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Introduction
Drug Related Problems (DRP) including therapeutic failure and 

dverse rug vents (ADEs) are vital patient safety issues [1]. They are 
particularly frequent after hospitalization [2], when multiple changes 
to patients’ medication regimens may be associated with poor patient 
education, no follow-up, and interruption of care [3-5]. These factors 
commonly result in inappropriate medication prescribing, discrepancies 
between prescribed and actual regimens, reduced adherence, and 
insufficient observation for adverse effects [6-9]. These problems may 
cause preventable ADEs and amplified health care utilization. An 
estimated 12% to 17% of general medicine patients experience ADEs 
after hospital discharge, more than half of them judged preventable 
or ameliorable (i.e. duration or severity could have been decreased) 
[10-12], up to 12% of ADEs result in Emergency Department (ED) 
visits and 5% in readmissions. A preventable ADE was defined as an 
undesired reaction to medication, which may have been prevented by 
appropriate drug selection or management [13]. 

Clinical pharmacists have the expertise to address DRPs during 
hospitalization and after discharge [14-15]. They can counsel patients 
at discharge, detect and resolve medication discrepancies, and screen 
for non-adherence and ADEs after discharge. Data revealed that 
counseling patients before discharge improves adherence and decrease 
misuse of medications [14-16]. Clinical pharmacist follow-up after 
discharge has a great impact on reducing Emergency Department (ED) 
visits, hospital readmissions, and costs [14-16]. 

Objective
The objective of this study is to identify drug-related problems 

after discharge and to determine the impact of clinical pharmacist 
intervention on decreasing the incidence of preventable ADEs.

Method
This is a randomized controlled study that was conducted at a 

major teaching hospital in Cairo, Egypt during the period from April 
2009 till end of March 2010. Patients eligible for the study were patients 
admitted to the general medicine service then being discharged home 
and who could be followed up by phone 30 days after discharge. The 
study was approved by the teaching hospital ethical committee. Patients 
provided informed written consent before the commencement of the 
study. After providing consent, patients were randomized to receive 
usual care or the study interventions described in the following section. 
Clinical pharmacists carried out patient enrollment and assignment.

Randomization was performed through a computer-generated 
algorithm, and treatment assignments kept in sealed opaque envelopes 
which were opened after patient consent was obtained. Although 
patients and clinical pharmacists were not blinded to the treatment 
assignment, outcomes were assessed by research assistants who were 
blinded to treatment assignment. Patients assigned to usual care received 
routine review of medication orders by a ward-based pharmacist at the 
time of discharge. Discharge counseling typically focused on directions 
to use medications and may have included a discussion of indications 
or potential side effects, especially for new medications. 

For patient randomized to the intervention group, the study 
intervention on the day of discharge consisted of several parts. First, 
discharge medication regimens were compared with preadmission 
regimens and all discrepancies were reconciled with the medical 
team’s help. Patients were screened for previous DRPs, including non 
adherence, lack of efficacy, and side effects. The pharmacist reviewed 
the indications, directions for use, and potential adverse effects of each 
discharge medication with the patient. The intervention group also 
received a telephone follow-up 3-4 days after discharge during which 
the clinical pharmacist asked about medication adherence, possible 
ADEs, and adherence with scheduled follow-up visits and laboratory 
appointments.

For patients randomized to the intervention group, measurements 
included frequency of various DRPs detected by pharmacists (e.g. 
medication non-adherence, possible adverse effects) and recommended 
actions (e.g. changes to discharge medications) at discharge and follow 
up. All recommendations were recorded on a standardized form. 

To assess the primary outcome, all patients in the trial were 
contacted 30 days after discharge (±2 days) by research assistants 
blinded to treatment assignment. The primary outcome was the 
presence of a preventable ADE in patients 30 days after hospital 
discharge. Secondary outcomes were patient satisfaction, medication 
adherence, and medication discrepancies.

Preventable ADEs were assessed with a modified version of the 
method developed by [16,17], Bates et al. [18]. Patients were asked a 
screening question for new or worsening symptoms since hospital 
admission. In the case of an affirmative response, follow-up questions to 
uncover details about these symptoms and their relation to medications. 
Case summaries were prepared from these answers and they also include 
medication lists at admission and discharge, the hospital discharge 
summary, any available outpatient visit notes, discharge summaries 
from ED visits or hospital readmissions, and any available laboratory test 
results in the month since discharge. From these summaries, a clinical 
pharmacist who is blinded to treatment group determined whether an 
ADE had occurred, using the Naranjo algorithm which is a validated 
scoring system to assess causality [19, 20]. The clinical pharmacist also 
evaluated ADE severity and preventability. For all hospital admissions 
or ED visits, the blinded clinical pharmacist assessed any relationship 
to medication use or preventability. Preventable medication-related 
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ED visits or readmissions were considered to be preventable ADEs. If 
patients could not be contacted by telephone 30 days after discharge but 
had been readmitted to the hospital or visited the ED, case summaries 
were prepared and ADEs assessed as described in the previous 
paragraph but without the patients’ responses. Satisfaction with 
hospitalization and discharge processes was assessed using a standard 
questionnaire. Medication adherence was assessed by asking patients 
whether they had taken each medication exactly as prescribed during 
the previous day and on how many days during the previous week. 
Medication discrepancies were determined by comparing the discharge 
medication regimen with the medications reported by each patient at 30 
days. Differences not attributable to a physician’s order or completion of 
a prescribed course of treatment were considered discrepancies.

Statistical Analysis
Dichotomous outcomes (e.g. preventable ADEs) were assessed 

by Fisher exact test. Other variables such as patient satisfaction score 
and medication adherence score (adherent medication days divided 
by all possible medication days) were analyzed with the Wilcoxon 
rank sum test. Multiple regressions analysis was not used to analyze 
preventable ADEs because of the small number of events and concern 
for over fitting. All analyses followed the intention-to-treat principle. 
The study, with 125 patients per arm, had 80% power to detect an 
absolute difference in preventable ADEs of 11% (14% vs. 3%). Two-
sided P values less than.05 were considered significant. SPSS statistical 
software, version 18 was used for all analyses.

The study enrolled 358 patients; after exclusions and refusal 
of filling the consent forms only 250 patients were included in the 
randomization. After randomization 125 received clinical pharmacist 
interventions and 125 received the usual care. (Figure 1) illustrates the 
flow of subjects through the trial. At baseline, there were no significant 

differences between patients in the 2 study arms. Demographic data for 
patients are presented in (Table 1). 

Results
During the interventions, clinical pharmacists identified many types 

of DRPs. At discharge counseling (n=125), pharmacists discovered that 
the medical team had often misunderstood the patient’s preadmission 
medication regimen and carried through these inaccuracies to the 
discharge medication orders. These included 34 missing medications, a 
different dose or frequency of a medication in 12 cases, and a different 
medication in the same class in 11 cases (Table 2); 53% of patients had 1 
or more unexplained discrepancies in their discharge medication orders. 
During follow-up telephone calls 3 to 4 days after discharge, clinical 
pharmacists noted discrepancies between the discharge medication list 
and the patient’s reported home regimen. Most discrepancies involved 
changes in dose or frequency or complete omission of a prescribed 
medication. In addition, possible medication side effects were noted in 
39%, difficulty obtaining refills in 22%, and difficulty with medication 
costs in 27%. Thirty days after discharge, preventable ADEs had 

358 Patients Assessed for 
Eligibility

  108 Excluded    58 
Refused informed consent  15 
Did Not Meet Inclusion Criteria  35 
Discharged before Consent Could Be 
Obtained.

  250 Patients 
Randomized 

125 Assigned to Intervention  125 Assigned to Usual Care 

  104 Completed 30-Day Assessment       
21    Lost to Follow-up (Could Not Be 
Contacted) 

110 Completed 30-Day Assessment       
15    Lost to Follow-up (Could Not Be 
Contacted)       

110 Included in Primary Analysis 104 Included in Primary Analysis

Figure 1: Study flow chart.

Characteristic Pharmacist Interven-
tion (n=125)

Usual Care 
(n=125)

Sex, No. (%) female 59 (47.2%) 56 (44.8%)
Age, mean (SD), y 62.7 (18.3) 59.8 (16.8)
No. of medications at discharge, median 
(IQR)

7 (5.1-11) 7 (5-12) 

Hospitalized in past year, No. (%) 110 (48) 104 (57)
Education, No. (%)
<High school graduate 26 (21) 20 (16) 
High school graduate but not college 
graduate 

58 (46) 65 (52) 

College graduate 41 (33) 40 (32)
Married No. (%) 64 (51.2) 69 (55.2)
Living with family, No. (%) 28 (22.4) 24 (19.2)
Have someone to help when returns home, 
No. (%) 

34 (27.2) 32 (25.6) 

IQR, inter quartile range.
* P-value > 0.05 for all comparisons.

Table 1: Patients’ demographics at the baseline.

Problem  No. (%)
At discharge (n=125) 
Patients with ≥ 1 unexplained discrepancy between preadmission 
regimen and discharge medications 

66 (53%)

Previously taking medication unknown to team 48* 
Previously taking different dose or frequency 18* 
Previously taking different medication in class 13* 
Patients with previous problems with medications taken before 
admission 

27 (21%) 

During follow-up (n=110) 
Patients with ≥ 1 unexplained discrepancy between discharge 
medications and reported regimen 

35 (32%) 

Taking additional medication not on discharge medication list 8* 
Not taking a medication on discharge medication list 16*
Taking different dose or frequency 13* 
Taking different medication in the same class 7* 
Patients with possible early medication side effects 43 (39%)
Patients non-adherent to medication regimen 31(28%) 
Patients with difficulty obtaining refills 24 (22)
Patients with difficulty with medication costs 16 (14%) 

*Total number of problems exceeds number of patients because patients may have 
had more than 1 type of problem or more than 1 medication per problem.

Table 2: Drug-Related Problems Detected by Pharmacists during Intervention.
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occurred in 3% of patients in the intervention group and 14% in the 
usual-care group (p-value <0.05) (Table 3). The rate of preventable 
medication-related ED visits or hospital readmissions was 2% in the 
intervention group and 9% in those assigned to usual care (p-value 
<0.05). The groups differ significantly with respect to medication non-
adherence (Table 3). Preventable ADEs were due to a number of factors, 
including discrepancies and inappropriate prescribing before discharge, 
as well as lack of medication access, non-adherence, and inadequate 
drug monitoring after discharge 

Discussion
Medication review, discharge counseling, and telephone follow-

up by clinical pharmacists were associated with a significantly lower 
rate of preventable ADEs 30 days after hospital discharge. Preventable, 
medication-related ED visits were similarly reduced. On the other hand, 
no differences were seen in total ADEs, or patient satisfaction. On the 
basis of the drug-related problems addressed by clinical pharmacists 
and the types of preventable ADEs seen among control patients, the 
lower rate of preventable ADEs in the intervention group may have been 
achieved due to resolution of medication discrepancies, improvement 
in medication appropriateness before hospital discharge, and improved 
access to medications after discharge. Medication discrepancies were 
common during and after hospital discharge. Discrepancies differ 
from problems of medication adherence because discrepancies are 
related to documentation rather than patient education or motivation. 
Discrepancies have serious consequences, including prolonged periods 
of over treatment or under treatment. The medication discrepancies 
problem has been demonstrated in recent studies [6, 21]. Our finding of 
discrepancies in 53% of patients is similar to the finding revealed from 
studies of general medical inpatients showing discrepancies on hospital 
admission in 53.6% and 54.4% of patients [10, 22]. 

Patients often incompletely understand their medication regimens, 
especially at hospital admission, when cognition may be impaired 
and medication lists, and knowledgeable family members may be 
unavailable. Unfortunately, medication information from primary care 
offices and community pharmacies is often unavailable, outdated, or 
underused.

When writing discharge medication orders, physicians may rely 
solely on the patient’s current medication list rather than also referring 
to the preadmission list. At discharge, patients may not understand 
the discharge medication orders. After discharge, inaccuracies in 
the discharge medication list, formulary restrictions, and lack of 
communication among a patient’s many providers may also contribute 
to the problem. Considering the types of preventable ADEs detected in 
the control group, our intervention may also have resolved discrepancies 
immediately after discharge, and may have improved short-term 
access and adherence to medications. We found no evidence that our 
intervention lessened the severity or duration of ameliorable ADEs, 
perhaps because one follow-up telephone call 3 to 5 days after discharge 
is insufficient to detect the development of ADEs as they arise. 

Several studies have shown that pharmacists can successfully 
implement medication reconciliation, but many hospitals may find 
this impossible because of the expense. Whether pharmacists need 
to be involved in the entire process of medication reconciliation 
for every patient needs to be evaluated. It may be possible to design 
reconciliation processes dependent on physicians and nurses in most 
cases, using pharmacists for patients at particularly high risk or when 
medication regimens are most in doubt (e.g. older patients taking 
multiple medications [23]. Ideally, future studies should be large 
enough to evaluate total ADEs and allow for multivariable adjustment, 
subgroup analyses, and economic evaluation. The results of this study 
should be viewed in light of its limitations, including single-site design, 
and limited sample size. 

 Conclusion
In conclusion, clinical pharmacist counseling and follow-up were 

associated with lower rates of preventable ADEs after discharge, likely 
through reduction in medication discrepancies and improve adherence 
to medication regimen. Greater roles for clinical pharmacists in 
hospital care should be considered, especially Greater roles for clinical 
pharmacists in hospital care should be considered, especially in case of 
patient at high risk to ADE. Future studies should focus on optimizing 
these interventions, identifying patients most likely to benefit from 
clinical pharmacist involvement, and studying and improving cost-
effectiveness of clinical pharmacist interventions.

Outcome Pharmacist Intervention (n=125) Usual Care (n=125) P Value †
Adverse drug events; No. (%) 
All 25 (20%) 23 (18%) NS
Preventable 4 (3%) 18 (14%) 0.01
Health care utilization, No. (%)
Emergency department visit or readmission 30 (24%) 35 (28%) NS
Medication related 8 (6%) 10 (8%) NS
Preventable medication related 3 (2%) 11 (9%) 0.03
Patient satisfaction, No. (%) 
General ‡ 111 (89%) 108 (86%) NS
With instructions regarding discharge medications ‡ 123 (98%) 118 (94%) NS
Unexplained medication discrepancies, No. (%) 
Medication not taken by patient 61 (49%) 58 (46%) NS
Additional medication taken without PCP’s knowledge 21 (17%) 26 (21%) NS
Any discrepancy in dose or frequency 33 (26%) 35 (28%) NS
Any medication discrepancy 81 (65%) 84 (67%) NS
Medication adherence 
Non-adherent with at least 1 medication, No. (%) 16 (13%) 30 (24%) 0.026

PCP, primary care physician. NS, Not Significant
†Using Fisher exact test for categorical variables and Wilcoxon rank sum test or adherence score 
‡Score of 4 or higher on a 5-point scale

Table 3: Primary and Secondary Study Outcomes.
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