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Abstract
Whether a given patient will suffer harm from a medication or how severe that harm will be is
difficult to precisely predict. As a result, many adverse drug events (ADEs) occur in patients in
whom it was reasonable to believe that the drug's benefits exceeded its risks. Improving safety and
reducing the burden of ADEs in older adults requires addressing this uncertainty by focusing not
only on the appropriateness of the initial prescribing decision but also on detecting and mitigating
adverse events once they have started to occur. Such enhanced monitoring of signs, symptoms,
and laboratory parameters can determine whether an adverse event has only mild and short-term
impacts or major long-term effects on morbidity and mortality. While current medication
monitoring practices are often suboptimal, several strategies can be leveraged to improve the
quality and outcomes of monitoring. These strategies include using health information technology
to link pharmacy and laboratory data, prospective delineation of risk, and patient outreach and
activation, all within a framework of team-based approaches to patient management. While many
of these strategies are theoretically possible now, they are poorly utilized and will be difficult to
implement without a significant restructuring of medical practice. An enhanced focus on
medication monitoring will also require a new conceptual framework to re-engineer the
prescribing process. In this approach, prescribing quality hinges not on static attributes of the
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initial prescribing decision, but entails a dynamic process in which the benefits and harms of drugs
are actively monitored, managed, and reassessed over time.
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Introduction
Mr. S. is a 78-year old man with hypertension, chronic kidney disease, and history
of thromboembolic stroke. His physician, Dr. A., recently encouraged him to stop
self-medicating with diphenhydramine for insomnia and conducts a careful annual
review of his medications while being mindful to ensure that they are dosed
properly for his renal function. In response to rising blood pressure, Dr. A.
prescribes a calcium-channel blocker. Shortly after starting the drug, Mr. S.
develops positional lightheadedness. At a follow-up visit 3 weeks later, the patient's
blood pressure is well-controlled, but the patient's symptoms are never discussed.
One month later, Mr. S. falls and fractures his hip.

The case of Mr. S. illustrates the challenges – and potentially devastating consequences – of
medication prescribing in elders. By most metrics, the treating physician provided
exemplary care: she stopped a drug at high risk of causing complications in elders
(diphenhydramine), recognized the importance of untreated hypertension, prescribed a
guideline-recommended drug, and assessed the patient's blood pressure response in a timely
fashion. However, the failure to identify and address the patient's orthostatic symptoms
contributed to a life-altering adverse event.

While the shortcomings in this case may appear obvious in hindsight, they represent a major
gap in current approaches to pharmaceutical care for ambulatory elders. Many teaching and
quality improvement programs for older adults focus largely on preempting medication
problems at the time of prescribing - for example, by avoiding high-risk drugs, paying
careful attention to drug dosing and drug-drug interactions, and taking a cautious approach
to prescribing new drugs.1 In contrast, disproportionately less attention has been paid to
medication monitoring. Research in this area is sparse, few guidelines exist, and discussion
of monitoring comprises less than 5% of chapters on pharmacology and prescribing in
widely-used textbooks of internal medicine and geriatrics. (When monitoring is discussed,
the predominant focus is on using serum drug levels to titrate doses for medications with a
narrow therapeutic range).2-4

Despite the current focus on initial prescribing decisions, intervening at the time a drug is
prescribed need not be the dominant approach for reducing the burden of adverse drug
events (ADEs). Paradoxically, in many cases the morbidity and mortality associated with
ADEs may be more effectively reduced by promptly detecting and mitigating complications
of drug therapy once they have started to arise. In other words, a key strategy for reducing
the burden of ADEs, to a certain extent, requires allowing them to occur. In this paper, we
describe a conceptual framework for considering a more proactive role in monitoring signs,
symptoms, and laboratory parameters for adverse events and suggest approaches to help
overcome current problems in monitoring practices.
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Why focusing attention on the point of prescribing does not prevent most adverse drug
events

Although most efforts to reduce ADEs have focused on preventing errors at the time of
prescribing, it is estimated that fewer than one quarter of ADEs in the ambulatory setting are
clearly preventable at this stage of the prescribing process. 5,6-8 This observation reflects the
fact that most ADEs do not result from improper choices of drugs or drug doses, but instead
represent known side effects of drugs that have a rightful place in the therapeutic
armamentarium. For example, despite a frequent focus on reducing use of diphenhydramine,
chlorpropamide, and other “drugs to avoid” in older adults, only 4% of ADEs leading to
emergency room visits by elders are caused by agents cited on “drugs to avoid” lists.9 In
contrast, 30% of adverse events in this population are due to warfarin or insulin, which are
legitimate therapeutic options for older adults and (particularly in the case of warfarin) are
often prescribed less than they should be.

Furthermore, the complex interplay of factors that determine how an individual will respond
to a drug – including that person's drug receptor genotypes, cytochrome P450 system
polymorphisms, environment, medication adherence, comorbidities, and concurrent drug
therapies - often makes it difficult to know in advance how well that drug will work or to
confidently predict the type and severity of ADEs that will occur in that individual. Thus,
focusing squarely on the initial prescribing decision fails to address many of the negative
consequences of multiple medication use, because many of these effects cannot be
confidently predicted in advance and only emerge over time. A static approach can also
contribute to underprescribing, as physicians may overly fear the risk of ADEs and thus
deny patients drug therapy which is more likely to help than harm them. For example, many
physicians are reluctant to prescribe warfarin to older patients with atrial fibrillation due to
age-associated increases in bleeding risk, despite the fact that older patients often gain a
greater absolute reduction in risk of stroke.

Stated otherwise, approaches that focus on the point of prescribing may be able to identify
patients as having higher- or lower-than-average risk of ADEs, but often cannot clearly
categorize a patient as having so high a risk that the potential harms of drug therapy clearly
exceed the benefit, or so low a risk that monitoring is not needed. Thus, for most drugs the
risk-benefit formulation must move beyond a probabilistic assessment of benefits and harms
at the time a drug is first prescribed, and devote more careful attention to monitoring actual
benefits and harms after the patient has been taking the drug. This dynamic approach to
prescribing that embraces monitoring can reframe the unpredictability of ADEs as an
opportunity rather than as a problem. In the case of warfarin, careful monitoring both
increases benefit and decreases bleeding risk by increasing time spent in the therapeutic
range.10 Ongoing monitoring of benefits and harms over time may allow more patients to be
tried on a potentially beneficial medication with the knowledge that drug harms can be
reduced by early detection and mitigation of problems that may arise.

Managing uncertainty – a conceptual framework for medication monitoring
In a monitoring-focused approach, the initial prescribing decision is only the first step. After
the patient is prescribed a drug, health care providers engage in an ongoing process of
monitoring that comprises 3 basic steps (Figure 1). First, health care providers educate the
patient about the anticipated benefits and possible problems associated with the drug, and
actively engage her or him as a partner to proactively report problems should they arise.
Second, the clinician regularly re-assesses drug effectiveness, adverse events, medication
adherence, and whether the drug is still needed. Of note, while physicians and nurse
practitioners typically make the initial prescribing decision, pharmacists, nurses, and other
health professionals can play a central role in these steps. Finally, the clinician adjusts the
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regimen (if necessary), and the process begins anew. Just as with the initial prescribing
decision, these assessments and actions should incorporate evidence and guidelines as well
as patient preferences and feasibility –for example, how often to monitor, what markers to
follow, how to inquire about symptoms and adherence difficulties, and what actions to take
in response to problems that are detected.

Similar principles apply to monitoring drugs for effectiveness. For example, for drugs given
to treat symptoms, early queries about symptomatic benefit can help establish in a timely
manner whether the drug should be maintained as is, given at a different dose or schedule, or
substituted altogether. The answers to these questions cannot automatically guide treatment
decisions, particularly for drugs whose benefits are subtle, or in situations where observed
improvement may be attributable to natural fluctuations of disease course rather than the
drug. Nonetheless, they are a necessary starting place that is often overlooked in the rush of
clinical practice.

The critical role of medication monitoring
There are substantial opportunities to improve care through a greater emphasis on improved
medication monitoring. In the United States, 54% of ADE-related hospitalizations in older
adults are attributable to drugs that require regular monitoring.11 Among community-
dwelling older adults and people recently discharged from the hospital, ADEs due to errors
of monitoring occur more commonly than ADEs due to errors of prescribing.6, 12 Similarly,
a systematic review of 11 studies of ambulatory ADEs that resulted in hospital admission
found that 45% of these ADEs were caused by inadequate monitoring and 16% by ignoring
a clinical or laboratory result, which together were 1.4 times more common than ADEs
resulting from prescription of an inappropriate drug, drug dose, or drug frequency.8

These findings highlight the importance of approaches that preemptively anticipate the
emergence of a concerning laboratory result or symptom, and thus can identify and manage
such problems shortly after they arise. An essential feature of this early recognition and
management (known as “amelioration”) is that it can be applied regardless of whether an
ADE was preventable at the time the drug was prescribed (e.g., due to a prescribing error) or
not preventable (e.g., the decision to prescribe was reasonable but the patient was unlucky
enough to experience bothersome or dangerous side effects). In outpatient and post-hospital
discharge settings, one-quarter to one-half of ADEs can potentially be detected and
mitigated at an early stage, making opportunities for amelioration up to 2.5 times more
common than opportunities to prevent ADEs. 6-7, 12-14 This is demonstrated in Figure 2,
which displays the relationship between preventable ADEs, ameliorable ADEs, and ADEs
that occur at the prescribing and monitoring stages of drug use in rough proportion to their
estimated incidence among ambulatory older adults.6-8, 13

The importance and impact of monitoring for ADEs varies according to the type and time
course of adverse effects expected from a drug.15 For example, anaphylaxis to penicillin in a
patient with no known allergy may not be amenable to monitoring strategies, since
anaphylaxis is uncommon, occurs in a very short time window, is usually immediately
brought to medical attention, and is easily recognizable as an ADE.16 In contrast, proactive
monitoring is useful for the many ADEs that have a less rapid and dramatic onset, yet – as in
the case example that began this article – can have serious implications for quality of life,
function, and survival.

Current challenges to monitoring
The high frequency of ADEs related to suboptimal monitoring reflects underlying
deficiencies in medication monitoring in the ambulatory setting. Many physicians report
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delays in tracking and reviewing test results, and 56-59% express dissatisfaction with the
processes they use to manage this aspect of their practice.17-18 While systematic data about
the adequacy of laboratory monitoring are limited, several studies suggest that problems are
common. In studies across several types of health systems, 12-63% of patients taking ACE
inhibitors had inadequate monitoring of potassium and creatinine, 37-61% of patients taking
valproic acid or carbamazepine did not receive an annual CBC, and 37-55% of patients
taking digoxin did not have serum digoxin concentrations checked at least once per
year.19-24 Several factors likely contribute to this inadequate followup, including the
fragmented nature of health care delivery; lack of team-based approaches that integrate
physicians, pharmacists, nurses, and other health care professionals; use of health
information technology that it neither integrated nor interoperable; conflicting
recommendations and the paucity of evidence-based guidelines on how often monitoring for
commonly-used drugs should occur; what threshold values should be used to generate alerts;
and the specific response(s) that should be taken in the presence of an abnormal laboratory
value.15, 24-26

Like problems in laboratory monitoring, assessment of troublesome symptoms caused by
drugs often occurs in an ad hoc, non-systematic manner. In outpatient settings, Weingart et
al found that 31% of patients' symptoms were never reported to their physicians, and Gandhi
et al found that 37% of ameliorable ADEs were attributable to patients not informing
physicians of their symptoms.7, 27 These findings may in part reflect limited physician
attention to soliciting patient complaints and asking about medication side effects, which
studies have found to be infrequently discussed during clinic visits.28-29 Moreover, missed
opportunities can occur when physicians fail to recognize that a symptom or abnormal
laboratory test result represents a drug side effect, or when they recognize this connection
but fail to reduce the dose or discontinue the offending drug.27, 30-31 In two prominent
reports, failure to respond appropriately to patient-reported symptoms accounted for 63% of
ameliorable ADEs in one study, while failure to act on available clinical and laboratory
information accounted for 37% of preventable ADEs in another.6-7

Integrating monitoring into clinical practice
While deficiencies in the science and practice of monitoring are considerable, they highlight
substantial opportunities to improve patient care. The greatest gains are likely to be achieved
through health information technology and systems redesign, risk-assessment tools, patient
outreach and activation, and changes in medical education and the heuristics of prescribing
(Table 1).32 A central theme uniting each of these areas is the need for team-based
approaches to monitoring based on shared responsibility with pharmacists, nurses, and
support staff, as exemplified by the Patient Centered Medical Home model, case
management, and Geriatric Evaluation and Management programs.33-34 The emergence of
accountable care organizations and other recent health system reforms such as the Health
Information Technology for Economic and Clinical Health (HITECH) act creates incentives
in the right direction, yet the full promise of these programs remains far off in a health care
environment that provides limited support for primary care. Nevertheless, shorter-term
opportunities for improvement exist, some of which are described below. For the majority of
physicians still working under traditional models of care, these focus areas can guide
interventions that, while less potent than those achievable with integrated health care teams,
hold promise to substantially improve the practice of monitoring.

It is important to note that there is no single “best” solution. The evidence base is
insufficiently robust to allow direct comparisons, and the effectiveness of any given strategy
is highly dependent on local conditions, including the ability to piggyback monitoring
interventions onto existing, broad-based programs. Thus, the choice of which strategy will
yield the most value for any given office practice, institution, or health care system will
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depend on local circumstances, incentives, and identification of areas where there is
readiness to change.

Health information technology and systems redesign—In surveys of test result
management, only one-third of physicians reported having a system to detect followup tests
that were overdue for completion.17, 35 By linking pharmacy and laboratory data, health
information technology can close this gap through features that track and generate alerts
about non-completion of laboratory tests.36 For example, the Veteran Health
Administration's MUET system allows facilities to generate reports about non-completion of
laboratory tests and to identify patients prescribed a given drug with laboratory values
outside the recommended range (personal communication, Dana Frank, PharmD).
Moreover, integrated laboratory-pharmacy linkages can provide real-time computerized
decision support and integrated safety checks at the time a drug is prescribed and provide
future medication monitoring recommendations. 37 Health information exchanges can
further expand these possibilities by facilitating the transfer of health information across
different health systems in which patients might receive care.

However, the mere presence of an electronic medical record is insufficient to improve
monitoring. Many electronic medical record systems lack test-tracking capability, or may
require a patient's chart to be opened for these functions to work, or such functions may
simply not be used regularly or effectively. In addition, studies of electronic reminders to
physicians have yielded mixed and sometimes disappointing results. A recent review found
that providing information at the time of prescribing had little effect, whereas computer-
based interventions that detected incomplete laboratory monitoring at some point after the
patient-physician encounter had greater impact. 38 Thus, electronic linkages are likely to be
of little value unless engineered in a way that accounts for clinician workflow and team-
based approaches. In the meantime, simple systems to track incomplete laboratory tests,
such as a spreadsheet to track laboratory tests ordered, due date, and return of test results can
be useful for individual clinician offices without advanced electronic medical record
capabilities. On a policy level, standards that mandate the ability to easily track and report
overdue laboratory tests without having to open an individual patient's chart could be
included in “meaningful use” criteria under federal programs that incentivize adoption of
high-value electronic medical record systems.39

Risk-assessment tools—Risk assessment instruments including clinical prediction
rules, pharmacogenomics, and drug-drug interaction checks have often been used to guide
whether or not to prescribe a drug. These tools could also be deployed to better guide
monitoring decisions. For example, if a risk prediction instrument identified a patient as
being at lower or higher risk of suffering an ADE from a drug, the frequency and intensity
of monitoring could be titrated appropriately so long as the expected ADE was ameliorable
and the overall benefit-to-risk ratio favored treatment. At present, such decisions would be
largely judgment-based, as few studies or guidelines offer evidence-based (or even opinion-
based) assessment of monitoring strategies under various conditions. However, just as
prescribing is moving toward individualization through pharmacogenomics and other such
tools, evidence-based strategies to individualize monitoring offer a promising area for future
inquiry.

Patient outreach and enhanced patient participation—Patient outreach using team-
based approaches to monitoring is likely to yield important benefits. In several studies,
pharmacist-based outreach programs and automated reminder calls to patients (either
independently or teamed with physician alerts) have been found to be less costly and more
effective than physician-centered approaches, increasing rates of laboratory monitoring by
6-60% over usual care.20, 38, 40-43 Collaborative practice agreements between physicians and
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pharmacists, in which physicians formally delegate certain test-ordering and prescribing
authority to pharmacists, provides a legal and practical mechanism for collaboration.

Similarly, engaging patients as active participants in monitoring their drugs is likely to
improve outcomes.44 Patients commonly know little about the indications or potential side
effects of drugs prescribed to them, and this lack of awareness has been associated both with
decreased adherence and higher rates of ADEs.12, 45 To remedy this, patients could be
provided concise, literacy-accessible information resources that describe the purpose of the
drug, side effects to watch for (and what to do should they occur), the type and frequency of
laboratory monitoring required, and even a log book to help them keep track of test
schedules and results.46 At follow-up visits after a new medication was started, patients
could complete a brief, targeted questionnaire to screen for drug-related problems.
Alternatively, automated calls several weeks after a drug was prescribed could use
touchpad-based responses to assess symptoms.

Short of health systems changes that will support these interventions, physicians and nurses
can encourage patients to learn more about their drugs from approachable drug information
sources such as MedlinePlus (http://www.nlm.nih.gov/medlineplus/druginformation.html)
and to report symptoms. Similarly, office-based clinicians can incorporate simple, validated
screening questions about drug side effects and adherence as part of the patient triage
assessment (for example, “since your last visit, have you noticed any side effects, unwanted
reactions, or other problems from medications you were taking”).47

Education and the heuristics of prescribing—Finally, better integrating monitoring
into clinical practice will require a re-thinking of how clinicians approach the prescribing
process.48 Current medical norms often treat prescribing as a point-in-time, physician-
centered event. The concept of “helping” the patient with a drug prescription will require
teaching and role-modeling new reflexes for a longer-term, cooperative approach to
anticipate and monitor for ADEs. For example, clinical pharmacology course in medical
school could integrate principles and practices of drug monitoring into their curricula, and
interdisciplinary training can help physicians, pharmacists, nurses, and other health
professionals learn how to work together in ongoing assessments of patient care. Clinical
training programs could also work with preceptors and local opinion leaders to highlight the
design and execution of monitoring plans in their patient-based teaching. This same model
can apply equally to monitoring for adherence and drug efficacy, and thus has broad
applicability not only for preventing complications of drug use but for maximizing the
quality and effectiveness of drug therapy.

Conclusions
Traditionally, medication prescribing has been approached as a single point-in-time event.
The patient presents with signs of symptoms of a disease, and the clinician makes a
prescribing decision. Clinicians are often judged implicitly or explicitly on whether the
choice of drug is appropriate or not, and such evaluations generally stop at that point.
Reducing the burden of ADEs in older patients will require a new paradigm for
pharmacotherapeutic care, with monitoring of signs, symptoms, and laboratory markers
firmly situated as the focal point of a comprehensive, longitudinal process. These changes
will not come easily. Monitoring is a complex endeavor that requires ongoing attention and
commitment and investment in new systems of care delivery. In return, a focus on
monitoring may help achieve a key aim for the care of older patients: combining the best of
evidence-based medicine with close and ongoing attention to the specific circumstances of
each patient.
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Figure 1. The enhanced monitoring framework
In the traditional approach to prescribing, the patient presents with signs and symptoms and/
or a disease diagnosis. The physician consults evidence and guidelines, as well as patient
preferences and feasibility, and then prescribes a medication. Quality is typically judged
based on whether the physician's choice of medication is consistent with evidence and
guidelines. Prevention of ADEs typically focuses on ensuring that the drug choice and dose
is appropriate and consistent with the patient's renal function, other drugs, and other diseases
(e.g. to avoid supratherapeutic drug levels, drug-drug interactions, and drug-disease
interactions).
In the enhanced monitoring approach (shown in dotted lines), medication prescribing is
viewed as an ongoing process that begins rather than ends at the initial prescribing decision.
Care quality is judged in part on the quality of monitoring for drug side effects,
effectiveness, adherence, and therapeutic necessity, and whether the clinician makes
appropriate changes to address any problems that are detected.
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Figure 2. Conceptual framework for preventable and ameliorable adverse drug events and their
relationship to monitoring
Different types of ADEs are shown in rough proportion to their estimated incidence among
ambulatory elders.6-8, 13 Areas shaded in red are preventable or ameliorable through
monitoring. Examples of preventable and ameliorable ADEs are shown in the box below,
using ACE inhibitors as a case study.
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