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A B S T R A C T

The COVID-19 pandemic has challenged the capacity of interventional radiology departments worldwide to effectively treat COVID-19 and non-COVID-19
patients while preventing disease transmission among patients and healthcare workers. In this review, we describe the various data driven infection control
measures implemented by the interventional radiology department of a large tertiary care center in the United States including the use and novel re-use of per-
sonal protective equipment, COVID-19 testing strategies, modifications in procedural workflows and the leveraging of telehealth visits. Herein, we provide
effective triage, procedural, and management algorithms that may guide other interventional radiology departments during the ongoing COVID-19 pandemic
and in future infectious disease outbreaks.
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Introduction

Without adequate precautions, interventional radiology staffs are at
high risk of infection from COVID-19 and resultant disease complica-
tions.1 Healthcare systems and departmental level infection control
guidelinesarenecessary toprotectproviders. Lessons learned fromprevi-
ous respiratory virus epidemics can guide current efforts.Many radiology
department workflow guidelines implemented in 2003 in response to
the severe acute respiratory syndrome (SARS) epidemic may be applica-
ble today.2,3GivenSARS-CoV-2 infectionappears tohave ahighermortal-
ity rate, additional adjunctivemeasureswill likely benecessary.4

The Society of Interventional Radiology published online guide-
lines to help interventional radiologists navigate COVID-19 patient
care during the pandemic. The purpose of this review is to discuss
the practical infection control guidelines for interventional radiology
practices based on published data and our experience at a large ter-
tiary medical center, the Massachusetts General Hospital (MGH).
These policies can be summarized in 3 major categories � personal
protective equipment (PPE) and testing and workflowmodifications.

PPE and Testing

Even with recently approved vaccines, the first step in manage-
ment of COVID-19 is prevention. Prevention can be achieved with
social distancing and wearing masks to minimize airborne spread. In
a hospital setting, the most efficient way to minimize transmission is
to require all employees wear a mask. Early in the pandemic, our hos-
pital instituted a policy requiring everyone in the hospital to wear a
mask at all times and all visitors were prohibited with few excep-
tions. Additionally, all providers underwent daily symptom checks,
via app questionnaire completed by all employees daily, with manda-
tory 2-week self-quarantine for those who became symptomatic. A
recent study demonstrates that universal mask implementation
within our health system significantly decreased the rate of SARS-
CoV-2 positivity among health care workers.5

Furthermore, procedures were stratified to high-risk or low-risk
groups based on whether or not the procedures were aerosol gener-
ating. For high-risk procedures, including all aerosol-generating pro-
cedures (AGPs) as shown in Table 1, we required all personnel apply
droplet precautions, which include the wearing of an N95 mask,
gown, gloves, and eye protection regardless of the COVID-19 status
of patients. This was accompanied by mandatory training for the
appropriate donning and doffing of PPE (eg, appropriate fitting, no
objects between N95 and the provider’s skin, limit use to 1 shift, etc).
For low-risk procedures, PPE requirements included gowns, gloves,
and surgical masks. To address PPE shortages, extended use of masks
and eye protection was allowed and encouraged provided the PPE
was not soiled, contaminated, or damaged. Finally, to mitigate N95
scarcity we utilized a mask sterilization plant which enabled safe
reusage of N95 masks. This novel approach greatly extended our res-
ervoir of N95 masks while increasing the availability of N95 masks
for other healthcare systems.

Procedures were also stratified into emergent or urgent, elective,
or case-by-case distinctions and were postponed or performed based
on these definitions in order to decrease hospital volume and ensure
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Table 1
Procedure components at high risk of aerosol generation, requiring the use of N95 and
PPE

- General anesthesia (requiring intubation)
- Bronchoscopy
- Sputum induction
- CPR and manual ventilation
- Nebulization
- High flow nasal cannula
- Positive pressure ventilation (CPAP/BiPAP)

Enteric access:
- Orogastric tube
- Nasojejunal tube
- Gastrostomy tube

- Central line placement
- Any procedure involving prolonged access via the internal jugular vein

BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure;
CPR, cardiopulmonary resuscitation.
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personnel safety.6 Delaying a procedure in a COVID-19 infected
patient may provide time for the patient to clear the infection and
decreases the risk of transmission to health care practitioners. A con-
troversial topic is postponing the care of nonurgent studies or proce-
dures in cancer patients. At our institution, most cancer related care
was continued. All patients were tested for COVID-19, and the
associated risks for the patient and health practitioners were con-
sidered and triaged according to the algorithm in Figure 1. Con-
sult and follow-up visits were maintained by interventional
radiology through the use of telehealth visits to enable physicians
to interact with patients remotely and further reduce hospital
volume.
Figure 1. Triage algorithm for IR procedures during COVID-19 pandemic. Droplet precaution
virus disease 2019 caused by SARS-CoV-2 virus; CPR, cardiopulmonary resuscitation; CT, com
room; PAE, prostate artery embolization; TACE, trans-arterial chemoembolization; TIPS, tra
UFE, uterine fibroid embolization.
Workflow Modifications

In addition to the general infection control practices outlined
above, our interventional radiology department revised our daily
workflow practices based on prior literature. Pua et al suggested that
a useful approach for minimizing risk may be to limit the movement
of COVID-19 positive patients throughout the hospital by performing
more procedures at the patient’s bedside.7 To that end we developed
an interventional radiology (IR) bedside procedure protocol which
outlined the necessary staff, equipment, communication, and steps as
shown in Table 2. We performed as many requested procedures on
COVID-19 (+) patients as possible at the bedside to minimize patient
travel within the hospital. Of note, our IR department saw a signifi-
cant drop in case volume from week 24 to 40 which corresponds to
March 1st to July 1st as shown in Figure 2, which we attribute to
COVID-19-related disruptions.

For COVID-19 (+) patients whose procedures were not deferrable,
we established a routine ambulatory care for COVID-19 (RACC) space
within IR to reduce the risk of infection to non-COVID-19 patients
and staff, conserve and manage PPE effectively, and ensure standard
processes and workflows are maintained. Small subgroups were
formed with specific areas of focus including infection control poli-
cies, physical space, PPE, staff education, and patient flow from arrival
to departure. Each subgroup was tasked to develop a plan that would
safely and effectively support an IR RACC unit. There are 2 IR units at
MGH, each unit has 6 procedure suites and multiple imaging modali-
ties to support the practice. After a discussion and a physical tour of
the unit with infection control experts, a unit was chosen to help
design specific patient workflow that followed strict adherence to
the COVID-19 infection control policies at MGH. This unit included
s include donning of N95 masks, gowns, eye protection, and gloves. COVID-19, corona-
puted tomography; ICU, intensive care unit; IR, interventional radiology; OR, operating
nsjugular intrahepatic portosystemic shunt; Y90, ibritumomab tiuxetan radiotherapy;



Table 2
IR Bedside protocol during COVID-19 Pandemic

� Staff: One IR attending, one procedural technologist and one tech as a runner
○ The “runner”will remain outside the room with clean, nongloved hands
and is only required to wear a surgical mask per the universal mask policy

� Equipment
○US imaging device
○ Portable procedural cart
○Consumable supplies supporting the procedure
○ Extra sterile gloves, lidocaine and prep solution
○ Specimen supplies when applicable

� Procedural workflow
○Bedside briefing initiated by the inpatient primary RN for IR team
○Donning PPE equipment for procedures not considered aerosol generating
will require: Gowns, gloves, surgical masks and eye protection (MD/APP and
Tech), verbal consent (MD/APP), Pre-procedure work-up, note if possible
(MD/APP/Trainee), patient prep (MD/APP/Trainee/Tech), sterile tray set-up
(Tech), time out (Team)

○ Expected specimen collection: specimen supplies, labels, confirmation of
destination of collected specimen. Specimens must be wiped down and
passed out of the room as is done for NP swabbing and all other specimens
that are collected in the room

○ Procedure completed
○ Sterile tray break-down, sharps management (MD/Tech)
○US device cleaning; strict adherence to Infection Control Ultrasound Cleaning
Checklistwith Sani Cloth AF3 (Gray Top) prior to leaving bedside (Tech)

○Doffing of PPE per hospital protocol, hand hygiene with alcohol-based
hand rub

○Upon return to IR
� Tech will upload images to PACS and complete case in EPIC
� Complete Epic note and dictation (MD)

APP, advanced practice providers; IR, interventional radiology; MD, medical doctor;
NP, nasopharyngeal; PPE, personal protective equipment; RN, registered nurse; US,
ultrasound. PACS and EPIC are proprietary medical software.

Figure 2. Case volume seen by the main campus IR department. An average fiscal year (blue) and during COVID (orange). Wk 1 corresponds to Sep 1. (Color version of figure is
available online.)
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ambulatory care of patients in the following disease areas: Oncology,
obstetrics/gynecology, orthopedics, pediatrics, transplant, medical
specialties, and surgical specialties. The RACC team was maintained
in a consistent location of the IR unit and was staffed with 1�2 IR
operators, 2 technologists, and 2 nurses (1 technologist and 1 nurse
remained sterile outside of the room for communication and for
obtaining additional resources) all of whom were trained in the don-
ning and doffing of PPE. Patients were brought into the RACC unit by
a designated clinical staff, standard patient safety checks were per-
formed, and droplet precautions were applied. When intubations and
other AGPs were performed, only the involved staffs were allowed
inside the procedure room and continuing to at least 30 minutes fol-
lowing the procedure. After the procedure, the patient recovered in
the RACC unit and was subsequently escorted to the main hospital
exit by a member of the RACC team. The room was disinfected in the
usual fashion after each procedure with the exception of AGPs, which
required a 30-minute period of dormancy before room disinfection.
This 30-minute duration was set by our hospitals infection control
and uses the Facilities Guidelines Institute. Under these guidelines
our IR rooms are classified as “procedure rooms” and need to have a
minimum of 15 air changes per hour and positive pressure.8 In addi-
tion, the time required for airborne SARS-COV-2 to decay by 90% is
approximately 34 minutes according to the U.S. Department of
Homeland Security 9. For convenience we decided upon 30 minutes.
We did not face any significant challenges in implementing this
workflow change. This, we believe, was due to the severity of this
global universal public health crisis, and the multilateral collabora-
tion with the Procedural Service Commander, the Vice Chair of Proce-
dural Services; the IR Chief of Service, the Director of IR Operation,
the Nursing Director, and Infection.

For specific procedures involving vascular or enteric access, the
COBRA (COvid Bundled Response for Access) team was established.
This multidisciplinary team functioned to assist intensive care units
during the pandemic by placing nontunneled central venous access
lines, arterial lines, nontunneled dialysis catheters, orogastric, and
nasogastric tubes. The team consisted of an attending Anesthesiolo-
gist, Interventional Radiologist or Surgeon and PGY3�7 residents.
This team allowed for increased efficiency without an increase in
complications, given the typical time that would otherwise be
required to shut down a procedure room after each procedure per-
formed on a COVID-19 positive patient.
Conclusion

In summary, the COVID-19 pandemic has required major infection
control modifications in IR departments worldwide. The potential
risk of transmission is high in the procedural setting such as in inter-
ventional radiology. Mitigation can be achieved through implementa-
tion strategies as outlined above. These strategies may serve as a
guide for other large tertiary care centers during the ongoing COVID-
19 pandemic and in future infectious disease outbreaks.
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