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Abstract

Objective: To verify the PPVs of ten-medication antidote signals to facilitate in recognizing the probable ADRs and to evaluate their
sensitivity to determine the same ADRs with the contemporary method of pharmacovigilance. Materials and Methods: The EMR database
of King Abdulaziz University Hospital was make use of, from 01 October, 2014 to 30 April, 2015. Children of either sex between the ages
0-15 with recipients of one of the ten medication antidote signals were selected, recipient’ data was analyzed to confirm a harm by
medical care, patients with no harm were excluded, such an episode is subsequently confirmed as an ADR by the Naranjo’s tool.
Additionally, contributing factors of ADRs were also evaluated. Results: The incidence rate of ADRs detected from MASs was found to
be 27.8%. In contrast, voluntarily reported ADRs were observed as meager 0.88% and from progress notes of the patients, it was merely
0.73%. Remarkably, the total number of MASs observed in this study was 864 and 241 were confirmed as ADRs, the propensity of this
scrutiny was apparently in the proportion of approximately1:3. Furthermore, ADRs were significantly higherin 0-1 years of age group and
higher propensity of ADRs to the extent of 78.4% were observed with intake of 5-6 drugs. Moreover, preventable ADRs were identified
in the range of 0-76.1% while severity of ADRs was detected in the range of 0-42.1%. Conclusion: Detection of ADRs by voluntary
spontaneous reporting is characterized by under-reporting with the ultimate result of jeopardizing the patient safety. The methodology
of ADRs detection by medication antidote signal, in this study has revealed the unique opportunity of high detection rate of ADRs with
minimum cost, efforts and high precision. Moreover, this method seems to be quite adaptable and practical in view of the widespread
availability of computerized medical information.
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INTRODUCTION

The incidence rate of hospitalized-acquired Adverse
Drug Reaction (ADRs) seems to be a crucial factor to decide
the quality care of the patients. A wide variation in the
range of 0.14-21.5% was observed in the incidence of
hospitalized-acquired ADRs in pediatric age group during'
2002-2012. Interestingly, neonates and infants have a
greater propensity to develop ADRs due to several reasons.
These reasons range between incapability to converse,
inherent inconsistency in relation to pharmacokinetics and
pharmacodynamics of drugs, variation of their disease process
in comparison to adults, shortage of pediatric formulation,
higher incidence of therapeutic failure, off-label use and
unavoidable exposure to the drugs due to maternal use
during prenatal breastfeeding?”.

In view of the fact that, ideal and standard methods for
recognition of ADRs are not yet developed. The current
approach for detection of ADRs is heavily dependent on
spontaneous reporting system'®!, yet due to its intrinsic
constraints'?'3, additional appropriate and efficient methods
aresstill needed to detect ADRs in order to furtheraugment the
drug safety’*1>, Furthermore, it needs to be emphasized that,
trigger tools method was demonstrated to have 50 times
higher capability to identify ADRs in contrast to spontaneous
reporting system in hospital acquired ADRs both in adult and
pediatricas well'>'518, Moreover, this distinctive approach had
been comprehensively acknowledged by pioneers of
pharmacovigilance like the Institute for Healthcare
Improvement (IHI) and Institute of Medicine for identification
of ADRs'?, The concept of trigger or an electronic clue to
detect an ADR from the patient’s record by using hospital
information system was first developed by the Institute of
Healthcare Improvement in 1999 in order to improve the
patient safety. Basically, trigger tools are meant for detection
of ADRs and not the medication errors, moreover not all the
positive triggers are identified as ADRs, hence it can be a clue
that may have occurred. Furthermore, medication and
laboratory value triggers can be automated and easily
captured from the information system, subsequent
experts review of the patient’s record makes it possible to
authenticate it as an ADR''%,

Moreover, in  pharmacoepidemiological studies,
guantitative methods for ADRs detection, such as Medication
Antidote Signals (MASs) and laboratory signals, find significant
acceptance primarily from large clinical databases of
Electronic Medical Records (EMRs) of the hospitals?'. Their
advantages are quite remarkable for including large sample
size, being practically economical and their lack of personal
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prejudice?. Furthermore, signals obtained from ADRs trigger
tools and EMR databases are expected to give a prospect of
detecting unknown, uncommon as well as severe ADRs'>17:21,

The basic essence of this study comprises of determining
the Positive Predictive Values (PPVs) of ten Medication
Antidote Signals (MASs) and to validate their probability to
detect ADRs. Preventable ADRs and severity of ADRs were also
recognized. Moreover, comparison of the sensitivity of ADRs
was also performed with ADRs detected by other methods like
spontaneous reporting ADRs and from the review of progress
remarks of the charts of the patient in the database of the
hospital. In addition, one more objective of this study is to
evaluate the vital contributing factors of ADRs.

MATERIALS AND METHODS

This present study was basically designed to verify
the predictive values of ten medication antidotes to perceive
the ADRs and to compare their sensitivities with the
common methods of pharmacovigilance. Furthermore, vital
contributing factors of ADRs such as age, polypharmacy,
preventable ADRs and severity of ADRs and additionally,
organs and systems involved in ADRs were also studied.
The EMR database of pediatric department inpatient of
King Abdulaziz University Hospital was made use of from
01 October, 2014 to 30 April, 2015. The information system of
the database provides detailed information on the
admission notes of the patient, history of the patient,
clinician’s comments, prescribed drugs and discharge
summary.

Selection criteria of medication antidote signals for the
study: An organized search was done to get back appropriate
articles/studies in the PubMed, Medline, Scopus and Google
scholar website search engine to explore the list of common
medical antidote signals from relevant articles during the
period of 2000-2015. Furthermore, the authentic reference
list of important articles was explored to find the suitable
MASs to detect ADRs from EMR of our hospital'”82324 A
multidisciplinary expert panel of two expert clinical
pharmacologists and one pediatric consultant prioritizes an
initial list comprising 17 MASs. The expert utilized a 5-point
Likert scale to estimate their concord or differences, by their
response preferences into agreeing, neutral and disagree
categories regarding the probability that every signal would
be linked with a probable ADR in patients admitted to the
hospital. An additional important parameter was also used for
the selection of MASs, for every signal random samples of
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Fig. 1: Medication antidote signals in percentage confirmed as ADRs

50 patients were scrutinized for the existence of ADR. Ten
drugs out of 336 commonly employed in inpatient pediatric
wards were thus selected as MASs (Fig. 1). The pediatric
inpatient database includes 5893 patients with 29794
prescriptions; children of either sex between the ages 0-15
and recipient of at least, one MASs were included in the study,
while children with hospitalization of <1 day and prescription
with medication errors were excluded.

Basis for identification ADRs from the recipient of MASs: All
those patients prescribed with MASs were evaluated by
reviewing the patient’s data for the recording of a trigger or a
clue, which was further analyzed for its symptoms and harm
to the patient, e.g., hypokalemia is recognized as a trigger,
which develops in some patient, sometimes with no symptom,
this is considered as no ADR, however, if the patient develops
the symptoms like weakness, cramps, tingling, numbness,
nausea and vomiting leading to administration of potassium
chloride, then it would be an ADR, according to the definition
of World Health Organization, any inadvertent physical harm
consequential to or contributed by the medical care could
be an ADR, such an episode is subsequently confirmed as an
ADR by the most commonly utilized causality assessment
algorithm, often described as Naranjo's tool?, comprising of
a concise 10 item questionnaire, the causal correlation is
further evaluated as definite, probable, possible or unlikely on
precedence to be labeled as an ADR. This was done only by
consensus of the expert team. Consequently, Positive
Predictive Value (PPV) of each MASs was confirmed.
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Moreover, institutional ethical committee approval was
acquired prior to conducting this study, all the information of
the patient was carefully secured. Before conducting this
study, its validity was established by the performance of a pilot
study of 50 patients from the EMR database.

Additionally, to compare the sensitivities of ADRs
detected by this method with the common methods of
pharmacovigilance, aretrospective analysis was done. First for
the ADRs reported by voluntary reporting system, then the
ADRs were detected from the review of progress remarks of
the charts and notes of the patients in the database of the
hospital medical records by detecting the relationship of a
signal with an episode of an ADR e.g., sodium polystyrene
with hyperkalemia.

The assessment of severity of ADRs in clinical
epidemiological studies was essentially done in order to
determine the basic reason of an ADR'?%%” This was performed
by the commonly used methods of Hartwig et a/?® scale.
Indeed, the basic essence of pharmacovigilance is the
preclusion of ADRs, hence, it is essential to detect preventable
ADRs in every epidemiological study'?5?”. This was performed
by the use of Schumock and Thornton? method. It needs to
be emphasized that any untoward episode of MASs
recipient, was designated as an ADR, preventable ADRs
and severity of ADRs were categorized only after fulfilling
the criteria of relevant algorithm?2%2° additionally to the
concurrence of the selected team, comprising of two expert
clinical pharmacologists and one pediatric consultant.
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Statistical analysis: Scrutiny of all the patient demographic
information was done by means of MedCalc statistical
software, version 16.8, while the results were revealed in
absolute numbers and percentages. The PPVs were calculated
as quotients, by taking the incidences of antidote signals as a
numerator and the number of signals as a denominator. The
analysis of all the data and sensitivity evaluation of ADRs
detected by MASs with ADRs determined by routine methods
were done by the use of Fisher’s exact test with the objective
to test for important relations between the groups (p<0.05).

RESULTS

Demographicpattern: This study comprises of 5893 patients
taken from EMR database of pediatric departmentinpatient of
King Abdulaziz University Hospital, which includes 46.5%
males and 53.5% females. The average duration of hospital
stay of these patients was 18 (5-28) days.

ADRs identified by MASs and PPV: It was observed that a
total of 336 drugs were used in the patients during the
duration of the study; the total number of MASs identified
from the EMR database during this period was 864 and 241
were confirmed as ADRs with the corresponding PPV as 0.28.
(Table 1).

Relationship of age to ADRs detected by MASs: This study
has revealed that ADRs numbers are pretty close, in all the
age groups (Average ADRs in male was 112 in female 129)
(Fig. 2). However, it is worthwhile to mention that in general,
females were slightly more in number in comparison to males.
Moreover, the maximum susceptibility to ADRs was identified
in 0-1 age group (48 males, 59 females and total 109) (Fig. 2)
while the lowest numbers of ADRs were observed in the age
group 11-15 (5 males, 9 females and total 14) but strikingly,
ADRs in female was significantly higher than those in male in
this group (p<0.05) (Fig. 2).

Correlation of number of drug intake and ADRs identified
by MASs: A significant and remarkable observation of this
study has shown strikingly higher propensity of ADRs 78.4%
with an intake of 5-6 drugs, (p<0.05). While it was 5.8% with
1-2 drugs and 15.8% with 3-4 drugs (Fig. 3).

Sensitivity, specificity and positive predictive values of ten
medication antidote signals: The outcomes in this study
(Table 1) revealed that sensitivity of acetylcysteine 98,
potassium chloride 96.4, sodium polystyrene 96.5 and
potassium chloride 96.4 were configured as the highest,
while phytonadione 72.9, dextrose 50%, 84.7 and
methylprednisolone 89 were represented as the lowestin
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Fig.2: Age and gender relationship to ADRs detected by
medication antidote signals

Table 1: Sensitivity, specificity and positive predictive values of ten medication antidote signals

Antidote signals Antidote signals confirmed as ADRs Sensitivity (95% Cl) Specificity (95% Cl) PPV (95% Cl)

Dextrose 50% 19 89.0 (72.6-98.7) 92.7 (87.4-90.5) 0.30 (0.14-0.52)
Metoclopramide Hcl 41 84.7 (62.5-93.6) 93.3(91.5-96.2) 0.28 (0.11-0.29)
Methylprednisolone 26 98.0 (37.5-99.8) 97.4(96.1-98.5) 0.27 (0.10-0.41)
Phytonadione 19 96.4 (94.7-96.8) 83.3(87.4-92.9) 0.27 (0.14-0.51)
Protamine 01 95.7 (87.3-97.5) 98.6 (96.7-99.3) 0.32(0.14-0.58)
Potassium chloride 44 94.7 (79.4-96.4) 92.3(91.2-95.3) 0.29(0.13-0.47)
Sodium polystyrene 37 96.2 (29.7-98.6) 99.5(97.3-99.4) 0.28 (0.15-0.53)
Promethazine 22 72.9 (42.6-86.7) 91.7 (91.4-97.2) 0.29 (0.13-0.47)
Acetylcysteine 21 96.5 (87.4-99.2) 87.2(84.8-87.8) 0.32 (0.16-0.59)
Loperamide 1 94.7 (79.4-96.4) 92.7 (91.3-95.5) 0.29 (0.13-0.47)
Total ADRs 241 92.7 (86.3-95.7) 59.6 (55.4-62.3) 0.28 (0.18-0.47)
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Table 2: Comparison of confirmed ADRs detected by the medication antidote signal method with those detected by voluntarily reported ADRs as well as revealed

from the progress notes

ADRs detected from the progress

Antidote signals No. of signals confirmed as ADRs n (%) Voluntarily reported ADRs n (%) notes of the patients n (%) p-value
Dextrose 50% 19(11.3) 05 (0.08) 02 (0.03) 0.0001*
Metoclopramide 41(17.8) 07(0.11) 04 (0.06) 0.0001*
Methylprednisolone 26 (53) 05 (0.08) 06 (0.10) 0.0001*
Phytonadione 19 (27.9) 04 (0.06) 03 (0.05) 0.0001*
Protamine 01(12.5) 0(0) 01(0.01) 0.2500

Sodium polystyrene 37 (69.8) 07(0.11) 13(0.21) 0.0001*
Potassium chloride 44 (56.4) 09 (0.15) 05 (0.08) 0.0001*
Promethazine 22 (16) 06 (0.10) 07 (0.11) 0.0001*
Acetylcysteine 21 (45.6) 08 (0.13) 05 (0.08) 0.0001*
Loperamide 11 (44) 02 (0.03) 0(0) 0.0001*
Total ADRs 241 (27.8) 53(0.88) 44(0.73) 0.0001*

*Within group analysis of ADRs detected by medication antidote signals, progress notes and voluntarily reported (p<0.05)

terms of sensitivity. On the contrary, the specificity of
medication antidotes (Table 1) was found to be at its peak
with protamine 99.5, metoclopramide 98.6and 97.4, whereas
it was at its lowest levels with sodium polystyrene 87.2 and
potassium chloride 83.3. As regards average PPVs of
antidote signals, it was perceived as 0.28, amongst the ten
medication antidotes methylprednisolone, phtonadione
and metochlorpropamide has revealed lower values PPVs
between 0.28-0.29, while protamine and acetylcysteine has
demonstrated the highest PPV of 0.33 (Table 1).

Comparative analysis of sensitivities of ADRs recognized by
the MASs method with progress notes and voluntarily
reported ADRs: A remarkable difference was observed in a
number of ADRs identified by different methods (Table 2).
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The total number of MASs administered during this study
was 864 and 241 were confirmed as ADRs. On the contrary,
meager 53 ADRs were reported by spontaneous voluntary
reports, while 44 ADRs were detected from the progress
reports of the patients. It was further revealed that
within-group analysis,  ADRs  of dextrose  50%,
metoclopramide, phytonadione, sodium  polystyrene,
potassium chloride, promethazine, acetylcysteine and
loperamide explicitly exhibited  p<0.0001, whereas
methylprednisolone demonstrated p<0.001 and protamine
was found to be insignificant (Table 2).

Severity of ADRs and preventable ADRs identified by MASs
method: The ADRs identified by the MASs method were
further revaluated for their severity and this was observed to
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the group analysis of ADRs detected by medication antidote signals, progress notes and voluntarily reported

be highest (42.1%) with phytonadione and lowest with
protamine (Fig. 4). Whereas the highest degree of
preventable ADRs was demonstrated as 76.1% with
acetylcysteine and no preventable ADRs was seen with
protamine (Fig. 4).

Organsand systemsinvolved in ADRs identified by different
methods: Comparative analysis of the organs and systems
limplicated in the ADRs detected by all the three methods
has revealed strikingly  high implication of the
gastrointestinal system, followed by skin, respiratory and
metabolic systems, p<0.05 (Fig. 5). Conversely, the
involvement of the central nervous system, liver,
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hematological system and multi-system were observed to
be comparatively quite infrequent and statistically not
significant.

DISCUSSION

The distinctive approach of pharmacovigilance
incorporates a major role in patient safety and the majority
of healthcare providers are principally dependent on
spontaneous reporting, which detects just a fraction of
ADRs and consequently, the reality of the dilemmas associated
with safety continues to be concealed™'. Furthermore,
pharmacovigilance is not just to count the bodies but to
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identify the ADRs to facilitate and improve the management
of patient and circumvent the further impending ADRs.
Nevertheless, the detection of the magnitude of ADRs is also
essential. This is revealed and highlighted in our study by
using a well-planned intensive monitoring method like MASs
for ADRs detection and their comparative analysis with the
routine methods. Thus, theincidence rate of ADRs in this study
by the MASs method was found to be 27.8% (Fig. 1, Table 2).
Thiswas undoubtedly and exceedingly remarkable in contrast
to voluntarily reported ADRs as meager 0.88% and ADRs
detected from progress notes of the patients merely as 0.73%
(Table 2). Moreover, the sole contributory factor of inability to
provide adequate measures en route to the patient safety is
improper and misleading in providing information of the
incidence rate of ADRs'®. This highlights and focus the
significance of MASs in an assortment of ADRs over the
established methods of ADRs reporting as consistent with
othersimilarand recent studies'”19212331-33 Fyrthermore, there
is an imminent requirement to integrate the complementary
methods of pharmacovigilance considering the inherent
shortcomings of the conventional methods"'?'. This is
evidently reported in recent studies that the trigger tools
method has the ability to recognize ADRs by 50 times higher
than the contemporary method and therefore highly
recommended'®",

In addition, it needs to be comprehended that depending
on the different hospital settings, the selection of medication
antidote is decided for the detection of ADRs*, The outcome
of our study revealed that the average PPVs of the ten selected
MASs was 0.28 (0.18-0.47) (Table 1), which emerges to be
relatively consistent with other recent studies®3133%,
Remarkably, eight of the ten MASs selected in our study
revealed PPVs in close approximation to several other recent
studies'7313335%7 |t was moreover significant to find in our
study that MASs commonly employed in metabolic disorders
like potassium chloride and sodium polystyrene, detect a very
high number of signals which are identified as confirmed
ADRs and their PPVs were at similarity with the findings of
other recent studies'®33 (Table 1). Interestingly, another
significant observation of this study is that the frequency of
ADRs detection, the number of total MASs observed from the
EMR database in this study was 864 and 241 were confirmed
as ADRs, the propensity of this scrutiny is apparently in the
proportion of approximately1:3 (Table 2). Conversely, this
study further reveals that when compared with ADRs
detection by other methods, nine of the ten medication
antidotes were found to be more effective and significant in
the detection of ADRs (Table 2). These observations further
sustain the discernment that MASs possess the capability of
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more effectively detecting the ADRs from EMRs. Their
utility to track ADRs from EMRs can be utilized for
evidence-based prevention of ADRs both in/outpatient of the
hospitals?32438,

In this study, only one antidote, i.e.,, protamine was
observed to be deficient in detecting the signals, which could
be due to their sporadic utilization in general wards in contrast
to the intensive care units and seems to be, an imprecision in
selection by the experts of this study (Table 2). An additional,
shortcoming of such studies is the requirement of a huge data
study for every patient. This is virtually not realistic for
performing big epidemiological studies, yet this can be fairly
accomplished in the current scenario due the availability of
hospital EMR database, which has the prospective potency of
adequate sample size, being economical and having no
likelihood of prejudice’”?224,

In addition, like most of the clinical epidemiological
studies, we have also focused in this study on observing the
vital contributing factors for ADRs such as age and
polypharmacy, preventable ADRs and severity of ADRs and
organ and systems involved in ADRs. This provides better
insights for specific measures required to avert impending
ADRs'?627, The susceptibility of ADRs was observed
significantly higher in the age group 0-1 year, in
comparison to other pediatric age groups (Fig. 2). This
propensity is elucidated by various factors such as
differences in physiological functions, body weight,
non-availability of important pediatric formulation and
off-label use of drugs’93°40,

In our study, polypharmacy has also proved to be a
noteworthy contributing factor for augmented incidence of
ADRs (Fig. 3). Correlation of a number of drug intakes and
ADRs identified by MASs were demonstrated statistically
significant susceptibility for ADRs with the intake of 5-6 drugs
(p<0.05). This additive and reciprocal risk factorand important
predictor of ADRs needs to be avoided by the clinicians, if not
essential?4142, |dentification of preventable ADRs emerges as
a sheet anchor for all pharmacoepidemiological studies,
because it strengthens the judicious use of drugs which
ultimately enhances the drug safety'3%, This vital aspect was
accomplished in our study with the identification of
preventable ADRs by medication antidote signals. They were
found to be in the range of 0-76.1% (Fig. 4), that seems to
be quite confirmative with other studies*#344, Additionally, to
ascertain that the severity of detected ADRs plays an
important role to assist in finding of the significant location by
healthcare providers for the desired intercession in order to
revitalize Pharmacovigilance?”%. Hence, this essential facet
was also looked after in our study and this has revealed



Int. J. Pharmacol, 13 (1): 64-73, 2017

severity in the range of 0-42.1% ( Fig. 4), a systematic review
comprised of 34 studies of severity of ADRs depicted a range
of 0-66%2¢ and other recent studies revealed the severity of
ADRs in the range of 2.1-23%, such scenario explicitly extends
the hospital stay of these patients and escalates the economic
burden on healthcare providers'“.

It is an illustrious fact that body defense mechanism of
hospitalized children is obviously weaker and suppressed in
comparison with non-hospitalized individuals. Moreover, this
situation augments the necessity of utilization of multiple
medications and under these circumstances, the inherent
properties of drugs to produce augmented or bizarre ADRs
and potential drug-drug interaction is quite fairly anticipated.
Indeed, this can affectan organ, a system or multiple systems.
Moreover, this study also demonstrated strikingly high
implication of gastrointestinal system in ADRs, followed by
skin, respiratory and metabolic systems and our results are
fairly consistent with reports of several similar recent
studies?64446-48 (Fig, 5).

Undoubtedly, strong measures of pharmacovigilance are
one of the key factors to reduce the incidence of hospital
acquired ADRs'3#. The present study strongly provides an
unambiguous substantiation of medication antidote signals to
identify ADRs in hospitalized children. However, this technique
is characterized by the intrinsic setback of making large false
positive results?”. The present scenario of the absence of a
definitive standard foridentification of ADRs can be overcome
by the utilization of global trigger tools and MASs to detect
ADRs and compare their efficacy with routine methods from
multiple data resources. It needs to be stressed that,
comprehensive information generated by the individual
medication antidote could be integrated by the healthcare
providers in their scheme, to promote the essential aspect of
pharmacovigilance.

Finally, cognizance and application of the MASs method
might be used to enhance target diseases known to be
associated with high rates of adverse reactions (e.g., diabetes).
It can also strengthen the coherence of drug therapy as well
as improve the clinician’s efforts on optimizing patient
management.

CONCLUSION

This study highlights thatincorporating the methodology
of antidote signal evaluations with hospital EMR database
provides a bright prospect of detecting the ADRs, which are
not likely to be captured by the routine voluntary spontaneous
reporting system. It also affords a unique opportunity for a
high detection rate of ADRs with minimum cost, efforts and
high precision.
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