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Abstract: Background: With 30-day Medicare readmission rates reaching 20%, a heightened focus
has been placed on improving the transition process from hospital to home. For many institutions,
this charge has identified medication-use safety as an area where pharmacists are well-positioned to
improve outcomes by reducing medication therapy problems (MTPs). Methods: This system-wide
(425 bed community hospital plus 18 primary care clinics) prospective study recruited inpatient and
ambulatory pharmacists to provide comprehensive medication management before and after hospital
discharge. The results analyzed were the success rate and timing of the inpatient to ambulatory
pharmacist handoff, as well as the number, type, and severity of MTPs resolved in both settings.
Results: Of the 105 eligible patients who received a pharmacist evaluation before discharge, 61 (58%)
received follow-up with an ambulatory pharmacist an average of 2.88 days after discharge (range
1–8 days). An average of 5 and 1.4 MTPs per patient were identified and resolved in the inpatient vs.
ambulatory setting, respectively. Although average MTP severity ratings were higher in the inpatient
setting, the highest severity rating was seen most frequently in the ambulatory setting. Conclusions:
In the transition from hospital to home, pharmacist evaluation in both the inpatient and ambulatory
settings are necessary to resolve medication therapy problems.

Keywords: transitions in care; pharmacist; medication therapy problems; medication safety;
comprehensive medication management; readmissions

1. Introduction

In the era of accountable care, organizations are charged with reaching quality metrics to optimize
reimbursement. For some, this charge identified medication-use safety during transitions from hospital
to home as an area for quality improvement [1–3]. Pharmacists in both inpatient and ambulatory
settings have the potential to work together to improve medication-use safety by reducing medication
therapy problems (MTPs) during the transition process [2–4]. One method to achieve this vision may
be found in strategic alliances and collaboration across the care system to develop and evaluate a new
model of pharmacy service.

With nearly one-fifth of hospitalized Medicare fee-for-service patients readmitted within 30 days, a
heightened focus has been placed on improving the quality of the transition process to reduce costs and
improve patient care [5]. Previous studies have demonstrated significant medication-related problems
at the time of discharge, including mediation discrepancies that doubled readmission rates [6], as well
as a lack of patient understanding, where 50% of patients were unable to state the name and purpose
of their medications at the time of discharge [7]. One study found that over 50% of medication-related
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admissions were preventable, while another determined that these preventable admissions resulted in
significantly longer hospital stays [8,9]. The Agency for Healthcare Research and Quality (AHRQ)
recommends medication reconciliation, defined as the “comparison of the patient’s current medication
regimen against the physician’s admission, transfer, and/or discharge orders to identify discrepancies,”
as a beginning to improving medication safety [10]. Although this is necessary and provides the value
of an accurate and complete medication list, it does not create a clinical assessment to ensure: (1)
appropriate indication, (2) effectiveness, (3) safety, and (4) convenience/adherence for each medication.
These four components provide the framework for the Patient-Centered Primary Care Collaborative
model for comprehensive medication management (CMM) [11]. Through this assessment, pharmacists
are able to identify, prevent, and/or resolve mediation therapy problems (MTPs). MTPs are defined as
an event or circumstance involving drug treatment (pharmacotherapy) that interferes with the optimal
provision of medical care [12]. Pharmacists are specifically trained to provide this comprehensive
service, yet they remain underutilized during the transition process [13]. Previous scholarship
substantiates pharmacist benefit, demonstrating that patients who met with a pharmacist either at the
time of discharge or shortly after returning home have consistently lower readmission rates through
the identification and resolution of MTPs [14–20]. The current study sought to build on this body of
knowledge by evaluating a coordinated pharmacy service (CMM delivered by an inpatient pharmacist
prior to discharge and an ambulatory pharmacist post-discharge) across the hospital to home transition
of care.

This paper describes the implementation and evaluation of a pharmacist-driven care transitions
model in a large health care system. The specific objectives were to evaluate: (1) the success rate and
timing of transferring patients from an inpatient to an ambulatory pharmacist, (2) the number and
types of MTPs identified in the inpatient and ambulatory setting, and (3) the difference in MTP severity
ratings (inpatient vs. ambulatory) for patients with a successful transfer of care.

2. Materials and Methods

This pharmacy-based care transition model was developed and conducted in a 425-bed community
hospital and 18 primary care clinics within the Park Nicollet Health Services system in the Minneapolis-St
Paul, Minnesota, United States of America (USA) metropolitan area. All pharmacists were employed
by the health system, had full access to the electronic medical record, and were embedded in the
care teams of their respective settings. Patients who received CMM from an inpatient pharmacist,
ambulatory pharmacist, or both between August 2013 and November 2013 were included. Patients
discharged to a skilled nursing facility or under hospice care were excluded from an ambulatory
pharmacist evaluation but were still eligible to receive an inpatient pharmacist evaluation.

2.1. Care Transition Model Logistics

Although discharging physicians were at liberty to request that any patient be included in the study,
patients admitted with acute myocardial infarction, pneumonia, chronic obstructive pulmonary disease,
and heart failure (i.e., U.S. Medicare Measures) were prioritized. Inpatient pharmacists completed a
comprehensive medication management visit with the patient, as well as any caregivers present prior
to discharge. The pharmacist discussed subsequent recommendations with the physician prior to the
discharge medication ordering process. The pharmacy intervention was documented in the electronic
medical record and sent with a referral for ambulatory pharmacy services to follow-up post discharge.
As an integrated component of Park Nicollet’s medical home model, clinical ambulatory pharmacists
are geographically dispersed around the region served. The post-discharge intervention consisted of
an ambulatory CMM evaluation identical to that performed while the patient was hospitalized. This
follow-up was performed either in person or by phone to reinforce inpatient recommendations, as well
as identify and address any new MTPs that developed following discharge. See Figure 1 for a pictorial
representation of the care transition process.



Pharmacy 2019, 7, 86 3 of 8
Pharmacy 2019, 7, x FOR PEER REVIEW 3 of 8 

 

 

Figure 1. Care Transition Process. 

2.2. Clinical Services Provided  

Pharmacists in both settings collaborated with the care team (patient, nurse, physician, social 
work, etc.) to resolve MTPs and prepare a revised medication list. The inpatient care team helped to 
identify appropriate patients, as well as their anticipated date of discharge and discharge disposition. 
The team also provided additional information about the patient and current medical concerns. The 
revised medication list was created through calling pharmacies to review refill records, chart review, 
patient and/or family interview, and healthcare team collaboration. During the pharmacist visit, 
whether inpatient or ambulatory, a focus was placed on: 

1. Comprehensive Medication Management (CMM): Creating a medication list that is accurate across 
the transition, as well as ensuring each medication is indicated, effective, safe, and convenient 
with complete administration directions. 

2. Patient Centered Care: Educating patients on a medication list developed in collaboration with 
patient needs and preferences. 

3. Medication Access: Ensuring that patients have access to all medications and that each discharge 
prescription is sent to the correct pharmacy and/or location. 

2.3. Data Collection/Research Methods 

This study was given exemption status by Park Nicollet Health Services IRB and the University 
of Minnesota IRB. A total of 12 pharmacists, four inpatient and eight ambulatory, were trained to 
participate. Inpatient pharmacist documentation included both immediate resolution of MTPs and 
recommendations for consideration in the ambulatory setting. Ambulatory pharmacist 
documentation addressed inpatient recommendations, identified new MTPs since discharge, and 
provided a plan for continued ambulatory follow-up. In both settings, identified MTPs were 
categorized into eight types, consisting of: “medication inaccuracy,” “adverse drug reaction,” “non-
adherence,” “lack of understanding,” “dose too high,” “lack of needed drug” (addition of a drug), 
“dose too low,” and “unnecessary medication” (unnecessary or duplicate medication). After an MTP 
was identified and typed, each one was given a severity rating from 1 (lowest) to 3 (highest/life-
threatening) based on the potential for patient harm had the MTP not been resolved. Severity ratings 
for each intervention were documented based on reporting standards for skilled nursing facilities 
from the Department of Health and Human Services [21]; see Table 1 for detailed descriptions. 
Severity ratings were documented in real-time by the pharmacist but were also verified by three 
independent pharmacist raters via blind review after the study was completed. All raters were 
standardized using an inter-rater reliability test. When no MTP was identified, a severity rating of 0 
was recorded. 

Table 1. Potential Medication Therapy Problem Severity Rating. 

Severity 
Rating Description 

1 If no intervention, potential for minimal (would require patient self-management) or no harm 

Hospitalized 
patient 

identified for 
the pharmacy 

transition 
intervention

Inpatient 
comprehensive 

medication 
managment 
performed 

before 
discharge

Referral placed 
for ambulatory 

pharmacy 
intervention in 

electronic 
medical record

Ambulatory 
comprehensive 

medication 
managment 
preformed 

after discharge

Figure 1. Care Transition Process.

2.2. Clinical Services Provided

Pharmacists in both settings collaborated with the care team (patient, nurse, physician, social work,
etc.) to resolve MTPs and prepare a revised medication list. The inpatient care team helped to identify
appropriate patients, as well as their anticipated date of discharge and discharge disposition. The team
also provided additional information about the patient and current medical concerns. The revised
medication list was created through calling pharmacies to review refill records, chart review, patient
and/or family interview, and healthcare team collaboration. During the pharmacist visit, whether
inpatient or ambulatory, a focus was placed on:

1. Comprehensive Medication Management (CMM): Creating a medication list that is accurate across
the transition, as well as ensuring each medication is indicated, effective, safe, and convenient
with complete administration directions.

2. Patient Centered Care: Educating patients on a medication list developed in collaboration with
patient needs and preferences.

3. Medication Access: Ensuring that patients have access to all medications and that each discharge
prescription is sent to the correct pharmacy and/or location.

2.3. Data Collection/Research Methods

This study was given exemption status by Park Nicollet Health Services IRB and the University
of Minnesota IRB. A total of 12 pharmacists, four inpatient and eight ambulatory, were trained to
participate. Inpatient pharmacist documentation included both immediate resolution of MTPs and
recommendations for consideration in the ambulatory setting. Ambulatory pharmacist documentation
addressed inpatient recommendations, identified new MTPs since discharge, and provided a plan
for continued ambulatory follow-up. In both settings, identified MTPs were categorized into eight
types, consisting of: “medication inaccuracy,” “adverse drug reaction,” “non-adherence,” “lack of
understanding,” “dose too high,” “lack of needed drug” (addition of a drug), “dose too low,” and
“unnecessary medication” (unnecessary or duplicate medication). After an MTP was identified and
typed, each one was given a severity rating from 1 (lowest) to 3 (highest/life-threatening) based on the
potential for patient harm had the MTP not been resolved. Severity ratings for each intervention were
documented based on reporting standards for skilled nursing facilities from the Department of Health
and Human Services [21]; see Table 1 for detailed descriptions. Severity ratings were documented in
real-time by the pharmacist but were also verified by three independent pharmacist raters via blind
review after the study was completed. All raters were standardized using an inter-rater reliability test.
When no MTP was identified, a severity rating of 0 was recorded.

Table 1. Potential Medication Therapy Problem Severity Rating.

Severity Rating Description

1 If no intervention, potential for minimal (would require patient self-management) or no harm

2 If no intervention, potential for moderate harm (would require healthcare professional
intervention or hospitalization to resolve)

3 If no intervention, potential for severe harm (permanent disability or death)

Note: Adapted from Medicare Nursing Home Levels of Harm categories.
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2.4. Statistical Methods

A generalized estimating equation (GEE) was chosen as a marginal model in order to account for
the correlation of multiple measurements within some patients. An exchangeable correlation structure
was specified, and a Gaussian distribution was chosen in order to compare the mean difference between
the maximum severity ratings at ambulatory and inpatient evaluations. Additionally, paired t-tests
comparing the inpatient and ambulatory severity ratings for only those patients with both interventions
(i.e., successful transfer) were analyzed and the results were compared to those from the GEE analysis.
Both models were implemented for the primary (overall severity) and secondary (individual MTPs
rated for severity) analyses, with an α level of 0.05 considered significant.

3. Results

All 12 trained pharmacists (four inpatient and eight ambulatory) participated. Patients were
categorized based on having either a successful inpatient-to-ambulatory pharmacist transfer (n = 61) or
having an inpatient evaluation only (n = 73). Baseline Characteristics (Table 2) between the two groups
were well balanced with the following two exceptions. Patients who followed up with an ambulatory
evaluation had shorter lengths of stay in the hospital (3.4 days compared to 5.1 days, p-value ≤ 0.001)
and were more likely to discharge to home rather than a skilled nursing facility (p-value < 0.001). The
average age, gender, marital status, number of chronic conditions, number of medications, and reason
for evaluation were not found to be significantly different between the two groups.

Table 2. Baseline Characteristics.

Characteristic Inpatient Intervention Only
(n = 73)

Inpatient and Ambulatory
Intervention (n = 61) p-Value

Mean Age (years) 75.5 73.0 0.277

Sex
0.183Female 36 (49.3%) 38 (62.3%)

Male 37 (50.7%) 23 (37.7%)

Marital Status

0.249
Single 17 (23.3%) 15 (24.6%)

Married 26 (35.6%) 29 (47.5%)
Divorced 2 (2.7%) 3 (4.9%)
Widowed 28 (38.4%) 14 (23.0%)

Mean Length of Stay
(days) 5.1 3.4 <0.001

Mean Chronic
Conditions (n) 9.2 10.6 0.076

Mean Chronic
Medications (n) 12.5 13.5 0.290

Discharge Disposition

<0.001
Home 40 (54.8%) 56 (91.8%)

Home (With Care) 4 (5.5%) 5 (8.2%)
Skilled Nursing Facility 29 (39.7%) 0 (0%)

Insurance

0.456
Private 5 (6.8%) 6 (9.8%)

Medicare 62 (84.9%) 50 (82.0%)
Medicaid 5 (6.8%) 2 (3.3%)

None 1 (1.4%) 3 (4.9%)

Reason for Evaluation *

0.498

COPD 17 11
MI 4 2

Pneumonia 8 11
CHF 13 16
Other 36 26

* Patients could contribute to multiple categories.
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3.1. Success Rate of the Care Transition Model

Prior to discharge from the hospital, 134 patients received an inpatient pharmacist intervention.
Of these 134 patients, 29 were discharged to a skilled nursing facility, excluding them from ambulatory
follow-up. Of the patients eligible for an ambulatory intervention (n = 105), the transfer of care
from the inpatient to the ambulatory setting was successful in 61 (58%) patients. In total, 44 eligible
patients were lost to ambulatory follow-up due to: Inpatient pharmacist failure to place a transfer
in the electronic system (44%); ambulatory pharmacist failure to act on a new patient transfer (31%);
ambulatory pharmacist failure to reach the patient for follow-up (16%); patient readmission prior
to ambulatory follow-up (7%); and lastly, patient declined ambulatory visit (2%). Excluding one
outlier with a follow-up of 16 days, the average time to follow-up with an ambulatory pharmacist was
2.88 days (range 1–8 days).

3.2. Number and Types of Medication Therapy Problems Identified

An average of five MTPs per patient were identified and resolved in the inpatient setting prior to
discharge. The most common types of MTP found in the inpatient setting were: “lack of needed drug”
(identified in 60% of patients), “lack of understanding” (45% of patients), and “medication inaccuracy”
(42% of patients). During the ambulatory follow-up, an average of 1.4 MTPs per patient were identified
and resolved. In 75% of the patients who received both an inpatient and ambulatory intervention,
the ambulatory pharmacist identified the presence of at least one MTP. During the ambulatory CMM
intervention, medication “non-adherence” and “lack of needed drug” were the most common MTPs
identified and resolved (each identified in 25% of patients), followed by “lack of understanding” (19.7%
of patients) and “adverse drug reaction” (18.0% of patients).

3.3. Severity Rating Comparison of Medication Therapy Problems Identified

Table 3 depicts the mean difference in maximum severity rating between the inpatient and
ambulatory settings for patients with a successful transfer of care (i.e., the “inpatient and ambulatory
CMM intervention cohort” n = 61). In terms of capacity to cause patient harm, all of the MTP types
identified by pharmacists demonstrate a trend toward being less severe in the ambulatory vs. inpatient
setting. When looked at as a whole, the mean difference in “overall MTP severity” decreased by 0.25
(CI: (−0.58, 0.08), p-value = 0.141) in the ambulatory setting, however, this difference did not reach
significance. Four of the eight MTP types showed a similar nonstatistical trend toward reduced severity
in the ambulatory setting. The other four MTP types (i.e., “medication inaccuracy,” “adverse drug
reaction,” “dose too high,” and “lack of needed drug”), all demonstrated a statistically significant
reduction in severity in the ambulatory vs. inpatient setting.

Table 3. Medication Therapy Problem Severity Comparison for the Inpatient and Ambulatory CMM
Intervention Cohort (n = 61) *.

MTP Severity Rating Mean Difference in Inpatient vs.
Ambulatory Maximum Severity 95% CI p-Value

Overall Severity −0.25 (−0.58, 0.08) 0.141
Medication Inaccuracy −0.34 (−0.58, −0.11) 0.004
Adverse Drug Reaction −0.33 (−0.63, −0.02) 0.036

Non-Adherence −0.20 (−0.47, 0.08) 0.159
Lack of Understanding −0.23 (−0.53, 0.07) 0.137

Dose Too High −0.34 (−0.55, −0.14) 0.001
Lack of Needed Drug −0.46 (−0.75, −0.17) 0.002

Dose Too Low −0.07 (−0.32, 0.19) 0.610
Unnecessary Medication −0.18 (−0.38, 0.02) 0.070

* Represents only patients receiving both an inpatient and ambulatory pharmacist evaluation (n = 61).
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Table 4 depicts the frequency of each severity rating (0–3) for all patients in either the inpatient
(n = 134) or ambulatory (n= 61) setting. There were a greater percentage of patients with no MTPs
(identified as having a severity rating of “0”) in the ambulatory (26%) vs. inpatient setting (4%).
Correspondingly, MTPs with severity ratings of 1 or 2 were seen more frequently in the inpatient
setting. However, when it came to the highest severity rating (a rating of 3 indicating the potential for
“permanent disability or death”), it was found more often in the ambulatory setting (found in 10% of
patients in the ambulatory vs. 6% in the inpatient setting).

Table 4. Frequency of Severity Ratings.

Severity Rating Inpatient (n = 134) Ambulatory (n = 61)

0 5 (3.7%) 16 (26.2%)
1 29 (21.6%) 7 (11.5%)
2 92 (68.7%) 32 (52.5%)
3 8 (6.0%) 6 (9.8%)

4. Discussion

Previous scholarship provides insight into the potential of pharmacists to improve medication
safety via medication reconciliation in either the inpatient or ambulatory setting [2,3]. This study
demonstrates a care model that created a successful direct handoff from inpatient pharmacists prior
to discharge to ambulatory pharmacists’ post-discharge in 58% of eligible patients. The two most
common reasons for failure (i.e., failure of inpatient pharmacist to place the transfer and failure of
ambulatory pharmacist to follow-up on the transfer) primarily represented electronic and personnel
system inefficiencies that have since been rectified. The inpatient process to initiate an ambulatory
CMM intervention for a patient has been simplified down to three clicks in the electronic medical chart
and can now be performed without a physician order by student pharmacists at the behest of a licensed
pharmacist preceptor. On the ambulatory side, one FTE (full-time equivalent) of administrative
personnel has been added to coordinate patient outreach in setting up either phone or in person visits
for the health system wide ambulatory pharmacist group.

An average of five MTPs per patient were found in our inpatient cohort, while patients who
received ambulatory follow-up only three days after discharge still had an average of 1.4 MTPs
identified by this second CMM intervention. The benefit of comprehensive medication management
both at the time of and directly after discharge has been demonstrated before [22,23]. One study found
that two-thirds of patients discharged from an emergency department did not comprehend home
care instructions, follow-up instructions, medications, and/or discharge diagnoses [23]. The current
study supports this finding showing that despite receiving CMM just prior to discharge, nearly 75% of
patients had at least one MTP at the ambulatory intervention. The presence of newly identified MTPs
post-discharge demonstrates the need for comprehensive medication management at each transition in
order to minimize medication related MTPs.

Although not statistically significant for all MTP types, this study demonstrated a reduction in
overall MTP severity from the inpatient to ambulatory setting. This could be expected due to the acute
illness of hospitalized patients. Perhaps more interesting is that while hospitalized patients had more
severe MTPs, a greater percentage of severity level 3 (potential for severe harm) MTPs were found in
the ambulatory setting. One possible explanation is that the level 3 MTPs identified in the ambulatory
setting involved a lack of adherence to high-risk medications such as a hypoglycemic, opioid, or
antithrombotic medication. Most commonly, non-adherence resulted from the patient preferring not to
take, forgetting to take, an inability to afford the medications, and/or a lack of information retention
post-discharge. Overall, data from this study shows that while more MTPs are found and resolved in
the inpatient setting, those that persist and/or present themselves early in the ambulatory setting are of
a more severe nature, emphasizing the importance of pharmacist intervention at both of these critical
times during transitions in care.
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There are several limitations to this study. Twelve pharmacists identified and classified MTPs.
Although the pharmacy team underwent a norming process, there is still the potential for inter-rater
variability. Similarly, MTP severity ratings were adjudicated by three separate normed judges. Further,
the severity rating tool utilized was developed for use in long-term skilled nursing facilities, rather
than hospitalized inpatients. This U.S. Department of Health and Human Services-based rating tool
was selected by the health system’s Quality, Innovation, and Population Health Services department
to align with other system-wide medication safety initiatives. Severity classification scales rating
medication safety concerns in the inpatient [24,25] and outpatient [25] setting should be noted. There
were limits on the discharge disposition type the ambulatory pharmacists were able to reach, as
patients going to a skilled nursing facility were not seen across the transition. Due to the complexity
of these patients’ medication regimens, follow-up with this population warrants further evaluation
and is planned for the future. Also, due to the small sample size, this study was unable to show if
pharmacy-based CMM reduced readmission rates.

5. Conclusions

This study demonstrates a transition of care model for the transfer of patient care from an inpatient
to an ambulatory pharmacist before and after discharge. This transition was successful in 58% of
patients an average of 2.88 days after discharge. The two most common reasons for failure were failure
of inpatient pharmacist to place the transfer and failure of ambulatory pharmacist to follow-up on the
transfer. An average of five MTPs per patient were found in the inpatient cohort, and patients who
received ambulatory follow-up roughly three days after discharge still had an average of 1.4 MTPs.
Although overall MTP severity ratings were higher in the inpatient setting, MTPs that persisted and/or
presented themselves early after discharge in the ambulatory setting were the most likely to lead to
serious patient harm.
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