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Objective: To explore the use of an electronic system able to analyze HRV, to
precociously detect allergic Reactions during drug provocation test (DPT).

Methods: Patients with suspected drug hypersensitivity were prospectively
studied and classified as allergic or non-allergic after a DPT. A portable device able
to acquire the ECG signal and to process it in real time was placed on the patients
during the test. Changes in HRV were processed using mathematical algorithm in order
to automatically detect the onset of the allergic reaction. Data of DPT and electronic
system results were recorded and analyzed in a separate and independent manner.
Results: One hundred and thirty-five patients were studied, 8 of them were
diagnosed with drug Hypersensitivity after a positive provocation test (5.9%). The
automatic analysis showed a positive result in 23 patients. Sensitivity and specificity
were 75% and 91.7% when no steroidal anti-inflammatory drugs DPT were excluded.
The global negative predictive value was 98.6%. The electronic system was able to
detect the allergic reaction at least 90 minutes before the onset of symptoms.
Conclusions: The use of an electronic computerized system for processing HRV
can be a useful tool in drug Hypersensitivity diagnosis. It detects the allergic reaction
before the appearance of physical symptoms, which improves the patients’ safety
during a drug allergy study?

Highlights Box

1. Heart rate variability is a useful tool to help diagnose non-cardiac diseases in a
non-invasive way. It is able to detect allergic reactions.
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2. The analysis of heart rate variability can detect the allergic reaction during a
drug provocation test even before the appearance of physical symptoms, except for
no steroidal anti-inflammatory drugs.
3. It improves the safety of the patients during a drug allergy study and optimizes
hospital resources.

Introduction
Drug hyper sensitivity (DHS) is an important cause of an a phyla
axis in adults [1,2]. The prevalence of self- Reported DHS is 8.5% in
general population [3]. Patients mislabeling of allergies limit their
therapeutic options, with the use of second-line drugs, increasing
health costs [4,5], the time of hospitalization and Patients’
morbidity [6,7]. Therefore, it represents an important public health
problem so allergy work-out should be as complete as possible.
It includes clinical history, skin test, laboratory tests if available
and, in some cases, drug provocation test. In the diagnostic study
for drug hypersensitivity reactions drug provocation test (DPT) is
considered the gold standard to establish or exclude the diagnosis
of DHS [8]. DPT requires clinical expertise, time and hospital
resources and has in here tricks [9]. It is usually restricted to
specialist centers in which equipment, supplies, and personnel are
present to manage serious reactions, and that personnel are well
trained and experienced in performing this procedure in properly
selected patients [8]. Improvement of the safety profile of DPT is
therefore a matter of concern. Heart rate variability (HRV) can have
a diagnostic relevance. Thanks to the ease of acquiring this signal, it
has become a very useful tool to help diagnose non-cardiac diseases
in a non-invasive way [10]. Its use has generated a great interest
in several engineering investigation groups. Several parameters of
heart rate Variability have been established. They could help not
only to reach a diagnosis of several diseases but also to encourage
their study with the goal of correlating these parameters with
patients’ health situation, both in the physical and mental aspects
[11].

Studies have been carried out on sero positive and diabetic
Patients [12]; on the correlation with external factors that affect
cardiac function [13]; and on the relationship between HRV
and health status [14,15]. Recent research on HRV applicability
focuses on two directions: novel devices and their use in
different medical areas. A non-invasive system for monitoring
the electrocardiographic signal composed of 8 textiles electrodes
settled in a line on sheets has been developed. It allows the patient´s
comfort without reducing the system´s efficiency [16]. Data on the
use of mobile phones for measuring HRV, breathing frequency and
oxygen saturation have been published [17]. The main advantage
of their use is the economical saving and the patients’ implication
in their own care. A wireless sensor platform has been developed
for Measuring HRV [18]. Its specificity allows optimizing power
consumption and time process. In order to discriminate between
healthy subjects and patients, studies of “short-term” parameters

of HRV have been performed [19]. The authors have proposed
a classification model based on the specific parameters of HRV.
Studies of “long-term” (typically measured during 24 hours)
parameters have been performed to detect physical conditions of
the individuals with the use of intelligent computing algorithms
[20,21]. The results have been used to analyze patients with
Parkinson disease and children with seps are [22].

The design of algorithms for automated analysis of ECG data
has been an area of research for more than 40 Years. QRS detection
algorithms are needed to analyze ECG recordings generated in
telehealth environments. They automatically locate QRS complex
and calculate HRV [23-25]. Few data on the field of allergology are
available. Several studies evaluating patients with allergic rhinitis
and bronchial asthma have been performed [26-30]. A study
carried out in Cork University Hospital (Cork, Ireland) with 24
pediatric patients undergoing food challenge tests [31] showed a
link between HRV and the development of allergic reactions. In this
paper, the normal (i.e., non allergic) HRV features are modeled with
Gaussian mixture models (GMMs). From ECG data recorded during
oral food challenge tests, QRS points are extracted by an automatic
QRS detector. HRV features are extracted from these points. A GMM
is then utilized to continuously estimate the likelihoods that the
subject has no allergic symptoms during the food challenges. After
post processing the likelihoods, a decision was made as to whether
the subject is allergic to a food type or not. This electronic system
showed high sensitivity and specificity and was able to detect
allergy reactions on average 17 min earlier than trained clinicians.

Aim of the Study

The objective of this study is to analyze the utility of an
electronic system that implement a diagnostic algorithm for
automatic analysis of HRV, to early detect the allergic reactions
during the realization of a drug provocation test. Allergists and an
engineering team were participating in this novel line of research.

Patients and Method

This was a prospective observational study carried out in the
Allergy Section of the University Hospital of Guadalajara, Spain.
The clinical work included patient’s ent to the allergy service with
suspected drug hypersensitivity who underwent to a DPT as a part
of usual clinical practice. The period of analysis was from February
2015 to February 2016. The study was approved by the hospital
Ethics Committee
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Patients
Inclusion criteria: 1. Patients older than 12 years, who
experienced a drug reaction that clinically resemble Allergy [32]
and at the end of the step wise approach a drug provocation test, was
indicated following the EAACI-DAIG/ENDA guideline to establish or
exclude the diagnosis of drug hypersensitivity [9] and 2. Those who
agreed to undergo a DPT and to participate in this study.

Exclusion criteria: 1. Patients who refused to undergo a DPT
or to participate in the study; 2. Who suffered non-controllable
and/or severe life-threating drug hypersensitivity reactions in
which DPT was Contraindicated [9]; 3. Those who presented severe
concurrent illness or pregnancy; 4.or patients with arrhythmia.
Written informed consent was obtained in all the cases.

Material

In this study a system able to acquire the ECG signal and to

DOI: 10.26717/BJSTR.2020.28.004723

process it in order to warn about the onset of allergic reactions
was used. The complete system was composed of a Shimmer device
[18] and a host (a computer) as (Figure 1) shows The Shimmer
device acquired the ECG signal during the provocation test. It is a
portable device, small, light (23.6g), robust and with low power
consumption, and it is able to store the measured data in its internal
memory card and send it via Bluetooth. Furthermore, it is capable
to measure, store and send the acquired data related to the inertial
sensors (3-axisaccelerometer, 3-axisgyro scope and 3-axis magneto
meter). An advantage of this system is that the patients can move
freely with the device in their pocket. This device uses a differential
measure men to the ECG signal from the three electrodes placed
on the patient’s chest with the E in throve configuration. The
allergic reaction detection algorithm that will be described below
was running in the host which received the ECG signal from the
Shimmer via Bluetooth.

Figure 1: Electronic system for the early detection of allergic reactions.

Drug Provocation Test
It is the gold standard test for diagnosing drug allergy [9]. A
single-blind DPT was performed following the Usual protocol of the
Allergy Section by administering increasing doses at 30 minutes
intervals (60 minutes in case of NSAID), till reaching therapeutic
doses or the onset of clinical symptoms of a hypersensitivity
reaction, according to the recommendations of the European
Academy of Allergy and Clinical Immunology [8]. Most of the
drugs were administered in three doses: 25%, 50% and 100% of
the therapeutically dose. After the DPT patients were classified
as allergic, if clinical symptoms of a hypersensitivity reaction
were documented, or non-allergic when a good tolerance to the
administered drug was achieved.

Working Protocol

Patient’s Evaluation: Every patient was evaluated before the

starting of the test, including blood pressure, heart rate, peripheral
arterial oxygen saturation and peak-flow measurement.

Back Ground Period: Before the onset of DPT. Placing of the
Shimmer device and measurement during 10 minutes. Patient´s
movements could hamper the correct detection of HRV. During
these 10 minutes the detected signal is averaged out, which reduces
the effect of incorrect QRS complex detection.
DPT Period: A single-blind DPT was performed as explained
before until reaching therapeutic doses or the onset of an allergic
reaction. Patients were classified as allergic or non-allergic after
evaluating the clinical picture. (Figure 2) summarizes a generic
provocation test.

HRV analysis during DPT: In this work, a QRS complex
detector previously proposed by the authors has been used [24].
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The QRS complex detector provides the instant of time when each
R peak is detected. Through these detections, we calculate the HRV.
We have checked that there is a relationship between changes
on several patients’ HRV signal and the onset of hypersensitivity
reactions. After an in-depth analysis, the results demonstrate
that the HRV mean feature (from now on MRR signal) provides
useful information regarding the physiological changes produced
by a hypersensitivity reaction. The MRR signal is computed in
a 60-second window with1-second shift. (Figure3) shows an
example of the differences between the MRR signal (black solid

DOI: 10.26717/BJSTR.2020.28.004723

line) of an allergic and a non-allergic patient during a DPT. The
background data has been shadowed with grey, and each one of the
check-up periods (in which new doses of the allergen are given to
the patients) has been colored with light blue. As (Figure 3) shows,
the MRR signal of the patient has arrange and standard deviation
much higher in the case of the allergic patient. We have proposed
a mathematical algorithm [33] to detect these changes. (Figure
4) represents the flow chart of the designed allergy detection
algorithm. It is composed of the following stages:

Figure 2: Drug provocation test flowchart.

Figure 3: MRR signal of allergic and non-allergic patients.
Note: MRR signal of an allergic (a) and a non-allergic (b) patients. Purple dotted line represents the mean value of the MRR
signal during each “background” period, or MBG signal.
MRR= Heart rate variability mean feature; MBG= Mean value of MRR signal during the background period (period prior to
the first drug provocation dose).
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Figure 4: Flow chart of the proposed allergy detection algorithm.
Note: MRR= Heart rate variability mean feature; MBG= Mean value of MRR signal during the background period (period prior
to the first drug provocation dose).
1.

When the first check-upends, the mean of the MRR

signal from the beginning of the test is computed. This is a
reference signal, called MBG (in purple in (Figure 3). This signal
represents the normal HRV of each subject.

2.
During the following observation period, the MRR signal
is compared with the background data, i.e. the MBG value is
subtracted from each new sample of the MRR signal. The result
of this operation provides the NMRR signal (Normalized MRR).
This signal represent how different is the MRR signal from the
background data, i.e. how the actual value of the mean HRV
differ from its ‘normal’ value. (Figure 5) represents the NMRR
signal for an allergic subject and a non-allergic one (b).

3.

The mean value of the NMRR signal during each increment

has been computed, the obtained result is called Mean Peak .If
the value of a Mean Peak is higher than a threshold (Th), it is
considered a hyper sensitivity reaction.

4.
When the next Check-Up starts, the last observation
period is considered as the new background interval and the
algorithm returns to the first stage. It is required to fix the value
of the parameter Th to distinguish between allergic and nonallergic patients. We have carried out a study with 24patients
[33], and the results indicate that the suitable value of the
threshold Th is 10 (Th=10).

Figure 5: Normalized HRV mean feature (NMRR) signal for an allergic
(a)

and a non-allergic

(b)

subject.
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Data Collection

negative values, likelihood ratios, and you den index. ROC curve
analysis and area under the curve (AUC) scores were obtained. The
Youden’s index, the indicator that combines the highest positive
and negative predictive values, was used to select the optimal Cutoff. All statistical analyses were performed using SPSS Statistics 22
(SPSSInc., Chicago, IL).

We included data on age (date of birth), gender, heart rate,
blood pressure, and peripheral arterial oxygen saturation and
peak-flow results. The initial drug hypersensitivity reaction was
graded in accordance with the World Allergy Organization (WAO)
classification as reported by Cox et al [34]. Involved drug and group
from which it belonged (antibiotics, NSAID…) were specified. Data
of gold standard test (DPT) and test to validate (electronic system)
were recorded: administered doses, positive or negative DPT,
electronic detection (positive or negative), time of onset of clinical
symptoms and time of detection of HRV signal with the proposed
electronic system. To guarantee the objectivity of the data analysis,
the allergists attending DPT and the engineers who evaluated
signals from the Shimmer device and computerized algorithm
analysis classified patients as allergic or non-allergic in a separate
and independent manner.

Statistical Analysis

Quantitative variables are presented as medians with
corresponding inter quartile ranges (IQRs). Categorical variables
are shown as percentages. To quantify the HRV diagnostic accuracy
we evaluated sensitivity, specificity, predictive positive and
Table 1: Clinical and demographic data in the 135 patients.
Gender

Male
Female

Age
WAO*Grade Reactions

41.7y

(IQR 29.95 – 50.95)
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Unknown

Symptoms

Skin
Respiratory
Vascular
Digestive

Cutaneous Tests

Done
Not done

Provocation test

Offending drug
Alternative drug

Note: Gender: M= Male, F= Female; Age (y)= years;

Results

Sample Profile
A total number of 135 patients were studied: 89 women, 46
men, mean age 41.7 years (IQR29.95–50.95 y). Grade 1 reaction
was the most frequent (73.3%) reaction presented, followed by
Grade 3 reactions (13.3%). Coetaneous tests were negative in all the
patients tested. They were not performed in 26 patients (19.2%), all
of them undergone NSAIDs studies. A total number of 92 patients
(68.1%) were challenged with the suspected offending drug and
43 (31.9%) with an alternative drug from the same chemical
group. Clinical and demographic data are summarized in (Table1).
Drugs tested included 47 NSAID, 60 antibiotics (50 Beta-lactam)
and 28 other drugs (2 monoclonal antibodies, 5local anesthetics,
3antihistaminesH1, 1antihistamineH2, 3pump proton inhibitors,
4 opioids, 4 corticosteroids, 2 benzodiazepines, 1, antimycotic, 1
antitussive, 1 ACE inhibitors and 1statin).
46(34%)

89 (66%)
99 (73.3%)
5 (3.7%)

18 (13.3%)
1 (0.7%)
8 (6%)

4 (3 %)

124 (91.85%)
20 (14.8%)
8 (5.9%)

9 (6.66%)

109 (80.7%)
26 (19.3 %)

Positive 0
Negative 109

92(68.1%)
43(31.9%)

*Cox LS (2017) J Allergy Clin Immunol Pract 5: 58-62.

Drug Hypersensitivity Diagnosis
Eight out of the 135 patients were diagnosed with drug
hypersensitivity after the positive provocation test (5.9%). The 8
positive DPT and their characteristics are described in (Table 2).

Symptoms were coetaneous In 7 patients and respiratory in 2.
Meantime of onset of symptoms after the last administrated dose
was 39 minutes. Two patients suffered a delayed reaction 8 and 14
hours respectively, after receiving the last dose.
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Table 2: Patients who developed a positive provocation test.
Patient

Gender

Age (y)

Drug

1

M

29

Infliximab

3

F

48

2

M

4

50

F

5

M

7

M

6
8

Time(mn)
Symptom

Dyspnea

P

150

Urticaria

P

214

Angioedema + Cough

46

Antihistamine

Urticaria- angioedema

64

ASA

Urticaria

47

F

Electro nic
detection

ASA

51

M

Symptoms

31

Ciprofloxacin
Diclofenac
ASA

Amoxicillin

P
P

Urticaria

N

Urticaria

N

Erythema

55

Time(mn)
saved
95

298

126

172

720

77

643

103

150

N

Time(mn)
Electronic
detection

111

201
179

N

560

Note: Gender: M= Male, F= Female; Age (y)= years; Electronic detection: P = Positive, N= Negative; (mn) = Minutes; Time (mn)
Symptoms= minutes from the onset of the provocation test and the development of clinical symptoms; Time(mn) Electronic
detection= minutes from the onset of the provocation test and the detection of the positive HRV signal in the electronic device; Time
(mn) saved = minutes saved if the drug provocation test was stopped when the HRV signal appeared instead of waiting for the
clinical symptoms onset.
ASA= Acetyl salicylic acid Patients No 4 and 8 experienced a no-immediate hypersensitivity reaction.

Positive Electronic Detection
The electronic detection showed a positive result in 23 patients
and a negative one in 112. Patient’s characteristics are detailed
in (Table 3). Its global sensitivity and specificity were 50% (95%
CI: 15.4 -84.6) And 89.7% (95%CI:93.6-97.5) respectively. When
NSAIDDPT were ruled out the results improved reaching 75%
(95%CI:32.6-100) sensitivity and 91.7%(95%CI:85.8–97.6)
Table 3: Patients who developed a positive electronic detection.

specificity. The global negative predictive value was 98.6%. The

detection was evidenced at least 90 minutes before the onset of
symptoms. Accuracy is shown in (Table 4). Receiver operating
characteristic (ROC) curve analysis in (Figure 6) shows how the
electronic system can predict that a patient will developed an allergic
reaction during the DPT (area under curve AUC:0.85,95%CI:0.6-1).
It must be remarked that none of the patients who had a false
negative result experienced a severe reaction during the DPT.

Patient

Gender

Age (y)

Drug

DCT Kind

DPT Result

Symptoms

Time (mn)
Electronic
detection

1

M

50

ASA

T

P

Angioedema +
cough

126

3

F

45

Difenhidramine

P

P

Urticariaangioedema

77

51

ASA

T

N

ASA

T

N

128

N

269

2

F

4

M

6

F

5

M

7

M

9

M

8
10
11
12

M
F
F
F

13

M

15

F

14
16
17

F
F
F

48
29
46
40
19
60
37
33

Ciprofloxacin
Infliximab
ASA
ASA
ASA
ASA
ASA

28

Amoxicilin

21

AmoxicilinClavulanic Acid

52

Cefixime

35
14
28

P
P

T
T
T
T
P
P

Amoxicilin

T

AmoxicilinClavulanic Acid

P

Dexketroprofen

P

T
P
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P
P

N
N
N
N
N
N

Urticaria
Dyspnea

103
55

116
76

129
162
53
31
65

N

129

N

179

N
N

27

109
22028
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18

F

52

Diclofenac

P

N

F

20

Ibuprofen

P

N

19

M

21

F

20
22

31
34

F

23

Ibuprofen
Lidocaine

45

M

P
P

Meloxicam

40

T

Peniciline

21

N

100

N

20

112

N

P

42

N

51

Note: Gender: M= Male, F= Female; Age (y)= years; DPT result= Drug provocation test result: P = Positive, N= Negative; DCT
kind= Kind of Drug challenge test: P = provocation with the offending drug, T= Tolerance with an alternative drug; (mn) = minutes;
Time(mn) Electronic detection= minutes from the onset of the provocation test and the detection of the positive HRV signal in the
electronic device.
Table 4: Accuracy of HRV algorithm detection.
Drugs
All

Se

Sp

PPV

NPV

PLR

NLR

AUROC

(95% CI)

(95% CI)

(95% CI)

(95% CI)

(95% CI)

(95% CI)

(95% CI)

50.0

95.6

21.1

96.2

3.83

0.58

0.68

(N=135)

(15.4-84.6)

(93.6-97.5)

(2.7-39.4)

(92.5-99.8)

(1.66-8.87)

(0.29-1.15)

(0.47-0.90)

NSAIDs
(N=88)

(32.6-100)

(85.8-97.6)

(10.0-90.0)

(95.8-100)

(5.19-62.44)

(0.05-1.43)

(0.60-1)

Excluding

75.0

91.7

50.0

98.6

18.0

0.26

0.85

Y
0.37
0.71

Note: Se= Sensitivity; Sp= Specificity; PPV= Positive predictive value; NPV= Negative predictive value; PLR= Positive likelihood
ratio; NLR= Negative likelihood ratio; AUROC= area under the curve; Y= Youden index; NSAIDs= No steroidal anti-inflammatory
drugs; () = Confidence Interval.

Figure 5: ROC Curve for drugs except N SAID.
Note: ROC curve analysis showing how the electronic system can predict an allergic reaction during drug provocation test,
excluding NSAID (Nonsteroidal anti-inflammatory drugs). AUC= area under curve (0.85, 95% CI 0.6 –1).

Discussion
In this study an algorithm capable of detecting hypersensitivity
reactions in real time has been used in Adults who underwent a DPT.
In a previous study, focused on food provocation test in children, the
effect of an allergic reaction in the HRV was analyzed, showing that
was notice able even before the appearance of physical symptoms
in most patients who suffered an allergic reaction. However, this

method was not suitable since the computational complexity of the
model designed required hours of analysis to perform that detection
[31]. DPT consumes time and requires resources. Furthermore,
they could trigger reactions potentially severe. A diagnostic tool
that allows minimizing risks would be very important to improve

patient’s safety. With the electronic system and the algorithm
we propose, changes of HRV were detected At least 90minutes
before the onset of clinical symptoms, which could have avoided in
several cases the administration of higher doses. HRV analysis has
been used in several studies to investigate the autonomic nervous
system (ANS) in other allergic conditions: allergic rhinitis or
asthma patients. Spectral analysis of heart rate variability allowed
extraction of low-(LF) and high-(HF) frequency components,
markers of sympathetic and vagal modulation respectively.
HRV has been measured to assess the association of nasal
air flow resistance and the underlying function of ANS during
the birch pollen provocation as latest [26]. In this study, after the
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provocation, the nasal airflow resistance rose gradually, whereas
HRV changes implied gradually increasing sympathetic withdrawal
in allergic patients during the provocation with allergen. With this
proposed method the authors open new possibilities to assess
accurately the dynamic and short-term changes in non- stationary
nasal function and could increase the accuracy and reliability of
diagnostics and assessment of the effect of nasal treatments. Lan
et al suggest that patients with allergic rhinitis may have poor
sympathetic modulation in the sitting position and that autonomic
dysfunction may therefore play a role in the patho physiology of
allergic rhinitis [27]. Other authors find differences in patients with
more persistent allergic rhinitis and severe symptoms [28]. HRV has
been investigated in asthma patients and high HRV was associated
to control as th ma compared with uncontrolled asthma patients
[29]. It has also been used to compare the autonomic modulation of
heart rate (HR) in asthmatic and healthy Volunteers and correlate
it with the forced expiratory volume in the first second (FEV1). The
authors achieved a correlation between the airways’ obstruction
and HRV [30]. Four allergic patients had a negative electronic
detection. All of them developed onlycutaneous Symptoms. One of
them experience dano-immediate reaction, 8 hours after the last
administered dose. The other 3 had been challenged with NSAID.

The proposed algorithm was not useful in patients with NSAID
hypersensitivity. There a son is unknown. In a study to evaluate
the relationship between ANS and contact/complement system
activation, in patients with hereditary angioedema authors found
an increased sympathetic activation at rest and blunted response to
orthostatic challenge, data consistent with altered ANS modulation
in hereditary angioedema patients. Authors suggest a link between
ANS and Brady kin in production [35]. It is possible that the
inhibition of the synthesis of prostaglandins by the NSAID and
their interference in the function of the haemostatic system could
somehow influence the HRV. Our results, with a high sensitivity
and specificity, support this electronic system as a promising tool
for improving drug hypersensitivity diagnosis and could be also
important in food allergy diagnosis, as the electronic detection now
could be made in real time. Detecting a hypersensitivity reaction
before the onset of clinical symptoms could provide the clinical staff
a tool to prevent more severe reactions. Another aspect of interest
is the fact that in those patients with a negative result according to
the algorithm but presenting with clinical symptoms the reaction
was mild, with only cutaneous involvement. Although the algorithm
can work in real time, this study was carried out offline. Future
development of this proposal is an alert system (screen or sound
alarm) that could allow the clinical staff to be aware in real time
of the identification of patients that can develop a hypersensitivity
reaction to have a close miniaturization of them and to decide
whether giving increasing doses to the patient or not.
In the final Proto type, the host (which receives the ECG signal
from the Shimmer via Bluetooth and processes the detection
algorithm) can be either a computer or an Android-based
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portable device, as we have programmed the algorithm for both
platforms. The clinical staff interacts with the software through
a user interface, obtaining information about the progress of the
provocation test. The algorithm would generate an early alarm if it
detects the conditions for the onset of a hypersensitivity reaction.
More studies including a higher number of patients are needed
to confirm these promising results and to evaluate the diagnostic
accuracy of the proposed algorithm.

Conclusion

The use of an electronic computerized system for processing
heart rate variability can be a useful tool in drug hypersensitivity
diagnosis. This algorithm has shown a high negative predictive
value and detection noticeable even before the appearance of
physical symptoms during a drug provocation test, which allow
to improve the safety of the patients that undergo a drug allergy
study. This algorithm has not been useful in NSAID hypersensitivity
studies.
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