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Abstract

Most patients never think about the connectors attached to their medical lines. I didn’t when I
had surgery at the Children’s Hospital of Philadelphia. I assumed the equipment around me had
been designed to work safely, because that is what you have to believe when you are lying in a
hospital bed. What I didn’t realize is how much of that safety depends on standards most people

will never encounter.

One such standard, the ANSI/AAMI/ISO 80369 series, emerged in response to a serious and
often overlooked problem. For decades, medical devices relied on a universal Luer connector
that could physically couple almost any line to any other line, regardless of its intended purpose.
That flexibility, once seen as a strength, allowed a category of errors known as wrong-route

misconnections, where medication or fluid is delivered to the wrong part of the body.

These were not rare accidents. Reported cases over multiple years show that a significant number
resulted in permanent harm or death (Guenter et al., 2009). The pattern pointed to a structural

problem, not a human one.

For years, the response focused on behavior: better labeling, color coding, and additional
training. These measures helped, but they didn’t change what the system allowed. ISO 80369
took a different approach by redesigning connectors so that incompatible systems cannot be
joined. Each connector type has a geometry specific to its application, preventing incorrect

connections before any decision has to be made.

This shift represents more than an engineering fix. It reflects a broader change in how safety is
understood, from something maintained through vigilance to something built directly into
design. Drawing on clinical literature and a patient perspective, this essay explores what that
change means for healthcare systems, why adoption has been uneven across countries, and what
a world without such standards would actually look like: not merely fragile, but dangerously

chaotic.



When I went in for surgery at the Children’s Hospital of Philadelphia, what I remember most is

not the procedure itself but the waiting. The room felt colder than I expected, and everything had
that sterile hospital smell that sticks with you. There were tubes running from different machines,
connectors clipped into place, wires I tried not to think about too much. At one point I remember

staring at the ceiling tiles, trying to focus on anything other than what was about to happen.

At the time, all of that equipment blurred together. It looked like a system that just worked. I
didn’t question it, and honestly, I didn’t want to. But looking back now, what stands out is how
much of that system depended on small design decisions I never noticed, especially the
connectors linking everything together. That assumption, that everything simply works, isn’t

accidental. It is built on standards most people never see.

In healthcare, many of those standards are embedded directly into design. You don’t read them or
follow them consciously. They are simply there, shaping how things connect and interact. When
they work, they disappear into the background. When they fail, the consequences can be

immediate.

The Luer connector is one example of how something that seems simple can quietly shape an

entire system.

It was originally designed as a universal, leak-proof fitting, a way to make sure different medical
devices could connect reliably. For a long time, that universality was treated as a strength. One

connector, many uses. It made equipment compatible and streamlined procedures.

But medicine kept evolving, and the environments where these connectors were used became

more complex than the original design ever anticipated.

Because the Luer connector could couple almost anything to anything, lines meant for
completely different purposes could still be physically connected. Intravenous medication,
enteral feeding, respiratory support, all using connectors that looked and felt almost identical. In

theory, that flexibility was convenient. In practice, it created risk.

What are called “wrong-route” errors sound abstract until you stop and think about what they
actually mean. They mean something intended for the stomach can end up in the bloodstream, or

medication meant for one part of the body is delivered somewhere else entirely. It is hard not to



think about that differently after being in a hospital bed, watching lines run into your own arm

and trusting that everything is going exactly where it is supposed to.
Over time, these errors stopped looking like isolated accidents and started revealing a pattern.

Data reflects that pattern. A review by the United States Pharmacopeia identified at least 24
reported cases of enteral feeding misconnections between 2000 and 2006, with roughly one-third
resulting in permanent harm or death (Guenter et al., 2009). A broader review over two decades
documented more than 100 similar cases (Simmons et al., 2011). Those numbers are already
alarming, and experts widely believe the true number is higher because many incidents are never

formally reported.

One case that brought national attention to the problem involved Robin Rodgers, a 24-year-old
woman who was 35 weeks pregnant when she was hospitalized because she could no longer
keep food down. Instead of connecting the feeding formula to her feeding tube, hospital staff
mistakenly attached the bag to an existing intravenous line. As reported by The New York Times,
the liquid formula entered her bloodstream, killing both Rodgers and her unborn daughter. What
makes that tragedy so devastating is that it didn’t happen because the mistake was unimaginable.
It happened because the system allowed two incompatible medical functions to be physically

connected in the first place.

Hospitals are complicated environments, even if they don’t always appear that way from a
patient’s perspective. During my own surgery, I only saw a small part of what was happening.
Behind that, there are overlapping systems, constant decisions, and pressure that doesn’t really
stop. A single patient can have multiple lines attached at once, each serving a different function,
and in that kind of environment it’s unrealistic to expect people to catch every possible mistake

every single time.

For years, the solution focused on behavior. Add labels. Use color coding. Train staff more
carefully. Those steps helped, but they didn’t change the underlying problem. They still
depended on people noticing small differences and making the right decision every time, even

when they were tired or distracted.

Eventually, the focus shifted. Instead of trying to eliminate human error, engineers started asking

a different question: what if the system simply didn’t allow certain mistakes to happen?



That shift led to the ANSI/AAMI/ISO 80369 series. The idea behind it is simple enough to
explain, but it represents a significant change in how safety is approached. Different systems are
designed so they can’t be connected incorrectly, since each connector has a specific geometry
that only fits its intended application. Enteral feeding systems, for example, can’t attach to
intravenous lines, and neuraxial systems use a different design altogether. If someone tries to

connect the wrong systems, they simply don’t fit.

There is a term engineers use for this kind of design: a forcing function. This approach is a
hallmark of well-designed standards, which don’t simply recommend safer behavior but build
safety directly into the physical design of the system. I didn’t come across that phrase until much
later, but once I did, I realized how familiar the idea already was. It is the same logic behind
everyday safeguards, like a microwave that won’t run unless the door is closed. Instead of
relying on people to avoid mistakes, the system is built so that certain mistakes are not physically
possible. In a hospital, where time, fatigue, and urgency are constant pressures, that is what truly

changes outcomes.

The impact of ISO 80369 can be seen in how it is being implemented. In the United States,
organizations such as the U.S. Food and Drug Administration have recognized the risks of tubing
misconnections and encouraged adoption of safer connector systems. Progress has been slower
here partly because the American healthcare system is fragmented. Hospitals, manufacturers, and
suppliers transition independently, and replacing millions of legacy devices is expensive and

uncven.

Meanwhile, the National Health Service in the United Kingdom has taken a more coordinated
approach, mandating the transition across its system. That kind of centralized implementation
makes adoption faster and more consistent. I’ll admit this is one part I still find frustrating. If the
solution is known and already working elsewhere, it’s hard to understand why patients should
remain exposed to preventable risks simply because systems move slowly. That delay carries a
real human cost, especially for patients in intensive care or emergency settings, where the margin

for error is smallest and the consequences of a single mistake can be irreversible.

What this really highlights is that standards are not just technical documents. They are
agreements about responsibility. They determine who carries the burden of preventing failure,

whether it is left to individual judgment or built directly into the system.



Thinking back to my own experience, I realize how much of that process is invisible to patients.
I didn’t know what type of connectors were being used, or whether they followed newer
standards. I simply assumed the system had already been designed to minimize risk, because that

is what you have to believe when you are lying in a hospital bed.

A world with flawed standards is dangerous. A world with no standards at all would be worse.
Hospitals would rely on incompatible tubing made by different manufacturers, forcing staff to
search for adapters in emergencies or improvise unsafe workarounds. A patient transferred
between hospitals might arrive with lines that can’t connect to available equipment. In that kind
of system, delays would come not only from human error, but from the absence of any common

language between devices.

In many ways, the era of the universal Luer connector sat uneasily between those two worlds:
better than chaos, but still quietly hazardous. ISO 80369 changes that by shifting safety into the

structure of the system itself.

At the same time, no standard is ever the final word. Systems evolve, technologies change, and
new risks emerge. That doesn’t make standards incomplete failures. It makes them ongoing

commitments to improve, adapt, and close the gaps that experience reveals.

When I think back to my time in the hospital now, the equipment around me feels different. Not
just a collection of tools, but a system shaped by decisions about risk, safety, and responsibility,

most of which I never saw at the time.

What I didn’t realize then, and what most patients never have to think about, is how much of that

safety depends on things being designed so they can’t fail in the first place.

And that raises a question that extends beyond healthcare. If so much of our safety depends on
systems we don’t see, then the real question is not whether standards matter. It’s whether we're

willing to build systems that assume we’ll make mistakes and protect us anyway.
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