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ABSTRACT

A non-interventional retrospective study in ambulatory
patients was conducted at the emergency department of the
Division of internal medicine. In 2 months, 266 suspected
adverse drug reactions (ADRs) were identified in 224/3453
patients (6.5 %). In 158/3453 patients (4.6 %), an ADR was the
reason for emergency department visit and in 49 patients
(1.4 %), ADRs led to hospitalisation. A causality assessment
algorithm was developed, which included Naranjo algorithm
and levels of ADR recognition by the treating physician and
the investigators. Using this algorithm, 63/266 ADRs (23.7 %)
were classified as “certain”, whereas using solely the Naranjo
score calculation, only 19/266 ADRs (7.1 %) were assessed as
“probable” or “certain”, and the rest of ADRs (namely, 247/266
=929 %) were assessed as “possible”. There were 116/266
(43.6 %) ADRs related to potential drug-drug interactions
(DDIs), stated in at least one of the literature sources used.
Based on the causality relationship, the rate of the clinically
expressed DDIs was 19.0 %, or 12/63 “certain” ADR cases. Of
these, 10 cases presented serious DDI-related ADRs. In
summary, ADR causality assessment based exclusively on
Naranjo algorithm demonstrated low sensitivity at an ambu-
latory emergency setting. Additional clinical judgment,
including the opinion of the treating physician, proved
necessary to avoid under-rating of the causality relationship,
and enabled the determination of clinically expressed DDIs.

Keywords: adverse drug reactions, drug interactions, causality
assessment, emergency department, ambulatory patients

INTRODUCTION

Adverse drug reaction (ADR) is defined by the World Health Organisation (WHO) as
»any response to a drug which is noxious and unintended, and which occurs at doses
normally used in man« (1). European Medicines Agency (EMA) extends the definition of
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ADR to any »use outside the marketing authorisation«, including off-label use, overdose,
misuse, abuse and medication errors (2). In general, ADRs occur in 5-10 % of patients (3).
Similarly, ADRs cause around 5-10 % of hospital admissions (4-7). Incidence varies
depending on the study population, and the rates are higher for elderly patients (6, 8). In
ambulatory emergency departments (EDs), suspected ADRs are estimated to occur in
around 7 % of patients, but may range from 0.35 to 14.7 % (2, 4, 7, 9). Different definitions
of ADRs have been used, requiring caution when directly comparing study results (4).
ADRs present a major health problem and economic burden, but still remain heavily
under-recognised (2, 10).

Older age, impaired renal function, comorbidities, use of multiple medicines and lack
of knowledge regarding one’s therapy, increase the risk of ADRs (1, 5). Various other
patient-related (e.g, gender, socio-economic status), disease-related (e.g., dementia), and
medication-related (e.g, use of antithrombotic agents) risk factors for ADRs have also been
studied (5, 6).

Causality assessment of ADRs may be performed using one of the three main
approaches, namely, algorithms, expert judgment or global introspection, and probabilis-
tic approaches (11, 12). Key aspects that all causality assessment methods should include
are temporal relationship of drug taking with the reaction, plausibility, de-challenge and
re-challenge (12). In commonly used algorithms, such as Naranjo, specific sets of questions
have been designed to reduce rating variability and hence increase validity. However, their
inflexibility leads to some limitations (12). Categories for ADR likelihood typically range
from “unlikely/improbable/doubtful”, “conditional/unclassified”, and “unassessable/
unclassifiable”, to “possible”, “probable”, and “certain/definite”. In clinical practice, it may
be difficult to assess an ADR as “certain” or “unlikely” solely by using an algorithm (5, 7,
13-17). Probabilistic approaches are regarded as reliable, but complex and time-consum-
ing, while expert clinical judgment may be susceptible to individual variations (11, 12).

The link between drug-drug interactions (DDIs) and ADRs has been well established.
However, the majority of DDI studies have focused on potential DDIs (18). Reported
DDI-related ADR prevalence ranged from 2 to 20 % (18-20), whereas rates of patients with
potential DDIs have been estimated to reach up to 56 % (21). It has been suggested that
68-70 % of potential DDIs require clinical attention or monitoring, 6 % of them are clini-
cally relevant, and 1-2 % may be life-threatening (18, 22). In rare studies that have focused
on clinically expressed DDIs, their actual expression and clinical relevance may have been
commonly underestimated (18, 19).

The aim of the present study was to determine the rate of ADRs in ED ambulatory
patients, and to perform a causality assessment combining treating physician’s and investi-
gators’ level of ADR recognition with Naranjo algorithm. The second objective was to
evaluate the rate of DDIs and their clinical expression as ADRs.

EXPERIMENTAL
Methods of ADRs and DDI evaluation

Study population. — A non-interventional retrospective study of ambulatory patients
was conducted at the ED of the Division of Internal Medicine, University Medical Centre
Ljubljana (UMCL), Slovenia. All patients” ambulatory records were reviewed for the
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2-month study period (October and November 2020). Demographic, clinical and laboratory
data, related to suspected ADRs, were gathered for the study group of patients with ADRs.
Patients without ADRs represented the control group. Number of active ingredients was
counted as number of drugs in patient’s therapy. Data were gathered in anonymised
form. The study was approved by the National Medical Ethics Committee (Approval No.
0120-384/2020-3).

Evaluation of adverse drug reactions. — ADRs that were documented in patients” ambula-
tory records by the treating physician, as well as ADRs recognised from the records by the
investigators, were included. All suspected ADR cases were analysed independently by an
experienced clinical pharmacologist and clinical pharmacist. WHO definition of an ADR
was used. Intentional or unintentional poisonings were excluded from the analysis. For
any disagreements in the evaluation, the ADR cases were reviewed and discussed together
to reach a consensus.

ADRs were assessed for their seriousness, expectancy and causality. A serious ADR
was defined according to Slovenian rules on pharmacovigilance of medicinal products for
human use (23, 24) as “one which requires hospitalization or prolongation of existing

Table 1. Adverse drug reactions’ causality assessment algorithm

Treating physician’s
certainty

Naranjo ADR Weighted Naranjo
category (score) score (N)
Doubtful (< 1) -0.5
Possible (2—4) 0
Probable (5-8) 0.5
Certain (> 9) 1
ADR recognition by | Weighted physician Weighted final Combined ADR Final
treating physician | recognition score (PR) score calculation | causality assessment | score
No explicit treating 0 033 x N+ Uncertain ADR | <0.5
physician’s suspicion
- — 0.33 x PR+
Treating physician’s 0.5 0.33 x IR Certain ADR 205
suspicion

ADR recognition by
investigators

Weighted investigator
recognition score (IR)

Investigators’
suspicion

0.5

Investigators’
certainty

ADR —adverse drug reaction, IR — weighted investigator recognition score, N — weighted Naranjo score, PR — weighted
physician recognition score
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hospitalization, causes congenital malformation, results in persistent or significant
disability or incapacity, is life-threatening, results in death, or, based on medical judgment,
causes a relevant clinical condition”. An expected ADR was one stated in the drug summary
of product characteristics (SPC).

To determine the causality likelihood of ADRs, an algorithm was developed, which
consisted of treating physician’s ADR recognition documented in the ambulatory record,
investigators’ recognition and Naranjo assessment score. Physician’s and investigators’
levels of recognition were defined either as “suspicion” or “certainty” (Table I). Each of the
three methods for causality assessment — Naranjo, treating physician’s, and investigators’
level of recognition, were tested separately for sensitivity and specificity compared to the
combined assessment method as shown in Table II. Cochran’s Q test and post hoc test with
Bonferroni correction were used.

Evaluation of drug-drug interactions. — Potential drug-drug interactions (DDIs) were
identified using three literature sources: Lexicomp® Micromedex® and drug SPCs. In the
Lexicomp® database, levels X (“avoid combination”), D (“consider therapy modification”),
and C (“monitor therapy”) were considered. Similarly, in Micromedex® database, “contra-
indicated”, “major” and “moderate” categories were included. DDIs unrelated to the sus-
pected ADRs were not captured in the analysis. To determine a DDI as clinically expressed,
a set of three criteria had to be fulfilled: (i) DDI stated in at least one of the three sources,
(if) both (or several) potentially interacting drugs recognised to be related to the ADR by
the treating physician and/or investigators, (iii) ADR assessed as “certain” using the com-
bined causality assessment algorithm.

Table 11. Causality assessment methods’ sensitivity and specificity calculation

Combined ADR causality
assessment

Certain Uncertain

Naranjo ADR category (score)

Doubtful (1) FN TN
Possible (2-4) FN TN
Sensitivity
Probable (5-8) TP FP
Certain (2 9) TP FP
TP / (TP+EN)
ADR recognition by treating physician )
No explicit treating physician’s suspicion FN TN Specificity
Treating physician’s suspicion FN TN
EPY P TN / (TN+FP)
Treating physician’s certainty P FP
ADR recognition by investigators
Investigators’ suspicion FN TN
Inestigators’ certainty P FP

ADR - adverse drug reaction, FN — false negative, FP — false positive, TN — true negative, TP — true positive
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Statistical analyses

Data are presented using descriptive statistics. When the median was used, the inter-
quartile range (IQR) was reported. A logistic regression analysis of risk factors was per-
formed, with suspected ADR as the dependent variable. Regardless of the number of
ADRs, each patient was included in the logistic regression analysis once. Independent
variables were selected from the results of the bivariate analysis. The following variables
were considered: age (years), gender, number of comorbidities, number of drugs, renal
failure, liver failure, and reported use of alcohol. Renal failure was defined as serum crea-
tinine level >1.5x upper limit of normal (ULN), and liver failure as alanine or aspartate
aminotransferase level >3x ULN, alkaline phosphatase >2.5x ULN, or bilirubin >1.5x ULN,
based on National cancer institute common terminology criteria for adverse events (25).
The dependent variables were entered in the model in a single step. The goodness-of-fit
was assessed with Hosmer—Lemeshow test. Results are expressed in odds ratios (ORs)
with 95 % confidence interval (CI). For all statistical tests used, a two-tailed p-value < 0.05
was considered statistically significant. Statistical analyses were performed using IBM
SPSS Statistics version 27.0.

RESULTS AND DISCUSSION
Adverse drug reaction rates and risk factors

A total of 3453 patients were treated at the ambulatory ED unit of the Division of
Internal Medicine during the 2-month study period. Suspected ADRs were identified in
224 patients (6.5 %). In 158/3453 patients (4.6 %), an ADR was the reason for ED visit. ADRs
led to hospitalisation in 49 patients (1.4 %). As more than one ADR was suspected in 38
patients, 266 ADRs were recognised altogether, with 337 implicated drugs. These results
are comparable to similar studies where the rates of ADRs commonly ranged from 6.5 to
7.8 % (4, 7). However, we may assume that the ADRs identified underestimate the overall
incidence rate of ADRs in these patients. It has been argued previously that ADRs may
have been under-recognised in an ED setting due to several reasons. Urgent action is often
required, and a thorough interviewing of patients or their caregivers may not be feasible
to obtain the necessary information for ADR recognition (6, 20).

Within ADRs group 199/266 ADRs (71.8 %) were serious. In comparison with several
other studies (26, 27), a higher rate (71.8 %) of serious ADRs in our study might be related
to a broader definition of seriousness, that included “any relevant drug-related clinical
condition”. There is no formal definition of clinical relevance, leading to potentially sub-
jective judgment by the treating physician or investigators.

Nearly all ADRs (264/266, 99.2 %) were stated in drug SPCs and were therefore expected.
The two unexpected ADRs in the study were disturbance of consciousness due to apalut-
amide, and hyponatremia due to bromazepam. A low rate of unexpected ADRs (0.9 %)
suggests that these ADRs are either very rare or very difficult to recognise, or both. Unex-
pected ADRs are likely to reach a lower score in the causality assessment because the
existing data on previous reports may be limited.

Data for the control and study group, together with the results of the logistic regression,
are shown in Table III. Information for individual patients is provided in a supplementary
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Table SI. Number of comorbidities was in a strong positive correlation with the number of
drugs (Spearman’s rho 0.701, p <0.001) and was therefore excluded from the logistic regression
model. Older age and higher number of drugs were demonstrated to significantly increase
the risk for experiencing an ADR. In the literature, multi-morbidity, decreased renal function,
and decreased liver function have also been recognised as risk factors for adverse drug events
(2). These factors can be interrelated. Age-related pharmacokinetic and pharmacodynamic
changes may have an important influence on ADR occurrence (16). Multiple diseases in elder-
ly patients lead to multiple medications, which increases the risk of DDIs and ADRs (5, 16, 28).
However, medication burden does not necessarily increase steadily with age. Schurig et al. (4)
demonstrated that the number of drugs taken at the same time was lower in the 81-90 years
and > 91 years age groups than in the 71-80 years age group. Impaired renal function consid-
erably impacts the elimination of drugs and typically plays a larger role than liver function
(2). In our study, reduced renal function did not significantly affect the risk of ADR, whereas
surprisingly, the absence of liver failure was significantly associated with ADRs. We found
no reasonable explanation, apart from the choice of criteria for liver failure which may not
have been ideal. The Child-Pugh score would probably have been a more appropriate indica-
tor. Unfortunately, the lack of data in the ambulatory records did not allow us to use this tool
(e.g, serum albumin levels were not commonly measured). However, based on Nagelkerke R?,
our model explains only 5.1 % of deviance in the response variable.

Causality assessment of adverse drug reactions

Table IV demonstrates the causality assessment ratings for all 266 ADRs. Using Naranjo,
19 ADRs scored > 5, falling in the “probable” or “certain” category. There were no ADRs

Table IV. Adverse drug reactions’ causality assessment results

Naranjo category

No. of ADRs (rate, %)

Doubtful (< 1) /
Possible (2—4) 247 (92.9 %)
Probable (5-8) 18 (6.8 %)
Certain (> 9) 1 (0.4 %)
ADR recognm'o.n by treating No. of ADRs (rate, %) Con"xblned ADR No. of ADRs
physician causality assessment (rate, %)
No explicit treating physician’s 74 (27.8 %) Uncertain ADR (< 0.5) | 203 (76.3 %)
suspicion
Treating physician’s suspicion 146 (54.9 %) Certain ADR (>0.5) 63 (23.7 %)

Treating physician’s certainty

46 (17.3 %)

ADR recognition by
investigators

No. of ADRs (rate, %)

Investigators’ suspicion

203 (76.3 %)

Investigators’ certainty

63 (237 %)

ADR - adverse drug reaction
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assessed as “doubtful” with a Naranjo score < 2. On the other hand, 46 and 63 ADRs were
recognised as “certain” by the treating physician and by the investigators, resp. Finally,
with the combined causality assessment algorithm, 63/266 (23.7 %) ADRs were defined as
“certain”. Of these, 5 ADR cases were different than in the investigators’ certainty assess-
ment.

The matching between the scores of individual causality assessment methods and the
combined final score is shown in Fig. 1. The sensitivity of the investigators” and physician’s
assessments was significantly higher compared to Naranjo method (p < 0.001 for both
pairwise comparisons), while specificity was significantly different only when the physi-
cian’s and investigators” assessments were compared (p = 0.037).

There were higher rates of “certain” ADRs linked to antidiabetic agents (including
insulin and oral drugs, causing hypoglycaemia), warfarin (causing increase in internation-
al normalized ratio — INR), and antibiotics (causing rash, or INR increase in combination
with warfarin). On the other hand, “uncertain” ADRs were more frequently related to
acetylsalicylic acid and non-steroidal anti-inflammatory drugs (commonly suspected of
causing gastrointestinal bleeding), or diuretics — including aldosterone antagonists, loop
and thiazide-like diuretics (linked to electrolyte disturbances or hypotension).

Several systems exist for ADR causality assessment, but most of them fail to offer a
reliable quantitative estimation of the causality relationship probability (13). Lack of sen-
sitivity of Naranjo algorithm has been recognised previously, resulting in low rates of
“certain” ADRs (11). Not all questions in the algorithm are applicable to clinical practice
(e.g., information on the use of placebo or measured toxic concentrations of implicated
drug) (1, 26). In a Japanese adverse drugs events study, 5 of the 10 questions of the Naranjo
algorithm were answered with “no/not known” in > 97 % of cases (29). The authors sug-
gested a modified Naranjo algorithm which would include only the remaining 5 questions.

Investigator 58/63=0.920

Treating physician 46/63=0.730

SENSITIVITY

Naranjo 18/63=0.286

Investigator

Treating physician

SPECIFICITY

Naranjo

0.00 0.25 0.50 0.75 1.00

Fig. 1. Sensitivity and specificity of the causality assessment methods.
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However, at an ambulatory emergency setting, the ADR improvement after discontinua-
tion of the drug or the outcome of a re-challenge, are also commonly not possible to assess.
Based on the similarity of other algorithms, we assume that using a different one would
not have improved the analysis. In a German study performed in 4 EDs, ADRs were esti-
mated as “possible” in 74-84 % of cases using WHO-UMC system (4). Regardless of the
method, a positive re-challenge or a similar reaction during a previous exposure and the
absence of other likely causes, are required for an ADR to be classified as “definite” or
“certain”. These criteria are rarely reached in practice. On the other hand, using solely
physician’s or investigators’ recognition of ADR could have led to subjective or biased
results. In our study, the investigators’ assessment was the most sensitive, whereas the
physician’s assessment (as documented in the ambulatory records) was the most specific.

Using the combined causality assessment algorithm, ADRs with a Naranjo score > 5
and suspected both by the treating physician and the investigators, and ADRs with a
Naranjo score > 2 and a high level of physician’s and/or investigators’ certainty, were cate-
gorised as “certain”. Consequently, 45 “possible” ADRs per Naranjo’s score were assessed as
“certain” with the combined algorithm. We advocate that the use of the combined assessment
algorithm provides an optimal assessment. It is necessary to include the opinion of the
treating physician in the assessment of ADR causality, particularly when the investigator
or evaluator of ADRs had not been in direct contact with the patient.

Drug-drug interactions related adverse drug reactions

There were 116/266 (43.6 %) ADRs related to potential DDIs according to at least one
of the sources used — Lexicomp®, Micromedex® or SPCs. Twelve DDIs (shown in Table V)
met all three criteria for a clinically expressed DDI. This represented a 19.0 % rate of clini-
cally expressed DDIs among the 63 “certain” ADRs, and a 0.3 % rate among all 3453
patients treated at the ambulatory ED unit. Ten clinically expressed DDIs were related to
serious ADRs, suggesting that 4.5 % of patients in our study (10/224) experienced a serious
DDI-related ADR.

Similarly to our results, previous studies assessing potential DDIs generally reported
rates that were much higher than the rates of actually expressed DDIs (18, 21, 22). How-
ever, precise explanation of how the clinically expressed interactions were recognised was
rarely given. Olivier et al. (20) stated that 19.7 % of ADRs were due to DDIs. In a recent study
of DDIs identified from Italian pharmacovigilance database, 17.5 % of all ADR reports
(381/2195) were associated with a DDI (18). A literature review from 2004 found a 0.054 %
rate of ED visits being due to DDIs (33).

In a 2018 systematic review, DDIs were classified into three categories — potential, clini-
cally relevant, and DDIs that cause measurable patient harm (34). Potential DDIs were iden-
tified using drug reference guides, whereas clinical relevance was still defined by a potential
measurable clinical effect of DDI, according to clinical pharmacist’s judgment. Only one
study included in the review investigated actual patient harm (21). However, clinical expres-
sion of DDIs in this one study could be disputed. Any ADR with a potential DDI identified
in Micromedex® was considered as an expressed DDI-related ADR, regardless of the causal-
ity relationship level, which could be either “certain”, “probable”, “possible” or “relative”,
using Karch-Lasagna algorithm (21). In our opinion, an ADR with the causality rate less than
“probable” should not lead to a direct assumption of a clinically expressed DDI.
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In a previous study conducted at UMCL, 50 “probable” clinically relevant DDIs were
identified in 37/1006 patients admitted to internal medicine departments via ED. Causality
assessment was performed by drug interaction probability scale (DIPS) — a Naranjo scale,
modified for DDIs. All ADRs identified from medical charts, with DIPS score > 2 (repre-
senting “possible” DDI-related ADRs), were considered as “probable” clinically relevant
DDIs (35). Whenever using causality assessment algorithms, including tools specific for
DDIs such as DIPS, upgrading certainty level (e.g, from “possible” event to “probable”)
requires additional clinical judgment and justification. In the previous study this was per-
formed by a multidisciplinary team assessing DDI-related ADR cases (35). Our study
added a specifically defined set of criteria for determination of DDI-related ADRs.

Interestingly, all clinically expressed DDIs were stated in SPCs of at least one of the
implicated drugs, whereas less than half (5/12, 41.7 %) were recognised by Micromedex®
database, 8/12 (66.7 %) were detected by Lexicomp®. This suggests that SPCs are more
sensitive than Micromedex® or Lexicomp® databases in identifying DDIs. However,
searching for potential DDIs in SPCs is more time consuming than using a database. DDIs
were often found in the “Special warnings and precautions” section of the SPCs, not al-
ways in the “Interactions” section, and were more commonly stated indirectly (e.g,, men-
tioning only drug classes rather than specific drugs).

Nearly all (11/12) clinically expressed DDIs were pharmacodynamic. In general, risks
of DDI-related ADRs, such as hypoglycaemia or hypotension, may be reduced with regular
self-monitoring of blood glucose levels, blood pressure, etc. (36). Electrolyte disturbances,
e.g., increased or decreased levels of potassium and sodium, are more difficult to recognise
at home. Pharmacotherapy should be prescribed based on individual patient characteris-
tics, e.g., multiple drugs known to have risk of hyperkalemia should be avoided in a patient
with reduced renal function; combination of a- and f-antagonists should be avoided in
frail elderly people to prevent orthostatic hypotension, etc. (37, 38). Patients with higher risk
for ADRs should be prioritised for clinical medication reviews and counselling (39).

Several authors concluded that the majority of clinically relevant DDIs are caused by
a limited number of drugs that require close monitoring to avoid DDI-related ADRs (33).
In an analysis from the French pharmacovigilance database, antithrombotic agents were
frequently involved in DDIs, and haemorrhage was the most common serious DDI-related
event (40). In a recent study of DDIs identified from the Italian pharmacovigilance database
and assessed by an expert panel, interactions of warfarin with proton pump inhibitors or
antiplatelet agents were most often involved in ADRs (18). Methods and definitions used
to identify actually expressed DDIs were not always transparent and clear in previous
studies (34). In general, clinically expressed or clinically relevant DDIs were determined
by a professional or a team, usually involving clinical pharmacist, clinical pharmacologist
and/or physician (10, 34). Regardless of the method, two aspects should be considered
when evaluating DDI expression: (i) the likelihood of an adverse outcome actually being
an ADR, (ii) the likelihood of an ADR actually being related to a DDI. Surprisingly, the two
aspects were commonly not considered concurrently in previous assessments. In our
study, clinically expressed DDIs were defined as the ADR cases that were classified as
“certain”, had more than one causative drug, and had a related DDI between the two drugs
stated in at least one of the literature sources. Therefore, the estimated rate (12/266, 4.5 %)
is a conservative one. Using a different methodology, e.g, including less certain ADRs, the
estimated rates would have been higher.
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Pharmacists play a major role in pharmacovigilance, particularly in monitoring and
reporting ADRs. They are an indispensable source of information and critical evaluation
of drug-related information (41), and make an integral part of a multidisciplinary pharma-
covigilance team to participate in ADR assessments. Moreover, clinical pharmacy services
in hospitals and other medical settings, e.g, medication history taking, medication use
review and clinical medication review are important tools in ADR prevention or recogni-
tion (42).

Summary and study limitations

Our study has several limitations. It was performed in a single centre and was based
on patient’s ambulatory records. Medication history and other relevant information writ-
ten in the records may not have been complete or explicit, and over-the-counter or other
self-medication products may have been overlooked. The recognition of ADRs and their
mentioning in the ambulatory records may have varied among different treating physi-
cians. It was rarely possible to assess the final outcome of an ADR due to the ambulatory
setting.

The study was conducted during the early phase of the Covid-19 pandemic. This may
have influenced the organization at the ED department, and the patient population may
have been slightly different than before the pandemic, e.g,, there may have been a higher
rate of patients with more severe conditions. However, patients with confirmed or sus-
pected SARS-CoV-2 infection were directed to a different emergency setting. Therefore, no
conditions or medications, specific to Covid-19, were observed in our patient population
during the study.

On the other hand, common signs, symptoms, and laboratory findings, typically asso-
ciated with ADRs, were screened by the investigators. In this way, potential ADRs that
may not have been specifically mentioned as an ADR in the ambulatory medical records
by the treating physician, were detected. A combined causality assessment algorithm for
ADRs was developed to avoid conclusions based solely on the judgments of the treating
physician or investigator, which may be prone to subjectivity. At the same time, this method
allowed to differentiate between a large proportion of ADRs which would all have been
commonly classified as “possible” using only the Naranjo algorithm, even though they
may have varied substantially in the likelihood of the causality relationship. Finally, we
identified clinically expressed rather than potential DDIs, and the set of criteria for clinical
expression was clearly defined.

CONCLUSIONS

In conclusion, ADRs contribute importantly to ambulatory ED visits of internal medi-
cine patients. Causality assessment of ADRs based exclusively on standard algorithms
such as Naranjo may be inadequate for an emergency ambulatory setting, demonstrating
low sensitivity. Lack of reliable information and a short duration of patients staying in
such setting are likely contributing factors. Therefore, to avoid under-rating of the ADR
causality relationship, additional clinical judgment is necessary, which should include the
opinion of the treating physician. Furthermore, ADR causality rate of high certainty is one
of the prerequisites for a reliable determination of clinically expressed DDIs. While the
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approach taken in our study may not be suitable for every healthcare setting, it improved
the ADR causality assessment at the ambulatory unit of the emergency department for
internal medicine patients. The future work might focus on developing a standardised and
validated tool to overcome the challenges of ADR and DDI assessment in emergency
ambulatory settings.
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