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Fig 1. Right fingers showed cyanosis.

Fig 2. Black gangrene-like manifestations on the fingertips.
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may be related to high-dose use of norepinephrine.1 Acute

ischemic hepatitis (“shock liver”) has been identified as a

potential risk factor for limb ischemic necrosis or symmetrical

peripheral gangrene.2 The previous study shows that abnormal

coagulation results, especially markedly elevated D-dimer and

fibrin degradation product, are common in deaths with

COVID-19.3 Therefore, the occurrence of limb ischemic

necrosis in COVID-19 patients should be monitored closely.
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How 3D Printing Can Prevent Spread of

COVID-19 Among Healthcare Professionals
During Times of Critical Shortage of Protective

Personal Equipment
To the Editor

Over the last several months, severe acute respiratory syn-

drome coronavirus 2 (COVID-19) has continued to spread all

over the globe at an alarming rate, with total disregard for

patients’ pre-existing medical conditions, age, or other demo-

graphics.1 The mortality rate is substantially higher than influ-

enza, and the death rate in the United States seems to be

surpassing that of both China and Europe.2 Although health-

care professionals report for duty each morning and evening to

care for an increasing number of patients with various grada-

tions of disease, their own safety and health remain threatened.

The medical community has experienced a sobering reality:

there is an utter lack of resources for patients as well as for

providers. In particular, personal protective equipment (PPE)

is at a critically low supply, which puts patients and providers

at unacceptable risk. In the 2002 coronavirus severe acute

respiratory syndrome outbreak, healthcare workers comprised

an alarming 21% of cases, a trend we aim to prevent.3 Many

strategies have been implemented by various individuals and

companies to meet these needs, or to improvise in the mean-

time.4 Without the equipment necessary to protect healthcare

workers, not only is there significant disruption of hospital

work and unobtainable pressure put on the supply chain, but

there is also profound risk to the lives of the people meant to

care for the rest of society.

The spread of COVID-19 is mediated by various contact with

droplets as well as direct airborne exposure.5 Varying degrees

of protection are necessary for a range of procedures and patient

interactions.6 At a minimum, any provider taking care of a

patient with suspected or proven infection must wear a gown,

gloves, an N95 respirator, and an eye shield/facemask. Health-

care providers engaged in procedures involving the nose,

mouth, or airway need even more aggressive protection from

airborne viral particles, in the form of powered air-purifying res-

pirators, or similar.3

There are a number of ways in which the healthcare profes-

sional may be exposed to viral particles, and therefore risk per-

sonal infection or infection of other patients. Proper PPE

therefore is not a luxury but a requirement to prevent mass

infection and continued spread. The equipment available at

this time is insufficient for a number of reasons, but first and
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Fig 1. 3D printed frame that allows inflow of oxygen or compressed air behind

the ear and outflow above the nose bridge. 3D, 3-dimensional.
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foremost, there is not enough of it. Hospitals’ employees in the

United States are left to reuse single-use masks over a number

of days. The Centers for Disease Control and Prevention has

recommended the use of bandanas or scarves as an alternative

to masks, should the supply diminish even further.6 These

measures are inconceivable regarding healthcare provider

safety, and place each subsequent patient with whom the

under-protected provider interfaces at considerable risk.

Additionally, N95 masks require specific fit testing that is

often out of date for many providers, is limited by sizes avail-

able or attributes of the wearer, and can result in an unreliable

seal.7 These masks cannot be customized, are in short supply,

and are currently being reused (when they are even available)

in many institutions. In light of this crisis of lack of resources
Fig 2. Left: 10 printed frames without 3D printing supports being removed from

together and are easily detachable. 3D, 3-dimensional.
that is plaguing so many countries and healthcare systems,

these authors propose a novel alternative PPE device that uni-

tes proven technology with an innovative system: the 3-dimen-

sional (3D)-printed Oxyframe PPE (Fig 1).

Regarding design, we used SolidWorks (Dassault Systemes,

France) for computer design, and the SLA Formlabs2 3D

printer to generate the prototype. The printer uses resin as the

base material, and we have tested both “Tough 1500” and

“Draft resin.” The Tough resin produced a high-quality and

durable part; the Draft resin allowed reasonable quality that

can print with remarkable speed and efficiency—we were able

to print 10 frames in 3.5 hours. There is no need for 3D print-

ing support, and the front frame can be oriented directly on the

printing platform (Fig 2). The current design is optimized for

stereolithography 3D printing process, and would likely

require different orientation on the building platform for fused

deposition modeling or other 3D printing processes.

For specifications, each frame uses only 9.7 mL of the resin

material. Therefore, 1 L of the resin could generate approxi-

mately 100 frames. The 3D printed parts need to be washed in

an alcohol solution for 10 to 20 minutes subsequent to printing,

and then must be cured in an ultraviolet light for 60 minutes to

complete their processing. The frame can then be used to

assemble face shields (Fig 3), or it can be used inside a plastic

hood (Video 1). The frame is hollowed, and compressed air or

oxygen enters on the back of the frame and exits above the

bridge of the nose (Fig 1). The continuous airflow allows the

provider to breathe comfortably inside the plastic hood, and

simultaneously defogs the clear shield film (Video 1). Oxygen

or compressed air is present in almost all hospital locations—

standard on the medical floors, in intensive care units, and in

operative rooms alike. Once connected to the compressed air

or oxygen at 15 L/min, the air will flow from inside to outside

of the hood, preventing the provider from inspiring aerosolized

material from the patient. It is important to emphasize: 1- not

to use the supplemental gas flow with the face shield configu-

ration, this could potentially generate venturi effect and carry

aerosolized particles to the providers face. 2- this PPE is not

intended to substitute power air purified systems which can
the printing bed with a spatula. Right: 20 3D printed frames; note they come



Fig 3. Left: Assembly of a face shield using a double-sided tape. Right: Placement of the frame on the center of a transparency film.
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generate more than 100 liters per minute. 3- It should be used

for short periods of time inside the hood with mask to prevent

hypercapnia.

We have attached the stereolithography file free to this let-

ter. There are no studies about the efficacy or safety of this

method. Like in any environment with a high oxygen atmo-

sphere, fire risk is certainly a concern and should be discussed

and mitigated, especially in the setting of electrocautery use.

Some 3D printing processes require various chemical reagents,

and skin allergies or reactions are possible. In the authors’

opinion, during the COVID-19 pandemic, all of the above risks

are outweighed by the benefits of protecting healthcare profes-

sionals and enhancing patient safety during this national crisis.
Supplementary materials

Supplementary material associated with this article can be

found in the online version at doi:10.1053/j.jvca.2020.04.004.
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Preventing Contamination During

Transesophageal Echocardiography in the Face
of the COVID-19 Pandemic
To the Editor:

As the world sees an exponential rise in cases of Coronavi-

rus disease (COVID-19), caused by Severe Acute Respiratory

Syndrome Coronavirus 2 (SARS-CoV-2),1 we are continually

innovating and developing new ways to prevent exposure as

well as contamination of healthcare providers. The American

Society of Echocardiography recently developed guidelines

for safely performing echocardiography on patients suspected

of having or are positive for COVID-19.2 The guidelines

speak on “who to image,” “where to image,” and “how to

image,” with the goal of protecting the physician performing

the transesophageal echocardiogram (TEE) or transthoracic

echocardiogram and the sonographer assisting during these

cases.

As a perioperative echocardiographer, I have come to real-

ize that the risk of aerosolization is highest during intubation
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