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Technology for Improving Medication  
Monitoring in Nursing Homes 
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Abstract 
A 1997 report entitled Prescription Drug Use in Nursing Homes, by the 
Department of Health and Human Services’ Office of the Inspector General, 
states that “patients may be experiencing unnecessary adverse medication 
reactions as a result of inadequate monitoring of medications.” Of the preventable 
adverse drug events in nursing homes, 70 percent occurred at the monitoring stage 
of the medication use process. While clinical informatics systems have focused on 
the reduction of medication errors at the point of prescribing, dispensing, or 
administration, few have proposed the use of information technology in the 
monitoring stage of the medication use process. The authors describe a unique 
clinical tool for pharmacists and other health professionals—the Geriatric Risk 
Assessment MedGuideTM (GRAMTM)—to reduce serious, preventable adverse 
drug events occurring during the monitoring stage of the medication use process. 
The authors focus on the prevention of delirium and falls, as these are two of the 
most common preventable adverse drug events in nursing homes. With the goal of 
preventing avoidable medication-related problems, GRAM identifies medications 
that may cause, aggravate, or contribute to common geriatric problems and 
facilitates the incorporation of medication-monitoring information in the care 
plan. Furthermore, the authors describe the real-time integration of the GRAM 
software with commercial pharmacy software, the development of reports for use 
in the nursing homes, the development and delivery of GRAM training for 
nursing facility staff, and early reports of acceptance of the software. 

Introduction 
There has been a dramatic change in the distribution of age in the general 

population, with elderly persons, particularly those over the age of 80 years, 
comprising an increasing proportion.1 Both increased longevity and the increase 
in the number of elderly persons have contributed to expenditures for long-term 
care (LTC) increasing at an accelerated rate.2 In the United States, approximately 
21,000 LTC facilities provide care for more than 1.6 million people.3 
Accompanying this rise in the elderly population is the increasing use of drug 
therapy in the management of chronic disease. In nursing homes, the typical 
resident uses an average of 6 different medications, and 20 percent use at least 10 
different medications.4 Age-related changes in pharmacokinetics and 
pharmacodynamics5 and age-inappropriate drug selection6–8 can lead to 
complications in drug therapy, often manifested as an adverse drug event (ADE).  
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The quality of care of nursing home residents has been a long-standing 
concern. The Nursing Home Reform Act, embedded in the Omnibus 
Reconciliation Act of 1987 (OBRA),9 required an unprecedented implementation 
of comprehensive geriatric assessment in Medicare- or Medicaid-certified nursing 
homes.10, 11 Improvements in the residents’ safety and the quality of care 
provided10–13 and reduced hospitalizations resulted.14 Despite the impact of 
OBRA, a report entitled Prescription Drug Use in Nursing Homes,15 issued by the 
Department of Health and Human Services’ Office of the Inspector General, 
recommends that Centers for Medicare and Medicaid Services (CMS) “should 
require pharmacists’ direct input to achieving optimal clinical outcomes for 
residents.” Despite this, medication-related problems that jeopardize patient safety 
are common in nursing homes.16 Gurwitz et al.17 estimated that ADEs occur in 
nursing homes at a rate of 1.89 per 100 resident-months, and that half of these 
events are preventable. Of all ADEs and potential ADEs, 1.39 per 100 resident-
months are deemed fatal, life-threatening, or serious. Bootman et al.18 estimated 
that for every dollar spent on medications in nursing homes, two dollars are spent 
treating medication-related problems. ADEs occur despite the fact that CMS 
requires that the drug regimen of each resident be reviewed monthly by the 
pharmacist, that the pharmacist report any “irregularities” to the attending 
physician and director of nursing, that these reports be “acted on,” and that each 
resident’s drug regimen be “free of unnecessary drugs.”  

Clearly, improvements to pharmaceutical care delivery are required in nursing 
homes. Indeed, the use of clinical informatics and information technology affords 
great opportunities to promote patient safety in nursing homes. The medication 
use process includes prescribing, dispensing, administering, and monitoring. 
There are many clinical informatics systems available that focus on the reduction 
of medication errors at the point of prescribing (e.g., prevention of the wrong drug 
or dose); dispensing (e.g., medication bar coding, automated dispensing), or 
administering (e.g., use of scannable, bar-coded patient bracelets). Yet, few have 
proposed the use of information technology in the monitoring stage of the 
medication use process. Innovative tools targeting this stage of the medication use 
process are warranted, because of all preventable ADEs, 70 percent occur at the 
monitoring stage of medication use.17 For many of these events (more than 
75 percent), the duration of symptoms lasted more than a day, indicating that 
prevention of ADEs may be possible through the effective detection of symptoms 
and interventions. 

Funded through the Agency for Healthcare Research and Quality’s (AHRQ’s) 
Clinical Informatics to Promote Patient Safety (CLIPS) initiative, we are currently 
testing information technology developed by the American Society of Consultant 
Pharmacists (ASCP) Research and Education Foundation. The Geriatric Risk 
Assessment MedGuide™ (GRAM™) software19 specifically alerts prescribers and 
nursing facility staff to information that can reduce the threat to patient safety 
associated with ADEs. The GRAM software is intended to assist in the problem-
identification process when evaluating complex medication regimens of older 
patients. With the goal of preventing avoidable medication-related problems, 
GRAM facilitates incorporation of medication monitoring information in the 
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patient’s plan of care. The purpose of the current manuscript is to describe this 
unique clinical tool designed for use by pharmacists and other health 
professionals. In the context of our research project, we describe the successful 
completion of the pre-implementation phase of our research study. We describe 
the real-time integration of the GRAM software into commercial pharmacy 
software, the development of reports for use in nursing homes, the development 
and delivery of training for nursing facility staff, and early reports of acceptance 
of the software. 

Comprehensive geriatric assessment process 
The process of problem identification in nursing homes involves 

comprehensive geriatric assessment, decisionmaking, care planning, 
implementation, and evaluation. Unique to the nursing home setting is that 
comprehensive geriatric assessment is conducted under Federal mandate using the 
Resident Assessment Instrument’s Minimum Data Set (MDS). The MDS is 
required for all residents in Medicare- and Medicaid-certified nursing facilities at 
predetermined intervals (e.g., at admission, quarterly, when significant changes in 
condition occur, and annually). The MDS focuses on care assessment and has 
more than 350 data elements covering cognitive function, physical function, 
continence, psychosocial well-being, mood state, disease diagnoses, health 
conditions, communication/hearing problems, nutritional status, oral/dental status, 
skin condition, special treatments, and medication use.20–23  

MDS items identify residents who have specific problems or are at risk for 
developing them. Further evaluation via the Resident Assessment Protocols 
(RAPs) is “triggered” by the co-occurrence of MDS items. RAPs are structured, 
problem-oriented frameworks for organizing MDS and other clinically relevant, 
resident-specific information that identifies medical and functional problems. The 
RAPs form a basis for individualized care planning and help staff evaluate causal 
or contributing factors (some reversible) for the problem areas. Currently, there 
are 18 RAPs (Table 1). Medications can cause, aggravate, or contribute to most of 
the RAPs in this list. Table 1 highlights the RAPs targeted as part of the current 
patient safety research project, as well as RAPs covered by the GRAMTM 
software.  

Geriatric Risk Assessment MedGuide™ (GRAM™) 
As innovators of pharmaceutical care delivery systems, in 1999 the ASCP 

Foundation developed and launched a product (MDS-Med Guide™)23 to assist 
health care professionals in identifying medications that may be associated with 
common geriatric problems, such as falls, delirium, and incontinence. In 
developing this unique tool, the ASCP Foundation focused not only on 
medications known to cause such conditions, but also included medications that 
could contribute to or exacerbate common geriatric problems. The idea was to 
provide a useful tool to correlate specific potential medication effects with signs, 
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Table 1. Resident Assessment Protocols (RAPs) targeted by GRAMTM and evaluated in 
the research study 

Delirium* Cognitive loss/dementia 

Visual function Communication 

Activities of daily living Incontinence 

Psychosocial well-being† Mood state 

Behavior symptoms Activities  

Falls* Nutritional status 

Dehydration Dental care 

Feeding tubes† Physical restraints† 

Pressure ulcers Psychotropic drug use 

*RAPs targeted by the intervention. 
† RAPs not included in GRAMTM. 

symptoms, syndromes, and indicators that describe mood, behavior, cognition, 
psychosocial well-being, and physical functioning. In the development phase of 
this product, the architects based their work on the federally-mandated MDS and 
RAPs discussed above.  

In 2002, the ASCP Foundation released the Geriatric Risk Assessment 
MedGuide™ software (GRAM™-PC), an enhanced and computerized version of 
the MDS-Med Guide. This software was not designed to be a definitive reference 
for medication side effects and/or adverse drug effects. Therefore, it should not be 
used as a rigid screening tool, nor should it replace products specifically designed 
as definitive reference guides. Instead, the tool was designed to assist health care 
professionals with expertise in geriatric pharmacotherapy. The goal of the GRAM 
software is to assist in the implementation of the pharmaceutical care process 
(Figure 1).  

The pharmaceutical care process includes assessment for  

• Appropriate therapy (whether the patient is receiving unnecessary 
drugs or needs additional therapy for an untreated indication). 

• Effectiveness (whether the patient is receiving the wrong drug or 
dosage form, whether contraindications are present, whether the 
patient is receiving the wrong dose or frequency of administration, 
whether there are drug interactions). 

• Safety (whether a wrong dose or duration of therapy is used, whether 
there is an adverse drug reaction, whether the treatment includes an 
unsafe drug for the particular patient). 

• Compliance (whether the drugs are correctly administered).  
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Figure 1. Pharmaceutical care process 

 

The GRAM software can assist in the problem-identification and clinical-
decisionmaking process when evaluating medication regimens of geriatric 
patients. The GRAM software facilitates the incorporation of patient assessment 
data in the monitoring of medication therapy. The GRAM software attempts to 
foster inclusion of medication monitoring into the patient’s plan of care to 
proactively identify and prevent potential medication-related problems. Although 
the origins of the design of this tool are in nursing homes with the MDS and 
RAPs in mind, this clinical tool may be used by pharmacists or other health 
professionals in all settings of geriatric care. 

Identify/Collect information: 
• Active diagnoses 
• Medical problems 
• Conditions 

Do conditions affect: 
• Absorption 
• Distribution 
• Metabolism 
• Elimination 

Medical conditions treated with 
drug therapy? 

Are any conditions the result 
of drug therapy? 

Document 
in PCP 

No 
recommendation 

Contact 
prescriber 

No 
recommen-
dation 

Recommend 
therapy 

Document in 
PCP 

Dose too high; 
Adverse drug 
reaction 

Wrong drug; 
Dose too low 

Unnecessary 
drug therapy; 
Needs additional 
drug therapy 

Medical 
conditions 
suggest drug 
therapy may be 
indicated 

Medical 
conditions treated 
appropriately? 
 
Assess for: 
 
Appropriate 
Indication 
 
 
 
Effectiveness 
 
 
 
 
Safety 
 
 
Compliance 

No 
recommen-
dation 

No 
recommendation 

YES NO 

YES NO YES NO

No Yes 

Yes

No



Advances in Patient Safety: Vol. 4 

406 

Validity of GRAM software 

The GRAM software is an evolving product, owing to the nature of the 
product and the goals that it seeks to achieve. The GRAM software requires 
updating to incorporate new knowledge as well as new medications. The 
algorithms driving the software must be updated periodically in response to (1) 
new information regarding the epidemiology of geriatric clinical syndromes and 
highly prevalent conditions afflicting geriatric populations, (2) new information 
regarding the beneficial and adverse medication effects in the elderly population, 
(3) new therapeutic indications for existing medications, and (4) the introduction 
of new medications to the market. A contract from the ASCP Foundation with the 
Duke University School of Nursing dictates the process of validation (both face 
and content) and revision of the clinical content of GRAM. The GRAM advisory 
board, an interdisciplinary group of health professionals with expertise in 
geriatrics and geriatric pharmacotherapy, provides guidance for the process.  

The process that was developed for updating the drugs includes a reproducible 
process that uses FDA’s Coding Symbols for a Thesaurus of Adverse Reaction 
Terms (COSTART) categories as well as review of the FDA pipeline. The FDA 
COSTART categories provide standard dictionary terminology to classify 
reported adverse events. The FDA pipeline includes drugs that are making their 
way through the FDA investigational and approval process. The process 
developed for updating the drugs in GRAM includes review of quantitative data 
on side effect occurrence from package insert information and pharmacology 
references. A board-certified geriatric clinical pharmacist reviews the package 
insert and pharmacology references for biological plausibility and reviews the 
difference between the side-effect incidences in active treatment groups versus 
groups receiving placebos.  

The face and content validity is determined by an interdisciplinary panel of 
experts in geriatrics. Concerns regarding respondent burden resulted in the 
abandonment of applying the Delphi method to this validation process. The 
consensus panel approach was piloted, tested, and implemented for the correlation 
of adverse medication effects with geriatric problems.  

Integration of GRAM into commercial pharmacy systems 

During the first phase of the AHRQ-funded study, the ASCP Foundation 
identified a long-term care pharmacy provider willing to participate in the 
research study—Omnicare, Inc. Omnicare is the Nation’s largest long-term care 
pharmacy provider with pharmacies in 43 States, serving 630,000 residents in 
skilled nursing facilities and assisted living communities. Two Omnicare long-
term care pharmacies, Beeber Pharmacy, Englewood, Ohio, and Home Care 
Pharmacy, Cincinnati, Ohio, are participating in the study. GRAM was integrated 
into the pharmacies’ commercial pharmacy software system and existing 
processes of pharmaceutical care delivery. We convened several meetings with all 
of the research partners to define the possibilities and develop a realistic, feasible 
strategy for implementing the intervention into the pharmacy operations. In the 
first phase of the project, the specifications of software changes required for full 
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integration of GRAM were defined by the research partners and integrated by the 
commercial software vendor. 

The processes developed were presented to an advisory board consisting of 
geriatricians practicing in nursing homes, experienced nursing home nurses, 
consultant pharmacists at intervention sites, and leaders in the consultant 
pharmacy field. The advisory board provided guidance during the intervention 
development phase. Following is the intervention that was developed: For new 
admits/readmits, GRAM generates several reports in real time (as integrated with 
the commercial pharmacy software) for use by the consultant pharmacist and the 
nursing facility staff. These reports include a GRAM RAP-Med report, as well as 
Medication Monitoring Care Plans and Flow Records for falls and delirium. 
These reports are delivered to the MDS coordinator in the nursing homes Monday 
through Friday.  

In addition, the consultant pharmacists receive GRAM RAP-Med reports for 
all of the patients who triggered the falls and/or delirium RAPs since the 
pharmacists’ last visit to the facility. As part of the drug regimen review process, 
the consultant pharmacist evaluates the patient’s medications for the potential to 
cause, aggravate, or contribute to falls and/or delirium; makes appropriate 
recommendations for monitoring or changes in therapy; and reviews these 
recommendations with the nursing staff. 

The GRAM RAP-Med report is intended for use in the admission assessment 
process. A sample of a GRAM RAP-Med report is provided in Figure 2. The 
report identifies medications the patient is receiving that may cause, aggravate, or 
contribute to 15 RAP problems.  

The Medication Monitoring Care Plans and Flow Records are generated for 
new patients who are receiving medications that may cause, aggravate, or 
contribute to falls and/or delirium. A sample of the Medication Monitoring Care 
Plan is provided in Figure 3. The Flow Records contain specific MDS items that 
may indicate adverse medication effects associated with falls and/or delirium. The 
goal of the Flow Record is to facilitate early recognition of signs and symptoms 
indicative of potential medication-related problems. Observation and charting is 
done by the nursing assistants; if symptoms are observed, the nursing assistants 
notify the nurse and chart the action. Through observation, documentation and 
action, the nursing assistant is an integral part of the success of this intervention. 

Nursing home system change:  
integration of GRAM  

The GRAM software is specifically designed to assist the consultant 
pharmacist to more effectively implement the pharmaceutical care process 
depicted in Figure 1. Although the GRAM software is equipped to provide 
feedback relating to 15 of the RAPs shown in Table 1, for initial integration of 
this clinical informatics tool into the nursing home setting, we focused on two  
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Figure 2. An example of a GRAM RAP-Med report  

 
RAPs: falls and delirium. We did so because we believed that falls and delirium 
pose the largest threats to patient safety in the nursing home setting. One-third of 
preventable adverse drug events were neuropsychiatric (including delirium, 
hallucinations, and oversedation), and 20 percent were falls.17 In long-term care 
facilities, more than half of residents fall each year,24 which contributes to further 
functional decline.25–27 Indeed, some researchers believe that the most effective 
intervention in reducing the risk of falling includes review and adjustment of 
medications.28 Delirium is highly prevalent in the nursing home setting,29 owing 
to the increased vulnerability of residents due to comorbid conditions, medication  
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Figure 2. An example of a GRAM RAP-Med report, cont. 

 
use, infections, electrolyte imbalance, and metabolic disorders. Treatment of 
delirium is based on the treatment of the precipitating factor, and prevention plays 
the most important role. 

Medication Monitoring Care Plans and Flow Records were developed for falls 
and delirium. In addition to the GRAM RAP-Med reports, the Medication 
Monitoring Care Plans and Flow Records are generated for newly admitted 
residents who are receiving medications that may cause, aggravate, or contribute 
to falls and/or delirium. The Delirium Medication Monitoring Care Plan and Flow 
Record contain specific MDS items that are “indicators” of delirium and may be 
caused by adverse medication effects. The Falls Medication Monitoring Care Plan  
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Figure 3. Admission Medication Monitoring Care Plan—Delirium 

 
and Flow Record contain specific MDS items that may be caused by adverse 
medication effects and contribute to the risk for falls. 

As with any system change, training of staff is integral to the successful 
implementation of new programs. In the first phase of our study, the ASCP 
Foundation developed and delivered inservice programs for nursing staff of the 13 
facilities that received the intervention as part of the AHRQ-funded study. The in-
service programs provide detailed information regarding medications that cause, 
aggravate, or contribute to the risk for falls and delirium; review specific signs 
and symptoms of adverse medication effects; and reinforce the importance of  
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early observation for signs and symptoms of adverse medication effects. During 
the training sessions, facility staff was introduced to the processes of care and 
provided detailed instruction on how to use the specific reports, care plans, and 
flow records. Considerable staff turnover in several facilities has required repeat 
training sessions. For widespread implementation of this intervention, alternative 
strategies to the delivery of in-service programs need to be explored. We also 
provided training on GRAM for the consultant pharmacists involved in the 
project.  

Conclusion 
In nursing homes, pharmacists must assure that medication use of residents 

meets the Federal standards as dictated by the OBRA regulations.9, 30 Yet, the 
costs of providing drug regimen review are often bundled into the dispensing 
costs of medications. There is no systematic form of reimbursement for 
pharmacists to provide pharmaceutical care beyond the “letter” of the regulations. 
As such, pharmacists are limited with respect to the time that can be spent on 
other aspects of pharmaceutical care, including integration of medication 
monitoring recommendations into the residents’ care plans. Providing such care 
for all residents may not be feasible; payers are unlikely to pay for this level of 
pharmacist services for all patients. The use of innovative clinical tools can play 
an important role in both identifying residents at greatest risk and maximizing 
pharmacist resources. The GRAM software is an innovative tool to address these 
pressing needs. 

We have demonstrated the feasibility of incorporating a clinical informatics 
tool into the pharmaceutical care process, with particular focus on the medication 
monitoring stage. The “real-time” integration of the GRAM software into the 
commercial pharmacy software for two long-term care pharmacies is complete. 
The training of both consultant pharmacists and nursing facility staff has been 
successfully accomplished. The intervention was phased into 13 nursing homes in 
the fall of 2003, with the full intervention start date on January 1, 2004. Early 
reports indicate that the GRAM software and monitoring protocols with respect to 
falls and delirium have been well received and, in one facility, assisted in the 
CMS certification survey process. Nursing assistants have been receptive to their 
new medication monitoring responsibilities. After 12 months of intervention 
delivery, the definitive evaluation of this unique clinical tool will begin. If the 
GRAM software demonstrates quality improvement, future research must seek, 
through cost–benefit analysis, to determine the value of the improvement 
compared with the expense. 
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