91.0) 

7 (4.2) 

1 (0.6) 

5 (3.0) 

8 (4.5) 

44 (26.3) 

22 (13.2) 
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Table Table Table Table IIIIIIII: : : : Reaction characteristicsReaction characteristicsReaction characteristicsReaction characteristics    for positive intranasal ketorolac and oral aspirin challenges.for positive intranasal ketorolac and oral aspirin challenges.for positive intranasal ketorolac and oral aspirin challenges.for positive intranasal ketorolac and oral aspirin challenges.    1 

Characteristic Ketorolac reactor                   

N = 147 (88.0%)  
Aspirin reactor                  

N = 65 (38.9%) 

All Reactors                          

N = 167 

Most common provoking dose 

(mg) 7.58 60  n/a 

PNIF mean % decrease, (SD) 

[range] 32.4 (26.1) [0-100]* 23.0 (28.2) [0-100]* 29.5 (27.0) [0-100] 

FEV1 mean % decrease, (SD) 

[range] 11.0 (14.0) [0-63]** 12.3 (10.4) [0-45]** 11.4 (13.0) [0-63] 

Type of reaction, N (%)       

     NO 83 (56.5) 17 (26.2) 72 (43.1) 

     Classical   33 (22.4) 15 (23.1) 31 (18.6) 

     Bronchial 4 (2.7) 13 (20.0) 6 (3.6) 

     Laryngeal 1 (0.7) 2 (3.1) 2 (1.2) 

     GI
a
 0 (0.0) 3 (4.6) 0 (0.0) 

     Cutaneousb 0 (0.0) 3 (4.6) 2 (1.2) 

     Mixed
c
 26 (17.7) 11 (17.0) 54 (32.3) 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 
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Table III. Treatments utilized during reactions to intranasal ketorolac and aspirin challenges. 1 

Treatments received* Ketorolac reactor                   

N = 147 (88.0%)  
Aspirin reactor                  

N = 65 (38.9%) 

 All Reactors                          

N = 167 

Antihistamine, N (%) 110 (74.8) 34 (52.3) 127 (76.0) 

     Oral/Parenteral 106 33 124 

     Nasal 63 9 71 

     Ocular 17 4 21 

Bronchodilator, N (%) 60 (40.8) 37 (56.9) 85 (50.9) 

     Beta-2 agonist 56 36 82 

     Racemic epinephrine 19 7 23 

Nasal decongestant, N (%) 77 (52.4) 12 (18.5) 84 (50.3) 

GI, N (%) 11 (7.5) 7 (10.8) 18 (10.8) 

     Antiemetic 5 5 9 

     Proton pump inhibitor 0 2 2 

     H2 blocker 8 4 12 

     Antacid 6 2 7 

     Misoprostol 3 1 4 

LTMD, N (%) 4 (2.7) 5 (7.7) 9 (5.4) 

Systemic corticosteroid, N (%) 8 (5.4) 2 (3.1) 10 (6.0) 

     Oral 3 1 4 

     Parenteral 5 1 6 

Systemic epinephrine, N (%) 4 (2.7) 0 (0) 4 (2.4) 

Other, N (%) 9 (6.1) 3 (4.6) 12 (7.2) 

     IV fluids 4 2 6 

     Nasal saline 1 0 1 

     Nasal corticosteroid 2 0 2 

     Benzodiazepine 1 0 1 

     Viscous lidocaine 1 0 1 

     Acetaminophen 0 1 1 

None, N (%) 21 (14.3) 7 (10.8) 21 (12.6) 

Total, mean (SD) [range] 3.1 (2.5) [0-16] 2.2 (2.0) [0-11] 3.6 (2.4) [0-18] 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 
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Table IV. Characteristics of those treated with intramuscular epinephrine during desensitization. 1 

 2 

Age, 

Sex 

 

LTMD 

Systemic 

steroids  

Baseline FEV1 

% predicted 

Baseline 

NIF 
Reaction Description 

% drop in 

NIF 

% drop 

in FEV1 

73, M y y 89 100 
bronchial + severe 

laryngospasm 
0 63 

55, M y n 82 70 
bronchial + severe GI 

symptoms 
14 7 

55, M y y 88 230 
classical + severe GI 

symptoms 
52 51 

59, F y y 85 110 
classical + severe 

laryngospasm  
27 27 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 
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Table V. Reaction severity and baseline patient characteristics 1 

Characteristic No Severe Reaction Severe Reaction p* 

Baseline SNOT-22 Score, Mean (SD) 26.1  (20.2) 42.7  (20.7) .05 

Baseline FEV1, Mean (SD) 2.9  (0.8) 2.9  (0.7) .97 

Baseline FEV1-predicted, Mean (SD) 85.8  (14.9) 87.1  (12.1) .70 

Baseline PNIF, Mean (SD) 155.3  (49.6) 158.2  (53.9) .81 

Baseline ACT, Mean (SD) 22.2  (3.7) 20.0  (4.7) .18 

Active allergen immunotherapy, N (%) 23/144 (16.0) 1/22  (4.4) .20 

Systemic Corticosteroid Use, N (%) 33/144 (22.9) 11/23 (47.8) .01 

Number of sinus operations, Mean (SD) 3.0  (2.3) 2.1  (1.2) .07 

Atopy, N (%) 105/140  (75.0) 17/23  (73.9) .99 

Age (years), N (%)    

 <30 10/144  (6.9) 1/23  (4.4) .92 

 30-40 29/144  (20.1) 6/23  (26.1)  

 >40 105/144  (72.9) 16/23  (69.6)  

Interval between sinus surgery and ASA 

desensitization, N (%) 

   

 ≤ 12 months 81/133   (60.9) 12/19  (63.2) .99 

 > 12 months 52/133   (39.1) 7/19    (36.8)  

Medications    

 Zileuton N (%) 6/144   (4.2) 0/23   (0) .41 

 Singulair, N (%) 131/144  (91.0) 21/23  (91.3) .99 

 Xolair, N (%) 8/144  (5.6) 0/23  (0) .60 

 Singulair + Zileuton 5/144  (3.5) 0/23  (0) .47 

 Zafirlukast 7/144  (4.9) 0/23  (0) .35 

 2 

 3 

 4 
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Figure I. Nasal Ketorolac and Oral Aspirin Challenge Protocol. 1 

 2 

Time   DoseDose 

Day 1  

8:00 AM 1 spray ketorolac (1 spray in one nostril) 

8:30 AM 2 sprays ketorolac (1 each nostril) 

9:00 AM 4 sprays ketorolac (2 each nostril) 

9:30 AM 6 sprays ketorolac (3 each nostril) 

10:30 AM 

 

12:00 PM 

 

3:00 PM 

60 mg aspirin 

60 mg aspirin 

DISCHARGE PATIENT 

Day 2  

8:00 AM 150mg aspirin 

11:00 AM 325 mg aspirin
ⱡ
 

2:00 PM DISCHARGE PATIENT 

 3 

 4 

 5 

 6 

 7 

 8 

    9 

    10 

    11 

    12 

    13 

    14 

    15 

    16 

 

To prepare nasal ketorolac: 

1. Take ketorolac (60mg/2mL) and 

mix with preservative-free normal 

saline (2.75 mL). 

2. Place combined solution in a 

nasal spray bottle (one that 

delivers 100 microliters/actuation). 

3. Prime with 5 sprays before use, 

then each spray actuates 1.26 mg 

of ketorolac solution. 

4. Patient should tilt head down 

while sprays and should sniff 

gently to avoid swallowing 

solution. 

 


