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The marriage of electricity and medicine is a story of human curiosity evolving from “magic” shocks
to life-saving precision. While we often think of it as a modern marvel, the use of bioelectricity dates

back thousands of years.
The Historical Spark: From Torpedo Fish to Galvanism
Long before the invention of the battery, ancient physicians used biological sources of electricity.

e Ancient Rome (c. 46 AD): Scribonius Largus, court physician to Emperor Claudius, documented
using live torpedo fish (electric rays) to treat gout and chronic headaches. Patients would stand
on the fish or place them against their heads until the area went numb.

e The 18th Century Enlightenment: The discovery of “Leyden jars” (early capacitors) led to
“Electrotherapy”. In the 1740s, practitioners began using static electricity to treat paralysis and
“hysteria”.

e Galvani vs. Volta: In the 1780s, Luigi Galvani discovered that a spark caused a dead frog’s legs
to twitch, proposing the theory of “Animal Electricity”. While Alessandro Volta later proved this
was due to chemical reactions between metals, Galvani’s work laid the foundation for Electro-

physiology—the study of how our nerves and muscles function via electrical signals.
The Science: How Electricity Heals

The human body is essentially an electrochemical machine. Every thought, heartbeat, and move-
ment is powered by the movement of ions (like Sodium Na+ and Potassium K+) across cell mem-

branes. This creates an Action Potential, a tiny electrical impulse.
Medical electricity works through three primary mechanisms:

1. Neuromodulation: Using electricity to override or supplement the body’s own nervous system.
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2. Defibrillation: Delivering a massive electrical charge to depolarize the entire heart muscle simultaneously, allowing the heart’s
natural pacemaker to retake control.
3. Electroporation: Using high-voltage pulses to create temporary pores in cell membranes, allowing drugs or DNA to enter cells

more effectively.
Modern Applications and Milestones

Today, electricity is used in nearly every department of a hospital.

Technology | Function Key Scientific Principle

ECG / EKG | Diagnostic mapping of heart rhythm. | Measures the sum of action potentials in the heart.

Pacemakers | Maintaining a steady heart rate. Replaces the Sinoatrial (SA) node’s electrical trigger.

. . . ) Stimulates nerves to “close the gate” on pain signals to the
TENS Units | Non-invasive pain management.

brain.
Deep Brain Stimulation for Parkin- . L
DBS , High-frequency pulses to block abnormal brain signals.
son’s.
Export to
Sheets

The Cardiac Revolution

One of the greatest triumphs of medical electricity is the defibrillator. When a heart enters ventricular fibrillation (an uncoordinated

quivering), it stops pumping blood. By applying a calculated dose of Joules, measured by the equation for electrical energy:
E=Pxt=VxIxt
(where E is energy, V is voltage, | is current, and t is time), the device resets the heart’s electrical state.
The Future: Bioelectronic Medicine

We are moving away from broad “shocks” toward Bioelectronic Medicine. Researchers are currently mapping the Vagus Nerve, the
body’s “superhighway” for signals between the brain and organs. By using micro-implants to “hack” these signals, scientists hope to

treat autoimmune diseases like rheumatoid arthritis and Crohn’s disease without the need for systemic drugs.

From the stinging touch of an electric ray to the microscopic precision of neural implants, electricity remains one of our most potent

tools for understanding and repairing the human body.

The transformation of surgery from a “blood and cold steel” craft to a high-precision science is largely due to the mastery of elec-
tricity. In the modern operating room, electricity is not just used to power the lights; it is the primary tool for cutting, coagulating, and

sealing tissue with microscopic accuracy.
The Historical Spark: From Cautery to Radiofrequency
The journey began with the ancient need to stop bleeding (hemostasis).

e Thermal Cautery (The Precursor): For millennia, surgeons used “actual cautery”—metal irons heated in fire—to sear wounds.
While effective at stopping hemorrhage, it caused massive tissue damage and agonizing pain.
e The 19th Century Shift: With the discovery of DC (Direct Current), surgeons experimented with Galvanocautery, using electricity

to heat a wire loop. This was more controlled than a fire-heated iron but still relied on pure thermal transfer.
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e The Bovie Revolution (1926): The true birth of electrosurgery occurred when neurosurgeon Harvey Cushing teamed up with
physicist William T. Bovie. They developed the Bovie unit, which used high-frequency alternating current (AC). Unlike previous
tools, this didn’t just burn tissue; it allowed the surgeon to “cut” through it using an electrical arc, simultaneously sealing blood

vessels.
The Science: Electrosurgery and Tissue Interaction

Modern surgery relies on High-Frequency Electrosurgery. To avoid the painful stimulation of muscles and nerves (which occurs
at standard wall-outlet frequencies of 50-60 Hz), surgical units operate at frequencies above 100,000 Hz (100 kHz). At these levels,

electricity can pass through the body without causing cardiac arrest or muscle spasms.
The Mechanism of Action
The effect on the tissue depends on the waveform and the concentration of the current:

1. Electrosurgical Cutting: A continuous, low-voltage waveform creates intense heat at the tip of the electrode. This heat vaporizes
the water inside the cells instantly, causing them to explode and creating a clean “cut”.

2. Fulguration (Sparking): A high-voltage, pulsed waveform creates sparks that char the surface of the tissue. This is used for
“spray” coagulation over a wide area.

3. Desiccation: The electrode makes direct contact with the tissue, drying out the cells to seal a specific blood vessel.
Key Surgical Modalities

Today, surgeons choose between two primary electrical delivery systems based on the complexity of the procedure:

Modality Setup Primary Use
Current travels from an active electrode, Large-scale cutting and coagulation in
Monopolar . W . .
through the patient, to a “grounding pad. open surgery.
Binol Current stays between two “tines” of a for- Delicate surgery (neurosurgery, gynecolo-
ipolar
P ceps-like tool. gy) where precision is vital.
. .| Uses electricity to vibrate a blade at 55,500 Cutting and sealing thick vessels with
Harmonic/Ultrasonic L “ »
Hz. minimal “lateral thermal spread.

Modern Innovations and Safety

The integration of electricity has led to the rise of Robotic Surgery (such as the Da Vinci system) and Laparoscopy. In these mini-

mally invasive procedures, electrical energy is delivered through tiny ports, allowing for complex internal surgeries with only centi-

meter-long incisions.

Safety and the “Ohm’s Law” of Surgery

Surgeons must account for tissue resistance (impedance). According to Ohm’s Law:

$$1 = \frac{V}{R}$$

Where $1$ is current, $V$ is voltage, and $R$ is resistance. As tissue dries out (desiccates), its resistance ($R$) increases, which
changes how the current ($I$) flows. Modern “smart” generators sense these changes in real-time, automatically adjusting the power

output to prevent accidental burns or excessive charring.
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Conclusion

Electricity has evolved from a blunt instrument of heat into a sophisticated scalpel of energy. By manipulating the frequency and
waveform of electrons, surgeons can now perform bloodless operations, navigate the delicate structures of the human brain, and
ensure faster recovery times for patients worldwide. What was once a terrifying “hot iron” is now a precision dance of physics and

biology.

The following reference lists provide the academic and scientific foundations for the historical and clinical use of electricity in gen-

eral medicine and surgery.
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