Enhancing patient safety in
the OR when using multiple
surgical lights

Learn about the potential for burns and other injuries from a little-known,
but preventable issue

Drager Technology for Life
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Executive summary

Excessive surgical illumination from overlap-
ping LED light sources poses a preventable
risk to patient safety in the operating room
(OR). Modern surgical lights, while cooler
than their halogen predecessors, can still
produce enough thermal radiation at the
surgical site to cause burns when multiple
lights converge and raise irradiance levels
above the safe limit of 700 W/m?!

While many patients subjected to

excessive surgical illumination experience
no associated harm, those with skin
photosensitivity from medical conditions
(e.g., autoimmune diseases) or drug
treatments (e.g., chemotherapy, antibiotics)
can be at an increased risk for thermal injury.?

The U.S. Food and Drug Administration
(FDA), ECRI, The Joint Commission (TJC) and
other regulatory and standards bodies have
highlighted these dangers.>* Yet practical
solutions remain limited, and often depend
on manual adjustments by OR staff following
the device’s instructions for use (IFU), which
can be difficult to consistently manage in
the demanding and fast-paced perioperative
environment.

To address this important issue, Drager is
advancing surgical lighting technology with
a safety-focused feature that automatically
prevents combined irradiance from
exceeding safe levels. This innovation helps
reduce the burden on surgical teams while
helping to enhance patient safety.

By integrating automated safety measures
into surgical lighting systems, healthcare
facilities can support efforts to reduce
thermal injury risks and help minimize patient
burns from excessive OR illumination.

Key learnings from this paper:

» Potential risks from excessive surgical illumination due
to overlapping LED light sources

» Published cases of patients who have suffered thermal
injury from overlapping surgical light beams

* Which medical treatments and conditions can increase
patients’ risk for thermal injury

» Recommended steps to increase surgical light safety

» New technology available to OR teams that may help
mitigate thermal energy risks

Introduction

Surgical luminance (aka illumination) is critical for
visualization of the operative field, with operating room (OR)
teams often employing multiple overlapping lights to achieve
clarity (e.g., overhead light, headlamp, in-cavity lighting).®

While modern LED surgical lights are significantly cooler in
temperature at their source when compared to predecessors
utilizing hot halogen bulbs, LED lights still produce energy at
the operating surface due to other types of thermal radiation.®
This is known as irradiance and is measured as watts per
square meter (W/m?).’

New solution in this space

Drager, an international leader in medical and safety
technologies, has designed the latest generation of its
Polaris surgical lighting with the active Light Guard
feature to help reduce patient risk of thermal energy.

Learn more about this new solution in this paper
(see page 8).

The multiplier effect

A single LED lighting source for the OR designed in accor-
dance with U.S. Food and Drug Administration (FDA) and
international standards (e.g. IEC 60601-2-41) is unlikely to
generate excessive heat.®?

Specifically, the “International Electrotechnical Commission
(IEC) places a limit on total irradiance at 700 W/m? to reduce
the risk of thermal injury to any exposed tissue of patients due
to direct radiation and diffuse reflections. Most modern single
surgical LED lightheads will not exceed this level of “safe”
irradiance.”"
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Rather, it is the “heat created when the beams from multiple
surgical lightheads overlap” that can “present the risk of
patient burns during a procedure”. When two or even three
surgical lights are combined and set at higher illumination,
the resulting W/m? value can easily significantly exceed the
safe level of 700 W/m2.2

In one of ECRI's investigations, the institute “found that
focusing two of the incident lightheads at maximum intensity
resulted in a total irradiance of approximately 1,200 W/m?
within the simulated surgical field and quickly raised the
temperature to 47°C (117°F), a temperature that could cause
patient burns in less than 30 minutes. Adding a third light
further increased irradiance and temperature, exacerbating
the burn risk.”®

In today’s OR, the use of two lights to illuminate the surgical
site is standard practice to help minimize shadowing from
blocking objects, enhance view of tissue structure, and
improve overall visibility of the surgical site. While use of two
lights is common, few surgeons or nurses are aware of the
multiplying effect of irradiant energy and resulting potential of
patient injury during surgery.®

Impacts of excessive OR illumination

While modern LED surgical lights have played an important
role in helping protect patients and staff from the risks of
excessive OR illumination as the light source is significantly
cooler compared to the elevated thermal heat from the
halogen bulb light source, serious injuries can still occur.

In November 2024, ECRI published an alert after 12 U.S.
patients suffered thermal skin injuries from an above LED
surgical light system, including “skin burns and drying of
tissue that may lead to scarring, infection, and/or internal
organ damage.”

The manufacturer initiated a recall by an Urgent Medical
Device Correction letter, according to the FDA's Center for
Devices and Radiological Health.”

Risk factors for thermal injury

While thermal injury caused by excessive surgical illumination,
specifically, the heat generated when the beams from multiple
surgical lightheads overlap, is not a common occurrence in
the general patient population, there can be patient- and
procedural-related factors that increase the risk.

Health systems and hospitals that perform surgical
procedures on these categories of patients and/or under
these conditions might consider implementing preventative
measures to help reduce the risk.

Patient-specific risk factors

There are several medical treatments and conditions that can
increase a patient’s skin UV photosensitivity and therefore
increase the risk for thermal injury during surgery.®” In these
cases, photosensitivity may present as adverse skin reactions
such as blistering, redness or inflammation.?®

Drug-induced photosensitivity (DIP)

Certain pharmaceutical agents can increase risk for photo-

sensitivity, with patients suffering sunburn-like symptoms, a

rash, or other unwanted side effects after UV exposure. There

are two types of photosensitivity:?

« Photoallergy: An allergic reaction of the skin; may not
occur until several days after UV exposure

« Phototoxicity: An irritation of the skin; can occur within a
few hours of UV exposure

Drugs that can increase photosensitivity include:

22,23,24,25,26,27,28,29,30

« Antibiotics (e.g., tetracyclines, fluoroquinolones) used to
treat various infections (e.g., acne, syphilis, chlamydia, Lyme
disease, Legionella)

« Cardiovascular agents, such as diuretics
(e.g., hydrochlorothiazide, furosemide)

* NSAIDs used to treat inflammation and pain
(e.g., Naproxen, Piroxicam)

« Chemotherapeutics used to treat cancer (e.g., fluorouracil,
tegafur, capecitabine, dacarbazine)

« Psoralens used to treat psoriasis, vitiligo, polymorphic light
eruption or cutaneous T-cell lymphoma (e.g., Methoxsalen)

« Immunosuppressants used to treat rheumatoid arthritis
(RA) and other autoimmune inflammatory conditions (e.g.,
Methotrexate, Azathioprine, Cyclosporine)

« Amiodarone used to treat arrhythmia (e.g., Cordarone,
Pacerone)

« Acne medications (e.g., tretinoin, isotretinoin)

« Tricyclic antidepressants (e.g., amitriptyline, nortriptyline)

Between 2004 and 2023, the FDA received 20,236 reports of
adverse drug reactions linked to DIP, according to research
findings published in the May 2025 edition of Scientific
Reports.® Despite these findings, some researchers believe
DIP is “significantly under reported, due to the difficulty of
clinical recognition and the lack of documentation in public
databases.”*?
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Condition-induced photosensitivity

Patients with autoimmune diseases, including systemic and
cutaneous lupus erythematosus (SLE, CLE), dermatomyositis
(DM) and Sjogren’s syndrome (SS), can suffer painful lesions
on the skin because of UV exposure.®* Research has found up
to 93% of lupus patients experience photosensitivity depend-
ing on underlying disease pathology, while up to 50% of DM
patients are reported to have photosensitive skin disease.x**

Other medical conditions and diseases that can increase a

patient’s UV light sensitivity include:3®

 Actinic prurigo (hereditary PMLE), an inherited condition
that produces an itchy or burning rash within the first two
hours after UV exposure

 Solar urticaria, a form of “sun allergy” that produces hives
(large, itchy, red bumps) on sun-exposed skin
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Procedural risk factors

Some surgical cases have an increased risk for patient ther-

mal injury because of the OR set up, length of the procedure,

and/or the patient’s surgical site. Contributing risk factors
include:363738

« Distance: Closer than normal (one meter) distance of the
operating light from the surgical site.

« Surgical time: Procedures requiring increased surgical time
with prolonged retraction and handling of soft tissue (e.g.,
spine, tumor resection, and limb salvage surgeries), which
might compromise the vascularity of the focused area.

« Body area: Surgeries involving sensitive body areas, like
the inguinal region. The previously referenced manufacturer
of the recalled LED surgical light system recommended
customers “utilize the lowest possible illumination level
suitable for the procedure, especially in certain
neurological or intestinal procedures on delicate, thin, dry,
or abnormal tissue.”
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Could pediatric patients be at greater risk

for thermal injury in the OR?

A four-year-old male patient who underwent surgery for
circumcision and to repair an umbilical hernia was found
post-procedure to have a red rash along the left side of

his upper thigh and lower groin area.®®

In their case study, published in the September 2024
edition of the journal Cureus, researchers note how “Clear
demarcations can be seen showing the area exposed to
the OR light, characterized as a flat, well-bordered
erythematous rash, as opposed to the area unaffected
skin covered by the surgical drape.”

The researchers point out how pediatric skin is “known
to be more sensitive and susceptible to various irritants,
including light induced reactions,” adding how “the
light used in OR settings can penetrate the skin more
deeply and cause more significant damage in children
compared to adults.”

In conclusion they suggest that “future investigation
into lighting protocols and protective measures in the
OR could help prevent similar occurrences in pediatric
patients.”

“Future investigation into lighting protocols and protective measures in the OR could help
prevent similar occurrences in pediatric patients.”

- Photosensitivity-Induced Pediatric Rash Following Surgery: A Case Study, Cureus, September 2024
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Are surgical teams at risk for over

illumination?

Considering how surgeons and surgical team members
are exposed to surgical lights during patient procedures,
and they perform multiple surgeries each day, it is no
surprise that researchers have studied the impact of this
illumination on their health and wellness.*°

In their assessment of the current state of surgical
illumination, researchers from University of California San
Francisco, Geisinger Commonwealth School of Medicine
and Lehigh Valley Health Network described how
high-intensity, conventional OR lighting can “adversely
affect surgeons’ health and performance over time.”

¥

»,

In their June 2020 article published in the journal

Surgery, they wrote:

“Photoreceptors in the eye are highly sensitive to
stimuli, and may be affected depending on the
duration, intensity, wavelength, and intermittence of
light. Surgeons are particularly vulnerable to such
effects, as surgeons work under illumination
conditions that are high intensity and long duration,
over multiple years.”

“In the short term, this condition manifests itself as eye
fatigue, or the general symptoms of mild pain,
headache, and sensitivity around the eyes...In the
long-term, sustained exposure to non-modulated
illumination sources may result in permanent
photochemical damage, as the eye loses its ability to
protect the retina.”

High-intensity, conventional OR lighting can “adversely affect surgeons’ health and

performance over time.”

- Current State of Surgical Lighting, Surgery, June 2020
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“OR lights are frequently adjusted, notably every 7.5 minutes.”

- Current State of Surgical Lighting, Surgery, June 2020

Recommended steps to help enhance
patient safety

With the convergence of multiple surgical lights serving as a
prime risk factor for iatrogenic burns, healthcare safety orga-
nizations, standards bodies and others have made sugges-
tions on how to address this specific issue to help enhance
patient safety.

Unfortunately, many of these recommendations are reliant on
surgeons and their teams intraoperatively adjusting light
sources to help reduce risks based on technical knowledge
found in surgical lighting manufacturers’ instructions for use
(IFU) or warning diagrams placed on the surgical lights
themselves.

Recommendation: Read the IFU

The IEC recommends “added exposure limits, test condi-
tions, calculation methods and safety warnings related to
photobiological hazards” be added to the IFUs for surgical
luminaires and luminaires for diagnosis.*

Challenge: Warnings against overlapped lightheads in IFUs
alone may not solve the issue, because “most users will not
have read the manual or may not recall such details,” stated
ECRI.#?

Recommendation:

Use only one light source

Adherence to IEC 60601-2-41:2021, Particular requirements
for the basic safety and essential performance of surgical
luminaires and luminaires for diagnosis, “means that a single
lighthead should not raise temperatures to dangerous levels.™

Challenge: Common clinical practice is to use two or, in rare
cases, three lamp heads simultaneously.
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Recommendation:
Manually adjust light intensity

The manufacturer of surgical lights subject to the 2024 recall
suggested OR teams adjust their light intensity to reduce risk.*
In its Urgent Medical Device Correction, the manufacturer
offered these recommendations:

« If the light intensity of one lighthead is set at 80% or higher
the second light-head, if overlapping, should be set at 50%
or lower.

« If the light intensity of two or more lightheads is set at 80%
or higher, to minimize risk do not overlap them.

Challenge: As with the suggestion that a surgical team rely
on only a single light source, asking a surgical team to
manually measure and adjust the intensity of multiple
surgical lights throughout a procedure may present
significant challenges and is unlikely to provide a reliable
approach.

The focus of surgical teams should be the patient and
effectively and safely performing the procedure at hand. It is
not reasonable to expect surgical teams to divert their
attention from the procedure in order to manually adjust the
lights. Moreover, when the surgeon'’s focus must remain on
the patient, it is unclear how they could reliably determine
whether the light has reached or exceeded 80%.

“Emerging evidence suggests that a direct relationship exists
between surgeon exposure to distractions in the OR and a
decrease in patient safety,” wrote the authors of the
previously referenced Surgery article on the state of surgical
lighting.*

They go on to point out how, “OR lights are frequently
adjusted, notably every 7.5 minutes, and in 97% of the cases,
the surgeon paused his/her task to complete a lighting
adjustment.”



What about cases of thermal injury when

no known risk factors are present?

When a surgical team is preparing for a procedure on a
patient with known risk factors for photosensitivity, they
can take steps to reduce the risk of thermal injury from
high intensity, overlapping surgical light beams.*

But reports in peer-reviewed literature have highlighted
cases of thermal injury in patients who had no factors
predisposing them to photosensitivity.

For example, the April 2024 edition of the Burns Open
journal featured the case of 59-year-old male patient who
sustained an iatrogenic burn from operative lights during

an emergency vascular bypass revision procedure. The
patient required subsequent surgery for a skin graft to
address the burn.

An investigation into the case excluded any
photosensitizing medication or therapy that may have
predisposed the patient to a burn, and ruled out LED
light faults. Furthermore, the procedure was only
two-hours long and the three operative lights were
placed one meter away from the surgical site.

The researchers’ message to surgical teams: “Be
mindful of operative lights. Operating lights have the
potential to cause significant cutaneous injury.”

“The burn was clearly round shaped with inflammation and exhibited clear boundaries,
distinguishing it from a broader flame burn.”

- Deep-dermal burn sustained from operative lighting: A case report, Burns Open, April 2024

A real-world solution to address

excessive OR illumination risks

Rather than placing the responsibility on surgical teams
to consult manufacturers’ instructions for use, limit the
number of light sources, or interrupt procedures to make
adjustments.

It may be more effective to prioritize the development
of surgical lighting systems that limit heat intensity. The
result is that the illuminance for two lights is limited to a
relevant value that inherently supports both safety and
workflow efficiency.*®

Drager, an international leader in medical and safety
technologies, has designed the latest generation of its

Lightguard off

Polaris surgical lighting with an active feature that can
help minimise risks to patients from thermal energy.

One of the light's features that directly addresses the
concern about over irradiance is the Light Guard. When
two Polaris lights are switched on and the Light Guard
feature is activated, its function limits the irradiance
level from the two lights to a total value of 700 W/m?,
keeping the combined light energy at a safe level for
patients.

When the brightness level of one light is increased by
the surgeon, the linked second light will in response
decrease in brightness, helping to ensure that the total
irradiance level remains consistent, never exceeding
700 W/m?2.

Lightguard on
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“Practicing surgeons contend issues with current options and express interest in more
innovative, effective light sources.”

- Current State of Surgical Lighting, Surgery, June 2020

Conclusion

As demonstrated by published studies and ad-
verse event reports, excessive surgical illumina-
tion, particularly from overlapping light sources,
can pose a patient safety risk. Regulatory bodies
and medical safety organizations have recog-
nized this risk, issuing warnings and guidelines to
mitigate the potential for these injuries.

However, the responsibility largely falls on
surgical teams to manage lighting levels during
procedures, which can be challenging given the
complexities of operative tasks and the high
cognitive demands already placed on them. To
effectively reduce the risk of surgical lighting
burns, a shift in approach may be needed,
focusing on the integration of safety features into
the design of surgical lighting systems.

Manufacturers like Drager have begun to
incorporate these advancements, developing
lighting solutions that actively prevent the
accumulation of thermal energy that can lead
to burns. By prioritizing both patient safety and
surgical workflow efficiency, such innovations
may offer a practical approach to reduce the
problem of surgical lighting burns.

Nevertheless, the surgical team needs to
properly observe the wound field for signs of
drying or damage, since different tissues may
have different characteristics and individual
surgical situations require different levels of
caution. Apart from too much light intensity,
there might be other factors for would field
damage.
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