
Dr. Vanderveen: Ten years after the Institute of Medicine
(IOM) report, To Err Is Human, do quality and especially
safety still have traction within our healthcare system? 

Dr.Wachter: I think what we’re seeing is a revolution. There are
no signs of anything but continued acceleration and pressure to
improve quality and safety. Prior to 1999 there was no incentive
to work to improve safety other than professionalism and ethics.
Those are powerful incentives, but not powerful enough to
change the system the way it needed to be changed.

In the last nine years, we’ve seen tremendous pressure coming
from many fronts, whether it’s accreditation, information tech-
nology, the regulatory environment, or transparency. It’s working
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MEDICATION SAFETY TECHNOLOGIES:

lmost ten years ago, the Insti-
tute of Medicine report, To Err Is
Human (2000), galvanized
healthcare, patients, Congress,

and the media to pay attention to the prob-
lems of patient and medication safety. In
the years that followed, hospitals made
enormous investments to improve prac-
tice and implement safety technologies.
How far have we come? Where are we
now? Is there any way to anticipate what
happens next? 

To help hospital leaders and clinicians answer critical
questions about safety, on September 26, 2008, Drs. Bates
and Wachter, two of the world’s leading experts on medi-
cation safety, shared their perspectives in a nation-wide,
interactive audio conference that drew listeners from more
than 1,100 sites across the United States. The 90-minute
program and Q&A was made possible by an unrestricted
educational grant from the Center for Safety and Clinical
Excellence. Tim Vanderveen, PharmD, vice president of the
Center, posed key questions and served as moderator. The
following interview is taken from that presentation.
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The difficult question is who will pay for it? I think it’s going
to end up mostly being the hospitals. The payers have not
shown much appetite for paying hospitals to make these
changes, with some exceptions. For example, they have been
willing to provide some incentives to hospitals that adopt cer-
tain technologies. More of that would be helpful. But I think
hospitals are largely going to have to sort through the equation
for themselves, and think about whether or not each of these
things will pay off for them and over what timeframe.* The
Centers for Medicare and Medicaid Services (CMS) is increas-
ingly less willing to pay hospitals for adverse events, and that
could also change the way that hospitals think about this.

Dr.Wachter: The issue of measurement is incredibly important.
David has been the world’s leader in trying to define the number
of medication errors and their patterns.As he notes, it is awfully
hard to measure them.

The difference between quality and safety is often subtle, but
I think this is one area where the difference is profound. By
looking at administrative data or reviewing charts, I can easily
determine whether a patient with a heart attack was given
aspirin or a beta blocker, or what their door-to-balloon time
was for an angioplasty. But from that kind of review I really
have no good way to figure out whether there was a medication
error, a handoff error, or virtually any kind of error.

Strategies such as transparency and putting perfor-
mance information on the Web work surprisingly well in
quality, because the data can be collected in a fairly stan-
dardized way and posted for everybody to see. That seems
to generate change.

Those strategies don’t work very well in safety, because we
don’t have the same ease of measurement. For example, if at
one hospital the number of incident reports in the last year has
gone up by 20%, what do they say? “Terrific. This shows we’ve
generated this culture of safety, the reporting system is work-
ing, so we’re getting safer.”At another hospital incident reports
have gone down 20%. What do they say? “We’re getting safer;
there are fewer incidents being reported.”We don’t know which
is true. This measurement problem, which might seem a little
bit arcane and wonkish, turns out to be extraordinarily impor-
tant as you search for policy interventions to make safety
improvement work.

In terms of the dominant tensions in the field, I think we’re
in an incredibly interesting phase. After the initial IOM report,
the mantra was mostly “No blame.” We now know that most
errors are committed by good, competent people trying to do
the right thing. The right strategy is not to blame them, because
that pushes the errors underground and we don’t learn from
them. But the mantra now is “accountability,”meaning that it’s
somebody’s fault if we don’t fix this. How do you reconcile “no
blame” with “accountability”? 

I think the answer is that “no blame” remains the appropri-
ate strategy for frontline providers who slip and make mistakes

little by little, but it’s harder than I think people thought it would
be. We’re seeing some missteps, overreaches, and unanticipated
consequences. But there’s no question in my mind that the safety
and quality movements are for real, and that the pressure to get it
right is only going to accelerate. To me that’s a good thing.

Dr. Vanderveen: The IOM report recommended several
threshold improvements, including a 50% reduction in
medical errors in five years. Almost ten years later, what is
your report card on meeting the IOM goals?

Dr. Bates: With respect to the 50% reduction, the truth is that
we don’t really know, because we don’t have good metrics for
sorting out how common medical errors are in most institu-
tions. We do know vastly more about the epidemiology of safe-
ty than we did, and hospitals are starting to take the steps that it
will take to substantially improve safety.

Safety is a lot higher on the priority list of hospital leaders
and of boards than it was eight or ten years ago. A national
study done around that time showed that safety was something
like 57th on the priority list of a large group of hospital CEOs.
Now when our CEO talks with the key supporters of our hos-
pital and our board, safety is right at the top of the list. We’re
making progress; we just haven’t really figured out exactly how
to measure that progress.

Dr. Vanderveen: Your study from 1995 showed that pre-
scribing was associated with 39% of medication errors;
transcribing, 12%; dispensing, 11%; and administration,
38%. Typically only 2% of errors in the administration
phase would be detected. Do you think these statistics have
changed?

Dr. Bates: In hospitals that have implemented computerized
prescriber order entry (CPOE), I would suspect that the propor-
tion of errors related to prescribing would be smaller and cer-
tainly the percentage related to transcribing would be minimal.
The same is true for technologies that improve the safety of dis-
pensing and administration. But we don’t have many recent,
comparable studies in hospitals that have these technologies in
place. Doing some studies like that would be very interesting.

Dr.Vanderveen: Is it possible to change the system as it relates
to the medication use process? If so, who will pay for it?

Dr. Bates: I definitely think it’s possible to change the system.
When we started our studies, technologies such as CPOE, bar-
coding, smart pumps and monitoring for adverse drug events
either did not exist or were used in only a few places. All those
technologies can dramatically change the game in this area.
Another frontier is medication reconciliation, bringing in data
from outside the hospital to the point of care so that it is avail-
able to providers.
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because they’re human. But it’s very clear that the public has
absolutely no appetite for “no blame”being the dominant phi-
losophy when they look at a hospital and figure out that there
are too many medication errors, people aren’t washing their
hands, or you name the safety hazard. The dominant model
that we’re going to be operating under is one of intense
accountability, with more public reporting, more transparen-
cy, and more accreditation pressure.

Who’s going to pay to do all of this? I believe David is com-
pletely right. It was a pipe dream that somebody would swoop
in with a big pot of cash and say,“We understand your plight
and here’s extra money for you to computerize, do safety train-
ing, or buy simulators.” That’s not going to happen.*

The hospitals will pay for this when it becomes in their
interest to do so.All the hesitations about computerization seen
to melt away when it becomes more expensive not to be com-
puterized than to be computerized. How does that happen? Pay
for performance might get us part of the way there. But when
you’re under intense regulatory pressure and are reporting all
your errors to the state, if you have a major medication error,
the state will come in. To fix it, a hospital may have to hire 50
full-time-equivalents (FTEs) of people to scrutinize every doc-
tor’s order to be sure that nobody used an unapproved abbre-
viation. At some point it becomes cheaper to have CPOE.

That’s the environment that we find ourselves in. If you look
at all of the pressures on hospitals, many are designed to shift
the business case, to make it in their financial interest to focus
on safety in new ways, whether that’s training, staffing, or com-
puterization.

Dr. Vanderveen: Dr. Wachter, recently you wrote that your
priorities on implementing patient safety technologies had
changed. Can you share some of the thinking that led to
your commentary?

Dr. Wachter: I’ve been thinking a lot about this over the past
couple of years. I consider myself an amateur in this, and David
is a pro. But here is what I’ve seen.

Until the last year or two, the recommendation I heard was
that if you were going to stage your implementation of com-
puterized technologies, CPOE should come first. It delivers the
biggest bang for the buck, it’s the master technology, and oth-
ers should follow. That made a lot of sense. But I think part of
the reason CPOE was positioned first was that most researchers
in safety generally, and in medication safety in particular, have
been physicians. To them prescribing errors seem the most pal-
pable.A doctor’s handwriting is sort of iconic as a cause of safe-
ty problems. So it was natural to focus on the prescribing
process as the key part of the problem. Obviously, it is extraor-
dinarily complex and error prone. Not only are there issues in
prescribing itself, but it becomes the scaffolding for computer-
ized decision support—which may ultimately provide the
biggest bang for the buck of all.

Second, I began to realize that much of David’s work was
done in the Brigham and Women’s Hospital, which has been
working on computerization for almost a generation. The
question was, would their results translate to the rest of us who
are going to buy vendor systems, put them in, and turn them
on? To my mind, that remains an open question, although I
think David will help educate all of us.

Third, I think that developments other than CPOE may
have made the prescribing process better and safer. Many
physicians can easily look up drug interactions, doses, etc. on
their PDA or smartphone. Also, to the extent that people are
following the National Patient Safety Goals such as eliminating
certain high-risk abbreviations, prescribing has gotten safer,
independent of computerization.

Finally, if you think about the medication management pro-
cess, there are many opportunities for an upstream error such
as in writing a prescription to be caught downstream, perhaps
by a pharmacist or by a nurse at the point of care. It seems that
a disproportionate number of the most critical errors are
administration errors, e.g., giving a patient the wrong pill or an
incorrect intravenous (IV) dose through a pump. I think it’s
partly because there’s no one to catch those errors right at the
end of the medication use process. I also began to think about
the extraordinary expense and complexity of implementing
CPOE. Solutions such as smart pumps, barcodes, etc., are prob-
ably easier to bite off than transforming the entire prescribing
process.

Thinking about all of that—this is completely non-evidence
based, just one person’s musing—I might start with one of the
point-of-care solutions, either barcoding or smart pumps, and
work out from there. I don’t know whether that’s right.

At the end of the day, of course, the whole medication
management process has to be computerized and all the
pieces linked together in a seamless way. Ultimately we all
have to have CPOE and barcodes and smart pumps, they
all have to weave together seamlessly, and there has to be
terrific, embedded decision support. It’s not a question of
whether you should implement one and stop. It really is a
question of how do you get started? 

Dr.Vanderveen: Dr. Bates, as someone who has been at the
forefront of basically all the medication safety technology
and adoption, what are your thoughts on setting priorities?

Dr. Bates: I disagree with Bob a bit, although there is much we
agree about, too. The older epidemiological studies of harm are
the principle reason that I disagree. Those show that most of the
harm that comes to patients comes from prescribing errors of
various types.

I really don’t think that prescribing has gotten that much
safer. We did a study in six community hospitals in the Boston
area and found that the frequency of adverse drug events was
even higher than in the older studies and that many more of the
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adverse drug events were preventable. Especially important
issues were using drugs in patients with renal insufficiency and
not considering laboratory tests when prescribing to patients.
The best evidence is for CPOE, especially compared to barcod-
ing and smart pumps, where the evidence is much less strong.

I do agree that we still don’t have good evidence about the
impact of CPOE using vendor applications in settings such as
community hospitals. From an academic hospital, a number of
studies that show that CPOE does a very good job at reducing
medication error rates. The evidence about preventable adverse
drug events is still equivocal, because large enough studies have
not been done.

That being said, if I had a finite amount of money, the order
that I would do things in would be CPOE, then barcoding or
smart pumps. But as Bob noted, in terms of ease of implemen-
tation the order is quite different. Smart pumps are by far the
easiest of these technologies to implement. A number of insti-
tutions were able to install them across the whole institution
over a 12- to 24-hour period. It took us a year to two to put in
barcoding, but the biggest challenge was to generate the capital
to do it. CPOE is by far the hardest to implement.

At the individual hospital level, I think that the choice of
which technology to do first depends a lot on your information
systems, the assets you have available, and the cohesiveness of
your medical staff. At the end of the day, you want to do all of
these. That’s really the important message.

It is going to be hard for hospitals to gather the necessary
resources. The price tag for each of these things is not inconse-
quential, and they really should be linked. That has not been
done at many places today.

Dr. Vanderveen: What are your thoughts on the relative
value, either proven or perceived, of safety measures such
as CPOE, pharmacy review, and drug/drug interaction soft-
ware that are implemented further from administration
versus the “sharp end” safety measures such as positive
patient identification, barcode medication administration,
and smart pumps? 

How important is the need for evidence in adopting new
technologies that often seem intuitive? For example, scan-
ning a patient’s barcode wrist band and matching the
patient to the medication, or providing an alert that the
infusion pump is programmed to give a tenfold overdose
and preventing that.

Dr. Bates: For CPOE the evidence is now reasonably robust,
although there are certainly many additional questions that
need to be answered. How big is the benefit? What happens
using various vendor systems? What are the most important
types of decision support to include? To get the benefit that you
want with CPOE, you have to have a good bit of decision sup-
port. I’ve worked with Leapfrog and First Consulting Group to
help develop an evaluation for CPOE applications that will help
hospitals assess their decision support (Metzger et al., 2008
July/August). Many hospitals don’t have a good sense of how

much they have in place when they implement CPOE. It’s tricky,
because if you put in too much at the beginning, that can affect
adoption. The expert advice is to start with relatively little deci-
sion support and then ramp it up. Pharmacy review has been
around for awhile, and the existing evidence is reasonably com-
pelling. It makes sense to just continue doing that.

Overall, I think the importance of drug/drug interactions is
quite a bit overrated, in that hospitals will want to only show the
ones that are most important. If they show too many, that can
really create problems. It creates a lot of extra work for the phar-
macy. If you do it with CPOE, it can even cause failed adoptions.
There have been a number of those around the country, because
it is possible to show too many alerts. That has a couple of
downsides. People find it annoying. But second, it may make
them even more likely to overlook the truly important alerts.

The sharp end measures are also extremely important, in
part for the reasons that we talked about earlier. If you make an
error at the sharp end, it is going to make it through to the
patient. Smart pumps are especially important, because many
of the agents that are given by smart pump are especially likely
to cause problems. If you give somebody a tenfold overdose of
many of the drugs used intravenously, it can be very bad. I
think that many of those errors just were not detected in the
past and were written off to some other problem that the
patient was having.
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I do think it’s important to have evidence, even around
adopting new technologies that seem intuitive. Hospitals have
very scarce resources and are desperately trying to prioritize
these various technologies—and not just the ones that we’ve
talked about. Hospitals are also thinking about buying a new
MRI scanner, a new PET scanner, etc. Having evidence to jus-
tify the benefits of medication safety technologies is going to be
very helpful in getting hospitals to actually adopt them.

Dr. Vanderveen: Dr. Wachter, you recently wrote about the
“hype cycle” of emerging technologies. Using CPOE as an
example, can you take us through the various stages, start-
ing from the “Technology Trigger” and ending up at what
is called the “Plateau of Productivity”?

Dr.Wachter: The “Technology Hype Cycle”(Figure 1) was pop-
ularized by the consulting company, Gartner, a few years ago.
CPOE is a pretty interesting example, in that it is following
along that curve. The technology was developed in the late ’60s
or early ’70s and began to get hyped fairly quickly, in part
because it’s a compelling story. It makes a lot of sense to people
and it should work. The early research on it by David and others
was extraordinarily positive and led people to feel that this tech-
nology is absolutely essential and works quite well. The endorse-
ment of CPOE in 2002 by the Leapfrog Group as one of three
safety standards may have been the height of that cycle, when it
was being promoted by a national organization as a “must
have.”

New technologies tend to follow a predictable path.
Tremendous initial excitement surrounds the launch, but few
technologies live up to this hype, meaning that the peak is
inevitably followed by a trough. But if the technology is any
good, some hearty individuals and organizations will say,“This
is probably not as good as it looked in phase two (the peak of
the hype), but it’s not as bad as it looks in phase three (the
trough of disappointment). Let’s keep working on it, let’s refine
it, let’s improve the technology, let’s do research to demonstrate
its value.” Technologies that make it through the cycle end up
in a realistic, useful place where they get adopted, because they
actually are making the world a better place. This process has
already been seen with CPOE, and a similar progression will be
seen with barcoding, smart pumps and other new technologies.
Knowing the cycle can enable you to anticipate the next phase.

Over the last four or five years as we look at the literature,
CPOE is going through a bit of the trough. The much-cri-
tiqued study out of Pittsburgh Children’s Hospital that showed
an increase in mortality rate after the adoption of CPOE was
part of that. Literature in the last several years about unintend-
ed consequences, workarounds and the experiences of organi-
zations that have had difficult or failed implementations have
all led to some disillusionment with the technology. And the
technology itself needed to improve.

Frequently as part of this cycle, the initial technology only
gets better after people work on it and get feedback from users.
I think we’re now entering these last two phases where people

are more realistic about how challenging it is to implement
CPOE. The systems are getting better, hospitals are having suc-
cessful implementations, beginning to talk about that, and the
research is getting better. So I think we’re on our way toward
the Plateau of Productivity. As you look at the implementation
numbers, you see they’re beginning to go up more and more
with the quality of the systems.You’re starting to see some con-
solidation in the industry, and the winners are developing bet-
ter systems, far more user-friendly than ones introduced even
as recently as five years ago.

What is interesting to me about the cycle is that you can play
it out with almost any technology. I think we’ll see similar
things with barcoding, smart pumps, and other new technolo-
gies that are coming down the pike. It’s worth knowing the
cycle because you can anticipate the next phase.

Dr. Vanderveen: What are some of the lessons learned
about the successful implementation of technologies such
as smart pumps, which add new capabilities to replace
pumps that have been in use for over 40 years, and of oth-
ers such as BCMA and CPOE that are completely new?

Dr. Wachter: The lessons often relate to the challenges of the
interface between human behavior, human frailty, and technol-
ogy. Some of the key lessons are that everything is harder than it
appears to be when a technology is being used by the pioneers.
Early studies are done at selected places with people that are very
passionate about the technologies and everybody is onboard.
Those results often outstrip what you see when a technology
gets rolled out nation-wide.

We’ve learned that initial budgeting for implementing tech-
nologies such as CPOE was inadequate. People didn’t really
understand the importance of having backup systems and
decision support and of educating everybody. The budget has
to include not just the people on staff today but all the new
nurses, travelers, and possibly residents every year. I think peo-
ple have gotten much more realistic about budgeting for the
costs of these sorts of things and for decision support.

People have also become much more realistic about antici-
pating “unanticipated consequences” that are completely pre-
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dictable. There is recognition now that there is an engineering
aspect to technology implementation and a socio-cultural
aspect. A new technology or a new process can look really good
when you’re sitting in a conference room or in your laboratory
developing it. But it is absolutely critical to go to the workplace
to see what happens when users try to implement it. More
times than not, you see workarounds and unintended conse-
quences.You have to be open to what you can learn from mon-
itoring user behavior in adopting the technology.

Dr. Bates: I would largely agree. I hope with respect to CPOE
that we are through the Trough and heading up towards the
Plateau. I think the key thing that came out of the Han study
from Pittsburgh (2005) was that if you implement badly, it can
have serious consequences. There are lots of questions about
that study, but the mortality rate amongst kids who were trans-
ferred in actually went up after implementation of CPOE (Han,
2005). Subsequently, another site used exactly the same com-
mercial application, did the implementation better, and the
mortality rate went down (Del Beccaro, 2006). The decrease was
not statistically significant but was certainly clinically significant.

Some of the messages that I take away from the unintended
consequences literature are that it is absolutely essential to mea-
sure the new problems that you create and have a systematic
approach to going through and fixing those in an ongoing way.
For example, at one time or another we had virtually all of the
issues with CPOE at the Brigham that Ross Koppel noted at the
University of Pennsylvania (2005), but we’d gone through and
we fixed them.

Looking back, I have to say that we didn’t devote enough
resources at the beginning to do that sort of thing. Our thought
was that we would be able to take the technology, put it in, and
then be done and move on to other things. With CPOE, any-
way, that’s not the way that it works. With some of these other
technologies, you don’t have to do quite as much on an ongo-
ing basis, but you have to maintain all of them. ❙PSQH

This discussion continues at www.psqh.com, where Drs. Bates,

Wachter, and Vanderveen discuss smart-pump data and CQI, drug

libraries, unintended consequences, diagnostic errors, never events, the

role of public reporting, transparency, and other aspects of medication

safety technologies.

David Bates is chief of the Division of General Medicine at Brigham
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CPOE, smart pumps and barcode medication administration. 
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Clinical Excellence. He is responsible for ensuring Cardinal Health’s
commitment to education and innovation to reduce variation in
clinical practice, and to supporting hospitals’ patient safety initiatives.
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