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ABSTRACT

Introduction:

The worldwide COVID-19 pandemic poses challenges to healthcare capacity and infrastructure. The authors discuss
the structure and efficacy of the U.S. Navy’s response to COVID-19 and evaluate the utility of this endeavor, with the
objective of providing future recommendations for managing worldwide healthcare and medical operational demands
from the perspective of Navy Neurosurgery.

Materials and Methods:
The authors present an extensive review of topics and objectively highlight the efforts of U.S. Navy Neurosurgery as it
pertains to the humanitarian mission during the COVID-19 pandemic.

Results:

During the humanitarian mission (March 27, 2020-April 14, 2020), the response of active duty and reserve neuro-
surgeons in the U.S. Navy was robust. Neurosurgical coverage was present on board the U.S. Navy Ships Mercy and
Comfort, with additional neurosurgical deployment to New York City for intensive care unit management and coverage.

Conclusions:

The U.S. Navy neurosurgical response to the COVID-19 pandemic was swift and altruistic. Although neurosurgical
pathologies were limited among the presenting patients, readiness and manpower continue to be strong influences
within the Armed Forces. The COVID-19 response demonstrates that neurosurgical assets can be rapidly mobilized
and deployed in support of wartime, domestic, and global humanitarian crises to augment both trauma and critical care

capabilities.
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INTRODUCTION

The COVID-19 pandemic has dominated the healthcare and
public sector for the majority of 2020. On January 5, 2020,
a communication from the WHO reported 44 patients with
pneumonia from Wuhan City, Hubei province, China,! where
the first person was likely infected in November 2019.
In follow-up, an article published in the Journal of Travel
Medicine on January 8, 2020, identified the potential for inter-
national spread through commercial air travel.> The same
day, the offending pathogen was identified as a novel coron-
avirus confirmed to be pathogenic in humans, and by February
11, 2020,* the health crisis that has reached every corner
of the planet had a name—SARS-CoV-2 for the virus and
COVID-19 for the disease.’

Preventing the spread of COVID-19 has been the world’s
primary health focus since the pandemic began. The reproduc-
tive number of COVID-19 (RO) is high, indicating its trans-
missibility and potential to infect large numbers of people.
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Mass infection has led to the oversaturation of healthcare
infrastructure, as seen in Northern Italy.® Infection with
COVID-19 can be asymptomatic or may develop into a
flu-like illness (fever, cough, and shortness of breath).”-8
Rarely, this can progress to severe acute respiratory syn-
drome, pneumonia, multi-organ failure, thromboembolic
events, and death.” Further delayed neurological complica-
tions of COVID-19, including encephalitis and cerebrovascu-
lar disease, are currently being elucidated, and their numbers
are expected to rise.!”

The initial wave of COVID-19 saw significant mobiliza-
tion of healthcare workers across the globe, with the USA as
no exception. Hospitals and other healthcare facilities across
the USA began to prepare their staff and facilities to deal
with large numbers of very sick and contagious patients. The
U.S. Navy began preparations as well, with focus on its both
own facilities and humanitarian needs. In this article, we dis-
cuss the Navy’s preparation, response, and readiness for the
COVID-19 pandemic as it pertains to military neurosurgical
practice.

Global Responsibilities

Navy Medicine is comprised of 63,000 medical personnel
with a mission to provide well-trained medical experts, oper-
ating as high-performance teams, to project medical power in
support of naval superiority. Navy Medicine also plays a large
role in humanitarian assistance/disaster response missions.
The primary objective of Navy Neurosurgery is to provide
the highest quality neurosurgical care to U.S. Navy service
members and beneficiaries. The current number of Navy neu-
rosurgeons stands at 30 (20 active duty and 10 reservists)
(Table I). Most are stationed at one of three MTFs—Naval
Medical Center Portsmouth, Walter Reed National Medical
Center (dual service Army and Navy), and Naval Medical
Center San Diego—in the continental USA. In addition, there

TABLE I. Current Navy Neurosurgery Personnel

Facility/location Number of neurosurgeons

Naval Medical Center San 6
Diego, San Diego, CA, USA

Walter Reed National Military 6
Medical Center, Bethesda,
MD, USA

Naval Medical Center 7
Portsmouth, Portsmouth,
VA, USA

U.S. Naval Hospital, Okinawa, 1
Japan

NATO Role III, Kandahar (1%)
Airfield in Afghanistan

Active duty total 20

Navy reservists 10

Total 30

2The neurosurgeon at this instillation comes from one of three continental
U.S. MTFs as a rotation.

is a role III hospital in Okinawa, Japan, which is fully staffed
by a neurosurgeon who receives relief on a rotating basis, and
a role III hospital'! in Kandahar, Afghanistan, which is also
staffed by a single neurosurgeon. Manpower can be shifted as
necessary for humanitarian missions.

During peacetime when there are no augmented human-
itarian missions ongoing, the neurosurgery coverage is suf-
ficient at these facilities. As the COVID-19 epidemic drew
resources away for humanitarian mission activations, the neu-
rosurgical capabilities at the three MTFs continued despite
new decrements in staff. As national COVID-19 case levels
rose and health systems threatened saturation, these institu-
tions temporarily stopped elective surgical cases to protect
bed, intensive care unit (ICU), ventilator, and personal pro-
tective equipment (PPE) capacity. Navy neurosurgeons at
each MTF followed guidelines issued from national governing
bodies (e.g., Congress of Neurological Surgeons and Amer-
ican Association of Neurological Surgeons), together with
command-specific instruction, in determining elective ver-
sus urgent versus emergent neurosurgical need. The bulk of
patient clinic visits were shifted to telehealth encounters to
minimize potential virus transmission and to offer a means of
triage to those in need of urgent neurosurgical intervention;
in those patients harboring such a need, surgical intervention
was not delayed. In parallel, neurosurgical staff were addi-
tionally cross-trained to augment MTF COVID-19 efforts,
in recognition of the broad intensive care medicine training
that every neurosurgeon must complete as part of residency
training.

Humanitarian Missions

Navy Medicine plays an important role in humanitarian assis-
tance/disaster response missions, and these missions remain
an integral component of the comprehensive maritime strat-
egy. This has been evident on numerous occasions, including
relief efforts from domestically and globally. The Navy’s
response to COVID-19 was no less committed.

Mobilization During Pandemic

Concern for overburdened healthcare infrastructure and
depletion of resources (ICU beds, personnel, and PPE)
prompted the Federal Emergency Management Agency,
Department of Homeland Security, and Health and Human
Services to request DoD support; the DoD responded by
prompting the U.S. Armed Forces mobilization for a domes-
tic humanitarian mission. The mission was to decompress the
healthcare systems in high-density COVID-19 areas in the
USA and provide logistical and clinical expertise. Although
this was a DoD endeavor, here we have focused on the mobi-
lization and efforts of the U.S. Navy neurosurgical specialty
response.

Nearly 1,600 U.S. Navy Selected Reserve Sailors were
deployed globally to combat the COVID-19 pandemic. On
March 18, 2020, the DoD outlined a plan to employ the
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FIGURE 1. (A) Photograph of the USNS Mercy arriving in Los Angeles, CA
(photo by Cpl. Alexa Hernandez). (B) Photograph of a U.S. Navy neurosur-
geon and a U.S. Navy orthopedic surgeon in the operative theatre aboard the
USNS Mercy (photo by Petty Officer 2nd Class Ryan Breeden). (C) Photo-
graph of a U.S. Navy neurosurgeon performing a sacral washout and closure
(case presented in Fig. 3) aboard the USNS Comfort. (D) Photograph of the
USNS Comfort docked at New York, NY. The appearance of the U.S. DoD
visual information does not imply or constitute DoD endorsement.

U.S. Naval Ship USNS Comfort (T-AH 20) and USNS Mercy
(T-AH 19) in response to the growing threat of COVID-19
(Fig. 1).'> The Mercy-class hospital ships are converted super-
tankers retrofitted as hospital ships in the 1980s. Both Comfort
and Mercy have seen deployment in support of combat casu-
alty care and humanitarian missions. These high-visibility
humanitarian missions have been included as a core tenant
of the U.S. maritime strategy since 2007.'* In support of
combat operations for Operation Iraqi Freedom, 630 wartime
procedures were performed aboard Comfort between March
20, 2003, and May 6, 2003, including 11 neurosurgical pro-
cedures.'* Outside their combat casualty care missions, the
Mercy-class hospital ships are typically deployed without
neurosurgical assets. During the Pacific Partnership human-
itarian exercises, neurosurgeons have deployed in support
and performed procedures at host-nation facilities. During the
COVID-19 pandemic, Navy Neurosurgery was tasked to par-
ticipate, with neurosurgeons deployed on both ships. Each
vessel’s original neurosurgical staffing consisted of one U.S.
Navy reservist and one active duty neurosurgeon drawn from
a tertiary care MTF.

Comfort left Norfolk, Virginia, on March 29, 2020, and
arrived in New York City on March 30. Comfort was ordered
to assume care of non-COVID-related illnesses from New
York area hospitals to ease the burden on overworked ICUs.
Mercy departed San Diego, CA, and arrived in Los Angeles,
CA, on March 27, 2020, with the same mission. Exponen-
tial growth of California’s COVID-19 numbers was predicted,
prompting assignment to Los Angeles although case density
was higher in Seattle, WA, at the time.
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Both vessels were designated to act as trauma and emer-
gency surgery beacons for the metropolitan landscape and to
remain COVID-19 free. The neurosurgical mission aboard
both Comfort and Mercy initially was one of preparation and
readiness. Previous medical missions for the Mercy class have
primarily involved orthopedic, ophthalmologic, and dental
procedures. Typically, more complex surgical care requir-
ing staged procedures, involving complication management
beyond the mission window, and/or lacking appropriate local
postoperative care are typically deferred, including all but
the simplest neurosurgical procedures.'> For the COVID-
19 response, more than 30 trays of surgical instruments
were inventoried to create an emergency craniotomy kit and
implants for spinal stabilization procedures. With the help
of dedicated corpsmen, both ships were able to quickly aug-
ment surgical capacity to provide emergency neurosurgery,
with areas of specific need identified for future expanded
capabilities.

Both hospital ships carry the ability to run 12 onboard oper-
ating rooms, and each ship has a functional operating micro-
scope. The ships were additionally equipped with loaned
instrument sets supplied from the MTFs to allow cranial and
spinal surgery capabilities. Shortly after the arrival of Mercy
in Los Angeles and before the departure of Comfort from Nor-
folk, the neurosurgical staffing was reduced to one reserve
neurosurgeon per vessel. While working toward making each
ship “neurosurgery ready,” the neurosurgeons also functioned
as general surgical liaisons and assistants for other surgical
specialties.

Ultimately, given the difficulty in reorganizing emergency
medical services systems to route patients to ships in large
cities with pre-established emergency activation systems, the
mission goals necessarily evolved. Following a request from
New York Governor Cuomo on April 6, Comfort transformed
from a 1,000-bed hospital with 12 operating rooms and an 80-
bed ICU capacity for 60 mechanically ventilated patients'® to
a 500-bed isolation-capable hospital for COVID-19 patients.
Adaptive leadership and communication allowed a refocus
toward treating COVID-19 patients. Flexibility is a trait par-
ticularly emphasized in deployed military medicine; in fact,
military medicine trains to adapt to fluctuating battle sce-
narios, making its providers the ideal response team to this
crisis.

A total of three patients received neurosurgical operative
treatment between the two vessels: one patient underwent
custom cranioplasty after an initial decompression performed
for left hemispheric stroke at a civilian metropolitan hospi-
tal (Fig. 2), and two patients requiring wound revisions were
treated. One of these was a COVID-19-positive patient with
a decubitus ulcer (Fig. 3), and the other had a postoperative
infection from an initial decompression performed elsewhere.
The two neurosurgeons aboard the hospital ships participated
in six total operations and saw several patient consults. In
total, Comfort treated 182 patients while in port and departed
New York Harbor on April 30 to return to Norfolk, VA. A
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FIGURE 2. (A,B) 3D CT reconstructions of a 55-year-old man with a history
of hypertension, hyperlipidemia, and diabetes who experienced a large right
hemispheric stroke and underwent a right hemicraniectomy by a neurosur-
gical team at Bellevue Hospital (New York, NY). He was transferred to the
USNS Comfort for postoperative monitoring to relieve the overwhelmed hos-
pital. (C,D) As his neurological examination findings improved to following
commands, he underwent a right cranioplasty with a custom implant on post-
hemicraniectomy day 24 onboard the ship. Postoperatively, his examination
remained stable.

neurosurgeon served aboard this vessel for 31 days. Mercy
treated 77 patients and departed Los Angeles on May 14. A
neurosurgeon served aboard this vessel for 60 days.

While the efforts of Mercy and Comfort were underway, a
reserve neurosurgeon was mobilized with Operation Gotham
as part of the Navy Medicine Support Team (NMST). It is
estimated that nearly 30% of the New York hospitals’ nurse
and physician workforce was directly impacted by COVID-19
during the height of the pandemic. In another effort to aug-
ment healthcare personnel resources, the DoD activated the
NMST with a total of 77 Navy doctors and 133 Navy nurses
along with Army and Air Force colleagues to embed in 11
civilian public hospitals in New York City. The reserve neuro-
surgeon was activated and integrated into the civilian facility,
Bellevue Hospital, within 36 hours and remained mobilized
for a total of 84 days. Although no neurosurgical proce-
dures were performed during this mobilization, skills were
adapted, transitioned, or quickly learned for medical ICU
work. This represented over 300 ICU encounters at Bellevue
Hospital over the duration of deployment, including typical
ICU procedures and advanced cardiopulmonary resuscitation.
Collectively, the NMST treated nearly 31,000 patients in New
York City during its mobilization.

/|

FIGURE 3. A 66-year-old woman with a history of sacral osteomyelitis lead-
ing to cutaneous fistula; she was COVID-positive but asymptomatic. Axial
CT imaging showing destruction of the left posterior superior iliac spine
(A, white arrow), left lateral sacrum, into the (B, black arrow) sacroiliac
joint and anterior sacrum. She was admitted to the USNS Comfort after intra-
venous antibiotic treatment failed, and the wound began draining purulent
material (C). She underwent a lumbosacral incision and drainage with gluteal
flap with a combined neurosurgery and plastic surgeon involvement (D). The
patient denied mechanical pain and without lumbosacral deformity, and no
lumbopelvic stabilization was necessary.

Concomitant to the missions of Mercy and Comfort,
active duty neurosurgeons at each of the MTFs were placed
on 48-hour standby for mobilization with Expeditionary
Medical Force (EMF) units. An EMF functions as an
austere-environment expeditionary hospital with full resusci-
tation and emergency surgical capabilities.'® An EMF can be
constructed and be operational within a 10-day period from
initiation and to function as a self-sustaining medical facility.
Each EMF is staffed in advance and activated when the need
for such support presents itself. Although several of the EMF
platforms have embedded neurosurgeons, most do not. As an
example, Navy Reserve EMF Bethesda provided support to
the medical relief at Javits Federal Medical Station, which
was an alternative care facility set up at the Javits Conven-
tion Center in New York City. Ultimately, no neurosurgery
support was necessary from EMF activation from any of the
MTFs.

Diversifying Skill Sets

Critical care medicine is essential to the practice of neuro-
surgery. Neurosurgeons are therefore ideal to assist in the
care of critically ill COVID-19 patients. Navy neurosur-
geons underwent rapid, rigorous cross-training to help with
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ICU coverage for COVID-19 patients following guidance
set forth by the American Association of Neurological Sur-
geons/Congress of Neurological Surgeons Joint Section on
Neurotrauma and Critical Care. This training was executed
by our military colleagues in anesthesiology and critical care
medicine and included advanced airway management, ven-
tilator support for COVID-19 patients, and intensive care
medical management.

Logistical Challenges to Navy Neurosurgery During
COVID-19

The Navy Neurosurgery footprint allows for providing care
across the globe (Table I); however, even this coverage has
limitations, and a number of challenges have arisen because
of COVID-19. Currently, one neurosurgeon is assigned to
support the forward medical mission in both Afghanistan and
Japan, which results in significant burden on these two indi-
viduals. The installation at U.S. Naval Hospital Okinawa is
a resource-limited, community-sized hospital in Southeast
Asia. In addition to one full-time neurosurgeon, rotating cov-
erage is usually supplied by active duty neurosurgeons from
the continental USA. As a response to the pandemic, however,
the DoD placed a travel restriction on service members, !’
preventing relief coverage for an extended period of time.

Similar challenges affected the Navy’s only combat hospi-
tal, the North Atlantic Treaty Organization Role III, Kandahar
Airfield, in Afghanistan. The DoD-imposed travel restrictions
caused a delay in turnover at this facility. During this time, the
mission of the combat hospital has also been transformed to
meet the medical need while, importantly, minimizing risk to
the facility. With orders to identify and isolate COVID-19,
extreme measures are in place to ensure safety and prepa-
ration, including mandatory 15% monthly screening for all
“high-risk” personnel. To date, there have been no COVID-
19-related ICU admissions at Kandahar; however, prepared-
ness for escalating case density remains integral to mission
planning and execution. The threat of COVID-19 has also
curtailed recreational activities and meal services to facilitate
social distancing and reduce disease transmission. Although
protecting personnel from COVID-19, these measures have
created psychological stresses by socially isolating an already
geographically isolated population.

Around the world, the COVID-19 pandemic has neg-
atively affected the routine access to regional hospitals
and obstructed—in some cases, prohibited—the transfer of
patients to tertiary care centers'8; these significant restric-
tions have been placed as a measure to limit the spread of
the virus. For MTFs located in foreign locations, this pro-
hibited any local transfer of patients, despite isolation and
rigorous testing to rule out COVID-19 infection. For exam-
ple, the lack of access to care posed a significant challenge
recently in Southeast Asia. A young dependent with a rup-
tured arteriovenous malformation, expanding hematoma, and
neurological decline requiring emergent surgical evacuation
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could not be transferred to a host-nation tertiary care facility
after decompression and resection of the lesion®. Although
CT angiography demonstrated no residual lesion, postoper-
ative angiography could not be obtained to verify complete
removal. The patient’s need for critical care and further
imaging studies necessitated a trans-Pacific aeromedical evac-
uation to a U.S. MTF using a critical care air transport team.
Aeromedical transport services were introduced in World
War I'? to improve outcomes via rapid patient transport from
forward-deployed MTFs to tertiary care centers.’’-?! As a
military neurosurgeon, devising treatment in far-forward, aus-
tere environments to deliver the “next-best” treatment for
patients is mandatory.'??*> The constraints of the COVID-19
pandemic required alteration in the standard of care for
this patient, albeit with no impact on her outcome to date.
Nevertheless, this raises the issue of how postsurgical care
for this patient or others at remotely located MTFs would
have been handled without access to the medical evacuation
resources.

Lessons Learned

For Navy Neurosurgery, there were several positives gained
from the experience. Although the COVID-19 pandemic did
not fully stress the available neurosurgical resources, the
experience does offer a framework for future missions with
similar casualty profiles. As such, this study may not be use-
ful in evaluating the response and readiness to a more diverse
and intensive event (natural disaster and major military con-
flict). From a manpower perspective, the ability to activate
three Navy Reserve neurosurgeons within a period of 48 hours
was an amazing demonstration of military agility. Because
of the need to transition from citizen to sailor, reservists are
usually given as much lead time as possible. Typical mobiliza-
tion provides a 30-day notice, but during times of crisis this
is not always the case.”? This speaks to the commitment of
the reserve neurosurgeons to Navy medicine and its mission
during a time of global crisis. Although the original objective
of Mercy and Comfort was to function as a “relief valve” for
busy metropolitan centers with a focus on trauma and other
non-COVID-19 overflow patients, this quickly changed, par-
ticularly in New York City. Once the mission transitioned to
one of COVID-19 management, the structure of operations
and overall focus transitioned to managing exposure and keep-
ing patients and service members safe. Because COVID-19
spreads primarily through respiratory droplets from cough-
ing or sneezing,'? the close quarters on a hospital ship make
transmission among crew, healthcare workers, and patients a
significant concern.

Although the neurosurgical case volume was limited, the
U.S. Navy neurosurgery’s response to COVID-19 demon-
strates that neurosurgical assets can be rapidly mobilized
to augment both trauma and critical care support during a
humanitarian mission and highlights the potential to pivot
these skillsets during combat operations and global health
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engagements. Three patients received neurosurgical opera-
tive treatment between the two vessels, and both ships were
rapidly made neurosurgically capable, but the vast majority
of surgical procedures were performed by general surgeons,
otolaryngologists, and orthopedic surgeons—consistent with
past missions.

Once the goals of the mission changed, the appropria-
tion of neurosurgery personnel and resources could have been
different. As evidenced by the efforts of NMST Gotham, tran-
sitioning additional neurosurgery support to an EMF unit or
an intensive care setting would more effectively use skills pos-
sessed by these individuals. Readiness is a principle tenet
of military medicine and should be at the forefront of Navy
neurosurgeons’ minds when preparing for global disaster mis-
sions. Staging basic neurosurgical equipment aboard both
hospital ships to perform a craniotomy, burr hole placement,
ventriculostomy, and laminectomy should be planned moving
forward. Although both ships carry surgical equipment, regu-
lar inventory and quality assessments are needed to avoid has-
tened augmentation of such resources should supplies expire
or become incomplete.

Personnel requirements for both Comfort and Mercy ini-
tially included two neurosurgeons but were quickly changed
to one after a week or two. Overstaffing is a superior strategy
when the mission remains dynamic and was adjusted appro-
priately as the mission evolved. The original mission of the
hospital ships was to perform trauma operations; however,
emergency systems in each of the two cities were not set up
for such a transition to allow this. Thus, improved central
command and coordination within the regional disaster net-
work may have helped execute the initial mission. Although
the efforts of the Navy have come under scrutiny in the lay
press,?* it is inappropriate to ignore the altruistic work and
self-sacrifice of many to achieve a common goal of treating
patients and providing service to those in need when the logis-
tical challenges were systemic. Recognizing these challenges
now will allow better planning and preparation for activation
during future emergencies.

CONCLUSIONS

The U.S. Navy Neurosurgery response to the COVID-19 pan-
demic was swift and altruistic. Although treatment of neuro-
surgical pathologies was limited in the efforts, readiness and
manpower continue to be strong influences within the Armed
Forces. The COVID-19 response was proof-in-concept that
neurosurgical assets stand ready for mobilization to augment
trauma and critical care in future wartime, domestic, and
global crises.
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