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Abstract

The COVID-19 pandemic presents unprecedented challenges for anesthesia professionals and their surgical
patients. Beyond managing infection risk, positive COVID-19 surgical patients add additional challenges to
their perioperative care, where its perioperative risk are superimposed onto an already baseline anesthesia
risk in real-time with an unknown and unpredictable fashion. Recent evidence suggests that surgical
procedures for both current and recovered COVID-19 patients are associated with elevated morbidity and
mortality. These risks must be well managed. However, the anesthetic risk aside from transmission is yet to
be fully understood. As such, fast dissemination, and effective implementation of the latest evidence into
practice is essential. However, the traditional “knowledge to action gap” of 17 years or more in healthcare
is a hinderance [1,2]. We herein designed and implemented a new but simple perioperative criterion for
previous COVID-19 patients based on the principle of the perioperative surgical home (PSH) within the
Consolidated Framework for Implementation Research (CFIR). This platform allows us to implement and/
or de-implement components of the PSH clinical pathway with ease in accordance with the fast-evolving
COVID-19 pandemic knowledge and experience base.
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Core Tip: With COVID-19 pandemic, multiple physiological systems will have varying long-term effects
and sequalae. As such, perioperative considerations and its implementation for the anesthesiologist will
be of prime importance. Depending on the symptoms, specific management is prudent. It behooves the
anesthesiologists to complete a covid-19 specific review of symptoms as these patients are at higher risk of
long-term pulmonary emboli, respiratory fragility, cardiac arrhythmias, hepatic and renal dysfunction, and
a generalized inflammatory state. A rapid implementation process through the CFIR for a PSH pathways is
simple but crucial to the new post-pandemic healthcare system.

Introduction

The COVID-19 pandemic challenges all aspects of human life physically, psychologically, socially,
and further. At the time of this paper’s submission, over 120 million people have confirmed infections,
and over 2.5 million people lost their lives [3,4]. While the direct cost related to the acute treatment
of Covid-19 patients is enormous, the emerging evidence suggests recovered COVID-19 patients
are still in need of continued medical care, which may or may not be directly linked to the acute or
chronic sequala of COVID-19 or their synergistic effect. Currently, there are over 80 million recovered
COVID-19 patients worldwide, their need for surgical and anesthesia care will grow but optimal
and precision perioperative management is yet to be determined based on severity and sequalae of

COVID-19 for each individual patient.

Clearly, the treatment of COVID-19 and prevention of its further transmission are of immediate
concern and paramount importance. While vaccine efficacy and personal protective equipment
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(PPE) in preventing transmission are unmistakably important,
the significance of COVID-19 RT-PCR screen test in guiding
surgical care of recovered or asymptomatic COVID-19 patients is
still evolving. The viral kinetic studies suggest that COVID-19 RT-
PCR test does not predict COVID-19 transmissibility nor live-viral
shedding [5]. Viable virus is rarely detected beyond 9 days of onset
of illness symptoms, but Covid RNA shedding as detected by RT-
PCR can be persistent ranging from average of 17 days in the upper
airway, 14.6 days in the lower respiratory tract, 17.2 days in stool
and 16.6 days in serum [6,7]. With exceptions in certain cancer and
immunocompromised patients, it is now known that transmittable
COVID-19 virus is often short lived inside the human body and
positive RT-PCR test result without clinical correlation may have
limited value aside from complete protection [8,9].

The above uncertainty of the primary or secondary COVID-19
disease sequalae, when coupled with ongoing vaccine immunization
efforts, presents a uniquely difficult challenge to anesthesiologists.
The challenges are perpetuated by incomplete knowledge, evidence
and experience as the disease is still new, mutating, interacting with
treatments, and evolving. On the other hand, the traditional 17-
year “knowledge to action gap” is incompatible with the current
clinical needs, where fast dissemination of emerging evidence and
introduction of frequent new changes are required in dynamic
manner. Herein, we reported a program design based on the principle
of perioperative surgical home (PSH) and an implementation process
based on the Consolidated Framework for Implementation Research
(CFIR)—a pragmatic framework designed to translate information
into real-world application. We highlight the need for a consistent
framework where the program or components of the program are

subject to frequent modification, upgrade, and implementation in
the evolving pandemic.

Practice Environment

As the largest integrated delivery system (IDS) in the United
States, Kaiser Permanente (KP) is composed of 3 distinct yet fully
integrated entities: Kaiser Foundation Health Plan (insurance),
Kaiser Foundation Hospitals (hospitals), and Permanente Medical
Groups (physicians). Because these 3 entities are bound together
financially and operationally, it is vital for each of them to align with
others to provide the highest possible quality of care consistently
at an affordable cost, which is critically important for the ongoing
COVID-19 pandemic today. Kaiser Permanente Baldwin Park
(KPBP) Medical Center is one of 13 KP medical centers located in
Southern California. KP Baldwin Park is in the greater Los Angeles
area and serves a community of approximately 300,000 members, to
which we managed one of largest density of COVID-19 population.
As of today, we managed over 31,716 COVID-19 positive patients
as of March 29, 2021 both on an inpatients or outpatient basis.
Before COVID, KPBP managed approximately 75,000 emergency
department visits, 13,000 hospital admissions, >3,500 inpatients
surgery, and 9,000 outpatient surgeries annually. The department of
anesthesiology and perioperative medicine is a physician only group
practice with physician assistant (PA) support for our dedicated
anesthesia preoperative clinic.

PSH Protocol Design

By using the development of KPBP guidelines for post
COVID-19 surgical patients as an example (Figure 1), we illustrated

Perioperative Management for Previously COVID+ Patients

Risk-Recovery Assessment

Case Classification Peak COVID Severity Minimum Recovery Time!
Emergent/Urgent ] balance disease risk vs infectious risk (10 days)* I documented surgical emergency/urgency
Elective® Class- A asymptomatic 21 month
Class -B symptomatic, diabetic, immunocompromised 22 months
Class - C hospitalized 23 months
Vaccinated any dose of any vaccine® 22 weeks
1. Recommended timelines only. Clinical j risk and indivi timelines may be necessary.
2. Case by case consideration of surgical disease, COVID symptoms, physiologic effects of COVID, and infectious risk.
3. Elective classification assumes full recovery or establishment of a new, stable dlinical baseline.
4. Decision to wait until after potential 2* dose would be determined by surgical urgency

Patient Evaluation and Considerations

COVID Considerations*

Additional Individualized Evaluation®

Universal Evaluation

Anesthetic Considerations

In-depth H&P Generalized weakness D-dimer, fibrinogen, CRP, ferritin Difficult intubation/extubation
Risk class (as above) Swallowing difficulty/aspiration Cultures Aspiration/laryngospasm risk
Functional capacity (METSs) | Reactive airways LFTs, BNP Lower TV/PEEP/Ppeak
li | status Pulmonary fibrosis EKG, CXR, CT Chest Higher FiO2

Baseline oxygen saturation Pneumothorax

Echocardiogram Higher narcotic requirements

CBC with diff, CMP, INR Pneumomediastinum

Stress echocardiogram Reduced muscle relaxants

Avoid TXA

Surgical procedure type Cardiovascular complications

Secondary infections, sepsis ‘

Deep venous ultrasound ‘
CT/MRI Brain

Alternative treatment DVT, Pulmonary embolism

Specialist Consults Maintain baseline MAP

Mental status changes

+/- arterial line, central line

Anesthetic options Cerebrovascular complications/Stroke

Repeat COVID testing +/- vasopressors

Renal failure/ATN

(only 3 months after original test) Targeted fluid therapy

Diabetes, Obesity

Other: Age, Gender, Home 02

Additional Devices:

Cheetah, ExSpiron, BIS/Sedline.

for all phases of
1o be individualized to H&P,

care (preop, intrage, postop)

capacity, type of surgery and anesthetic

Figure 1: Perioperative management for previously COVID+ patients.
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here the steps and process on the development of perioperative
guidelines for our hospital. In our Risk-Recovery Assessment tool
(Figure 1), the primary focus was on creating a practical guide that
could be used by all perioperative team members regardless of their
COVID-19 knowledge and professional background. This includes
staff and implementation leaders amongst schedulers, surgeons,
anesthesiologists, perioperative staff, and administrators. With
expedient implementation and wider adoption as an objective,
we opted for a simple, user-friendly approach to stratifying these
patients. For more complicated cases or case scenarios that did not fit
guidelines, we depended on our champions, integral members of our
design team, in each respective specialty for customized expert care.

Preoperative phase

For urgent and emergent surgery, the focus is on balancing
transmissibility risk, sequalae risk and associated surgical risk.
Given the tremendous overlap in illness severity, symptom profile,
and confounding factors such as pre-existing comorbidities for
elective surgery, the focus was on typical recovery times for upper
respiratory illnesses, pneumonia, acute respiratory distress syndrome,
myocardial infarctions, and cerebrovascular accidents. We proposed
a 2-week delay of urgent surgery following any Covid vaccination
(single dose, 1% dose or 2" dose). This would allow for full benefit of
the recently administered vaccination dose and reduce the potential
of immunomodulation from perioperative steroid use, NSAID use,
or a surgical stress response. Given the innumerable variables, we
split the evaluation into a universal evaluation and an individualized
evaluation that should be guided by an in-depth directed system
review as per Figure 1 and directed detailed management and work-

up.

Intraoperative phase

The physiologic effects of COVID-19 lead to a cascade of
different complications that could manifest at any time during

their illness or after their illness, particularly pulmonary fibrosis and
pneumothorax. Realizing that it would be impossible to encompass

the complexity and dynamics of all sequelaec in a user-friendly
manner, the chart serves as a checklist through which one can prepare
for possible perioperative complications and maintain a higher level
of vigilance. Although simple and basic, we intend for this guide to
aid our clinical decision making rather than replace it, such that we
continue to tailor our care for these patients on a case-by-case basis.

Postoperative phase

Our immediate concerns for COVID patients in the
postoperative phase are adequate ventilation and oxygenation.
Critical illness myopathy leads to a concern for muscle relaxant
dosing and respiratory muscle weakness. It is also worrisome for
the potential existence of V-Q mismatch due to pulmonary fibrosis,
central and peripheral causes of apnea and other elevated risk for
comorbidities and complications. As well as overall pulmonary
tissue frailty. While oxygenation measurement by continuous pulse
oximetry is routine, ventilation measurements are not common
aside from respiratory rates. Given that inadequate ventilation often
precedes inadequate oxygenation, implementation of noninvasive
respiratory monitoring via Exspiron 1xi (Respiratory Motion
Inc, Boston, MA), which provides tidal volumes (Tv), minute
ventilation (MV), accurate respiratory rate (RR), and a percent
of MV calculated with measured MV over patients ideal minute
ventilation based on height, weight and gender (Predictive Minute
ventilation — MVpred), was able to give us an early warning sign.
ExSpiron was adopted through our previously validated protocol
for postoperative obstructive sleep apnea (OSA) and a protocol for
COVID-19 triaging (Figure 2) [10-12].

PSH protocol implementation

Implementation framework: This was a framework-driven
implementation by following a modified CFIR pathway [13]. This
is a simultaneous bottom up and top-down approach previously
described by our team [14,15]. The bottom up aspect was
characterized by the proactive engagement of anesthesiologists who
actively managed intensive care unit and perioperative COVID-19

FIGURE 2: Respiratory Insufficiency
g Ab | RR, Sp02 low, 02 i it fro di :
COVID 19 - Bt Ssfoiniosens oo
(NRV) Protocol [
RR>25
/ / | \
/ |
MVpred: <200% 200-250% 250-300%  >300%
v |
L 4
Home or Floor for H Floor for ‘ ‘ ‘ ICU, consider
observation observation | intubation

Consider early medical treatment. pharmacological |

intervention if MVpred > 250% |

1. Protocol and monitoring can help with clinical evaluation.
The moeniter is effective in determining effectiveness of treatment (breathing treatment, medications,
etc)

3. Clinical judgement supersedes protocol

4. If MVpred <40%, most likely hypoventilation syndrome, OSA, or narcosis

Figure 2: COVID-19 protocol.
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patients. These strategically placed providers identified care gaps for
the patients, set up goals for improvement and jointly formulated
a plan of approach. The top-down methods include the early
engagement of senior leaders in our hospital, key stockholders
discussions and development of policy and procedures which was
called the OR committee meeting.

Dynamic modelling: This modeling allowed us to analyze
multiple, simultaneous and complex interactions over time [16].
This model addresses the dynamic nature between the COVID-19
pandemic, PPE strategies, vaccine rollout, and perioperative care
of the surgical patients. KP Health connect is a well-established
EMR that was an integral in-patient evaluation and was previously
validated.

Implementation process (Figure 3): The bottom-up grassroot
work was started with the realization that there was a vacant need
for individualized surgical care for the increasing population of

previously COVID-19 patients.

First a steering committee was formed to gather evidence,
identify practice gaps, and design pathways. We designed our initial
guideline and initial pathway in October 2020 based on the limited
scientific evidence coupled with a vast ICU practice experience
gained from independent ICU care for COVID-19 patients.

Secondly, we formulated the guideline with frequent and
continued improvements biweekly, which was materialized through
a unique implementation process. The burden of implementation
was complex and had a steep adoption and learning curve. However,
all stake holders soon became accustomed to the frequent updates.

Finally, after initial implementation success in our local hospital,
the value of this guideline was quickly recognized and spread
amongst 13 of our hospitals by our regional perioperative leadership.

This top down approach enabled the quick spread of new pathways
and understanding across KP Southern California region which
reached out to all surgeons, anesthesiologists, certified registered
nurse anesthetists (CRNAs), surgery schedulers, and perioperative
leaders. At the time of the publication of this paper, implementation
data and impact of its applications are accumulating.

Discussion

Over 40 million, elective surgeries have been impacted by
the pandemic and that number is growing rapidly [17,18]. The
decision making to provide the right care at the right time for post
COVID-19 surgical patients continues to evolve. Under current
conditions, how to conduct “evidence-based practice” when evidence
is limited, and how to overcome “knowledge to action gap” when
evidence emerges is an overwhelming undertaking for our already
stressed perioperative services. While delivering safe, high quality,
and personalized perioperative care remains our goal. We sought an
innovative pathway that can fulfill our need for current pandemic
and future clinical practice not by rigid guidelines but dynamic and
continued implementation.

We introduced a guideline for post COVID-19 surgical patients
based on the principle of the Perioperative Surgical Home (PSH).
Although different from our previous reported PSH program
[14,15], this new version was based on the need of a consistent
implementation platform that can simultaneously accommodate
through frequent updates or component changes. This novel
workflow can effectively facilitate both feedback and feedforward
mechanism for a robust dynamic PSH program. Our PSH protocol
was first originated from the members of a multidisciplinary
surgical team with combined expertise in surgery, anesthesia,
hospital medicine and ICU COVID-19 care. The team members
not only kept pace with the expanding COVID-19 knowledge but

~
» Local Covid-19 steering committee
» Evidence accumulation, synthesis, and pathway proposal
7
B
¢ Local OR committee and perioperative team refinement
¢ Local staff commentary period
¢ Pathway finalization and preliminary practice evidence
J
+ 13 hospital Anesthesia and Peroperative team adoption )
» Regional staff commentary period
» Regional-wide implementation
» Continuously monitor new evidence and implementation
» Data-drive feedback and feedforward loop )

Figure 3: Step implementation process buttom up top down.

] Clin Anesth Intensive Care 2021; 2(2): 61-66.

64



Citation: Shah N, Chung E, Feng M, Desai VN, Nguyen VT, Sonthalia D, et al. Anesthetic considerations for previously COVID-19 positive patients:
design and rapid implementation of a perioperative surgical home (PSH) program. J Clin Anesth Intensive Care. 2021; 2(2): 61-66.

was also responsible for disseminating latest scientific evidence and
subsequently designed the practical clinical pathways. After approval
by the steering committee, senior leadership and chief of service,
the implementation process was initiated in synchronization with
all perioperative services including surgery schedulers, surgeons,
anesthesiologist, perioperative nursing and other ancillary services
such as our laboratory and sterile processing department. One of the
unique features of this pathway was that not only did the design team
contribute to the original idea and pathways, they also functioned as
the implementation champions in their respective specialties where
their knowledge and expertise can be fully leveraged. This feature
allowed us to formulate a practical and actionable plan quickly
without the consideration of completeness due to the ever-changing
nature of the pandemic. Due to this historical pandemic, this bottom
up and top down approach allowed us to meet the unprecedented
and monumental challenges in real time and improve our surgical
care in a more precise, productive, and efficient fashion. Moreover,
this process instantly brought our leaders and frontline worker
together as a team to conquer the common threats of COVID-19.
However, our readers should interpret the result about our current
PSH program with caution because of incomplete knowledge about
optimal COVID preoperative optimization and postoperative
functional recovery. Our result demonstrated the efficacy of PSH
principle in fulfilling the vacant need for rapid implementation
and de-implementation due to the developing nature of COVID
pandemic.

We designed our program with the realization that post
COVID-19 surgical patients are different from the non-COVID
patient in many ways.

1. Multiorgan and multisystem disease - Potential unrecognized
functional compromise of vital organs such as brain, heart, lung,
liver and kidney and systems such as the neuromuscular.

2. Exposure- History of extensive exposure to sedatives and
narcotics during their hospital stay especially ICU stays.

3. Unknown - Unknown changes of stress response and immune
reaction due to surgery and anesthesia.

Even after initial COVID-19 infection and hospitalization, our
understanding continues to evolve about this multisystem immune
and partially auto-immune disease. Available evidence suggests that
even mild or non-symptomatic infection may carry some long-
term sequelae [19]. Currently, there are more than 50 identified
long-term effects of COVID-19. Of hospital discharged patients,
76% continue to experience symptoms which was dominated by
fatigue, muscle weakness, sleep disturbance, anxiety and depression.
In these “long haulers” as defined by Dr. Fauci or Post-acute
sequelae of SARS-CoV-2 infection (PASC), demonstrated 52%
abnormalities in lung CT and functional test (LEFT) including
ground glass opacity, irregular lines, consolidations and fibrosis
[20]. Other organ abnormalities such as cardiovascular, renal, liver
and neurocardiac abnormalities are also common [21]. This fluid
nature of COVID-19 influenced our design philosophy: to form a
reliable solid implementation framework that can accommodate the
frequent component changes.

Even though our intention focused on the implementation
of a dynamic COVID-19 PSH program, lack of clinical outcome
data is an obvious limitation. Considering the needed for frequent
updates for the pathway or pathway components during the current

COVID-19 pandemic, our outcome data can neither be easily
interpreted nor can it be the main objective of this report. The
framework we used to create our pathways comes from the field of
implementation research which arose to study barriers to bridging
the gap between knowledge and clinical care and therefore poised
to help solve this time lag experienced in medicine to implement
positive changes based on research. This framework, the built-in
feedback (bottom-up) and feedforward (top-down) mechanisms as
well as our exciting implementation team are the pivotal essentials.
We believe the development and optimization of this science-based
approach will have implications long after this pandemic and
have wider implications for improving overall anesthesiology and
perioperative medicine in the future.
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