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t the onset of the COVID-19
pandemic in the United States,
any elective procedures and
non-urgent ambulatory visits were re-
scheduled to comply with stay-at-home
orders and to ensure patient and staff
safety. This has created a significant
backlog of patients who need service at
many clinics and outpatient centers in
the coming months. Hospital ambulatory
clinics and radiology waiting rooms are
typically crowded and not set up to facil-
itate physical distancing; limiting sched-
ules severely hampers patient throughput
and adversely affects ability to provide
timely care and address these backlogs.
In addition, many patients currently
avoid hospitals for fear of contracting
the virus. With COVID-19 cases not yet
significantly abating in many areas, the
question arises whether radiologists can
safely and efficiently care for patients
until a vaccine for COVID-19 is widely
available.

Here we will discuss our experience
using fast MRI body imaging protocols
in combination with strategic use of
free-standing facilities to safely reduce
our patient backlog and manage our
MR imaging load.

Fast MR Imaging: Rationale for Use
In the setting of the COVID-19 pan-
demic and significant patient back-
logs, shortening MRI protocols to
relieve backlogs and minimize potential
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FIGURE 1. Schematic diagram of a radiology out-patient imaging facility (not to scale). (1)
Patient drop-off. Patients can wait in car until called. All financial transactions made con-
tactless and curbside, when possible (arrow head). Patient enters facility and directly to
‘prep area” (2). Once ready, patient proceeds directly to scanner (3). Once scanned, patient
changes in a designated room or scanner room and exits via an alternate exit (4), thus limiting

contact with others.

COVID-19 exposure to patients and
staff seems logical, particularly with
respect to vulnerable populations. How-
ever, faster patient turnaround risks
undesirable overcrowding of MRI and
hospital outpatient waiting areas.

Many hospital systems have affiliated
free-standing outpatient imaging centers
in proximity to residential areas, thus
providing easy access for patients. Park-
ing tends to be more common at ground
level and readily accessible to the facil-
ity entrance. Patients may also feel more
comfortable at smaller facilities, which

can provide a friendlier, “non-hospital™”’
environment, decrease the stress on large
hospital outpatient waiting areas, and
allay any fears patients might have with
regard to satisfactory physical distanc-
ing measures. Free-standing imaging
centers often have a smaller footprint,
allowing for nimble operational changes
and facilitating physical distancing. It
is also faster to test fast scanning pro-
tocols in a small number of scanners at
free-standing imaging centers instead
of attempting to implement them across
an entire hospital system. Several of our
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suggested solutions allow for safer, more
expeditious patient throughput, which is
key for the effective application of fast
MRI protocols to help reduce patient
backlog.

Fast MRI Effectiveness

The growing trend toward more
patient-centered health care has chal-
lenged radiologists to assess MRI pro-
tocols more critically, with an emphasis
on efficient and fast protocols.' Fast
(also called rapid, focused, or abbrevi-
ated) MRI protocols offer an alternative
to standard protocols for answering spe-
cific clinical questions, potentially im-
proving workflows, addressing imaging
demand, and reducing costs, all without
sacrificing patient safety.

Several retrospective studies have
shown the effectiveness of fast MRI for
HCC screening.>” Nougaret, et al, for ex-
ample, reported that contrast-enhanced
scans did not provide additional infor-
mation over unenhanced scans of pan-
creatic cystic lesions.® Short protocols
have also been proposed for other pro-
cedures, such as screening the adrenal
glands, kidneys, and female pelvis.' Seo,
et al proposed using MR enterography
to evaluate small-bowel inflammation
in Crohn disease with non-enhanced
diffusion weighted imaging (DWTI).°
Kang, et al evaluated 10 studies and
found no significant differences in spec-
ificity or sensitivity between bi-para-
metric and multi-parametric MRI scans
for prostate cancer evaluation.!® Short,
specific protocols have been proposed
for breast MRI screening and assess-
ment of breast lesion size.'!"!3 Ross, et
al showed high sensitivity and specific-
ity for hip and pelvic fractures using an
abbreviated MRI protocol.'* Khurana,
et al showed similar results with a short
MRI protocol to evaluate hip pain in the
emergency room setting.'3

Planning Fast MRI Implementation
Our healthcare system consists of
hospital, outpatient, and free-standing
clinics, with imaging equipment ac-
quired from three MRI vendors. There-

fore, a free-standing imaging center and
a limited number of scanners of similar
generation and vendor were key to ef-
fective and efficient rollout of fast body
MR imaging.

To begin, we created an ad hoc group
to rapidly conceive and implement a
fast MR scanning program. An expe-
rienced radiologist from each imag-
ing section reviewed the literature and
proposed feasible protocols. When-
ever possible, more frequently used
comprehensive MRI protocols were
converted to fast MRI protocols. Each
of these protocols was then vetted by
each section and the MRI imaging mo-
dality group (Table 1, online at http://
appliedradiology.com/articles/improv-
ing-body-imaging-throughput-in-the-
midst-of-covid-19). We established the
following inclusion and exclusion crite-
ria for fast body MRI protocols:

Inclusion Criteria

* Prior good quality baseline MRI scan
in the PACS as areference scan;

* As a follow up scan of a pre-
existing medical condition; and

e Scan indication is a focused clinical
question; eg, is the tumor bigger or
smaller, was locoregional therapy
effective, or was there tumor recur-
rence or new metastasis?

Exclusion criteria

* Request for lesion characterization;

* Work-up of findings seen on other
imaging modalities;

* Specific request for standard MRI
study.

Fast MRI Practices
Patient Access

All patients were asked to comply
with masking and were screened for
signs/symptoms of illness in advance of
and upon arrival for their appointment
(Figure 1). Waiting room seating was
configured to maintain a distance of 6
feet between patients. To minimize use
of waiting areas, patients who arrived by
automobile were asked to wait in their
car until called for scanning. Our health
system is implementing a patient texting

platform, which is expected to further
expedite this process. If necessary for an
exam, oral contrast was delivered to the
patient’s vehicle. Cashless co-payment
procedures and devices prevented con-
tact with registration staff.

Facility Changes

Physical barriers created a six-foot
perimeter around the MRI console; no
one was allowed within that zone while
it was occupied by a technologist. An
MRI technologist oversaw and main-
tained a clean and safe environment in
all work areas. The scanner room was
cleaned with hospital-grade germi-
cidal wipes between each procedure.
High-contact surfaces (eg, doorknobs,
locker handles) were also cleaned with
these wipes. All used linens were re-
moved and disposed of appropriately.
Restroom signs indicated occupancy.
Patients were prepped in designated
areas, further limiting contact with
other patients and staff. Entry and exit
of patients were regulated as much as
possible through a “one-way-only” sys-
tem. Arrow markers on the floors and
walls helped facilitate this system.

Personal Protective Equipment and
Other Protection Measures

All staff were provided with personal
protective equipment (PPE). Owing to
resource limitations, more extensive
PPE was used for COVID-19-positive
patients or patients under investigation
for the disease, while standard universal
protection measures were implemented
for other patients. Staffing of these sites
was important to manage the increase in
patient volume and to provide safety for
patients and staff. Whenever possible,
two teams of technologists alternated
scanning patients, thus providing con-
tinuity of care. At least two prep rooms
were also used to help patients prepare
patients expeditiously.

Scanning Checklist

Protocols were tested and approved
for use. An additional torso coil was
also acquired to help speed patient
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throughput and case turnaround. Once
completed, scans were automatically
sent to the PACS system, without provid-
ing radiologists with the opportunity to
check them or to add sequences. Hence,
it was important that the scanning tech-
nologist closely adhere to the imaging
parameters and review all images for
screening and diagnostic quality. To fa-
cilitate this process, technologists were
provided with a checklist (Appendix 1) to
complete and scan into the PACS at the
conclusion of each study.

Teamwork Is Vital

Since success in this endeavor re-
quired the support of our clinical col-
leagues, we consistently kept channels
of communication open. For example,
we established a list of patients whose
tests were rescheduled because of
stay-at-home orders. We designated
radiologists in each imaging section to
consult with referring physicians for
approval of fast MRI protocols on a
patient-by-patient basis. At every stage
we made sure to involve all stakehold-
ers, including MRI staff, imaging su-
pervisors, administrators, and local
technical applications support person-
nel. Including technologists on our task
force facilitated their buy-in during the
operational change process.

Implementation Challenges

Change often raises questions and
challenges, especially with regard to im-
plementing unconventional approaches
to long-standing procedures. For exam-
ple, some radiologists expressed their
fear of missing findings and the accom-
panying medico-legal ramifications. We
addressed this issue by having any pa-
tient who required more detailed imag-
ing to return for a more comprehensive
scan. Using a smaller facility, located
apart from our main hospital, is not al-
ways ideal for patients with clinic visits
at a different location on the same day.
Working with the patient’s clinical team
to coordinate appointment times helped
us to prevent delays in patient care.

Scan Reimbursement

Institution-specific guidelines were
created for assessing a limited charge
modifier (CPT modifier 52) for billing
of the fast MR protocols. For example,
limited-charge modifiers may be appro-
priate for scanning procedures or room
use lasting less than 10 minutes. Simi-
larly, a limited-charge modifier may be
considered if the protocol sequences do
not fulfill the study recommendations
put forth by the appropriate accredit-
ing body (eg, The American College
of Radiology). The application of the
limited-charge modifier is largely at an
institution’s discretion; many fast pro-
tocols will not require it, as they meet
recommended guidelines. Indeed, the
majority of fast protocols at our institu-
tion did not require the modifier. Billing
can be nuanced, however, with regional
and institutional variations based on
payer mix, standard of care and, ulti-
mately, the clinical question being an-
swered.

Fast MRI Improves Throughput

At the start of this fast MRI protocol
implementation, nearly half of our body
imaging backlog studies were deemed
eligible for fast protocols. By utilizing
the resources of our free-standing im-
aging centers, the fast protocols enabled
our facility to return to 90% of our av-
erage pre-COVID-19 MRI scans per
day within one month of implementa-
tion. By comparison, our hospital-based
outpatient facility MR imaging vol-
ume returned to only 57% of the pre-
COVID-19 average.

Based on our experience, a thought-
ful, well-planned execution of fast MRI
protocols in smaller and more easily
modified imaging facilities can poten-
tially provide more efficient patient care
and reduce scanning backlogs during
the continuing COVID-19 pandemic.
Indeed, these protocols may continue
to be utilized beyond cessation of these
conditions, pending assessment of ra-
diologist, technologist, patient, and cli-
nician satisfaction.
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Table 1. Examples of fast MRI protocols compared with comprehensive scan protocols

Note: Scan times will vary depending upon vendor make and model of MRI scanner) Ax = axial, Cor = coronal, Sag = sagittal,

IP = in-phase, OP = opposed-phase, FS = fat saturated, BH = breath hold, Ref = reference scan, GRE = gradient echo,

TSE = turbo spin echo, SSFSE = single shot fast spin echo, SSFP steady state free precision, DWI = diffusion weighted imaging,
ART = arterial phase, PV = portal venous phase, EQB= equilibrium phase, HB = hjepatobiliary phase.

FAST MR LIVER 1 (EXTRACELLULAR AGENT)

COMPREHENSIVE MR LIVER 1

INDICATIONS
1. HCC screening
2. Post ablation
3. Post TACE
4. Follow-up of:
- Vascular lesions
- Hemangioma
- Hypervascular metastasis.

PROTOCOL
IV Contrast agent:

- Gadoteridol(Prohance®)
- Dynamic Injection
2ml/sec
Protocol:
1. Localizer + Ref scan
Ax T2 SSFSE BH
3. AxT1FS (Pre & Post-
contrast ART, PV, EQB)
4. Post-contrast Cor T1 FS

N

TOTAL SCAN TIME: (9-10MINS)

PROTOCOL
IV Contrast agent:

- Gadoteridol (Prohance®)

- Dynamic Injection 2ml/sec
Protocol:

1. Localizer + Ref scan

2. Ax T2 SSFSE BH

3. AxT1Dual GRE

4. AxT1FS (Pre & Post-contrast
ART, PV, EQB)
Ax DWI - B0, 50, 700, 1200
6. Post-contrast Cor T1 FS

o

TOTAL SCAN TIME: (15-20 MINS)

FAST MR LIVER 2 (HEPATOBILIARY AGENT)

COMPREHENSIVE MR LIVER 2

INDICATIONS

1. Cholangiocarcinoma
2. Colorectal metastasis
3. HCC screening

PROTOCOL
IV Contrast agent:
- Gadoxetate Disodium

(Eovist®)
- IV contrast injected
outside scanner room
and patient imaged 10-
20 mins post contrast
administration.
Protocol:

1. Localizer + Ref scan

2. AxT1FS Post-contrast
a. HBphase

3. AxDwI-Bo0, 50, 700, 1200

TOTAL SCAN TIME: (6-8 MINS)

PROTOCOL
IV Contrast agent:
- Gadoxetate Disodium
(Eoviste)
- Dynamic Injection
1ml/sec

Protocol:
1. Localizer + Ref scan
2. AxT1 Dual GRE (20 sec)
3. AxT1FS (Pre & Post-contrast
ART, PV, EQB)
4. Ax T2 SSFSE BH
Ax DWI - B0, 50, 700, 1200,
6. AxT1FS Post-contrast HB
phase, 10-20 mins delay
7. Cor T1FS HB phase

b

TOTAL SCAN TIME: (25-35 MINS)

FAST MR PANCREAS COMPREHENSIVE MR PANCREAS
INDICATIONS PROTOCOL PROTOCOL
1. Cystic pancreatic mass (IPMN) - IV Contrast agent: None IV Contrast agent: None
2. MRCP request Protocol: 1. Gadoteridol (Prohance®)
1. Localizer + Ref scan 2. Dynamic Injection 2ml/sec
2. AxT1FS Protocol:
3. T2 MRCP sequences — Hi-res 3. Localizer + Ref scan

+ thick slab
4. Ax & Cor SSFSE

TOTAL SCAN TIME: (10-12 MINS)

Ax T2 SSFSE

Cor T2 SSFSE BH

Ax T1 Dual GRE

T2 MRCP sequences

Ax DWI - B0, 50, 700, 1200
Ax T1 FS (Pre & Post-contrast
ART, PV, EQB)

LN GO R

TOTAL SCAN TIME: (25-35 MINS)




FAST MR ENTEROGRAPHY

COMPREHENSIVE MR ENTEROGRAPHY

INDICATIONS
1. Crohn’s follow-up

PROTOCOL
IV Contrast agent:

- Gadoteridol (Prohances)

- Dynamic Injection 2ml/sec
Oral Contrast agent: Breeza®
Protocol:

1. Localizer + Ref scan

2. Ax & Cor T2 SSFSE

3. AxandCor T1FS - post

contrast

TOTAL SCAN TIME: (8-10 MINS)

PROTOCOL
IV Contrast agent:

- Gadoteridol (Prohance®)

- Dynamic Injection 2ml/sec
Oral Contrast agent: Breezae
Protocol:

1. Localizer + Ref scan
Ax & CorT2 SSFSE BH
Cor SSFP
Ax T2 SSFSE FS
Ax & Cor T1 FS (Pre & Post-
contrast)

6. AxDWI-BO0, 50, 700, 1200

uhwN

TOTAL SCAN TIME: (15-20 MINS)

FAST MR ADRENAL/ RENAL COMPREHENSIVE MR ADRENAL/
RENAL

INDICATIONS PROTOCOL PROTOCOL

1. Renal mass follow-up IV Contrast agent: None IV Contrast agent:

2. Adrenal Mass (adenoma) follow-up Protocol: - Gadoteridol (Prohancee)

1. Localizer + Ref scan

2. AxT1Dual GRE

3. Cor SSFP

4. Ax DWI-BO0, 50, 700, 1200

TOTAL SCAN TIME: (5-6 MINS)

- Dynamic Injection 2ml/sec

Protocol:

1. Localizer + Ref scan

2. AxT2FSBH

3. AxT1Dual GRE

4. Cor SSFP

5. AxT1FS (Pre & Post-
contrast)

6. T1FSdelayed

7. AxDWI-BO, 50, 700, 1200

TOTAL SCAN TIME: (12-15 MINS)

FAST MR PROSTATE COMPREHENSIVE MR PROSTATE
(Bi-parametric) (Multi-parametric)
INDICATIONS PROTOCOL PROTOCOL

1. Active surveillance

IV Contrast agent: None.
Protocol: (Prefer - 3T)
1. Localizer + Ref scan

2. AxT2FSE
3. AxDWwI-B0, 500, 1200,
2000

4. AxT1 Pelvis

TOTAL SCAN TIME: (17-20 MINS)

IV Contrast agent:

- Gadoteridol (Prohance®)

- Dynamic Injection 2ml/sec
Protocol: (Prefer - 3T)

1. Localizer + Ref scan

2. AxT1 Pelvis

3. AxT2FSE

4. AxDWI- B0, 500, 1200,

2000
5. Cor &SagT2
6. Ax T1 Post-contrast Dynamic

7. AxT1Pelvis

TOTAL SCAN TIME: (35 - 45 MINS)




FAST MR BREAST

COMPREHENSIVE MR BREAST

INDICATIONS
1. High risk screening

PROTOCOL
IV Contrast agent:
- Gadoteridol (Prohance®)
- Dynamic Injection 2ml/sec

Protocol:
1. Localizer + Ref scan
2. AxT2FS

3. AxPre & Post-contrast T1 FS

TOTAL SCAN TIME: (9-12 MINS)

PROTOCOL
IV Contrast agent:
- Gadoteridol (Prohance®)
- Dynamic Injection 2ml/sec

Protocol:
1. Localizer + Ref scan (2 min)
2. TinonFS(
3. AxPre & Post-contrast T1 FS
4. AxT2FS
5. SagT1FS postcontrast (5t
dynamic)

TOTAL SCAN TIME: (13 - 16 MINS)

FAST MR BRAIN — SELLA*

COMPREHENSIVE MR BRAIN - SELLA

Follow-up Brain sella lesions

IV Contrast agent:
- Gadoteridol (Prohance®)
- Dynamic Injection 2ml/sec
Protocol:
Cor T1 TSE thin sella
Cor T2 TSE cor thin sella
Ax T1 TSE Dyn post contrast sella
Cor T1 TSE post thin sella FS
Sag T1 TSE post sag thin sella FS

unepwNR

TOTAL SCAN TIME: (16-18-MINS)

IV Contrast agent:
- Gadoteridol (Prohance®)
- Dynamic Injection 2ml/sec
Protocol:
1. Sag T1 TSE
. Ax T2 FLAIR
. Ax T2 TSE FS
. Cor T1 TSE thin - sella
. Cor T2 TSE thin - sella
. Ax T1 TSE Dyn post contrast - sella
. Cor T1 TSE FS post thin - sella
. Sag T1 TSE FS post thin - sella
10. Ax T1 TSE post

OWCoONOOUVA_AW

TOTAL SCAN TIME: (30 - 35 MINS)






