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Reducing the risk of foreign body embolization during interventional procedures. 

BY JOHN R. LAIRD, MD, FACC, FACP, FSCAI

Keeping the Room 
Out of the Patient

E
mbolization of a variety of materials can occur 
during cardiovascular, cerebrovascular, and other 
endovascular procedures. Cotton fibers, glove 
powder (starch), polymers for drug delivery, 

hydrogel coatings, and fragments of catheters/wires can 
find their way into patients and cause significant harm.1-3 
One underemphasized and underrecognized source of 
contamination is cotton fibers/lint from gauze 4 X 4 
sponges, Telfa pads, and cotton surgical towels that are 
so ubiquitous in cardiac catheterization laboratories 
and endovascular suites around the world (Figure 1). 

Gauze 4 X 4 sponges are the most commonly employed 
product in the cardiac catheterization laboratory for 
wiping catheters and guidewires and for absorbing 
blood. Unfortunately, the loosely woven structure of 
gauze combined with cotton’s fibrous nature makes it 
susceptible to fiber shedding and/or separation of the 
woven structure (Figure 2). 

When introduced into the body, cotton fibers/lint 
can lead to a variety of complications including inflam-

mation/granuloma formation, thrombus formation, 
adhesions, infection, and tissue necrosis.4-9 These cot-
ton fibers can find their way into patients after they are 
transferred onto catheters/guidewires after direct con-
tact with towels or gauze, after handling with a sterile 
glove contaminated with fibers, from fibers floating in 
the air around the cath table, or from fibers in the flush 
materials (Figure 3). 

There is particular potential for harm during percu-
taneous coronary interventions or neurovascular inter-
ventions where the introduction of cotton fibers can 
lead to thrombus formation and myocardial infarction 
or stroke.10-12 Case reports of coronary embolization of 
gauze fragments during the process of flushing cath-
eters have increased the awareness regarding the inap-
propriateness of soaking gauze in the bowl from which 
saline is aspirated and injected into catheters.10 Not 
enough attention is directed, however, to the potential 
for introduction of fibers into the patient during other 
routine procedural tasks.

Figure 1.  Typical setup for a diagnostic or interventional procedure (A). High-lint cotton towels commonly used in cardiac cath 

labs and endovascular suites (B). 
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SCOPE OF THE PROBLEM
The exact incidence of cotton fiber embolization 

during diagnostic and interventional procedures is 
unknown because these events may not lead to clini-
cally recognizable complications or overt symptoms. 
Shannon et al reported the prevalence of cotton fiber 
embolization during cerebral angiography.12 A 5-year 
retrospective study was done on all available postmor-
tem cases to systematically assess the prevalence of 
particulate embolization in patients with arteriovenous 
malformations. Particulate embolization, primarily 
due to cotton fiber, was present in 25% of the cases. 
These cotton fiber emboli were found to be mixed with 
thrombus. In a couple of instances, the foreign particu-
late emboli produced catastrophic results. 

One can get a sense of the possible frequency of for-
eign body contamination during diagnostic and inter-
ventional coronary procedures from animal studies in 
which the hearts are harvested and sent for pathologic 

examination. In a porcine coronary stent model, textile 
fabric contamination was present in 6.5% of cases.13 
Hematoxylin and eosin staining from myocardial sec-
tions of these pig hearts showed birefringent foreign 
material with associated granulomatous changes and 
giant cell arteritis. Although many cases of coronary 
stent thrombosis can be explained by inadequate stent 
expansion and stent wall apposition, or insufficient 
antiplatelet therapy, some cases of stent thrombosis 
occur without clear explanation. One possible precipi-
tating factor is foreign body contamination at the time 
of stent implant. Whelan and colleagues demonstrated 
that 42% of cases of coronary stent thrombosis had 
evidence of lint and glove powder on pathologic exami-
nation.13 Lint fibers were found incorporated into the 
neointimal layer, and particulate covered with inflam-
matory cells were found occluding capillaries. 

Hydrophilic coatings on catheters and guidewires 
increase the risk of introducing cotton fiber/lint into the 
patient. As these hydrophilic coatings hydrate and swell, 
they have the potential to hold on to fibers with greater 
affinity. On the other end of the spectrum, as hydro-
philic catheters and guidewires dry out, they become 
sticky, and cotton fibers readily adhere to these devices 
(Figure 4). 

This is particularly common and problematic dur-
ing peripheral vascular interventions, where the use 
of hydrophilic guidewires is routine and the cases are 
often long, resulting in prolonged contact between 
the hydrophilic guidewires and 4 X 4 gauze or cotton 
towels. 

OPPORTUNITIES FOR IMPROVEMENT
There is significant opportunity for improvement 

in cardiac catheterization laboratories, endovascular 
suites, and operating rooms around the world. Despite 
what is known about the harmful effects of foreign 

Figure 3.  Gauze fiber lodged on a stent strut from handling with a sterile glove (A). Cotton towel fiber trapped on a stent after 

laying the stent on towel (B).

Figure 2.  Cotton fiber shedding from the edge of a 4 X 4 

gauze.
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body contamination, most facilities cling to the tradi-
tional practice of using high-lint drapes and high-lint 
cotton towels, high-lint “lap sponges,” and cotton 
gauze. This is particularly remarkable in light of the 
fact that manufacturing plants for medical devices and 
clean rooms would never entertain the thought of 
using cotton-based products during the manufacture, 
cleaning, and packaging of medical devices, yet right 
at the point of entry into the patient’s body, there is a 
high likelihood these devices will come in contact with 
these high-lint cotton products.

A strategy to reduce the likelihood of foreign body 
contamination during interventional procedures 
should include the use of powder-free gloves and the 
use of low-lint patient drapes, low-lint towels, and 
fiber-free wipes. The highest priority should be given to 
eliminating the practice of wiping catheters and guide-
wires with 4 X 4 gauze. It addition, frequent cleaning of 
gloves to remove particulate/fiber, frequent wiping of 
guidewires with fiber-free wipes, and meticulous atten-
tion to prevent contact between stents/permanent 
implants and cotton towels will ultimately prove very 
beneficial. Appropriate air filtration and positive air 
flow in the operating room or endovascular suite will 
also reduce the likelihood of airborne particulate. 

There are a variety of low-lint products available for 
clinical use. These products undergo special laundry 
processes to remove lint, fiber, and particulate and 
must meet strict specifications for particulate, resi-
due levels, and absorbency. The Swiper foam wiper 
(Syntervention, Inc.) is one of the first of these products 
being provided in sterile form for medical procedures. 
The Swiper is a sterile, biocompatible, fiber-free, foam 
wiper designed for the removal of blood, contrast, and 
other contaminants from sterile instruments and medi-
cal devices (Figure 5). 

Low-lint surgical towels are also available and have 
the potential to reduce lint by > 99%. These towels 
are often lighter than standard cotton towels while 
retaining equivalent absorbency. They have the poten-
tial to reduce medical waste costs due to their lower 
wet weight. The Swasher ultra-low-lint surgical towel 
(Syntervention, Inc.) is composed of rayon for absor-
bency and polyester for strength (Figure 6). Replacing 
cotton towels with low-lint towels in the standard 
patient setup (Figure 1) will offer the potential for 
reduced transfer of cotton fibers onto catheters and 
guidewires during their introduction into the patient.

SUMMARY
Medical device manufacturers are required to follow 

strict quality system regulations as mandated by the US 
Food and Drug Administration.14 Once sterile medical 
devices are opened for use in the sterile field, they are 
exposed to a number of elements during a procedure. 
The requirements met to market the device no lon-
ger benefit the patient when the device is exposed to 
foreign body contaminants in the operating room or 
interventional lab. Cotton fiber embolization occurs 

Figure 4.  Cotton fibers adherent to a hydrophilic guidewire.

Figure 6.  Low-lint surgical towels (Swasher).

Figure 5.  Fiber-free foam wiper (Swiper).
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during cardiovascular, neurovascular, and peripheral 
vascular interventions and can result in serious com-
plications. To increase the safety of our interventional 
procedures, we need to evolve (and modernize) and 
work to eliminate cotton-based products from the 
procedural work flow. The same standards used in the 
manufacture and packaging of our medical devices 
should be applied to the use of these devices for the 
care of our patients. n
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