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Willem Einthoven: The Heart's Electrical
Language (The ECG) (1924)
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Imagine for a moment that you are a doctor in the early 20th century. A patient arrives at your office with
an irregularly beating heart, a constant feeling of exhaustion, and palpable fear in their eyes. With your
stethoscope, you can hear that erratic rhythm. You can feel a weak pulse. But what is truly happening
inside that vital organ? Why is it beating this way? Is it a muscular problem, a nerve issue, or perhaps

something deeper?

Doctors back then were blind. They could hear, they could feel, but they couldn'tseethe heart's electrical
engine. It was like trying to understand a complex engine just by listening to its noise, without being able
to open the hood.

This is where our protagonist today enters the scene: Willem Einthoven. A man with a brilliant mind,
infinite patience, and a singular obsession: to unravel the heart's secret electrical language. Einthoven
wasn't satisfied with murmurs and pulses. He wanted to record the heart, to see its electrical pattern as

if it were a musical score, to read its story in lines and peaks.

By the late 19th century, it was already known that the heart generated electricity. Other scientists
had made rudimentary attempts to measure it, but their devices were huge, imprecise, and slow. Their

recordings were more like blurry scribbles than a true map of cardiac activity.

Imagine having a serious problem and your doctor can only offer you a guess. Einthoven knew this. He

knew that the key to diagnosing, and perhaps saving, countless lives was hidden in those tiny electrical
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signals the heart emitted with each beat. But how could something so weak and fleeting be captured
with the technology of the time? How could those invisible internal sparks be converted into a legible
graph that doctors could understand?

The science of the heartbeat was, at that time, a kind of dark art. Galvanometers, the devices that
measured electric currents, existed, but they were like hammers for hitting a nut: too large and crude for
the delicacy of cardiac signals. They were slow and bulky, with heavy magnets and coils that responded

sluggishly to the heart's rapid and subtle electrical changes. A decent recording could take hours.

The Visionary of Leiden: Willem Einthoven

Willem Einthoven was born in Semarang, on the island of Java (then part of the Dutch East Indies), in
1860. The son of a military doctor, medicine was in his blood, but his mind leaned towards physics and
mathematics. After his father's death, the family returned to the Netherlands. There, Einthoven studied
medicine at Utrecht University, graduating in 1885. Just one year later, at the astonishing age of 26, he

was appointed professor of physiology at Leiden University.

From his chair, Einthoven immersed himself in the mysterious world of physiology. He became fascinated
with electricity and how living tissues generated it. When he heard about the heart's weak electrical
impulses, a spark of obsession ignited. His laboratory became the scene of an epic battle against

invisibility.

The invention of the 'magic thread': The string galvanometer

Einthoven realized he needed a completely new instrument, one that was incredibly sensitive and fast.
He set to work, experimenting with different galvanometer designs. His genius was not in inventing

electricity, but in creating the perfect tool to listen to it.

The idea was simple in theory, but revolutionary in practice: an extremely fine conductive thread, as
thin as a hair, suspended between the poles of a powerful electromagnet. When the heart's tiny electric
current passed through this thread, the electromagnet's magnetic field made it vibrate. It was like a violin

string, but instead of a bow, it was the heart's electricity that made it sound.

* Extreme Sensitivity: The thread, often quartz coated with silver to make it conductive, was so light

that it reacted to the weakest electrical currents.
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Microscopic Precision:A complex optical system projected the shadow of this moving thread onto
amoving photographic film. Imagine the thread was a laser pointer, and the heartbeat, the movement
of that pointer drawing a line.

» Speed:Unlike previous galvanometers, which had considerable inertia, this thread reacted almost

instantly to electrical changes.

Einthoven's first prototype was a monster. It weighed almost 300 kilograms (660 pounds). The patient
had to immerse their hands and one foot in buckets of salt water (to conduct electricity) connected to the
apparatus by wires. It had to be constantly calibrated, and the recording room was often in the basement

to insulate it from vibrations.

But it worked! For the first time, the heart's tiny electrical signals could be seen, not as blurs, but as a
series of distinctive, repetitive waves. In 1903, Einthoven published the first clear recordings of what he
called an 'electrocardiogram' (ECG). The word itself was a declaration: 'electro’ for electricity, ‘cardio’ for

heart, and 'gram'’ for record or writing. He had written the heart's score.

Decoding the heart's 'language': the P, QRS, and T waves

With his new device, Einthoven began to see patterns. He identified five main waves in each heartbeat,
which he labeled with the letters P, Q, R, S, and T. These are the same names we use today.

What does each wave mean?
To understand it, imagine the heart as a house with four rooms (two atria upstairs, two ventricles

downstairs) and an electrical system that activates them in a perfect sequence.

» P Wave:This small wave represents the electrical activation of the atria. It's as if the 'switch' turns

on in the upper chambers, telling them to contract and pump blood into the lower chambers.

* QRS Complex:This is the largest peak and represents the electrical activation of the ventricles, the
main pumping chambers. It's the big 'discharge' that makes the heart pump blood to the rest of the
body.

» TWave:This smoother wave represents the ‘repolarization’ or 'resetting' electrically of the ventricles.

It's when the heart cells recharge, preparing for the next beat.

Any deviation in the shape, size, or timing of these waves could indicate a problem. It was as if the heart

were writing a message, and Einthoven had deciphered the alphabet.
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The revolutionary impact of the ECG

Einthoven's invention transformed cardiology. Suddenly, doctors could:

e Diagnose arrhythmias:Irregular heartbeat patterns that were previously only felt could now be
seen and classified.

» Detect heart attacks:Certain elevations or depressions in the ST segment (the line between the
QRS and T waves) became signs of damage to heart tissue.

« |dentify conduction problems:If electrical impulses were not traveling correctly through the heart,
the ECG showed it.

* Monitor the effect of medications:Changes in the ECG could indicate whether a treatment was
working.

The string galvanometer, though initially massive and difficult to operate, was the prototype for all
modern electrocardiographs. Einthoven spent years perfecting his machine, working tirelessly to make it
smaller, more practical, and more precise. His persistence and vision laid the groundwork for a diagnostic
tool that we take for granted today, present in every hospital and clinic worldwide.

For his monumental work and his contribution to medicine, Willem Einthoven was awarded the Nobel
Prize in Physiology or Medicine in 1924. His story is a reminder that the greatest advances often come
from a single person's obsession with solving a seemingly impossible problem, transforming the invisible

into something tangible, and thus, saving countless lives.
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