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Preface to ”Perioperative Care”

Perioperative care practices worldwide are in the midst of a seeing change with the

implementation of multidisciplinary processes that improve surgical outcomes through (1) better

patient education, engagement, and participation; (2) enhanced pre-operative, intra-operative, and

post-operative care bundles; and (3) interactive audit programs that provide feedback to the surgical

team. These improved outcomes include reductions in the frequency and severity of complications

and improved throughput, which ultimately reduce operative stress. Practices in theatre as well as

ward are becoming more collaborative and evidence-driven.

All professions involved in periprocedural areas were encouraged to “tell their stories”through

practice-based research activities, descriptions of changes in resource utilization, and lessons learned

in programmatic change management and implementation science. In addition, reports that

demonstrate the impact of innovations in surgical procedures, application of new technologies and

materials, and multidisciplinary collaboration in sustaining perioperative performance measures

were welcome.

We dedicate this book to our patients who have taught us to be better and safer by including

them in their perioperative care decision-making.

Richard H. Parrish II, John Kortbeek

Editors
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In the history of surgery, 1911 was a sentinel year. In that year, Ernest Codman
resigned his staff position at the Massachusetts General Hospital to found the “End Result
Hospital”. He was committed to improving the quality of care of his surgical patients
through careful observation and measurement. Codman was a founding member of the
American College of Surgeons [1]. He understood that even the very best can err. His
goal of revolutionizing surgical care through a better appreciation of patient outcomes
and applying this knowledge to improve the delivery of surgical care was prescient.
Unfortunately for Codman, he was a century ahead of his time and his ideas were met
with ridicule and derision. I suspect that Codman would be both gratified and impressed
to see the transformation that has occurred over the past several decades and the excellent
work being presented in this Special Issue on perioperative care.

Olle Ljungqvist, a Swedish surgeon, and a group of like-minded surgeons from
Denmark, the UK, and the Netherlands, founded the enhanced recovery after surgery
study group in 2001. They were convinced, based on published studies of fast-track
surgery and enhanced recovery programs, that there was a tremendous opportunity to
improve outcomes in surgery through standardization, measurement, and feedback. The
enhanced recovery after surgery (ERAS) era was born [2]. Studies incorporating these
systems have demonstrated improvements in the length of stay and reductions in morbidity
of 20–50%.

In this issue, Pough and colleagues explore variations in antibiotic administration and
compliance with prophylaxis standards and identify opportunities for further reductions
in surgical site infection in pediatric colorectal surgery populations [3]. They identify an
approach to address these consistent with ERAS® protocols. Johnson and associates de-
scribe the methodology they will employ to harness the power of the ERAS databases from
two large ERAS programs. They will expand the pharmacologic data retrieval to propose
further enhancements that may reduce the important morbidities of SSI, thromboembolism,
and postoperative nausea and vomiting [4]. Finally, Hasan et al. take the ERAS concept
one step further in describing a Peri-operative Surgical Home in pediatrics [5]. The pro-
posed concept was conceived during the current COVID-19 pandemic, with its devastating
impact on scheduled surgeries and the need for greater coordination to mitigate the impact
of COVID-19, and to streamline recovery as we emerge from the pandemic. The study
outlines the potential benefits of enhanced perioperative multidisciplinary coordination.

Crisis resource management (CRM) grew from its origins in aviation, following major
airline disasters, and the development of crew resource management. Anaesthesiologists
were the early adopters in medicine, but CRM subsequently spread to surgery, trauma,
critical care, emergency medicine, and other disciplines. The important and central role
of both planning and simulation to successfully implement CRM strategies have come to
be generally accepted and described [6]. Ebbitt et al. describe the development of a CRM
for the rare but challenging critical event of malignant hyperthermia [7]. The essential
elements of the planned response, team leadership, roles, and equipment are described in
detail. An illustrative case report allows readers to live the experience.

What operation and when to perform it are questions as old as surgery. One of the
fathers of surgery, Theodor Billroth, was both an exemplary teacher and a scholar, who
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sought to record his outcomes. His goal was to have a basis for recommending the correct
surgery for his patients [8]. His legacy lives on in many ways, but perhaps none are
more iconic than the classic Billroth 1 and Billroth 2 operations of upper gastro-intestinal
surgery. This sentinel dilemma, what is the right procedure, has only grown with the
burgeoning number of possible operations supported by modern medical science. In
this issue, Bacusca et al. perform a meta-analysis on the choice between performing or
not performing a prophylactic donor heart tricuspid annuloplasty in an orthotopic heart
transplantation [9]. Their results are suggestive, but a definitive answer, once again, awaits
a properly performed randomized clinical trial.

Charles Wilson wrote a wonderful opinion piece on the future of sensors in medicine
in 1999 [10]. He predicted many of the forthcoming advances in closed loop devices,
biosensors, and smart drugs. He noted that significant improvements in the quality of care
will accompany these technologies and surmised that the organization and delivery of
healthcare will evolve and change as a result. He had an uncanny ability to foresee coming
events, illustrated by the article’s closing quote advocating for, “New and better vaccines
for preventing common conditions afflicting many millions throughout the world . . . ”. In
this issue, Restrepo and colleagues present us with a 2021 update on the status of biosensor
development, with early experimental application in a critical care unit [11].

Hyland and associates include a wonderful, thorough, and comprehensive review
of the use and stewardship of opiates and perioperative pain management in the 21st
century [12]. The article should be required reading for surgical trainees as they navigate
the changing landscape of managing pain in surgical patients. The paper summarizes
approaches that employ all of the available strategies when navigating the complex waters
posed by patients with opiate exposure or dependency. Patients with co morbidities, and
the increasing number of patients regularly using cannabis or opioid agonists and antago-
nists are also addressed. Ensuring the best peri-operative experience while mitigating the
risks of chronic opioid dependence are quality expectations of modern surgery programs.

The ERAS and strategies to standardize and inform surgical care have become ex-
pected norms. This does not make them easy to adopt and implement. Fortunately, Lovely
and Larson have provided a road map for success and describe the dos and do not learned
from many of our colleagues along the way [13].

I hope that you enjoy this Special Issue of Healthcare focusing on peri-operative quality
and safety. Ernest Codman would have been pleased.
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Abstract: Surgical procedures are key drivers of pain development and opioid utilization globally.

Various organizations have generated guidance on postoperative pain management, enhanced

recovery strategies, multimodal analgesic and anesthetic techniques, and postoperative opioid

prescribing. Still, comprehensive integration of these recommendations into standard practice at the

institutional level remains elusive, and persistent postoperative pain and opioid use pose significant

societal burdens. The multitude of guidance publications, many different healthcare providers

involved in executing them, evolution of surgical technique, and complexities of perioperative care

transitions all represent challenges to process improvement. This review seeks to summarize and

integrate key recommendations into a “roadmap” for institutional adoption of perioperative analgesic

and opioid optimization strategies. We present a brief review of applicable statistics and definitions

as impetus for prioritizing both analgesia and opioid exposure in surgical quality improvement.

We then review recommended modalities at each phase of perioperative care. We showcase the

value of interprofessional collaboration in implementing and sustaining perioperative performance

measures related to pain management and analgesic exposure, including those from the patient

perspective. Surgery centers across the globe should adopt an integrated, collaborative approach to

the twin goals of optimal pain management and opioid stewardship across the care continuum.

Keywords: pain management; opioid stewardship; perioperative care; postoperative pain; multi-

modal analgesia; regional anesthesia; preemptive analgesia; perioperative medication management;

transitions of care; opioid-related adverse effects

1. Introduction

Surgery is an indispensable part of healthcare, and over 300 million surgical pro-
cedures are performed around the world annually [1]. Despite tremendous benefits to
survival and quality of life, surgical procedures frequently result in acute pain, among other
risks. Suboptimal postoperative pain management is associated with worsened humanistic
and economic outcomes, including the development of chronic pain and opioid depen-
dence [2]. In the U.S., opioid analgesics have been the cornerstone of postoperative pain
management, driven by earlier efforts to improve treatment of pain and societal expec-
tations for surgical recovery [3–5]. The significant risks and costs associated with opioid
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overuse are now better understood: opioid-related adverse events frequently potentiate
complications in postoperative populations and postsurgical opioid prescribing patterns
have contributed to the modern U.S. opioid epidemic [6–11]. Postoperative opioid pre-
scribing in the U.S. remains alarmingly high and in stark contrast to that of non-U.S.
countries, underscoring the need for more widespread adoption of multimodal analgesia
and enhanced recovery strategies by American centers [4,12–14].

Perioperative pain management and opioid stewardship are therefore comparable
in necessity and interrelated in execution. To this end, many organizations have offered
guidance on components of their application. This has included general postoperative
pain management [15–17], perioperative management of patients on preoperative opi-
oids [18], surgery-specific guidelines [19–24], medication-specific recommendations [25,26],
conceptual frameworks for opioid stewardship [27–29], collaborative postoperative opioid
prescribing guidelines [30–32], statements on perioperative opioid use [33,34], legal opioid
prescribing limits [35], and various quality measures for healthcare institutions [36–38].
Despite the multitude of recommendations available, a large proportion of surgical pa-
tients report inadequately treated pain and high rates of adverse events, alongside many
institutions exhibiting overreliance on opioids and underutilization of multimodal strate-
gies [2,39,40]. This narrative review enhances awareness and adoption of perioperative
pain management and opioid stewardship strategies by integrating available guidance into
a single “roadmap” for interprofessional stakeholders across the surgical care continuum.

2. Statistics and Definitions

2.1. The Burdens of Perioperative Opioid Overuse and of Uncontrolled Postoperative Pain

Approximately one out of every ten opioid-exposed postoperative patients will expe-
rience at least one opioid-related adverse event (ORAE), conferring significant morbidity
and economic burden [7,41]. Many postoperative complications may be appropriately
classified as ORAEs, including nausea and vomiting, ileus, urinary retention, delirium,
and respiratory depression, underscoring the interrelatedness of perioperative opioid use
and surgical outcomes [6,41]. Despite their toxicities, opioids appear to be overprescribed
for postoperative pain [42–47]. Available data suggest 42–71% of prescribed opioid pills
go unused after surgery, with 73% of postoperative orthopedic patients reporting unused
opioid pills at one month post-procedure [42,46]. This reservoir of unused prescription
opioids in community settings has been identified as a potential contributor to the U.S.
opioid epidemic. Over 80% of modern heroin users report nonmedical prescription opioid
use prior to heroin initiation, and two-thirds of prescription opioids used for nonmedical
purposes are obtained from a friend or relative [11,48,49].

Despite an apparent overreliance on opioids by prescribers, less than half of post-
operative patients endorse adequate pain relief, with 75–88% reporting a pain severity
of moderate, severe, or extreme [2,15]. Short-term morbidities related to uncontrolled
acute postoperative pain span nearly every organ system, including increased risks for
thrombotic events, pneumonia, ileus, oliguria, and impaired wound healing. Furthermore,
inadequate acute pain control negatively impacts long-term functional recovery, mental
health, and quality of life. Collectively, the economic burden of uncontrolled acute postop-
erative pain is vast, driven by significantly longer surgery center stays and higher rates of
unplanned admissions and readmissions to emergency departments and hospitals [2].

An additional risk of poorly managed acute postoperative pain is the development
of persistent postoperative pain, frequently defined as new and enduring pain of the
operative or related area without other evident causes lasting more than 2 months after
surgery. While prevalence of such “chronic” postsurgical pain (CPSP) varies by surgery
type and generally decreases with time, it may occur in 10–60% of patients after common
procedures [2,50–53]. The physical and mental consequences of persistent postoperative
pain are frequently complicated by the development of persistent opioid use, which is
also variably defined but largely refers to ongoing opioid use for postoperative pain in the
timeframe of 90 days to 1 year after surgery [2,34]. The incidence of persistent postoperative
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opioid use appears highest after spine surgery and not uncommon (i.e., 5–30%) after
arthroplasty and thoracic procedures. Patients on opioids prior to surgery demonstrate a
10-fold increase in the development of persistent postoperative opioid use. Still, previously
opioid-naïve patients are converted to persistent opioid users by the surgical process at an
alarming 6–10% rate [10,34]. Considering that 1 in 4 chronic opioid users may develop an
opioid use disorder, the mitigation of persistent postoperative pain and opioid use should
be a priority to healthcare providers and systems [10,54].

2.2. Opioid Stewardship, Multimodal Analgesia, and Equianalgesic Opioid Dosing

“Perioperative opioid stewardship” may be defined as the judicious use of opioids to
treat surgical pain and optimize postoperative patient outcomes. The paradigm is not sim-
ply “opioid avoidance,” and requires balancing the risks of both over- and under-utilization
of these high-risk agents. To this end, postoperative opioid minimization should be pur-
sued only in the greater context of optimizing acute pain management, reducing adverse
events, and preventing persistent postoperative pain through comprehensive multimodal
analgesia [19,33,55–61]. Multimodal analgesia, or the use of multiple modalities of differ-
ing mechanisms of action, is key to decreasing surgical recovery times and complications,
and so is also a fundamental component of the enhanced recovery paradigm promoted by
the international Enhanced Recovery After Surgery (ERAS®) Society [19,24,62–65]. Dedi-
cated resources and care coordination are often required for institutions to align analgesic
use with best practices, so Opioid Stewardship Programs (OSPs) are taking hold, modeled
after antimicrobial stewardship practices [29,38,66–68].

Quantifying opioid exposure for patient care, process improvement, or research purposes
requires the use of a standardized assessment. Opioid doses can be normalized to their
equianalgesic oral morphine amounts, i.e., Oral Morphine Equivalent (OME), oral Morphine
Milligram Equivalent (MME), or oral Morphine Equivalent Dose (MED) [69–71]. Current
evidence-based recommendations for equianalgesic dosing of opioids commonly encountered
in perioperative settings are summarized in Table 1 [71]. Guidelines on the use of opioids
for chronic pain are also available and provide slightly different conversions for MME doses,
citing earlier literature [54,72]. All opioid conversions for patient care purposes should include
careful consideration of the limitations of these factors, including extremely wide ranges
for ratios found in clinical trials, clinical inter-patient variability, incomplete cross-tolerance
between opioids, and other patient-specific factors (e.g., renal impairment or genetic variants
in metabolism, see Section 3.5). The newly calculated opioid dose should therefore be reduced
by 25–50% when changing between opioids or routes of administration, as discussed in
detail elsewhere [71].

Table 1. Current Recommendations for Equianalgesic Dosing of Opioids Commonly Encountered in
Perioperative Settings.

Drug
Equianalgesic Doses (mg)

IV/IM/SC 1 Dose PO/SL Dose

Oxycodone 2 10 20
Hydrocodone 3 N/A 25

Hydromorphone 4 2 5
Morphine 3 10 25

Fentanyl 0.15 N/A
Oxymorphone 1 10

Tapentadol N/A 100
Tramadol 2 100 120

1 The IM route of administration is not recommended. 2 IV formulation not available in the U.S. at the time of this

writing. 3 Oral equianalgesic dose equivalent of 30 mg has been used and is also reasonable, given variations

in bioavailability between morphine/hydrocodone and oxycodone (equianalgesic ratio ranges from 1:1 to 2:1

morphine:oxycodone based on individual patient absorption). 4 Previous resources have used a 1:5 ratio for

parenteral:oral hydromorphone, but newer data suggest a ratio 1:2.5 is more appropriate. IM = intramuscular,

IV = intravenous, mg = milligrams, N/A = not applicable, PO = oral, SC = subcutaneous, SL = sublingual.

Adapted from Demystifying Opioid Conversion Calculations: A Guide for Effective Dosing, 2nd Edition, 2019 [71].
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3. Pain Management and Opioid Stewardship across the Perioperative Continuum
of Care

Perioperative care consists of a complex orchestra of medical professionals, physical lo-
cations, processes, and temporal phases. This continuum begins prior to the day of surgery
(DOS), continues across inpatient or ambulatory stay, and extends through recovery and
follow-up phases of care. A maximally effective institutional strategy for perioperative
pain management and opioid stewardship includes all phases and providers across this
continuum. Though there is no definitive evidence-based regimen, effective multimodal
analgesia requires institutional culture and protocols for pre-admission optimization, con-
sistent use of regional anesthesia, routine scheduled administration of nonopioid analgesics
and nonpharmacologic therapies, and reservation of systemic opioids to an “as needed”
basis at doses tailored to expected pain and preexisting tolerance [15,18,33]. Figure 1
summarizes the recommended strategies at each phase of care, which will be discussed in
greater detail.

3.1. Pre-Admission Phase

The pre-admission phase of care occurs prior to the day of surgery (DOS) and repre-
sents the ideal opportunity for patient optimization. Safe and effective interventions exist
during the pre-admission phase to improve pain control and decrease opioid requirements
in the subsequent perioperative period. Recommended pre-admission interventions in-
clude evaluation of patient pain and pain history, education to patients and caregivers,
assessment of patient risk for perioperative opioid-related adverse events (ORAEs) and im-
plementation of mitigation strategies, optimization of preoperative opioid and multimodal
therapies, and advance planning for perioperative management of chronic therapies for
chronic pain and medication-assisted therapy for substance use disorders.

3.1.1. Patient Pain History, Evaluation and Education

Perioperative pain management planning should be pursued through a shared decision-
making approach and necessitates an accurate pre-admission history and evaluation. Pain as-
sessment should include classification of pain type(s) (e.g., neuropathic, visceral, somatic,
or spastic), duration, impact on physical function and quality of life, and current therapies.
Other key patient evaluation components include past medical and psychiatric comorbidities,
concomitant medications, medication allergies and intolerances, assessment of chronic pain
and/or substance use histories, and previous experiences with surgery and analgesic thera-
pies [15]. Barriers to the safe use of regional anesthetic and analgesic strategies can be identified
and considered, such as certain anatomic abnormalities, prior medication reactions, a history
of bleeding disorders, or need for anticoagulant use [73]. Likewise, chronic medications that
synergize postoperative risks for ORAEs and complications can be managed expectantly,
such as benzodiazepines (e.g., respiratory depression, delirium). While such medications may
not be avoided feasibly due to the risk of withdrawal syndromes, consideration could be given
to preoperative tapering and/or increased education and monitoring for adverse effects in the
perioperative period [15,74].

Psychosocial comorbidities and behaviors that could negatively affect the patient’s
perioperative pain management and general recovery include anxiety, depression, frailty,
and maladaptive coping strategies such as pain catastrophizing [15,18,52,75–78]. Addi-
tionally, patients with chronic pain and/or history of a substance use disorder frequently
experience anxiety regarding their perioperative pain management and/or risk of re-
lapse [18]. While high-quality data is currently lacking to support specific pre-admission
strategies for decreasing postoperative adverse events associated with mental health co-
morbidities, pilot studies and expert opinion support the integration of psychosocial opti-
mization into the “prehabilitation” paradigm for surgical readiness [18,52,75,79]. Cognitive
function, language barriers, health literacy, and other social determinants of health also
significantly influence postoperative pain management and recovery [51,80–82]. Validated
health literacy assessments have been applied to surgical populations [83–87]. Prospective
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identification of these challenges, including the application of standardized cognitive and
psychosocial assessments, can allow for appropriate preoperative referral, patient opti-
mization, and future study of risk mitigation strategies [15,18,52,75,78,80,88]. To this end,
various predictive tools for postoperative pain are being explored [88–91].

Figure 1. Perioperative Pain Management and Opioid Stewardship Interventions across the Contin-
uum of Care. Legend: DOS = day of surgery, IV = intravenous, MAT = medication-assisted treatment
(i.e., for substance use disorders), O-NET+ = opioid-naïve, -exposed or -tolerant, plus modifiers classifica-
tion system, ORAE = opioid-related adverse event, PCA = patient-controlled (intravenous) analgesia,
PDMP = prescription drug monitoring program.
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Patient-centered education and expectation management during the pre-admission
phase of care are effective strategies for improving postoperative pain control, limiting
postoperative opioid use, decreasing complications and readmissions, and increasing post-
operative function and quality of life [15,18,92–98]. Insufficient evidence exists to support
specific educational strategies or components, but current guidelines recommend an in-
dividualized discussion about expected severity and duration of postoperative pain to
generate realistic goals about pain management, a description of how pain will be assessed,
and an overview of available analgesic options, including the judicious use of opioids
and their associated risks, multimodal therapies in the form of nonopioid medications,
local anesthetic or regional (central and peripheral) techniques, and nonpharmacologic
modalities [15]. Patients with chronic pain or substance use disorders should especially be
introduced to the concepts of multimodal analgesia and educated on the risks of periop-
erative opioids, beginning at the pre-admission phase of care [18]. Education should be
provided in an effective manner considering the patient’s age, health literacy, language,
and cognitive ability [15,99]. The patient’s prior experiences, preferences, and expectations
should then be integrated into a collaborative, documented, goal-based plan [15].

Provider education, resources, and time constraints in pre-admission clinics currently
limit the widespread uptake of these best practices into routine care. The pre-admission
phase therefore represents an important target for process improvement related to periop-
erative pain management and opioid stewardship [94]. To support such efforts, some orga-
nizations have made patient education materials publicly available [100–103].

3.1.2. Pre-Admission Opioid Use Assessment, Risk Stratification for Perioperative ORAEs,
and Optimization

Recent guidelines have provided an updated tool recommended for preoperative opi-
oid assessment, termed the Opioid-Naïve, -Exposed, or -Tolerant plus Modifiers (O-NET+)
classification system (Table 2) [18]. Patients are deemed opioid-naïve if they have had no
opioid exposure in the 90 days prior to surgery, opioid-exposed if they have taken any
amount less than 60 milligram (mg) oral morphine equivalents per day (MED) in the same
time period, or opioid-tolerant if they have taken 60 MED or more in the seven days before
surgery. Risk modifiers are then utilized to stratify the patient’s risk for perioperative
ORAEs, such as uncontrolled psychiatric disorders, any substance use disorder history,
maladaptive behavioral tendencies that could impact pain management, and the surgical
risk for persistent pain. These categories can then be used to guide perioperative risk
mitigation strategies and optimization goals. Patients at every risk level benefit from
preoperative education and expectation management in addition to multimodal analgesia
throughout the perioperative care continuum. Additionally, patients at moderate risk for
perioperative ORAEs should be referred for optimization of psychobehavioral comorbidi-
ties, and high risk patients should also be referred to a pain management specialist prior
to surgery (Table 2). While not all identified risk factors may be modifiable in time for
surgery, the O-NET+ classification system affords the ability to identify higher risk patients
proactively to inform perioperative planning and support future practice research [18].

Patients using opioids prior to surgery should also receive a customized evaluation
of their current analgesic regimen for optimization opportunities, which may include
maximizing pre-admission multimodal therapies and/or tapering of opioid therapies.
Conversely, certain pain medications may need to be interrupted for surgery (e.g., aspirin
or other anti-inflammatory agents), in which case clinicians should provide clear rationale
and education on safe resumption after surgery. Patients on long-term opioid therapies
prior to surgery experience increased rates of postoperative complications in addition to
higher rates of persistent postsurgical pain and prolonged opioid use, so preoperative
opioid minimization has emerged as a potentially modifiable risk factor. To this end, current
consensus statements and expert opinion suggest titrating preoperative opioid therapies to
the lowest effective dose, depending on the patient’s underlying condition [18,104–106].
Patients currently taking more than 60 mg MED may be evaluated for a goal of tapering to
less than this threshold by one week prior to surgery as a possible mechanism for reducing
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risk of perioperative ORAEs, since this should theoretically reduce postoperative opioid
requirements. One study found similar postoperative outcomes between opioid-naïve
patients and chronic opioid users who successfully reduced their preoperative opioid dose
by at least 50% before surgery, and both of these cohorts experienced significantly improved
outcomes compared to chronic opioid users who were unable to wean to this threshold [107].
Some experts have proposed delaying elective surgery in chronic pain patients for a
structured 12-week prehabilitation program focused on opioid reduction (general goal of
~10% per week) and increasing psychological reserve ahead of painful procedures [108].
The ultimate goals of preoperative opioid minimization include improving postoperative
pain control, limiting perioperative opioid exposure and associated ORAEs, and avoiding
persistent dose escalations of chronic opioid therapies [18].

Table 2. O-NET+ Classification System and Recommended Optimization for Patients on Preoperative Opioids.

Step 1: Classify Preoperative Opioid Exposure and Presence of Risk Modifiers

Opioid-Naïve No opioid exposure In the 90 days prior to DOS

Opioid-Exposed Any opioid exposure <60 MED In the 90 days prior to DOS

Opioid-Tolerant Any opioid exposure ≥60 MED In the 7 days prior to DOS

+ Modifiers

+ Uncontrolled psychiatric conditions (e.g., depression, anxiety)
+ Behavioral tendencies likely to impact pain control (e.g., pain catastrophizing, low self-efficacy)
+ History of SUD (e.g., substance dependency, alcohol or opioid use disorders)
+ Surgical procedure associated with persistent postop pain (e.g., thoracotomy, spinal fusion)

Step 2: Stratify Risk for Perioperative ORAEs

Opioid-Naïve
+ No modifiers → Low Risk

+ 1 modifier → Moderate Risk

+ ≥2 modifiers → High Risk

Opioid-Exposed
+ No modifiers → Moderate Risk

+ ≥1 modifier(s) → High Risk

Opioid-Tolerant + No or any modifiers → High Risk

Step 3: Recommend Risk-Stratified Pre-Admission Optimization

Low Risk Preoperative education and perioperative multimodal analgesia

Moderate Risk
Preoperative education and perioperative multimodal analgesia +
Preoperative psychological optimization

High Risk
Preoperative education and perioperative multimodal analgesia +
Preoperative psychological optimization +
Preoperative referral to perioperative pain specialist

Abbreviations: DOS = day of surgery, MED = oral morphine equivalents per day, O-NET+ = opioid-naïve, -exposed, or -tolerant plus
modifiers, ORAE = opioid-related adverse event, SUD = substance use disorder. Adapted from [18].

High-quality data does not exist at this time to support strong recommendations
regarding preoperative opioid reduction strategies, so a patient-specific, collaborative
approach informed by appropriate expertise is vital. General guidance exists for opioid
tapering in patients on chronic opioid therapy, but application to the preoperative setting
is not discussed [109,110]. Opioid tapering must always be accompanied by patient
education and respectful support from the healthcare team [104,109]. Transitional pain
services or other perioperative pain management specialist consultation is recommended
for opioid-tolerant or otherwise high-risk patients by current guidelines and is supported
by implementation reports [15,18,111–114]. Current institutional expertise and resources
limit availability of such services at many centers, representing an important area for future
investment by health-systems and institutions.
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3.1.3. Planning for Perioperative Management of Chronic Long-Acting Opioids and/or
Medication Assisted Treatment (MAT)

Patients with chronic pain and/or substance use disorders pose significant challenges
to perioperative pain management and opioid stewardship. These complex surgical popu-
lations are expected to continue growing, necessitating increased clinical knowledge and
creativity from perioperative providers [115]. It is imperative that surgery centers create
mechanisms for identifying these high-risk patients prior to surgery to allow for preopera-
tive optimization and coordination of perioperative care. Pre-admission expert consultation
is recommended, as is coordination with the patient’s chronic therapy prescriber, to allow
for optimal perioperative care and safe transitions throughout the recovery period [15,18].

Perioperative management of chronic long-acting opioid receptor therapies, including
those used as medication-assisted treatment (MAT) for substance use disorders, should be
planned during the pre-admission phase of care. These high-risk medications include long-
acting pure mu-opioid receptor agonists (e.g., OxyContin®), methadone, a multitude of
buprenorphine products, and the pure opioid antagonist naltrexone (Table 3). A thorough
pre-admission medication reconciliation is imperative, including the assessment of avail-
able prescription drug monitoring program (PDMP) data, since the use of these products
span many formulations and therapeutic indications that may not be evident upon history
and physical alone. For example, buccal, transdermal, and implanted formulations of
buprenorphine are increasingly used for chronic pain indications. Additionally, naltrexone
is used off-label for self-mutilation behavior, and is also available in a combination oral
product labeled for weight management (Contrave®). Table 3 summarizes current general
recommendations for perioperative management of chronic opioid receptor therapies.

Chronic pain and opioid tolerance are frequently complicated by opioid-induced hy-
peralgesia, physical dependence, psychological comorbidities, and/or substance use disor-
ders, making postoperative pain more difficult to manage in this population [104,116–118].
These factors contribute to current expert recommendations to continue chronic long-
acting opioid agonists throughout the perioperative period, including methadone and
buprenorphine [18,115,116,119–122]. Methadone and buprenorphine can be prescribed for
either chronic pain treatment or as medication-assisted treatment for opioid use disorder
(OUD) in the outpatient setting.

Table 3. Recommendations for Perioperative Management of Long-Acting Opioids and Medication Assisted Therapy (MAT).

Medication Perioperative Plan 1 Postoperative Plan 1

Long-acting pure mu-opioid agonists for
chronic pain (e.g., OxyContin®), including
continuous transdermal use (e.g., Duragesic®)
or intrathecal infusions

Continue typical dose throughout periop
period including on DOS, in addition to
sufficient intraop analgesia

Continue typical dose and provide
opioid-tolerant dosing for PRN opioid orders,
consider PCA if expect significant pain

Methadone
Continue typical dose throughout periop
period including on DOS, in addition to
sufficient intraop analgesia

Continue typical dose, may divide into q6-8hr
dosing to maximize analgesic benefit
Provide opioid-tolerant dosing for PRN
opioid orders

Buprenorphine oral, sublingual, and buccal
formulations (e.g., Suboxone®, Subutex®,
Belbuca®), including combination products
with naloxone

Option 1: Continue typical dose 2 throughout
periop period including on DOS, in addition to
sufficient intraop analgesia

Continue typical dose and provide
opioid-tolerant dosing for PRN opioid orders

Option 2 (consider if high risk for relapse and/or
very painful procedure): Continue typical dose
through day prior to surgery; temporarily
increase and/or divide dosing into shorter
intervals starting DOS, in addition to sufficient
intraop analgesia

Continue increased and/or divided
buprenorphine regimen and use
opioid-tolerant dosing for PRN opioid orders
Discharge on original/typical buprenorphine
regimen with sufficient opioid-tolerant PRN
opioid supply

Buprenorphine transdermal patch,
subdermal implant, or subcutaneous
implant (e.g., Butrans®, Probuphine®)

Continue typical dose throughout periop
period including on DOS, in addition to
sufficient intraop analgesia

Continue typical dose and provide
opioid-tolerant dosing for PRN opioid orders
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Table 3. Cont.

Medication Perioperative Plan 1 Postoperative Plan 1

Naltrexone oral formulations
(e.g., ReVia®, Contrave®)

Discontinue 3 days prior to surgery and hold
on DOS, provide usual intraop analgesia

Continue to hold therapy postop, provide
opioid-naïve dosing for PRN opioid orders
with close monitoring 3

Discontinue naltrexone at discharge and
reinitiate with outpatient prescriber after pain
recovery complete

Naltrexone extended-release IM injection
(e.g., Vivitrol®)

Ideally schedule surgery for ≥4 weeks after
last injection and hold throughout periop
period, provide usual intraop analgesia

1 All patients should receive maximal multimodal pharmacologic and nonpharmacologic adjuncts across their care continuum as discussed
in other sections, and all changes to chronic therapies should be made in concert with the managing prescriber. 2 Some have advocated
for preoperative dose reduction in patients on total daily doses ≥12–16 mg; see discussion. 3 Patients on chronic naltrexone therapy may
exhibit increased sensitivity to opioids after naltrexone discontinuation due to opioid receptor up-regulation; increased monitoring for
adverse events is warranted. Abbreviations: DOS = day of surgery, IM = intramuscular, intraop = intraoperative, periop = perioperative,
PCA = patient-controlled analgesia, PRN = as needed. References: [18,116,117,119–128].

Conventional belief has been to discontinue buprenorphine therapy prior to surgery
to allow for unencumbered mu-opioid receptors and more effective perioperative analgesia.
Current data and clinical experience have challenged this practice, and experts cite multiple
reasons for supporting perioperative continuation over interruption. Firstly, buprenorphine
is now better understood as an efficacious analgesic, and likely one without ceiling dose
effect for analgesia. Little data exists to support better pain control with buprenorphine ces-
sation. Ceiling effects are observed for respiratory depression and sedation, however, likely
conferring a safer risk profile than pure mu-opioid agonists [104,122,129–132]. Buprenor-
phine has also demonstrated protective effects against opioid-induced hyperalgesia, likely
improving postoperative pain responsiveness to therapy [121]. This notion is supported
by retrospective evidence that chronic buprenorphine users exhibit lower postoperative
opioid requirements when buprenorphine is given on day of surgery versus when it is
not [133]. These unique qualities suggest buprenorphine continuation is beneficial to pain
control and opioid safety in the perioperative period, and preoperative cessation of therapy
removes these benefits when they may be most advantageous. A more nuanced strategy is
to temporarily increase and/or divide buprenorphine or methadone dosing starting on the
day of surgery to maximize pain control without increasing peak-related adverse effects.
This has pharmacologic merit in that the analgesic duration of action for buprenorphine
and methadone is far shorter than their active duration for reducing cravings [121,128].

For patients on buprenorphine doses exceeding 8–12 mg/day, some experts consider a
preoperative reduction to 8–12 mg/day that is then continued throughout the perioperative
period, in concert with the patient and buprenorphine prescriber [122,126,132] (see also
Section 3.5.3). Data describing the impact of this strategy on patient-centered outcomes
remains limited. An alternative option that has previously been proposed is transitioning
the patient to a pure mu-opioid agonist (e.g., methadone) prior to surgery. This strategy
creates challenges when converting back to buprenorphine postoperatively due to the risk
of precipitous withdrawal and length of time (days) involved. Additionally, removing the
protective effects of partial agonism to overdose risk likely makes this strategy less safe,
and we discourage its use [123].

Preoperative discontinuation of buprenorphine is no longer recommended [18,119,120,
122,126,132]. Complete buprenorphine cessation can lead to opioid withdrawal syndrome if
sufficient alternative opioid agonists are not administered, and standard perioperative pro-
tocols may not be adequate for this purpose. While not life-threatening, opioid withdrawal
is physically and psychologically taxing to the patient and is likely to contribute to increased
perioperative opioid exposure, postoperative complications, prolonged hospital stays, and in-
creased healthcare costs. In addition to necessitating increased doses of less safe opioids
for adequate postoperative pain control, interruption of chronic buprenorphine therapy re-
quires a subsequent opioid-free period prior to reinitiation. This is especially problematic
in a population that may be experiencing opioid-induced hyperalgesia, uncontrolled pain,
unmet psychosocial needs, continuity of care gaps, and access to non-prescribed opioids in
the postoperative period. While clinical data is limited, expert opinion cites this dynamic
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as a key driver of postoperative opioid misuse and opioid use disorder development or
relapse [74,119,120,122,123,126].

In short, buprenorphine is appropriately viewed as an effective basal analgesic therapy
with possible protective effects against ORAEs, psychological destabilization, and relapse.
Therapy interruption at the time of painful stimulus is likely to exacerbate the underlying in-
dication for buprenorphine, opening the door to inadequate pain control, increased postop-
erative complications and costs, and opioid misuse. To this effect, a recent clinical practice
advisory states, “it is almost always appropriate to continue buprenorphine at the preoper-
ative dose; furthermore, it is rarely appropriate to reduce the buprenorphine dose” [119].
This is supported by current consensus statements and expert reviews [18,120–128]. Rig-
orous evidence on postoperative pain management in patients on MAT remains urgently
needed to quantify these anecdotal benefits and to compare the effects of available peri-
operative strategies on patient-centered outcomes [115]. It is also important for health-
care providers to understand the role of buprenorphine coformulation with naloxone,
and that continuing combination products (i.e., Suboxone®) poses no risk of opioid reversal
when the dosage form is taken appropriately. The naloxone is only made bioavailable
when the dosage form is altered in an attempt to inject it, and was developed as an
abuse deterrent [126].

Conversely, naltrexone formulations must be discontinued in sufficient time to ensure
complete wash-out prior to surgery to avoid iatrogenic pain crisis, since opioids are ren-
dered largely ineffective during therapy [123,124]. Animal data suggest opioid therapies
would need to be increased 10–20 times the standard clinical dose to achieve analgesia in pa-
tients on concomitant naltrexone [134], and human data is very limited [115,135]. Chronic
naltrexone therapy induces opioid receptor up-regulation, however, so patients usually
on naltrexone therapy may exhibit increased sensitivity to opioids after naltrexone discon-
tinuation for surgery [117,136]. Postoperative planning for such patients should include
maximal nonopioid therapies, opioid-naïve dosing for as-needed opioids, and increased
monitoring for adverse events [117,124,128,135].

3.1.4. Perioperative Planning for the Patient with Active Substance Use

A thorough social history is imperative to proactively identifying other substance use
that may have significant consequences for postoperative pain management. Patients who
exhibit misuse of prescription and/or illicit opioids and also require surgery pose an excep-
tional challenge [137]. Providers should anticipate postoperative withdrawal symptoms
and increased pain sensation in patients with active opioid use disorder (OUD) and ensure
postoperative monitoring using validated measures [123,128,138]. Perioperative planning
should include opioid withdrawal management and maximizing multimodal agents, in-
cluding ketamine [104,123,139,140]. Medication-assisted treatment (MAT) initiation and
optimization of psychiatric comorbidities should be attempted in the pre-admission phase
when time and patient desire allow. If MAT initiation is not possible or desirable prior to
surgery, planning for postoperative inpatient MAT initiation should be pursued, with pa-
tient consent. This should involve consultation with the inpatient addiction medicine
consultant, who will also arrange outpatient follow-up and post-discharge resources for
continued OUD management [123].

Patients with alcohol use disorder should be managed expectantly in the postoperative
period using validated assessments [141,142]. While such patients do not demonstrate
cross-tolerance requiring increased opioid doses to effectively treat pain, the concomitant
use of benzodiazepines will confer an increased risk of respiratory depression and increased
monitoring is needed. Likewise, patients using prescribed or illicit benzodiazepines should
not be prescribed higher than routine opioids for postoperative pain, but are subject to
increased postoperative respiratory risk [140,143]. Increased opioid tolerance has also not
been observed in postoperative patients with baseline cocaine and/or amphetamine use,
but stimulant withdrawal can occur upon cessation that may add to postoperative anxiety
and discomfort [140].
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Recreational and medicinal cannabinoid use is expanding, including various appli-
cations to chronic pain management, and may be replacing chronic opioid and other
substance use in some patients [144–146]. Providers should actively engage patients in
shared decision-making and education regarding the perioperative implications of chronic
cannabinoid use (discussed comprehensively elsewhere [147,148]), including how postoper-
ative pain is affected. Cannabinoid use is associated with significantly increased anesthetic
requirements during surgery, higher postoperative pain scores, higher perioperative opi-
oid consumption, and poorer postoperative sleep quality [149–152]. This may be due to
cannabinoid receptor downregulation and the complex interactions of the endocannabi-
noid system with various neurotransmitters and pain modulation pathways [153,154].
Cannabinoids may also increase risks for perioperative medical complications and drug
interactions, and so many practitioners are advising perioperative cessation [148]. Chronic
cannabinoid users will experience an uncomfortable withdrawal syndrome after abrupt ces-
sation, however, so preoperative down-titration and close postoperative monitoring may
be considered [104,140,155]. High-quality evidence to guide perioperative management of
active substance use remains elusive.

3.2. Preoperative Phase

The preoperative phase of surgical care begins at patient presentation to the preop-
erative area on the day of procedure (“postoperative day zero” or POD0). This onsite
period, prior to the administration of sedatives or anxiolytics, is ideal to renew education
and expectation-setting regarding perioperative analgesia. The patient and caregiver(s)
should be engaged in shared decision-making to finalize the anesthetic plan and complete
consent documentation.

Preoperative anxiety is common among patients and caregivers. Patient education is
associated with decreased anxiety, and nonpharmacologic modalities improve relaxation
and positive thinking as part of a multimodal approach to postoperative pain manage-
ment [15]. While evidence is insufficient to strongly recommend specific strategies, pe-
rioperative cognitive-behavioral therapies including guided imagery and music therapy
are noninvasive and unlikely to cause harm. Their positive effects on reducing anxiety
may provide downstream benefits to narcotic avoidance and analgesia, but further study
is needed [15,55,156–160]. Massage and physiotherapy have contributed to improved
pain control in other settings and are being explored for perioperative applications [55].
Preoperative virtual reality technology has also been successfully employed to reduce
perioperative anxiety and pain [161–163].

Most notably, the preoperative phase of care should be employed to administer pre-
emptive analgesia. Preemptive analgesia refers to the administration of analgesics prior to
a painful stimulus (i.e., surgical incision) to decrease subsequent pain response. A complex
interplay between surgical incision and preexisting factors drives a cascade of central and
peripheral sensitization, inflammation, and neuromodulation that intensifies and prolongs
postoperative pain beyond the point of physical healing. Preemptive analgesia attenu-
ates these processes to confer reduced postoperative pain, decreased opioid requirements,
and potentially less-frequent development of persistent postsurgical pain across diverse
procedures [15,53,164–172]. Preemptive analgesics can generally be administered orally
with sips of water one to two hours prior to operating time. This strategy is expected to
maximize efficacy by aligning pharmacokinetics with therapeutic goals and avoids the
risks and costs of unnecessary intravenous agents, which are unlikely to confer meaningful
benefit over their enteral counterparts [15,169,173–176]. Intravenous agents should be
employed in patients with true contraindications to enteral administration or in those with
significantly impaired enteral drug absorption.

While every surgical patient should be offered multimodal preemptive analgesia as a
component of comprehensive perioperative analgesia and opioid stewardship, not every
patient is an ideal candidate for each medication. Table 4 contains a sample preemptive
analgesia protocol with applicable patient-specific exclusion criteria. The optimal pharma-
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cologic agents and doses for preemptive analgesia are undetermined. Acetaminophen is fre-
quently used alongside anti-inflammatory and neuropathic agents, and the combination of
these three classes appears to provide the greatest opioid-sparing benefit [177]. Preemptive
acetaminophen should be employed widely due to its favorable safety profile, including
in patients with cirrhosis [178]. Preemptive opioids may be counterproductive, however,
even in opioid-tolerant patients, and are not recommended preoperatively [15,18,106,179].
Preemptive opioids should be especially avoided in opioid-naïve patients due to the risk
of increasing postoperative pain perception and opioid use [180].

Table 4. Example Preemptive Analgesia Protocol.

Drug 1 Dose Exclusions 2 and Comments

Acetaminophen 975 mg
Exclude in patients with acute decompensated liver

failureDo not exclude in patients with chronic liver disease

Celecoxib 3 400 mg if <65 years old,
200 mg if ≥65 years old

Exclude in patients with any current or preexisting renal
impairment and in those undergoing cardiac surgery

Do not exclude due to sulfa allergies

Gabapentin
300 mg if <65 years old, 100–300 mg if

≥65 years old or if any renal impairment

May consider avoiding in patients at high risk of respiratory
depression, delirium, or dizziness, if risks outweigh

opioid-sparing benefits
1 All to be given as one-time medication orders by mouth in preoperative holding area within 2 h of incision, unless exclusion is met.
2 These in addition to patients with true significant allergy to drug. 3 Additionally, reduce dose by 25–50% if known CYP2C9 poor
metabolizer. References: [15,60,165,166,168,170,180–184].

The use of perioperative gabapentinoids has been increasingly controversial owing to
conflicting evidence of analgesic benefit and risks of adverse effects, including dizziness and
synergistic sedation with concomitant opioids [61,185–190]. The U.S. FDA has issued addi-
tional warnings regarding the risk of respiratory depression with gabapentinoids in patients
who have respiratory risk factors, including the elderly, the renally impaired, those with
chronic lung diseases, and those on concomitant sedatives [191]. This warning cited
predominantly observational data and emphasized the need for patient-specific risk assess-
ments. One of the reviewed studies suggested increased risk with preoperative gabapentin
doses over 300 mg [61], while another did not identify any significantly increased risk
when exposure was limited to a single preoperative dose [189]. A third retrospective
analysis found preoperative gabapentin exposure was associated with a 47% increase in
odds of experiencing a postoperative respiratory event, though the vast majority of the
studied population were administered doses exceeding 300 mg [190,191]. Gabapentinoids
exhibit dose-dependent propensity to increase postoperative pulmonary complications,
though combination with other multimodal agents may negate this risk, and the abso-
lute risk of adverse events with perioperative gabapentinoids appears low [177,192,193].
Hence, adverse event risks of gabapentinoids can be substantially mitigated by using
conservative doses (i.e., 300 mg gabapentin preoperatively), avoiding postoperative use
in patients experiencing or at risk for sedation or dizziness, and/or avoiding entirely in
high-risk patients.

Despite these limitations, gabapentinoids have consistently demonstrated significant
opioid-sparing benefits and reduced postoperative nausea [15,60,185,194–199]. A recent
meta-analysis suggested minimal analgesic benefit to perioperative gabapentinoids in
terms of patient-reported pain scores, yet found a significant opioid reduction of ap-
proximately 90 mg oral morphine over the first seventy-two postoperative hours [185].
Additionally, gabapentinoids may mitigate central sensitization and decrease the risk of
persistent surgical pain, though further research is needed [53,172,200]. Opioid-tolerant
patients may especially benefit [117]. Hence, gabapentinoids remain a valuable tool in the
perioperative opioid stewardship arsenal for appropriate patients and are supported by
multiple guidelines [15,18,197,201]. Ongoing controlled trials may further delineate the
effectiveness, safety, and cost-effectiveness of perioperative gabapentinoids [202].
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Some pharmacokinetic differences exist between gabapentin and pregabalin, though
both are heavily renally eliminated. Pharmacokinetic profiling suggests an equipotent
ratio of 6:1 for gabapentin:pregabalin doses [203]. Some have suggested that switching
to pregabalin from gabapentin may reduce adverse events in the chronic neuropathic
pain setting, but these benefits were not sustained or significantly different from patients
who remained on gabapentin [204]. The relative safety profiles of the gabapentinoids in
perioperative settings are therefore unlikely to differ when use is limited to short-term,
low doses. Duloxetine, a serotonin- and norepinephrine-reuptake inhibitor with analgesic
properties, has also been effective in perioperative multimodal regimens, representing a
potential alternative to gabapentinoids [205–210].

Nonsteroidal anti-inflammatory drugs (NSAIDs) have long been shrouded in safety
concerns of variable validity [183]. Bleeding risk has been of primary concern with perioper-
ative NSAID exposure given the anti-platelet effects of cyclooxygenase-1 (COX-1) inhibition.
Bleeding times and postoperative bleeding events do not appear significantly affected by
NSAIDs at usual doses, and this risk may be further mitigated by using COX-2 selective
agents [211–216]. Traditional dogma has suggested avoiding NSAIDs in spinal/orthopedic
fusion surgeries because of the risk of nonunion. More recent and higher quality data
suggests short-term NSAID use at normal doses does not affect spinal fusion rates and is
valuable for postoperative analgesia and opioid minimization [60,167,217]. High-quality
prospective studies are needed to definitively assess this risk. In gastrointestinal surgery,
NSAID use has been associated with increased risk of anastomotic leak, but recent meta-
analyses suggest this concern may be limited to non-selective NSAIDs [218–220].

Available literature suggests celecoxib, a selective COX-2 inhibitor, is not associated with
the aforementioned concerns with NSAID use in spine and gastrointestinal surgery [60,218–220].
Celecoxib is the only NSAID specifically recommended for preoperative use in clinical practice
guidelines for postoperative pain management, likely owing to the significant evidence in this
setting and lower rates of some adverse effects [15,212]. While celecoxib could be viewed as
the NSAID of choice for perioperative use in many surgical populations, it must be avoided in
cardiac surgery, where selective COX-2 inhibitors have been associated with increased rates of
major adverse cardiac events [201,221]. Increased rates of adverse cardiac events have not been
demonstrated with nonselective NSAIDs in cardiac surgery, nor with selective COX-2 inhibitors
in noncardiac surgery [183,222]. Caution may still be warranted with selective COX-2 inhibitors
in noncardiac surgery patients with significant cardiovascular disease, but these risks may
not be significant when exposure is limited to short-term perioperative use [183,212,223–225].
Patient-specific risk-benefit assessments regarding perioperative NSAID use are warranted
and should include consideration of the risks of increased pain and opioid use in each given
patient [183]. All perioperative NSAIDs are inadvisable in patients with preexisting renal
disease or otherwise at high risk of postoperative acute kidney injury [226–230]. NSAIDs,
including celecoxib, should not be withheld in patients with sulfa allergies, however [231–233].
Although chronic NSAID should be avoided in bariatric surgery patients, short-term peri-
operative use is considered safe and beneficial, and is recommended in this population per
current guidelines [234–236]. Concomitant, temporary proton pump inhibitor therapy could be
considered in patients with high gastrointestinal risk.

3.3. Intraoperative Phase

Anesthetists are crucial team members in optimizing perioperative pain manage-
ment and opioid stewardship since these aspects, alongside many postoperative outcomes,
hinge upon effective anesthesia. Anesthetic strategies include general, regional, and local
modalities, as reviewed comprehensively elsewhere [237–241]. General anesthesia has
progressed from its origins in deep, long-acting sedative-hypnotics to a more “balanced”
strategy employing a combination of agents to create the anesthetized state while facilitat-
ing quicker recovery. Balanced general anesthesia now includes broader multimodal agents
to mitigate surgical stress and decrease reliance on systemic opioids [242]. Regional anes-
thesia is divided into neuraxial and peripheral strategies, and various techniques within
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these strata are reviewed (Table 5). These ever-expanding anesthetic options have rendered
controlled comparative efficacy studies challenging, limiting available guidance on optimal
techniques for perioperative analgesia and opioid stewardship. Furthermore, the feasibility
of anesthetic strategies varies widely by procedure type, anesthetist training, institutional
capabilities, and patient-specific factors. Multiple professional collaboratives have gen-
erated quality procedure-specific reviews and recommendations to which perioperative
teams should refer when developing anesthetic pathways at the institutional level [20,22].

3.3.1. Regional and Local Anesthesia

Regional anesthesia is a cornerstone of multimodal analgesia and opioid minimization,
in addition to reducing perioperative morbidity and mortality. General anesthetics can be
reduced or sometimes avoided with regional anesthesia, resulting in shorter recovery times
and less adverse drug effects such as postoperative nausea and vomiting. Hence, regional
anesthesia is integral to the enhanced recovery paradigm [23,62,63,243–245]. The benefits
of regional anesthesia continue to be explored and include reduced cancer recurrence
when used in oncologic surgeries, likely owing to the mitigation of inflammatory marker
surges and other immunomodulatory effects [246,247]. While regional anesthesia is a
foundational modality for perioperative analgesia and opioid stewardship, it requires
input from patients, expertise from clinicians, and careful procedural assessment and
institution-specific tailoring of anesthetic options [15,62,63,248]. Key components and
considerations for regional and local anesthetic strategies are summarized in Table 5.

The main limitation of local anesthetics is their duration of action, which diminishes
their ability to provide opioid-sparing analgesia for multiple postoperative days [249].
One strategy for extending clinical duration of regional anesthesia is the addition of phar-
macologic adjuvants such as dexamethasone, clonidine or dexmedetomidine, and/or
epinephrine [249–254]. While additives to local anesthetics may extend duration of pe-
ripheral nerve blockade by as much as 6–10 h and are supported by clinical practice
guidelines, total duration of action for single-shot injections will still be limited to less
than 24 h [15,249,252]. Additionally, despite considerable research, data remains of low
quality and with conflicting results for common pharmacologic adjuvants to peripheral
nerve blocks, and they may confer additional risks. These dynamics preclude strong
recommendations or expert consensus regarding their use [251,252]. Alternatively, con-
tinuous catheters are effective strategies for extending local anesthetic analgesia, and are
supported by clinical practice guidelines when the duration of analgesia is expected to
exceed the capacity of single-injection nerve blocks [15,255,256]. Continuous catheters
are not without limitations, however, including increased complexity to perform and
maintain, catheter-related complications, and additional monitoring and follow-up re-
quirements [249]. As such, controlled-release local anesthetic formulations have also been
developed [257–259]. Liposomal bupivacaine has not demonstrated clinically meaningful
benefits to postoperative pain control or opioid reduction when compared to conven-
tional local anesthetics in local wound infiltration, periarticular injection, or peripheral
nerve blockade [249,260–275]. Potential benefits and cost-effectiveness of extended-release
local anesthetic formulations are likely to vary significantly depending on injection tech-
nique, site, and type of surgical procedure, so institutions should consider surgery- and
patient-specific use of these agents.

To ensure patient safety, it is imperative to have a standardized, collaborative assess-
ment of the total local anesthetic exposure from all sources. Clinicians must remain vigilant
to ensure toxic doses are not reached inadvertently when using multiple local anesthetics
across anesthesia and surgical applications (i.e., peripheral nerve block in addition to
periarticular injection in total knee arthroplasty). Furthermore, local anesthetic toxicity may
be masked while a patient is under general anesthesia. To avoid cardiovascular collapse
and death, local anesthetic systemic toxicity must be recognized and treated early [276,277].
Accordingly, current guidelines recommend against intravenous lidocaine within four
hours of most local anesthetic-containing regional anesthetic strategies, though local anes-
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thetic infusions through wound or epidural catheters may be started without boluses at
thirty minutes after IV lidocaine has been stopped [26]. Additionally, local anesthetics
must be used extremely carefully in patients with Brugada Syndrome due to potential
arrhythmic effect [278].

Table 5. Selected Attributes of Regional and Local Anesthetic Strategies for Pain Management and/or Opioid Stewardship.

Category, General Considerations Anesthetic Strategy Application Specific Clinical Considerations

Neuraxial Regional Anesthesia
Provides motor, sensory,
and sympathetic blockade
Includes local anesthetics +/− opioids
May serve as primary or adjunctive
anesthetic or analgesic strategy
Significantly improves pain control and
decreases use of systemic narcotics
May decrease postop morbidity
and mortality
Increases risks of urinary
retention, hypotension
Rare catastrophic complications
Requires interruption and careful
management of antithrombotics

Spinal (intrathecal) injections
Single injection of local anesthetic
+/− opioid 1 into subarachnoid space;
for surgeries below umbilicus

Hypotension, pruritus (if opioid used);
Requires careful assessment and
monitoring of postop narcotics
if opioid used

Epidural infusions

Continuous infusion +/− PCEA or
PIEB of local anesthetic +/− opioid
into posterior epidural space; wide
range of procedures (thoracic,
abdominal, lower extremity)

Infusion pumps and catheters require
special monitoring; may complicate or
delay postop mobility or pose other
logistical challenges; require careful
postop narcotic management
if opioid used

Para-vertebral blocks

Single/multiple injections or catheter
placement for continuous local
anesthetic infusion along vertebra
near spinal nerve emergence; for
thoracic or abdominal procedures

Effective blockade of complete
hemithorax or hemiabdomen but
technically difficult; modern practice
generally favors fascial plane blocks
or alternative neuraxial modalities

Peripheral Regional Anesthesia
Includes local anesthetic
injections or infusions (CRA),
+/− pharmacologic adjuvants
Can limit/avoid need for general
anesthesia for some procedures,
or can be combined with anesthesia as
analgesic strategy
Fewer risks and contraindications than
neuraxial techniques as most are
IM injections
Most do not provide sympathetic block
Significantly improves analgesia, decreases
narcotic requirements
May decrease morbidity
Rare risks of nerve injury, bleeding,
infection, LAST
Use of ultrasound guidance has increased
safety and consistency

Plexus blocks

Brachial plexus blocks for unilateral
upper extremity procedures; lumbar
plexus blocks for hip or
lower extremity

Requires significant clinician expertise
of anatomy; proximal brachial
plexus blockade risks
hemidiaphragmatic paresis

Peripheral nerve blocks
Provide targeted anesthesia and/or
analgesia of specific nerve or nerve
bundles for extremity procedures

Numb limb or distribution must be
protected from inadvertent injury,
such as thermal injuries,
hyperextension, or falls

Fascial plane blocks
(e.g., TAP, ESPB, FIB, PECS-2)

Use higher volumes of dilute local
anesthetics to target
dermatomes/nerve planes; for
thoracic, abdominal, spinal or
extremity procedures

Provide unilateral, dermatomal, or
regional analgesia; increasing use in
modern practice due to safety, ease of
administration and broad applications

Intravenous blocks (IVRA)

Use high doses of short-acting local
anesthetic injected into venous system
of an exsanguinated distal extremity
to provide anesthesia and analgesia

High doses of local anesthetic are used
so dual tourniquets must be used and
their release carefully timed to
prevent LAST; use limited to
procedures less than 1 h

Local Anesthesia
Mild sensory blockade of
superficial/cutaneous nerves
Minimal side effects
Caution with type of local anesthetic, total
exposure, and comorbid conditions
(e.g., Reynaud)
Avoid open wounds and compromised
dermis with some techniques/products

Wound infiltration
SC and/or intradermal injection(s) by
surgeon for incisional pain

Less effective if injected into areas of
tissue infection

Periarticular injections
Generally injected by surgeon without
use of ultrasound guidance, such as
in TKA

Provides effective postop analgesia,
in some cases minimizing the need for
peripheral nerve blockade

Topical
Applied as sprays, creams, gels,
patches, or oral rinses for
superficial pain

Some can be safely self-administered
by patient

1 Routine intrathecal opioids are not recommended by some guidelines [188]. Abbreviations: CRA = continuous regional anesthesia,
ESPB = erector spinae plane block, FIB = fascia iliaca block, IM = intramuscular, IV = intravenous, IVRA = intravenous regional anesthesia
(e.g., Bier block), LAST = local anesthetic systemic toxicity, PECS-2 = pectoralis nerve block (2 injections), PCEA = patient-controlled
epidural analgesia, PIEB = programmed intermittent epidural bolus, SC = subcutaneous, TAP = transversus abdominis plane block,
TKA = total knee arthroplasty. References: [15,18,23,170,188,237,240,242,249,250,255,279–287].

3.3.2. Systemic Multimodal Adjuncts

Limitations to regional anesthesia include patient and systems factors. As such,
systemic multimodal adjuncts should be implemented or used concurrently with regional
anesthesia. These systemic therapies are usually started perioperatively and limited to the
intraoperative phase of care or continued into the short-term recovery or postoperative
phases. Table 6 summarizes dosing and clinical considerations for common intraoperative
multimodal analgesics administered systemically.

Lidocaine infusions are one adjunct that may be applied in the perioperative period.
Data exist for lidocaine infusions as opioid-sparing modalities across multiple procedure
types, though most literature is for intra-abdominal procedures. Multiple studies have
suggested decreased pain scores, decreased 24-h postoperative opioid usage, possible
decreased length of stay, and minimal adverse effects [15,18,26,281,288–291]. Studies vary
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widely regarding the dosing of lidocaine infusions, whether or not boluses are administered,
and infusion duration [291–294]. Although lidocaine infusions are frequently started
intraoperatively, some centers may instate or continue therapy in the postoperative period
where supported by institutional protocols [290]. Lidocaine infusions have been used
to provide analgesia outside of the surgical arena, such as in patients with traumatic rib
fractures [295]. Current guidelines generally recommend a loading dose of no more than
1.5 mg/kg be given as an infusion over 10 min, followed by an infusion of no more than
1.5 mg/kg/h for no longer than 24 h [26]. All doses must be calculated based upon ideal
body weight and should not exceed 120 mg/h in any patient. Doses should be substantially
reduced in patients with mild renal or hepatic dysfunction, and avoided entirely in patients
with moderate or significant end organ dysfunction and in those weighing less than
40 kg. Other relative contraindications should be evaluated prior to use, including cardiac
disease, electrolyte disorders, seizure and other neurologic disorders, and pregnancy or
breastfeeding. Serum lidocaine level monitoring is not generally warranted with short-
term perioperative use but could be considered if toxicity concerns emerge. Extensive
monitoring recommendations should be reviewed and standardized institutional protocols
put in place for this modality [26,296].

Similarly, sub-anesthetic ketamine by bolus or infusion has been applied to periop-
erative and inpatient settings for nonopioid analgesia. Ketamine’s ability to improve
analgesia and mitigate opioid tolerance and hyperalgesia stems from its antagonism at
the NMDA receptor; however, ketamine has a complex receptor profile that likely informs
multiple acute and chronic pain pathways. While ketamine may be appropriately consid-
ered for opioid-naïve patients undergoing painful procedures, it is especially beneficial to
the opioid-tolerant population [15,18,25,117]. Professional consensus statements exist for
both intravenous lidocaine and ketamine use for postoperative analgesia and should be
consulted. Patient selection, monitoring, and systems implementation are imperative for
safety and success with these agents [25,26].

Magnesium has been investigated for its role in attenuating acute and chronic pain.
Proposed mechanisms include magnesium’s antagonism of the NMDA-receptor, similar
to that of ketamine. NMDA-receptor antagonism may interrupt central sensitization of
pain, therefore allaying the pathologic transition from acute to chronic pain. An additional
potential mechanism is magnesium’s antagonistic effects on calcium, as elevated levels of
calcium are involved in central sensitization [297–300].

Table 6. Clinical Considerations for Intraoperative Systemic Multimodal Analgesics.

Drug [Refs] Dosing 1 Potential Benefits Monitoring and Cautions 2

Lidocaine
[15,18,26,33,57,261,288–292,301–307]

0.5–1.5 mg/kg loading dose over 10 min
then 1–1.5 mg/kg/h infusion through
end of procedure
Infusions continued or instated postop
at 0.5–1 mg/min in some protocols with
appropriate monitoring, though some
recommend limiting to ≤24 h
Always dose based on IBW and do not
exceed max exposure of 120 mg/h

Provides improved pain control,
decreased opioid use
May decrease risk of persistent postop
pain, increase functional recovery,
decrease ORAEs, and hasten
bowel recovery
May decrease cancer recurrence,
though further study is needed

Avoid in patients with significant end
organ dysfunction, certain cardiac
abnormalities 3, uncontrolled seizure
disorders, electrolyte imbalances,
during pregnancy, and in those
weighing <40 kg
Unsafe to combine with most local
anesthetic-based regional anesthesia
techniques or topical patches
(see discussion)
Monitoring protocols for cardiac
function and LAST prevention

Ketamine
[15,18,25,33,217,261,308–310]

0.1–0.35 mg/kg bolus
followed by intraop infusion at
0.1–1 mg/kg/h, and/or postop infusion
at 0.1–0.5 mg/kg/h
Alternatively, consider 5–10 mg boluses
q1hr prn

May decrease risk of persistent postop
pain and hasten recovery times
Improved pain control and decreased
opioid useEvidence of benefits in
opioid-tolerant patients
Can be given intranasally

Avoid in patients with severe or
uncontrolled psychiatric,
cardiovascular, or hepatic disease,
and in pregnancy
Avoid in acute hypertension or
tachyarrhythmia and in
decompensated patients with high
shock index
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Table 6. Cont.

Drug [Refs] Dosing 1 Potential Benefits Monitoring and Cautions 2

Magnesium
[33,297,298,309,311–314]

1–3 g loading dose over 15 min then
0.5–1 g/h during procedure

May improve antinociception and
reduce sedative and opioid
requirements similarly to ketamine

Important to monitor BP, HR, RR, and
muscle relaxation
Caution or avoid in renal insufficiency,
neuromuscular disorders, electrolyte
imbalances, bradyarrhythmias,
hypotension or at high risk for
hemodynamic compromise

Dexmed-etomidine
[33,250,261,315–322]

0.3–1 MCG/kg/h, with or without
0.5–0.6 MCG/kg loading dose over
10 min

May improve pain control, decrease
opioid requirements, decrease
delirium risk, and inhibit
catecholamine surges to mitigate
surgical stress and end organ damage,
but data is limited

Dose- and rate-dependent
bradycardia and hypotension:
monitor and titrate carefully or avoid
if susceptible
May be comparable to IV when added
to perineural or neuraxial injections
instead, but safety unclear

Esmolol
[323–325]

500 MCG/kg bolus followed by
5–50 MCG/kg/min infusion

May reduce postop pain scores, opioid
use, and ORAEs, but evidence is
currently limited

Patient selection and monitoring
related to systemic beta blocker
therapy should apply, including
consideration of concomitant beta
blocker/AV-nodal blocking therapies

Dexamethasone
[33,250,254,259,309,326–333] 1–10 mg once at beginning of procedure May prolong duration of regional

anesthesia, reduce pain and opioid use

Systemic corticosteroid administration
can contribute to postop
hyperglycemia and demargination;
comparable efficacy between IV and
perineural administration

Methadone
[334–340]

0.1–0.3 mg/kg (max 30 mg) once at
beginning of procedure

May have additional analgesic
benefits similar to ketamine or
neuropathic agents
May be preferable to high-dose
fentanyl or preemptive opioids

Duration of plasma half-life can
exceed 24 h—monitor for ORAEs
Caution in patients at risk for
ventricular dysrhythmias given
QTc-prolonging risk

1 All agents given intravenously. 2 These in addition to patients with true significant allergy to drug. 3 Includes second or third
degree sinoatrial, atrioventricular, or intraventricular heart block without a functioning artificial pacemaker, Adam-Stokes syndrome,
Wolff-Parkinson-White syndrome, or other active dysrhythmia, severe cardiac failure (ejection failure <20%), or concomitant Class I
antiarrhythmic. Abbreviations: AV = atrioventricular, BP = blood pressure, HR = heart rate, IBW = ideal body weight, ICP = intracranial
pressure, IOP = intraocular pressure, LAST = local anesthetic systemic toxicity, MCG = microgram, mg = milligram, ORAE-opioid-related
adverse event, RR = respiratory rate.

Other systemic medications studied for nonopioid perioperative analgesia include
the α2-adrenergic receptor agonists dexmedetomidine and clonidine. These medications
provide central analgesia and decrease agitation and sympathetic tone without significant
inhibition of respiratory drive. Dexmedetomidine is a highly selective agonist at the
α2-2A receptor subtype, which mediates analgesia and sedation from multiple locations
within the central nervous system. This central sympatholysis blunts surgical stress and
decreases kidney injury, though evidence is limited [261,317,320,321]. Similarly, esmolol
has been investigated as a synergistic analgesic intraoperatively. Esmolol may contribute
to antinociception by blunting sympathetic arousal transmission through β-adrenergic
receptor antagonism, but mechanisms and benefits are still being elucidated [324,325].

Systemic multimodal analgesics have been studied as additives to peripheral and/or
neuraxial regional anesthetic strategies, including magnesium, α2-agonists, dexametha-
sone, and methadone. Limited comparative efficacy among routes of administration has
emerged. This appears most true for dexamethasone, which confers similar benefits to
pain control and opioid use when administered via either modality [259,327–330,333].
Although administering dexamethasone as a component of peripheral nerve blockade may
avoid systemic side effects, perineural dexamethasone may have a local effect on nerve
tissues that may be undesirable in some patient populations. While literature exists for
individual additives to various regional anesthetic techniques, there is no widely accepted
consensus regarding ideal drug selection and dosing and if/when systemic administration
is preferred [15,250,254,259,300,331,332,341].

Methadone is a systemic multimodal agent explored with increasing interest. A unique
opioid in kinetic and mechanistic properties, methadone can be administered once intra-
venously at procedure commencement to provide prolonged analgesia into the postopera-
tive period. In addition to mu-opioid receptor agonism, methadone’s complex mechanism
includes NMDA-receptor antagonism and inhibition of serotonin and norepinephrine
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uptake in the central nervous system. These actions confer benefit in the treatment of
chronic neuropathic pain and may also inhibit surgical stress and central sensitization,
thus reducing the risks of opioid-related hyperalgesia, tolerance, and persistent postop-
erative pain [335–337,339,342,343]. Appropriate monitoring and communication across
transitions of care is important when the anesthetist administers methadone intraopera-
tively. Education and processes should be implemented to ensure reduced subsequent
opioid use and minimization of ORAEs, especially the risk of respiratory depression with
concomitant narcotics given during methadone’s prolonged and variable half-life. Alerts
embedded in the medication administration record may be ideal, since a “once” dose of
intraoperative methadone is likely to be missed by providers in subsequent phases of care,
despite its ongoing medication effects in the patient. Still, methadone appears a viable
option in the multimodal arsenal and likely a preferable alternative to some clinicians’ use
of long-acting pure opioids (e.g., OxyContin®) in preemptive protocols.

Systemic multimodal agents available to the intraoperative phase of care are plentiful
but remain underutilized. This phenomenon results from the lack of high-quality data
to guide many patient care decisions, especially comparative efficacy to inform agent
selection, dosing, combination, and contraindications. Institutions are encouraged to
generate collaborative protocols and processes that support the safe use of these agents in
appropriate patients, including pre-built order sets with recommended patient selection,
drug dosing, and monitoring. Deciding and designing an institution-specific “menu” of
supported intraoperative options with appropriate safeguards should increase practice
utilization and research opportunities.

3.4. Recovery Phase

Ample research supports preoperative nerve blocks to facilitate quicker discharge
from post-anesthesia care units (PACUs), owing to their opioid-sparing properties and
associated reductions in ORAEs, especially postoperative nausea and vomiting. Patients
who undergo surgical procedures with nerve blocks as their primary anesthetic may bypass
PACU Phase I with a quicker discharge, enabling increased throughput and efficiency of
care while maintaining patient safety and opioid stewardship [63,255,261,344,345].

Multimodal and opioid-sparing strategies should be continued while a patient is in
the recovery phase. However, when continuing multimodal strategies, clinicians must be
mindful of prior doses of similar agents administered in prior phases of care. When patients
are sufficiently awake, providers should limit the intravenous route of opioid adminis-
tration per current guidelines [15]. Oral administration facilitates longer analgesia with
fewer peak-related adverse effects and risks as compared to intravenous routes. Sublingual
administration of concentrated oral opioid preparations may be an advantageous strategy
for increasing onset of analgesic action with fewer risks than the intravenous route, but this
warrants additional study [346]. Additionally, nonpharmacologic analgesic and anxiolytic
strategies should be reintroduced in the recovery phase to facilitate patient comfort without
reliance on narcotics [158–160,347–352].

Deliberate opioid stewardship, avoidance of the IV route of administration, and max-
imal multimodal analgesics are also crucial for facilitating timely discharge from PACU
for same-day surgical patients. Regional anesthesia and lighter levels of intraoperative
sedation, combined with more minimally invasive surgical techniques, are allowing many
previously inpatient procedures to be pursued in the ambulatory setting [353–355].

3.5. Postoperative Phase

Postoperative pain management should be individualized to the needs of each patient,
noting goals and response to the prescribed approach. This requires the use of a validated
pain assessment tool (e.g., numerical, verbal, or faces rating scales, or visual analog score)
to assess pain intensity on a recurring basis in addition to functional assessments and eval-
uation for adverse events [15]. Additionally, pain assessment tools should be appropriate
for the patient’s age, language, and cognitive ability [15]. The pain assessment should be
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made during movement as well as at rest, and must include location, onset and pattern,
quality or type of pain (i.e., nociceptive, visceral, neuropathic, or inflammatory), aggra-
vating factors, and response to treatment. Typically, assessments should be performed
15–30 min and 1–2 h after administration of parenteral and oral analgesics, respectively,
and less frequently for patients with stable pain control. However, analgesic regimens
should not be adjusted based on pain ratings alone, given their inherent limitations for
predicting analgesic requirements and the increased risk for opioid overexposure [356–359].
Functional assessment of how pain is influencing the patient’s ability to achieve postopera-
tive recovery goals should be integrated into a multidimensional approach to adjusting
therapeutic regimens [360,361]. Providers should also use pain assessment interactions to
reinforce realistic expectations and include the patient in treatment plans throughout the
hospital stay. Providers should also be mindful of implicit bias risks when assessing and
treating pain. Multiple analyses have found that lower amounts of analgesics are routinely
prescribed to Black and other patients of color despite higher degrees of self-reported pain,
and that race influences prescriber perceptions of risk for opioid misuse [362–364].

Many of the strategies discussed herein for inpatient postoperative patients may also
be applied to various special populations, including trauma/emergent surgical patients,
the elderly, the obese, obstetric populations, and pediatrics, as discussed in more detail
elsewhere [293,300,365–377].

3.5.1. Postoperative Nonopioid Considerations

Postoperative pain management should continue to incorporate multiple treatment
modalities to maximize therapeutic benefits and minimize complications, including non-
pharmacologic strategies (Table 7) [15,55]. Physical modalities, including transcutaneous
electrical nerve stimulation (TENS), acupuncture, massage, or cold therapy, alone or in
combination with medications, may offer pain relief and reduce opioid use, though evi-
dence is variable [15,55,158,160,347,350,378]. Preliminary evidence also suggests cognitive
behavioral therapy (CBT), acceptance and commitment therapy (ACT), other mindfulness-
based psychotherapy and music may reduce postoperative pain intensity and disabil-
ity [15,79,379–381]. Surgery centers should devote due resources to making a variety of
nonpharmacologic therapies standardly available to postoperative patients, as strongly
supported by current guidelines and regulatory requirements [15,18,36].

To provide effective multimodal and opioid-sparing analgesia, clinicians should
standardly provide around-the-clock nonopioid medications after surgery [15,18,33]. Ac-
etaminophen, NSAIDs, and gabapentinoids are commonly prescribed nonopioids in post-
operative settings. When used in combination, they are more effective in reducing pain and
minimizing opioids compared with monotherapy [177,382–384]. Around-the-clock oral
acetaminophen should be the backbone of postoperative pain regimens because of its safety
and low cost, in the absence of acute decompensated liver disease [178,385]. Compared
with the oral route, intravenous acetaminophen administration may offer faster onset
and better analgesia thirty minutes after administration, but overall drug exposure after
repeated doses and general clinical benefits are not significantly different [176,386–388].
Additionally, the intravenous formulation may impose financial toxicity without additional
benefit in patients with functional gastrointestinal tracts as discussed previously [389–391].

Table 7. Nonpharmacologic Interventions for Postoperative Analgesia and Comfort.

Category Examples

Behavioral/cognitive
Progressive muscle relaxation, mindfulness meditation, art therapy,
guided imagery/audio-visual distraction

Psychological
Cognitive behavioral therapy (CBT), acceptance and commitment therapy (ACT),
locus of control assessment
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Table 7. Cont.

Category Examples

Environmental
Music, lighting, comfort items, sleep hygiene (e.g., ear plugs, eye shield), personal hygiene
(e.g., shower, hair or nail care)

Physical
Heat, ice/cooling, physical therapy, repositioning, acupuncture, massage, osteopathic manipulation,
tai chi, yoga, nutrition counseling, healing touch therapy, reiki

Activities
Hobbies/leisure (e.g., playing cards, magazines/books, puzzles, games, journaling, knitting), relaxation
(e.g., stress ball, television), pet visitation

Spiritual Religious literature & services, onsite spiritual counseling

References: [55,163,347,378,380,392].

Selective COX-2 inhibitors or other NSAIDs should be incorporated into most postop-
erative pain regimens with consideration of the type of surgery, renal function, and car-
diovascular risk factors (see Section 3.2). Since inflammation is a key driver of pain after
surgery, early anti-inflammatories may be the most effective postoperative analgesic strate-
gies, as evidenced by their superior performance over opioids in analyses of randomized
controlled studies [164,393–396]. Novel intravenous formulations of ibuprofen and di-
clofenac currently have limited roles in therapy due to a lack of demonstrated superiority
to ketorolac and significantly higher cost [214,215]. Escalating doses of ketorolac greater
than 10–15 mg per dose and ibuprofen greater than 400 mg per dose may offer additional
analgesic benefit, and the duration of ketorolac therapy should generally be limited to
no more than 5 days [212,397–400]. Gabapentin or pregabalin should be considered for
patients with neuropathic pain and may help reduce postoperative opioid use in select
patients (see Section 3.2). If initiating postoperative gabapentinoids, dose reductions and
close monitoring should be provided for the elderly, those with impaired renal or lung
function, and those on multiple narcotic medications [191]. Genetic phenotypes at multiple
metabolic enzymes contribute to variation in patient response to NSAID and other nonopi-
oid analgesics, and emerging guidelines provide therapeutic recommendations [184,401].

Other nonopioid agents including cannabinoids, muscle relaxants, and tricyclic
antidepressants cannot be recommended for routine postoperative use based on avail-
able data but may have roles in select surgical populations (e.g., chronic pain, spinal
surgery) [144,217,402,403]. Analyses of the endocannabinoid system suggest certain
cannabinoid receptors mediate pain sensitization and hyperalgesia, possibly increasing risk
of acute pain conversion to chronic pain. Cannabinoids may therefore be detrimental in the
acute pain setting despite being beneficial in chronic pain management [150,153,154,404].

3.5.2. Postoperative Opioid Considerations

In addition to nonopioid analgesia, many patients undergoing major painful pro-
cedures may benefit from short-term postoperative opioid therapy. Table 8 provides a
comprehensive example of postoperative opioid and nonopioid medication orders. As with
nonopioid agents, oral opioids should be used preferentially over intravenous agents for
patients who can utilize oral administration. The intravenous route does not confer supe-
rior efficacy and carries greater risk for adverse events, and should therefore be reserved
for patients unable to use the oral route or patients with severe pain that is refractory to
increased doses of oral agents [15,38,405]. When the intravenous route is intermittently
warranted for severe breakthrough pain, healthcare provider administration of opioid
doses according to patient-reported and functional pain assessments is typically adequate,
especially for opioid-naïve inpatients. The sublingual and subcutaneous routes are also
reasonable, but the intramuscular route should be avoided due to delayed and erratic
absorption [15]. One single-center retrospective cohort study suggests sublingual opioids
can be utilized for postoperative breakthrough pain with comparable efficacy as the in-
travenous route, and the sublingual route was associated with reduced opioid-related
respiratory depression [346].
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Table 8. Example of Postoperative Inpatient Pain Management Orders.

Medication
(Route 1)

Application Dose Range 2 Comments

Acetaminophen (PO) All patients without contraindication
650 mg PO q4h while awake or
975 mg PO q6h2

Selective use of the IV & PR routes
may be appropriate, see discussion

Anti-inflammatory—Choose one in all patients without contraindication (see Section 3.2)

Celecoxib (PO) 100–200 mg PO q12–24h 2 May be preferred to ibuprofen

Ketorolac (IV) 15 mg IV q6h × 24h, max duration
5 days 2

Limit use to first 24–48 h, change to
alternative when can take PO

Ibuprofen (PO) 400 mg PO TID with meals or q6h 2

Neuropathic Agent—Choose one in patients with significant pain or high opioid use, weighing patient-specific risks and benefits (see Section 3.2)

Gabapentin (PO)
100 mg PO TID, or 100 mg with
breakfast and lunch plus 300 mg
qHS dose 2

Pregabalin (PO) 25–50 mg PO BID 2

Opioid-sparing benefits must be
weighed against patient-specific risks
for sedation, respiratory depression,
and dizziness

Oral As-needed Opioid—Choose one in patients undergoing painful procedures for duration of expected moderate-to-severe surgical pain, gradually decreasing
dose during recovery period

Oxycodone (PO)

Opioid-naïve: 5 mg PO q4 h PRN
moderate-to-severe pain, may repeat
5 mg dose within 1 hr if ineffective
(total available range 5–10 mg
q4h PRN)

Initial dosing for opioid-tolerant
patients should be based upon
baseline opioid use, usually allowing
for 25–100% increase from baseline
exposure in immediate
postop period 4

Hydrocodone (PO)
Dosing as above, recognizing this is
slightly lower analgesic potency
(see Table 1)

Decrease or discontinue scheduled
acetaminophen to avoid overexposure
if using combination products

As-needed Opioid for Breakthrough pain—Choose one for first 24 h postop; if used frequently and/or needed beyond immediate recovery phase then assess for
other causes of pain and/or increase primary as-needed opioid

Oxycodone (SL) 5 mg PO/SL q4 h PRN
moderate-to-severe breakthrough pain

Consider “may repeat” dose and/or
initial 10 mg dose for breakthrough
pain in opioid-tolerant patients 4

Hydromorphone (IV)
0.2–0.5 mg IV/SC q3 h PRN
moderate-to-severe
breakthrough pain 3

Only order IV opioids for severe
breakthrough pain or absolute
contraindications to oral analgesia
Consider “may repeat” dose and/or
initial 0.8–1 mg dose for breakthrough
pain in opioid-tolerant patients

NMDA Antagonist—Consider in severely painful procedures, in opioid-tolerant patients, or in cases of pain-sedation mismatch in appropriate patients

Ketamine (IV)

0.1–0.35 mg/kg or 5–10 mg IVP once
or q2 h PRN for refractory pain, or in
cases of pain-sedation mismatch
precluding opioid use

Continuous infusion of
0.05–0.35 mg/kg/h may be
considered postoperatively where
supported by institutional protocol

1 All represented oral formulations are short-acting/immediate release dosage forms. 2 For medications with dosing ranges provided,
consider using lower doses within the suggested range for patients with advanced age and/or chronic kidney and liver disease. Patients
with chronic pain and and/or opioid use disorders may benefit from higher doses. 3 Available concentrations of hydromorphone injectable
should determine the measurable dose, within this range, in order to ensure practical drug administration (e.g., rounded doses to the
nearest 0.1 mL or 0.25 mL). 4 A number of practical strategies exist to accomplish this—see Section 3.5.3). Abbreviations: IV = intravenous,
IVP = intravenous push, PO = oral or by mouth, SC = subcutaneous, SL = sublingual.

When complete reliance on the intravenous route is considered necessary due to
severe gastrointestinal dysfunction or surgical need for strict bowel rest, patient-controlled
analgesia (PCA) is recommended over intermittent bolus by healthcare providers by some
guidelines [24,403]. This notion is increasingly challenged by enhanced recovery practice,
however, especially in minimally invasive colorectal surgery [24,406,407]. Providers may
consider reserving use of PCA for patients with acute on chronic pain or otherwise requiring
significant amounts of intermittent IV opioids, and only until other routes can be used.
Maximizing multimodal therapies in earlier phases of care, especially regional anesthesia
or lidocaine infusions, may allow for avoidance of PCA in routine patients undergoing
colorectal surgery [24]. The use of intraoperative methadone (see Section 3.3.2) or the
sublingual route of administration for postoperative opioids are also promising modalities
that could be explored for reducing reliance on PCAs. Medication and patient safety issues
abound with PCAs [408,409]. Accordingly, average duration of PCA use has been discussed
as a quality indicator of hospital opioid stewardship practices [38]. Use of PCAs should be
guided by institutional order sets with pre-built doses stratified for opioid-naïvety and risk
for opioid-related respiratory depression, and continuous infusions should generally be
avoided in opioid-naïve patients [15,71,408,409].

Empiric opioid selection should align with generally preferred agents, patient-specific
pharmacologic needs, and the oral route of administration. Oxycodone, hydrocodone,
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and hydromorphone should be used preferentially due to their decreased propensities for
active metabolites, accumulation in end organ dysfunction, drug-drug interactions, and his-
tamine release (Table 9) [410–414]. Morphine, tramadol, and codeine are significantly
metabolized to active metabolites and heavily renally eliminated, increasing the risk of
adverse effects in some patient populations [410,415]. Codeine and tramadol have limited
roles in postoperative pain management due to well-documented interindividual variabil-
ity in efficacy and safety [416,417]. Polymorphisms at CYP2D6 and drug-drug interactions
significantly affect codeine bioactivation to morphine, the pathway most responsible for
analgesic efficacy. Likewise, tramadol is metabolized by CYP2D6 into an active metabolite
more potent than the parent drug. Patients possessing increased metabolic variants at
CYP2D6 (1.5–9.5% of the worldwide population) are at heightened risk of adverse effects
from these agents due to greater conversion to active metabolites, and patients with poor
metabolizer phenotypes (25.3–70.3% of the worldwide population) may report decreased ef-
ficacy from reduced bioactivation [410–412,417,418]. These medications should be avoided
in most patients since phenotype testing is not routinely performed before prescribing and
since multiple agents with more favorable safety and efficacy profiles exist.

Individual patient response to preferred opioids still varies substantially. Genetic
polymorphisms affecting opioid metabolism are not uncommon, so rotation to an agent uti-
lizing an alternative metabolic pathway should be considered in patients with unexplained
lack of response and/or significant intolerance (e.g., extreme nausea and vomiting with or
without insufficient analgesia from oxycodone may be remedied by change to hydrocodone
or hydromorphone) (Table 9) [414,418,419]. Newer opioid agonists can also be considered.
Oxymorphone may be advantageous in cases of persistent opioid overexposure related to
altered metabolism from phase I enzymatic alterations and/or significant renal impairment.
Tapentadol is unique in pharmacologic and pharmacokinetic profiles and can be a valuable
option in cases of significant widespread opioid intolerance, but is completely reliant on
renal function for excretion. While tramadol is also sometimes considered in patients with
intolerance to preferred opioids, its diverse receptor profile confers increased adverse event
risks that are especially undesirable in the postoperative period, in addition to previously
discussed risks related to its metabolic pathways [417,420–428]. Pharmacists can also assess
medication regimens for clinically significant drug-drug pharmacokinetic interactions, espe-
cially in patients on antiepileptic medications, azole antifungals, or rifampin [413,429,430].
The interprofessional team should also evaluate for pharmacodynamic interactions af-
fecting the patient’s response, such as additive toxicity risk with concomitant sedatives
or anticholinergics.

While allergic reactions to opioids are frequently reported, true IgE-mediated hyper-
sensitivity is rare. Only 15% of patients referred for drug provocation testing due to concern
with anaphylactic opioid reactions were diagnosed with opioid allergy in one analysis,
and opioids are believed to be implicated in less than 2% of all cases of intraoperative ana-
phylaxis [431,432]. Angioedema and hemodynamic instability are more likely to indicate
true hypersensitivity than other reactions [431,433]. In cases of true opioid hypersensitiv-
ity, opioids of different structural classes are unlikely to demonstrate cross-allergenicity,
though this risk remains uncertain. The majority of opioid reactions are not mediated
by IgE but by mast cell degranulation, however, and may present as hives, hypotension,
urticaria, pruritus, and/or severe anaphylactoid responses. More synthetic opioids exhibit
decreasing rates of opioid-mediated histamine release, so should be considered in cases of
pseudoallergy [431–434].

Clinicians should adjust the empiric postoperative pain management plan in cases
for efficacy and tolerability, taking into account the duration and intensity of expected
pain for the specific surgical procedure [15]. The use of “may repeat” doses and separate
orders only for breakthrough pain can usually allow for a workable escalation pathway for
uncontrolled pain within standardized postoperative order sets, as displayed in Table 8.
Incomplete analgesic response precluding usual postoperative functional progress despite
these orders should prompt a 25–50% increase to the first-line opioid order dose, based on
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severity of ongoing pain and in the absence of dose-limiting adverse effects. Breakthrough
pain regimens should generally be limited to the first 24 postoperative hours, with accept-
able pain control maintained by adjusting oral doses if needed. Adjusting opioid regimens
in longer-term pain and in cancer-related pain is discussed extensively elsewhere [71,435].
Patients with adequate analgesia but experiencing ORAEs should be assessed for opioid
dose reductions, and all opioids should be tapered after surgery as acute postoperative
pain improves. If usual surgical recovery is inhibited by unsuccessful functional pain man-
agement and/or unacceptable adverse effects despite appropriate multimodal therapies
and patient-specific opioid optimization, postoperative pain management specialty consul-
tation is advised. Acute and transitional pain services for surgical patients are evolving,
and have been associated with reduced opioid use and length of stay [113,436–441].

Table 9. Opioid Properties to Consider When Selecting or Modifying Postoperative Regimens.

Opioid
(Structural Class)

Major Metabolic Pathways Active Metabolites Effects of End Organ Function 1

Phenanthrene opium alkaloids–highest rate of histamine release

Morphine, Codeine
(after bioactivation) 2

UGT2B7
(phase II metabolism)

Extensive production of
active metabolites

Renal impairment significantly
increases exposure

Semisynthetic phenanthrene derivatives of opium alkaloids–cross-reactivity possible between agents

Oxycodone
CYP3A4 (primary),

CYP2D6 (minor)

Produces small amounts of
oxymorphone and other

active metabolites

Renal impairment mildly
increases exposure

Hydrocodone
CYP3A4 (primary),

CYP2D6 (minor)

Produces small amount of
hydromorphone and other

active metabolites

Not significantly altered by
renal impairment

Hydromorphone
UGT2B7

(phase II metabolism)
Multiple active metabolites but

clinically unimportant
Not significantly altered by

renal impairment

Oxymorphone
UGT2B7

(phase II metabolism)
Metabolites have little activity

Not significantly altered by
renal impairment

Synthetic phenylpropylamine derivatives of opioid alkaloids–cross-reactivity with phenanthrenes unlikely

Tapentadol Unspecified glucuronidation No active metabolites
Renal impairment significantly

increases exposure

Tramadol CYP2D6, CYP3A4
Extensive production of active

metabolites by CYP2D6
Renal impairment
increases exposure

1 All listed opioids should be reduced in cases of significant hepatic impairment. 2 Codeine is a prodrug of morphine (activated by CYP2D6)
and is not recommended for postoperative pain management; see text. Abbreviations: CYP = cytochrome P450 enzyme superfamily, i.e.,
hepatic enzymes responsible for phase I metabolism. References: [178,410–412,414,415,423,425,426,429,430].

Despite employing opioid minimization and evidence-based opioid selection when
treating postoperative pain, the interprofessional team should actively anticipate and
mitigate opioid-related adverse events (ORAEs, Table 10). Nausea/vomiting, constipa-
tion, pruritus, respiratory depression, sedation, and delirium continue to be common
adverse effects negatively affecting postoperative outcomes and costs of care [6–8]. Seda-
tion and respiratory depression are the most concerning ORAEs and should be actively
mitigated through institutional monitoring protocols based on current practice guidelines
and published literature. Protocols should include the use of the Pasero Opioid-Induced
Sedation Scale (POSS) and capnography monitoring in addition to conventional respira-
tory parameters and nursing assessments [15,442–446]. Avoiding concomitant sedatives,
especially benzodiazepines, to all feasible extent is also an important modifiable risk for
postoperative respiratory depression, sedation, and delirium. This is crucial in patients
with higher baseline risks for this complications, including the elderly, obese, and those
with preexisting lung disease [38,143,190,447–452]. Specialized monitoring for patients
receiving perioperative neuraxial opioids must be standardly executed and supported by
institutional order sets as outlined elsewhere [15,453]. Some enhanced recovery guidelines
recommend against routine intrathecal opioids as this strategy may not have a positive
benefit-risk profile in this setting [188].
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Patients prescribed opioids should also receive scheduled stimulant bowel regimens to
avoid opioid-induced constipation and progression to ileus, a risk that is heightened in the
postoperative period (Table 10). Standard preventative use of a stimulant laxative such as senna
or bisacodyl is generally effective in preventing opioid-induced constipation in opioid-naive
patients, and available evidence does not suggest a superior agent [454–458]. The addi-
tion of stool softeners (i.e., docusate) and/or laxatives of alternative classes (e.g., osmotic
agents like polyethylene glycol or magnesium oxide) may be added if needed postoperatively,
but sugar-based strategies such as lactulose or sorbitol should be avoided due to adverse event
risks [454,455]. Unique considerations exist in major colorectal surgery and are discussed in
enhanced recovery guidelines [281]. Peripherally acting opioid antagonists have been devel-
oped to combat opioid-induced constipation with mixed results for clinical outcomes and
cost-effectiveness related to postoperative ileus [459–462]. Naloxegol and alvimopan may
have comparable efficacy in the postoperative period [463]. An alternative agent used in
chronic constipation, lubiprostone, does not appear to have superior efficacy over senna in the
postoperative setting [464].

Table 10. Recommended Monitoring and Mitigation Strategies for Postoperative ORAEs.

ORAE Monitoring and Mitigation Strategies

Sedation,
Respiratory,
Depression,

Delirium

Vigilant monitoring of respiratory and mental status by validated scales (e.g., POSS) and respiratory
function data, especially EtCO2, per standardized institutional protocols based on available guidelines
Evaluate for opioid dose reduction and/or rotation
Avoid concomitant sedatives, especially benzodiazepines
Standard opioid antagonist protocols for urgent/emergent reversal
Optimize physical and environmental contributing factors (e.g., allow sunlight in room during daytime
hours, limit interruptions to sleep)

Constipation,
Ileus

Early ambulation, diet advancement as tolerated, and goal-directed hydration as per surgery-specific
enhanced recovery protocol
Standard postoperative scheduled bowel regimen started on DOS continued for duration of opioid therapy,
including stimulant laxative and stool softener (e.g., senna-docusate 8.6–100 mg PO BID), reduced as
opioid requirements decrease and bowel function returns to normal
Standard additional PRN laxative for constipation (e.g., polyethylene glycol 17 g daily PRN), escalation to
PR suppository in refractory cases

Nausea,
Vomiting

Standard postoperative PRN antiemetic orders (e.g., ondansetron 4 mg PO q6hr PRN or droperidol
1.25 mg IV q6h PRN nausea/vomiting)
Assess for opioid reduction and/or rotation (see text)
Optimize physical and environmental contributing factors (e.g., nutrition, noxious stimuli)

Urinary
Retention

Monitor per standard institutional protocol
Decrease anticholinergic burden (e.g., remove scopolamine patches, avoid antihistamines)
Hold chronic anticholinergic therapies in the immediate postoperative period where possible
(e.g., oxybutynin)
Avoid neuraxial opioids, consider avoiding neuraxial anesthesia entirely in patients at high risk
(e.g., older males with prostate disease)

Pruritus

Low-dose nalbuphine PRN is likely most efficacious and safe strategy and may be warranted for duration
of neuraxial opioids in some cases
May consider age-appropriate, low-dose antihistamines where needed (e.g., diphenhydramine 12.5–25 mg
PO q6hr PRN), but this is less efficacious than nalbuphine and may increase risk for other ORAEs
Avoid neuraxial opioids in susceptible patients

Abbreviations: BID = twice daily; DOS = day of surgery; EtCO2 = end-tidal carbon dioxide; ORAE = opioid-related adverse drug event;
PO = by mouth/oral; POSS = Pasero Opioid-Induced Sedation Scale, PR = per rectum. References: [15,442–444,453–456,465–467].

3.5.3. Postoperative Considerations in the Opioid-Tolerant and/or Substance Use
Disorder Populations

Postoperative pain management in patients with preexisting opioid tolerance and/or
substance use disorders is more complicated and high-risk than that of opioid-naïve coun-
terparts, and specialist consultation is strongly advised [15,18,36]. Nonopioid medications
and nonpharmacologic options are especially important in this population due to signif-
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icant opioid receptor up-regulation. In the opioid-tolerant surgical patient, multimodal
analgesia may help limit opioid dose escalation, reduce the incidence of adverse events,
and facilitate faster postoperative opioid weaning. Stronger consideration should be given
to postoperative use of gabapentinoids, ketamine, and regional anesthesia than what may
be used in opioid-naïve patients.

Empiric as-needed opioid regimens should be dosed with consideration to baseline
opioid use and closely monitored, recognizing that higher doses and/or longer tapers
may be warranted. Patients on preoperative opioids have increased risk for suffering
if undertreated and increased rates of ORAEs if overexposed. Still, opioids should be
utilized only after first-line administration of nonopioids and used at the lowest effective
dose, avoiding persistent dose escalations in the postoperative period [18]. To this end,
opioid-exposed patients (i.e., those with preoperative opioid use below 60 MED) can
usually be prescribed routine postoperative opioid orders as for opioid-naïve patients,
with increased monitoring and adjustment for efficacy as needed. Truly opioid-tolerant
patients (i.e., those with preoperative opioid use ≥60 MED) should be interviewed to
discern their precise preoperative daily utilization to inform a patient-specific postoperative
opioid regimen. Postoperative opioids should not be dosed solely upon prescription drug
monitoring program (PDMP) data to avoid unnecessary narcotic exposure in patients taking
less than maximum quantities prescribed. Opioid-tolerant patients undergoing minor
procedures may only warrant routine as-needed opioid dose orders (e.g., oxycodone 5 mg
q4h PRN, may repeat within 1 h if ineffective) in addition to their baseline opioid exposure.

After major painful procedures, opioid-tolerant patients often warrant opioid ex-
posure equivalent to a 50–100% increase from their baseline MED to achieve adequate
analgesia and functional outcomes in the immediate postoperative period. Some literature
suggests postoperative opioid requirements up to four times that of opioid-naïve patients
may be necessary after the same procedure, and little published guidance exists on how
best to accomplish this [18,117,128]. Chronic opioid requirements may be maintained
by modestly increasing the patient’s usual as-needed opioid dose at the same dosing
interval, with additional orders as-needed for breakthrough pain. Alternatively, opioid
doses could be scheduled throughout daytime hours to provide the patient’s baseline
MED, with additional as-needed doses to allow for adequate control of postoperative pain.
A third option may be to order the patient’s usual as-needed opioid dose at a shorter
dosing interval (e.g., every 3 h as needed instead of every 4 h) with a breakthrough pain
option. To illustrate, a patient regularly taking oxycodone 10 mg every 4 h throughout
the day prior to admission (i.e., 60–75 MED baseline use) could be ordered one of the
following sets of empiric opioid orders upon postoperative inpatient admission after a
major painful procedure, assuming the oral route of administration for primary analgesia
and the sublingual route for breakthrough pain:

(a) oxycodone 10 mg PO q4hr PRN moderate-to-severe pain, may repeat 5 mg dose
within 1 h if pain unrelieved; oxycodone 5 mg SL q4hr PRN moderate-to-severe
breakthrough pain × 24 h

(b) oxycodone 10 mg PO q4hr scheduled while awake; oxycodone 5 mg PO q4hr PRN
moderate-to-severe pain; oxycodone 5 mg SL q4hr PRN moderate-to-severe break-
through pain × 24 h

(c) oxycodone 10 mg q3hr PRN moderate-to-severe pain; oxycodone 5 mg SL q4hr PRN
moderate-to-severe breakthrough pain × 24 h.

All initial opioid options are in addition to maximal scheduled nonopioid and nonphar-
macologic orders, and accompanied by close monitoring for any appropriate adjustments.
Orders for opioids as-needed for breakthrough pain should generally still be limited to
the immediate postoperative period (i.e., order should automatically expire after the first
24 h of inpatient ward admission). Ongoing need for breakthrough pain opioid doses
should prompt evaluation for nonsurgical causes of pain, further optimization nonopioid
therapies, and an increase to the primary as-needed opioid order on a patient-specific basis.
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Patients with chronic pain and/or opioid use disorders may benefit from a patient-
controlled analgesia (PCA) modality when pain is very difficult to control or when the
oral route cannot be used [15,117,128,468]. Empiric reliance on intravenous opioids via
PCA is increasingly falling out of favor, however, and should not be viewed as routinely
necessary in colorectal surgery when enhanced recovery and multimodal analgesia modal-
ities are maximized [24,406]. Experts are increasingly finding this to be true even in
opioid-tolerant patients, and opioid-free intraoperative analgesia is even being explored
in this population [18]. If PCAs are employed for opioid-tolerant patients, dosing should
be patient-specific after assessment of baseline opioid use, as discussed in detail else-
where [71,117,128,469].

Continuation of chronic long-acting pain medication regimens is recommended, in con-
sultation with the patient’s outpatient prescriber (see Section 3.1.3). Chronic buprenor-
phine or methadone therapy should be continued either at baseline dosing regimens or
by dividing the total daily dose throughout the day to maximize their analgesic activ-
ity (see Section 3.1.3). The patient’s usual total daily dose, or a slightly increased total
daily dose, is divided into 2 to 4 doses throughout the day starting on the day of surgery.
The patient can then be discharged on their usual preoperative regimen without therapy
interruption [121,125,128]. Alternatively, some have advocated for a buprenorphine dose
reduction in the perioperative period if the patient is on higher chronic doses and/or is
experiencing inadequate pain relief despite appropriately dosed as-needed opioids, citing
the dose-dependent mu opioid receptor antagonism of buprenorphine [119,122,126,132].
Patients on maintenance buprenorphine or methadone must also be ordered as-needed
opioids at tolerant doses (see examples provided earlier in this section) to effectively
treat postoperative pain in addition to the continued buprenorphine/methadone regimen,
regardless of the dosing strategy employed for them.

Despite available evidence and guidance, healthcare providers may carry prejudices
that result in under-treatment of postoperative pain in the opioid-tolerant and/or opioid
use disorder populations. Such misconceptions often include that maintenance therapy with
buprenorphine or methadone alone provides sufficient postoperative analgesia, that additional
opioids for analgesia may cause addiction relapse or undue respiratory depression risk, or that
the use of patient-controlled analgesia (PCA) may exacerbate these risks. In actuality, receptor
up-regulation and the pharmacology of these agents confer the need for additional short-acting
opioids at opioid-tolerant doses in order to provide equipotent analgesia to that provided
to opioid-naïve patients. Available evidence does not support that this strategy exacerbates
substance use disorders or increases risk for respiratory depression when appropriate dosing
and monitoring are employed. Conversely, under-treated pain is likely a more significant risk
factor for opioid misuse, ORAEs, and relapse [74,128,470].

3.6. Discharge Phase

Discharge opioid prescribing following surgery has significantly contributed to the
ongoing U.S. opioid epidemic [29]. Collaborative discussions surrounding discharge opioid
prescribing are imperative to minimize the risks of dependency and misuse, and should
include all analgesics that are to be continued after discharge. Enhanced recovery programs
that integrate standardized opioid-sparing analgesic regimens have significantly reduced
or eliminated opioid use in the postoperative setting [13]. Opioid-sparing analgesics should
therefore be optimized during the inpatient stay and continued at discharge. Postdischarge
multimodal analgesia has been associated with decreased outpatient opioid consumption
after major procedures [471]. Duration of opioid-sparing analgesics after hospital discharge
should be tailored to the individual needs of the patient and the anticipated length of
pain expected after surgery. To mitigate adverse effects and dependence, prescriptions
for NSAIDs and gabapentinoids should generally be limited to 1–2 weeks postdischarge.
If refills are to be prescribed, an evaluation from a prescriber should be conducted to assess
etiology of ongoing pain and appropriateness of continued therapies [472].
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Until recently, evidence-based guidelines on postoperative opioid prescribing were not
readily available. Variable and often excessive opioid quantities have been prescribed after
surgery, especially in the U.S. [4,473]. In 2016, the Michigan Opioid Prescribing Engagement
Network (OPEN) released procedure-specific guidelines to help reduce overprescribing
of opioids after surgery. These guidelines are adjusted regularly using expert opinion,
patient claims data, and evidence-based literature, and are only intended for patients
who are considered opioid-naïve [32]. Since implementation at 43 hospitals, there has
been a significant reduction in the quantity of opioids prescribed after surgery and a
corresponding reduction in opioid consumption by patients [474]. Subsequently, multiple
other collaboratives have also published postoperative opioid prescribing guidelines for
adults [30,31,475,476] and for children [477].

These guidelines should be used as a foundation to inform procedure-specific insti-
tutional practices for opioid prescribing at the point of hospital discharge after surgery.
However, opioid prescribing must be individualized within this framework. The patient’s
pain control and opioid use in the 12–24 h preceding discharge should be evaluated before
prescribing discharge analgesics [478]. Patients undergoing minor procedures, those experi-
encing minimal pain, or patients who are opioid-naïve may not require opioid prescriptions
at discharge. When opioids are prescribed to the opioid-naïve patient population, it is best
practice to minimize the duration of supply to three days or less for procedures associ-
ated with rapid recovery from severe pain, seven days or less for medium term recovery
procedures, and fourteen days or less for expected longer term recovery procedures [31].
Long-acting opioids should not be prescribed for the management of acute postoperative
pain after discharge and should be especially avoided in patients who were previously
opioid-naïve [15,32]. Opioid-tolerant patients generally have higher opioid requirements
than opioid-naïve patients and prescribing a postdischarge opioid taper for this patient
population is recommended. Typically, tapering the opioid dose by 20–25% every one to
two days is tolerated by most patients as their pain is improving [15]. Detailed postop-
erative opioid taper examples are presented elsewhere [478]. Additionally, prescription
drug monitoring programs (PDMPs) should be reviewed prior to prescribing opioids at
discharge to chronic opioid users. This allows for review of the patient’s current home
supply and prevents overprescribing of unnecessary opioids at discharge [478].

Despite successful institutional efforts to decrease inpatient opioid prescribing, this has
not necessarily translated into reduced opioid quantities prescribed at hospital discharge [479].
Discharge analgesic prescriptions are therefore unlikely to correlate with inpatient orders
unless enhanced recovery pathways also have effective transitions of care procedures in place.
This should include multidisciplinary communication informing patient-specific prescriptions
as opposed to “per protocol” discharge opioid prescriptions for a given procedure. Additionally,
data is emerging that shared decision-making, where patients are able to play a role in the
amount of opioids they are prescribed at discharge, in conjunction with patient discharge
education, can reduce the number of pills prescribed [480]. When considering reduced opioid
quantities at discharge, a common concern among surgeons is an increase in office calls
from patients requesting opioid prescription refills. Ample evidence supports that a large
portion of opioids prescribed at discharge after surgery go unused, however, and initiatives
to limit discharge opioid prescription quantities have successfully reduced opioid exposure
without adversely affecting pain management or refill requests [42,44–46,93,473,476,481–490].
Maximizing nonopioid therapies and developing patient-specific plans are essential to the
success and safety of such practice changes.

Pain management exit plans (PMEP) are an excellent resource for all postoperative
patients, especially those with high opioid requirements [478]. Exit plans provide a detailed
summary of the analgesics prescribed at discharge, including how each medication should
be taken, common side effects, and appropriate disposal techniques (Figure 2). Exit plans
focus on multimodal analgesia with an emphasis on nonopioids as the mainstay of therapy.
If opioids are prescribed, a taper is developed and outlined in the PMEP using the lowest
effective dose. Attention to tablet size and formulation should be considered for those

31



Healthcare 2021, 9, 333

given a taper in order to improve patient compliance. Note that splitting tablets can be
challenging for some and use of whole tablets may be preferred for those undergoing a
taper. Combination opioid products (e.g., oxycodone/acetaminophen) should be avoided
in discharge opioid prescriptions since they limit the ability to safely maximize opioid-
sparing analgesia throughout the recovery phase.

Figure 2. Example of a Pain Management Exit Plan (PMEP) to be used at postoperative hospital Discharge.

Discharge counseling, with an emphasis on nonopioid analgesics as first line therapy,
is essential for safe and successful postoperative pain control [15,101,478]. Discharge coun-
seling should be pursued in conjunction with a PMEP or other standardized educational
tool and may be completed by a pharmacist, pharmacy or medical student, advanced
practice provider, or physician. Patients being discharged with opioid prescriptions should
be educated about proper opioid storage and disposal. Opioids should be kept in a locked
cabinet, away from children, pets and friends or family. Storing opioids appropriately can
reduce accidental overdoses and decrease opioid diversion, since a majority of people who
misuse opioids obtain them from a friend or family member [491]. Providers may consider
involving a family member to secure and administer the medication to provide account-
ability and reduce temptation for opioid misuse or diversion in at-risk patients. If able,
facilities dispensing opioid prescriptions should provide safe, at-home medication disposal
systems to encourage appropriate and prompt disposal of unused opioids [480,492–494].
Other disposal methods include medication collecting bins, often found in hospitals, phar-
macies, or police stations, and community medication take back events. As a last resort,
patients may consider mixing unused medications in a plastic bag with coffee grounds or
cat litter and disposing of them in the household trash. Flushing unwanted medications
down the toilet should be discouraged as this leads to pharmaceutical contamination of
the water supply [27,100,478,495,496].

Careful attention to the quantity of opioids prescribed at discharge to patients planning
to resume medical marijuana or other illicit substances, such as heroin, is vital. In 2018,
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67,367 drug overdoses were reported in the U.S., with 69.5% involving opioids [497].
Incidence of opioid overdose after postoperative discharge is greatest in the early period,
and estimated to be 26.3 events per person-year during the first thirty postoperative
days [498]. Co-prescribing of naloxone, a rapid-acting opioid antagonist, should therefore
be considered at the point of postoperative discharge for patients at risk of opioid overdose.
These patients may include those prescribed more than 50 MED per day, patients prescribed
concomitant benzodiazepines, and patients with a history of respiratory disease, substance
use disorder, or mental health disorders [54,499,500]. Naloxone may also be prescribed to
patients if they are concerned about opioid misuse in their household.

While acute pain management prescribing is the responsibility of the surgical team,
collaboration with chronic pain prescribers and/or addiction medicine specialists is crucial
for successful postoperative pain control and mitigation of adverse events in these high-
risk populations. This communication can help prevent relapse in those with a history
of substance use disorder and promote a smooth transition to maintenance medication
regimens; hence, the outpatient provider should be engaged before surgery and as soon as
feasible after discharge [104,119]. For patients on chronic buprenorphine, therapy should
almost always be continued perioperatively, including at the point of hospital discharge,
in addition to a short-acting full mu-opioid agonist prescription for acute pain management
where usually indicated [119,126,132]. Surgical providers should ensure the patient has
enough buprenorphine to last until they can see their buprenorphine prescriber, contacting
the prescriber to troubleshoot any foreseeable gaps. Ideally, this appointment should
be within 3 days of discharge. As an alternative to the “bridge prescription,” patients
can return to the emergency department for administration of buprenorphine for up to
72 h after discharge. For methadone, if the patient’s home dose was decreased or split
during the perioperative period, the dose should generally be returned to home dosing
at discharge. Arrangements must be made for the patient on methadone to go to their
clinic the following day to receive their medication. It is imperative to discontinue chronic
naltrexone products at discharge and to defer their reinitiation to the outpatient prescriber
after the patient has been off of opioids (see also Section 3.1.3) [117,124].

3.7. Follow-Up Phase

Development of persistent opioid use is a risk when prescribing opioids for the
treatment of acute pain. This risk is amplified by increased doses, additional days supplied,
and duration of use. The likelihood of long-term opioid use significantly increases after five
days of opioid therapy [501]. For this reason, patient follow-up should ideally take place
within five days of discharge, particularly for those who were prescribed opioids. Follow-
up may be conducted in person or via telemedicine. A mobile phone app, downloaded
by the patient prior to hospital admission, has been shown to effectively monitor patient
pain and opioid requirements after surgery. The patient answers daily mobile phone app
questions that include pain assessment. These data are reviewed and pain management
revisions are implemented at an in-person or telemedicine clinic visit within 4–7 days
after discharge [502].

Follow-up assessments should evaluate ongoing postoperative pain, opioid and nono-
pioid use, and the status of unused opioids. The pain evaluation should assess pain
trajectory, which includes pain intensity as well as time to resolution of pain. Patients iden-
tified as having an abnormal pain trajectory (e.g., those experiencing numeric pain scores
greater than four on postoperative days three-seven) have been found to have a higher risk
of developing persistent postoperative pain and should be monitored closely [503]. Closer
follow up may also be warranted in those with a history of substance use disorder or those
with mental health comorbidities.

Patients identified as having difficulty with postoperative pain control should receive
education about proactive pain management. By taking scheduled doses of nonopioid
medications, patients are able to “stay ahead” of their pain and prevent severe pain
breakthroughs. For those struggling to wean off of opioids, providers should further
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optimize nonopioid medications, reiterate nonpharmacologic modalities, and encourage
opioid tapers whenever possible. Pain management exit plans can be employed as they
are at hospital discharge or updated in the outpatient setting, and should be strongly
considered in this patient population [478]. The need for additional opioid prescriptions
should be limited and assessed on a case-by-case basis, e.g., in opioid-tolerant patients
requiring longer tapers. Coordination with the patient’s other outpatient providers is
important, and opioid refills from both surgical and nonsurgical providers should be
accounted for [504].

For patients with unused opioids, medication disposal education should be reiterated. Pro-
viding patients with local medication take-back locations or safe disposal devices can facilitate
appropriate narcotic disposal and limit redistribution within the community [492–494].

4. Interprofessional Collaboration in Sustaining Perioperative Performance Measures
Related to Pain Management and Opioid Prescribing

4.1. From the Surgical Institution Perspective

Pain assessment and management metrics have been critical focus areas for healthcare
institutions in recent decades, sometimes with deleterious effects. In 2001, as part of a
national effort to address the widespread underassessment and undertreatment of pain,
The Joint Commission (formerly The Joint Commission on the Accreditation of Health-
care Organizations or JCAHO) introduced pain management standards for healthcare
organizations [505]. While well-intended, the standards were also informed by an unfortu-
nately misguided understanding of the addictive potential of opioids at the time [3,506].
This practice movement ultimately resulted in the elevation of pain as the “fifth vital sign”,
giving pain equal status with blood pressure, heart rate, respiratory rate, and temperature.
Nurses were required to assess pain as an objective sign, instead of as a subjective symptom
of surgical recovery [507–509]. Hospitals have also been incentivized to improve patient
satisfaction with pain management via the Centers for Medicare & Medicaid Services (CMS)
Value-Based Purchasing (VBP) program, which adjusts each hospital inpatient payment
according to its performance on quality measures [510]. One tool used to evaluate quality
measures within VBP is the Hospital Consumer Assessment of Healthcare Providers and
Systems (HCAHPS) survey. This survey is administered to patients after hospital discharge
and previously asked patients how often hospital providers did, “everything in their power
to control your pain” [505]. By directly linking patient satisfaction with pain management
to hospital compensation, the survey may have incentivized opioid overprescribing [511].

The Joint Commission and other organizations have since recognized a need to modify
standards to mitigate unintended consequences in the wake of the ensuing opioid epi-
demic [3,359,508,509,512]. The Joint Commission revised their pain standards to include an
emphasis on patient safety and the promotion of multimodal analgesia in 2018 [3,36]. Addi-
tionally, the revised pain management-related HCAHPS questions shifted from a focus on
the perceived quality of pain management efforts to quality of communication about pain
management [513]. Furthermore, many U.S. states have enacted opioid prescribing restric-
tions affecting surgical providers [35]. These revised standards and a shifting paradigm
to reduce opioid prescribing are driving surgery centers to reevaluate their approach to
perioperative pain management. The requirement by many states to review prescription
drug monitoring programs (PDMPs) when prescribing opioids has been linked with a
reduced rate of opioid prescriptions in hospitals [514]. Additionally, The Joint Commission
requires hospitals to collect and analyze data to monitor their ability to safely prescribe
opioids, an important step in the effort to demonstrate reductions in perioperative opioid
prescribing without negatively impacting the quality of pain management [67].

In addition to reimbursement-driving quality metrics and legal pressures, healthcare
institutions are motivated by increased transparency of their patients’ pain management-
related outcomes. Tools such as the CMS Hospital Compare websites and Leapfrog Hospital
Safety Grade are available online to consumers [515–517]. These quality data are influenced
by subjective patient satisfaction indicators in addition to objective outcome metrics. Eval-
uations of elective surgical programs, such as those providing hip and knee replacements,
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are therefore only an internet search away from prospective patients. Evidence suggests
that an institution’s reputation for postoperative pain management has an important in-
fluence on potential healthcare consumers. A recent study assessed the preferences of
hip and knee arthroplasty patients regarding publicly available quality metrics. This dis-
crete choice experiment yielded that patients are willing to accept suboptimal hospital
ratings and facility cleanliness in exchange for better postoperative pain management and
complication rates [518].

Some institutions have implemented opioid stewardship programs (OSPs) to achieve
these goals. Core pillars of OSPs include interprofessional collaboration on protocols
and services related to multimodal pain management, education on opioid prescribing
and stewardship to staff and providers, education to patients, caregivers and community
members on safe opioid use and disposal, opioid-related risk reduction, and data analysis
and reporting of related quality metrics [38,66,68,519–522]. An expert panel has proposed
quality indicators for measuring opioid stewardship interventions in hospital and emer-
gency settings. These nineteen measures assess quality of inpatient pain management,
opioid prescribing practices, ORAE prevention, and transitions of care [38,523].

Although current quality standards and market incentives better align with shared
goals by patients, providers, and institutions, the cost of nonopioid medications can pose a
barrier for institutions to implement multimodal analgesia throughout perioperative care.
Intravenous acetaminophen (pending the widespread availability of this formulation from
generic manufacturers in early 2021), intravenous NSAID formulations, and liposomal
bupivacaine represent newer nonopioid interventions that drive analgesics to rank among
the most expensive therapeutic drug categories [524]. The substantial cost of these agents
relative to conventional generic medications may contribute to overreliance on cheap,
widely available opioid medications in the perioperative setting [391]. Fortunately, collab-
orative investigator-initiated research has provided comparative efficacy data to inform
cost–benefit comparisons between some of these high-cost agents and their conventional
counterparts [176,268,270]. Interprofessional stewardship efforts have demonstrated suc-
cess in mitigating the potential financial toxicity of perioperative multimodal analgesia by
limiting such high-cost agents to populations unable to achieve the same degree of benefit
from conventional alternatives [390,525].

It has long been recognized that successful perioperative care involves interdisci-
plinary collaboration among surgeons, anesthetists, medicine physicians, nurses, and phys-
ical therapy providers. Perhaps historically underrecognized has been the value of the
clinical pharmacist in improving perioperative patient outcomes and efficiencies [526].
Despite well-supported benefits to diverse patient outcomes and care teams, pharmacists
may be underutilized in postoperative pain management. As pharmacotherapy experts
with a longitudinal view of the perioperative care continuum, pharmacists are well-poised
to perform or oversee many important functions to optimize surgical patient analgesia
and institutional opioid stewardship efforts [27,478,527]. These may include completing
pre-admission medication reconciliation, advising on preoperative optimization and plan-
ning for perioperative management of chronic pain therapies, developing standardized
preemptive analgesic protocols with appropriate patient-specific adjustments, support-
ing intraoperative multimodal analgesic use through protocol development, education,
and operationalization, managing postoperative analgesic therapies, advising on discharge
opioid and nonopioid prescribing, developing patient educational materials and providing
discharge counseling, and assessing patients at follow-up to optimize opioid tapers and
screen for postoperative complications [68,478,528,529]. One pre- and post-intervention
study spanning 6 years evaluated the impact of a pharmacy-directed pain management
service that performed both consult-based and stewardship functions at a large public
hospital. The service was associated with decreased total institutional opioid use, in-
creased nonopioid analgesic use, fewer opioid-related respiratory depression events, and
ongoing improvement in pain-related HCAHPS patient survey domains [530]. Similarly,
a pharmacist-led post-discharge opioid deescalation service was implemented at a major
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tertiary institution for orthopedic surgery patients recently discharged from the institu-
tion’s acute pain service. In the published evaluation of this service, the post-intervention
group realized similar pain intensity ratings with significantly lowered opioid doses and
incidence of constipation [437]. Healthcare institutions may therefore consider investment
in pharmacy services to help drive quality improvement and cost-savings initiatives related
to postoperative pain management and opioid stewardship.

4.2. From the Surgeon Perspective

The surgeon perspective of best-practices evidence-based perioperative performance
is a team approach within standardized enhanced recovery pathways. Each member of
the perioperative interdisciplinary team provides valuable knowledge that contributes to
opioid stewardship efforts. Where resources are available, perioperative pain management
and opioid stewardship is ideally pharmacist-led, from preoperative evaluation through
the inpatient stay and postdischarge follow-up [531]. Described below is an example of
the teamwork required in a colorectal enhanced recovery pathway to minimize opioid use
while effectively treating postoperative pain.

Nonopioid pain management options are optimized throughout the care continuum
for all patients on the surgical service. Through preadmission screening, an enhanced recov-
ery nurse navigator may identify patients with a history of chronic opioid use. This allows
the pharmacist to contact the patient and develop a focused perioperative pain management
plan. Anesthetists are other important enhanced recovery collaborators. Their expertise
in perioperative pain management and postoperative nausea and vomiting (PONV) pre-
vention assist with minimizing the need for opioids. Enhanced recovery patients without
complications typically receive transversus abdominis plane (TAP) blocks in the preop-
erative suite from the anesthetist. Postoperative patients are never “nothing by mouth”
after surgery when awake and alert, therefore, enhanced recovery postoperative orders
should not routinely include intravenous opioids. The pharmacist leads the multimodal
pain management strategy at daily inpatient interdisciplinary rounds that include surgeon,
resident surgeon, physician assistant, case manager, social worker, enterostomal nursing,
and patient care unit nursing staff. Knowledgeable patient care nurses, well-informed in
pain management goals and providing consistent care plan messages to patients, are an
integral component of standardized perioperative pain control.

Surgeon opioid and nonopioid discharge prescriptions are written in consultation with
the enhanced recovery team pharmacist and are based on inpatient pain control and opioid
needs in the 12–24 h leading up to discharge. Pain management exit plans are developed
by the pharmacist and provided to those with high opioid requirements. Patients receiving
an exit plan are seen by pharmacy and educated about the importance of multimodal
analgesia and opioid tapers. One study showed that a pharmacist-led enhanced recovery
pain management plan resulted in less than 50% of patients requiring opioid prescriptions
at the time of discharge for patients having robotic colorectal surgery. The average number
of 5 mg oxycodone tablets prescribed in those who received prescriptions was 6 to 8 while
the average number used was 2.5 to 3 tablets. Only 0.5% to 0.75% of patients required
opioid prescription refills [531].

Perioperative pain management and opioid stewardship continues after patient dis-
charge in the surgeon clinic. One study showed that enhanced recovery pharmacist partici-
pation in an early post-discharge clinic where all postoperative patients are seen within
4–7 days of discharge maximized assessment of pain management and reinforcement of
nonopioids as the primary pain management option. Additionally, overall readmission
rates were significantly decreased, especially with postoperative pain as a readmission
diagnosis [502]. In addition to improved patient outcomes, longitudinal involvement of
clinical pharmacists in perioperative pain management has been associated with surgical
provider satisfaction [528]. Pharmacists may therefore be valuable to optimizing patient
care and in maximizing surgeon resources.
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Pain management in enhanced recovery is therefore a dynamic, collaborative, inter-
professional effort that requires reassessment and evidence-based changes. A prospectively
maintained database allows real-time collection and evaluation of enhanced recovery data
that includes opioid and nonopioid information [65]. Implementation of an opioid stew-
ardship program is applicable to all surgical specialties and should be incorporated into
enhanced recovery pathways.

4.3. From the Patient Perspective

Patient-centered outcomes and the surgical patient experience should remain the
focus of collaborative care and process improvement. Clinical practice guidelines endorse
an individualized approach to all aspects of postoperative pain management based on
patient needs and preferences, and echo the need to engage patients in shared decision-
making throughout this process [15]. Available evidence suggests clinical pharmacists can
positively impact patient experience indicators related to postoperative pain management.
The incorporation of clinical pharmacists into patient education prior to joint arthroplasty
was associated with modest increases in pain-related domains of the HCAHPS satisfaction
survey [532]. A comprehensive clinical pharmacy service in a total joint arthroplasty
population at another institution included preoperative education, postoperative pain
management optimization, and discharge counseling interventions. This service was
associated with improved patient understanding of discharge medications and patients
indicated a high degree of satisfaction with pharmacist interactions [529].

To illustrate the importance of postoperative pain management and opioid steward-
ship to the patient perspective, the following account was authored by a colorectal surgical
patient of two of the authors and published with his permission (edited only for brevity):

4.3.1. Preparing for Surgery

“For patients, fully understanding how surgery will affect them physically and emo-
tionally and what type of pain management practices will be employed both before and
after is a critical first step if they are to take charge of their own health care. Surgery is a
scary proposition for the patient. If you add in the anticipated discomfort and pain it only
escalates the unknown, elevating fear and anxiety. Speaking from experience, this quickly
takes center stage in a patient’s mind. With my three surgeries, I found it essential to
take ownership and control and learn as much as I could about these surgeries and my
recovery. Fully understanding possible surgical risks and complications, as well as the
overall goal and expected positive outcomes, was vital if I was going to gain mental control
of a challenging health situation.

Most patients do not realize the power exists within themselves to take better control
of their surgical outcomes. Deciding on my frame of mind and focusing on the positives,
rather than the negatives, immediately put me in a better position to reach my recovery
goals. As I saw it, I had two choices: (1) I could worry about the possible complications
associated with surgery. If I took that route, I was sure to be miserable, anxious, and not
fully connected with my end goal; or (2) I could prepare by becoming knowledgeable about
my surgery, perceiving it as another life challenge that would enable me to continue living
and to improve my quality of life. For me, surgical challenges are a lot like flying a kite.
If you run your kite before the wind, you cannot take off and fly. You have to turn into the
wind and face it head-on. The challenge you push against is the very force that lifts you.
Therefore, it was clear to me I had to face the headwinds.”

4.3.2. The Enhanced Recovery Program, Phone Applications, and Opioid Use

“My three surgeries would involve perioperative pain control, with transverse ab-
dominis plane (TAP) or epidural pain blocks and a combination of oral pain medications
including acetaminophen, ibuprofen, gabapentin, and oxycodone. Today, I’m a veteran
when it comes to pain medication, but the real inspiration that empowered me and gave me
reassurance that I could make a significant contribution to my recovery was the Enhanced
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Recovery Program (ERP) offered by my health provider. Along with that, I was able to
use a phone application when I returned home. This application allowed me to have
morning check-ins with my health-care team, if needed. My health provider also offered
an informative class several weeks before my surgery that gave me valuable and concise
information to help me understand my upcoming procedure and how to prepare for it and
my hospital stay. The class also gave me important information about my postoperative
care and recovery at home.

The ERP gave me the reassurance and tools needed to control my health care, creating
a solid foundation for a good outcome. After attending this class, I realized that I had
the power to actively engage as a patient who can contribute, participate, and determine
outcomes. I was no longer a bystander but a player in this game. This significantly reduced
my anxiety, replacing it with positive energy. I honestly believe this shortened my recovery
time for all three surgeries.

In the ERP class, a nurse navigator and a pharmacist addressed the most concerning
aspect of my surgery: How to control pain? I realized I am afraid of pain. I honestly believe
all of us are. However, getting preoperative education on pain management led to the
insight that I needed to take control of my pain rather than let it control me. Understanding
opioid risks and benefits gave me the confidence and courage to set a goal to get them out
of my life after surgery as soon as reasonably possible. Most of us are keenly aware of the
opioid crisis still raging both worldwide and in the United States. I was initially concerned
that this might eventually be me.

Well, it could have been me. All of us can be throttled by addictions when we
least expect it. However, the underlying key to my success was the preoperative and
postoperative education I received. What I did learn, and benefit from was the powerful
combination of ibuprofen and acetaminophen and how they work together very well
to relieve surgical pain. After stopping opioids, I was continued on a regimen of these
over-the-counter pain relievers and quickly discovered my pain was being managed
without the use of narcotics. This alternate step was presented and outlined in my ERP
class. This was an enabler for me, and I was able to be more mentally alert, have less
constipation issues and feel comfortable enough to go home. The ERP umbrella provided
an open and honest conversation through clear and straightforward directions about what
must be done before and after surgery. ERP and the medical staff gave me realistic and
attainable goals for my recovery. I was a partner in my own health-care decisions, and I took
ownership for my successful recovery. The well-trained medical staff promptly addressed
my concerns. The addition of the phone application, which I found to be an excellent
communication tool, provided me much needed emotional reassurance and support before,
during, and after surgery.”

4.3.3. Lessons Learned

“As a frequent-flyer patient with lots of surgeries, treatments, and narcotics use, I can
report that I landed safely back in my everyday life. Additionally, this was mainly because
of the expert care as well as the comprehensive education I received from the medical
staff, doctors, pharmacists, and nurses. In all cases, my ERP experience gave me the solid
foundation I needed to empower myself and focus on the win, not the illness. I discovered
journaling every day with accompanying photos, audio, and video. I now have five solid
years of life experience, good and bad, that I can look back on.

All of us will eventually face fragility and mortality. However, for this patient, my med-
ical experiences and the numerous medical staff who helped me during trying times have
given me the gift of life. I am grateful that I was forced to confront an often inevitable part
of being alive and to now fully understand that we as patients can take ownership of and
apply direction to our recoveries.”
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5. Conclusions and Future Directions

While myriad multimodal strategies exist, ongoing comparative assessments of anal-
gesic combinations and anesthetic approaches within enhanced recovery practice are
warranted to further understand and optimize perioperative patient care. Novel analgesic
agents and modalities continue to be developed, and their place in therapy should be
thoughtfully studied [56,286,533–536]. Pharmacogenomic assessments show promise in
elucidating precision pain management [537,538]. Additional evaluation of the influence of
perioperative analgesic strategies on the development of persistent postoperative pain and
opioid use would be an invaluable contribution to the literature [2,50,539]. Implementation
studies describing successful opioid stewardship programs should be pursued to address
practice challenges and increase universal adoption [38,68,540].

Effective perioperative pain management requires a multifaceted team-based ap-
proach that begins prior to admission and continues after discharge. Healthcare providers
must collaborate throughout institutional practice and process improvement with the
shared goals of providing optimal patient care while minimizing opioid exposure. Stan-
dardized perioperative pathways should maximize nonpharmacologic therapies and mul-
timodal analgesics, provide decision-support for the judicious use of opioids, and include
mitigation strategies for ORAEs and postsurgical opioid dependence. Collaborative prac-
tice models should ensure appropriate patient-specific application of available strategies
to high-risk and/or opioid-tolerant surgical populations. Pain and addiction medicine
specialist consultation, transitional pain services, and opioid stewardship programs should
be appropriately resourced across healthcare systems and surgery centers. Incorporating
evidence-based pain management and opioid stewardship strategies into a standardized
perioperative program will support safe, high-quality, and consistent surgical patient care.
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Abstract: This work aims to describe the implementation and subsequent learnings from the first

decade after the full implementation of enhanced recovery pathway for colorectal surgery at a single

institution. This paper will describe the diffusion efforts and plans through the Define, Measure,

Analyze, Improve, Control (DMAIC) process of ongoing quality improvement and through research

efforts. The information applies to all readers that provide surgical care within their organization as

the fundamental principles of enhanced recovery for surgery are applicable regardless of the setting.

Keywords: enhanced recovery; surgical care; colorectal surgery; quality improvement

1. Problem Description

Starting in 2008, it was recognized that while well-established literature supported
principles of enhanced recovery, full implementation of those principles had yet to be
delivered to our patients. Enhanced recovery is referred to under different names, known
as Enhanced Recovery After Surgery (ERASR), rapid recovery, or earlier referred to Fast-
track programs [1–3]. Implementation has developed over 20 years after described by
Kehlet in 1997 [4]. Several groups across the world have contributed to over 1000 PubMed
search articles demonstrating benefits with Enhanced Recovery principles, while the ERAS®

Society has developed numerous published guidelines covering specialty and sub-specialty
surgeries [5–17]. The principles of enhanced recovery, when fully implemented, have been
demonstrated to reduce the length of hospital stay (LOS), morbidity, and convalescence,
without an increase in readmission rates or complications [4,18–20]. Enhanced recovery
pathways (ERP) can be considered a Quality Improvement (QI) intervention and are
an inter-professional and multimodal approach to care [21–26]. ERP seeks to optimize
patient care before, during, and after surgery to minimize the surgical stress response.
The pathways are multimodal and combine preoperative education, minimally invasive
surgery, regional anesthetic techniques, multimodal opioid-sparing pain management,
early feeding, and ambulation [27–34]. To address this problem of the gap from knowledge
in literature and conceptual agreement to actualization in the practice [35], we first set out
to develop and implement an institutional pathway for enhanced recovery. As the results
of that implementation were known, we worked to address new problems and answer new
research questions while also spreading to other surgical specialties.

After over a decade of a fully implemented enhanced recovery pathway [36,37],
our institution has embarked on several innovations and quality improvement initiatives
to continue to evolve toward the next new standard of innovative care [38–40]. The age-
old project management challenges continue to impede delivering optimal care. Critical
elements of the implementation [35,41,42] dissemination, and sustainability [43,44] are
areas for all interested parties to engage.

The specific aim of this paper strives to provide those working to implement and adopt
enhanced recovery pathways, the principles intended to stretch collaborative thinking and
execute high value patient care.
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2. Methods

2.1. Standards of Care

The first stage was to fully implement the institution developed enhanced recovery
pathway. This pathway was based on evidence-based principles and where no specific
literature, existed, then by consensus developed agreement with interdisciplinary team
members. The lead surgeon, anesthesiologist, clinical pharmacist, and clinical nurse
specialist designed with input for logistics from variety stakeholders. Using combined
methodology of 5 Whys, Value Stream Mapping and Failure Mode Effect analysis, the en-
tire process was set for clinical excellence and operationally LEAN. These standards were
then implemented in stages. First with one surgeon in minimally invasive practice for two
weeks, then with a second surgeon for timeframe of two months. Daily tracking of the
process occurred by the clinical pharmacist with follow up within the day for other team
members as needed. All pathway elements were tracked manually. Preliminary results
for inpatient metrics and for 30 day outcomes to date were analyzed. The overwhelming
improvements led to full adoption for two surgeons for all patients and procedures in 2010.
The process and outcome measures continued to be tracked in a prospectively maintained
database, with ongoing automation added where able within the electronic environment.
After 3 months of overall data, all surgeons in the Division were invited to fully adopt
and be supported with the tracking and monitoring plan for implementation in place.
With adoption, it was recognized that a more formal implementation expectation was
needed. We worked to publish our results and started new research studies to answer
questions to the specific themes about risks and complications that those hesitant were
claiming. The data for renal insufficiency, elderly patients and those with inflammatory
bowel disease were internally reviewed and then further studied. No harm, only benefit
was shown for the surgeons. This Design, Measure, Analyze, Improve, Control (DMAIC)
process continued for each area of low compliance [45]. In 2011, the Division approved and
committed to full implementation of enhanced recovery as a practice standard. The out-
comes of that implementation are described and highlighted that diet and fluids were
key to outcomes [36,38]. This is consistent with findings from others [46–48] The lessons
learned demonstrated that standardized care is about discovering best practice, implement-
ing it, publishing the results, and teaching it to others. These principles of care translate,
for patients and providers, into less waste and unnecessary delays in the system, patient
flow and improves patient experience [49].

Standardization of care leads to improved pattern recognition of complications versus
non-standardized care. Enhanced recovery pathways bring the patient through highly
choreographed preoperative care, intraoperative care, PACU, post-operative care, discharge,
and post-discharge follow-up. This fact allows one to recognize deviations from this stan-
dard which typically represent complications resulting in earlier intervention and, ultimately
better outcomes [38,40,50–52]. In the rectal cancer patient population specifically, we learned
that the patterns recognized on days 2–3 may result in early recognition [40,53,54].

Another example may be when the Pharmacist may recognize that a certain amount
of opioid medication was a signal for reassessment—patients requiring more than the
usual needed attention. This attention can afford a new diagnosis of a complication or a
reassessment in partnership with the pharmacist for another multimodal option and work
to taper the opioid effectively [37,38,55,56].

Our Enhanced Recovery Pathway (ERP) provides for all the standard orders required
for high value patient care during the first 48 h of post-op care until standardized discharge
criteria have been met. After 48 h, the focus shifts to reassessment and recognizing
alterations in patient status which may represent complications, or logistical barriers
to discharge.

In the Colorectal surgery practice, providers can shortlist complications to focus on as
in many other surgical specialties. Prevention, early recognition, and optimal management
of complications are critical. This focused list of complications includes postoperative
ileus, surgical site infection, bleeding, anastomotic leak, venous thrombosis, acute kidney
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injury, atrial fibrillation, or acute myocardial infarction. Focusing on these issues ensure
prevention and recognition, and an early management treatment resulting in a smoother
implementation of treatment.

2.2. Organizational Dynamics

Teams have a unique opportunity to learn from the past attempts and adaptions of
existing ERPs and consider complication pathways and triage pathways for post-discharge
care. Emphasizing the learning that can come from recognizing the patterns that are more
easily seen with standard practices, i.e., the ability to catch the signal from the noise.

2.2.1. Leadership

Leadership is critical for supporting probabilistic thinking and logical pattern recog-
nition. Critical aspects of organizational culture [42] make a difference in how much a
surgical practice can achieve. Collectively an active ‘just culture’ and a dynamic ‘continuous
improvement’ culture are needed as individual team members may struggle with parts [57].
The just culture model allows for coaching and improvements while not honoring or
coddling performance issues. The inter-professional, multidisciplinary team approach has
become commonplace. The advantages are evident on a variety of fronts. The challenge
remains that when everyone’s responsible, everyone is (duplicate work/waste at times) or
no one is (breach of standards/potential safety risk). With teams, just as in team sports,
everyone needs to know the game plan, yet not everyone does the same work. Clear roles
and responsibilities need to be well articulated and then accountable as part of team-based
care’s overall success [58,59].

2.2.2. Diffusion

After initial implementation with colorectal surgeons in 2009 with minimally inva-
sive teams, then expanded to the entire Division as a standard of practice for all patients
undergoing colorectal surgery in 2011. Next, team members worked to diffuse to Gy-
necologic surgery [60], Breast [61], Urology [62–64], Endocrine, Hepatobiliary [65,66],
Thoracic [67,68] and Vascular [69,70] within one campus of the institution, then continued
to expand enterprise-wide knowledge within the same organization while also collaborat-
ing with teams at external organizations. The framework of spread was used, and results
from network collaboratives shared [38]. Internal audits continue to drive quality improve-
ment efforts for the targeted areas by specialty. Knowing critical factors [71] for predicting
prolonged LOS and complications most relate to diet and fluid compliance. Additional
opportunity exists across all teams for improved adoption of diet and fluid management
principles.

2.3. Quality Improvement Methods

It cannot be discounted that optimal Quality Improvement Methodologies are re-
quired to contextualize improvement efforts and assure full implementation, diffusion,
and adoption has occurred and will continue to be sustained. Core QI methodologies
strengthen the clinical programs and allow early recognition of issues. Like clinical care,
the ‘pulse of the practice’ is the health and wellness of any patient care unit, Division,
Department, or entire Health System ecosystem. Knowing the status (as a project manage-
ment term) as the ‘health’ of the organization or program is how ongoing improvements,
new research questions, and innovations can emerge readily.

The Design, Measure, Analyze, Improve, Control (DMAIC) model was used to strate-
gize then implement the following tactics. The overall goal was to improve patients’
recovery plans that lead to improved patient hospital length of stay. The first was to
review the current state of enhanced recovery compliance. It is well established that high
compliance with enhanced recovery principles leads to better outcomes [43,64,72]. A report
within the Electronic Health Record (EHR) was developed to implement a new health
system to replace previous custom software dashboards and point of care tools related to
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ERP. The current compliance across the Colorectal Surgical Division remains >90% across
the timeframe of the past two years, despite the transition to a new electronic health record.
There is a slight variation between the Surgeons, yet no individual provider is below 80%.
The various themes are consistent with previous emergency cases’ challenges and patients
admitted through ED and medical service before going to surgery. When reviewing criti-
cal elements of the entire pathway, opportunities exist with intraoperative fluid [73–75].
When examining options postoperatively, reemphasize diet compliance for all staff in-
volved may help with additional compliance needs. Had there been a large discrepancy or
actionable gap, our Practice Optimization team would have embarked on specific quality
improvement tactics to improve. However, we recognized a more significant impact on
two bookends of the current Practice. (1) opportunity to shift from Inpatient to Outpatient
for specific procedures/patient population and (2) minimize issues related to an extended
length of stay. The development of an outpatient enhanced recovery has been implemented,
and the clinical outcomes of this are being collected in ongoing work and will be described
in another paper.

The refreshing of standardized plans for each day post-op has been outlined for the
team and implemented daily multidisciplinary rounds. In parallel to the re-emphasis of
standardized discharge criteria, daily accountability for discharge planning, and an active
Practice Optimization and Acceleration project with the team, a baseline LOS from 2019
has been decreased by 1.4 days LOS to again move to early implementation LOS median of
4 days that we had reported before [37].

3. Complications

3.1. Post Operative Ileus (POI)

For POI, enhanced recovery principles are designed to prevent POI [4]. The literature
on this is robust—minimize NPO preoperatively, no nasogastric tube (NGT) postopera-
tively, and regular diet provided within 4 h of surgery [4,76]. Earlier work had identified
estimated blood loss and total opioid dose as independently associated with duration of
POI in a pre-ERP era [77], which we assessed as technique related for EBL and actionable
by opioid sparing methods covered with multi-modal pain control techniques. When ERP
is implemented effectively with early feeding as critical for patient, it minimizes POI to
low rates and in our practice reduces rates by a factor of 3 compared to not following this
standard [78]. While medications, such as alvimopan, have been studied with promising
results compared to traditional practice [79], no additional advantages have been proven in
units with highly compliant enhanced recovery pathways. We do not include alvimopan in
the active enhanced recovery pathway for colorectal surgery as it increases the cost of care,
without providing added benefit in our patient population of highly compliant enhanced
recovery.

The other factor is to avoid fluid overload [36,46,73,75,80–82]. We continue to work
with our surgical and anesthesiologist colleagues on achieving euvolemia and avoiding
fluid overload to minimize POI and other complications.

3.2. Surgical Site Infection (SSI)

The increasing adoption of standardized ERP and growing rates of Minimally Invasive
Surgery have reduced of the complication of SSI. Locally this has been supplemented by
following high adherence to both ERP and a standardized SSI bundle [83]. Ongoing efforts
to sustain high compliance with the bundle have continued. One controversy remains,
which is the use of mechanical bowel prep with oral antibiotics before surgery. In the
2009 version of our enhanced recovery pathway, we instituted no bowel prep as the
clinical standard [36]. During this high ERP compliance and standardized SSI bundle
initiation, the SSI rates dropped and remained low [83]. With the Michigan Quality
Improvement teams’ work, mechanical bowel prep with oral antibiotics showed great
benefit [84]. While it’s unclear whether merely implementing a standard of practice with
strict monitoring and key metrics being transparently shared had a Hawthorne effect or

64



Healthcare 2021, 9, 549

whether the evidence is translatable. No RCT in the era of enhanced recovery and MIS
has occurred, and the SSI rates are low, making a feasible RCT challenging to perform.
Our institution’s power analysis with the following qualities and assumptions would
require >17,000 patients for 90% power. Nationally, as MIS rates increase, the impact of
bowel prep may not be as critical as once thought.

3.3. Acute Kidney Injury

There are various facets which if implemented may prevention acute kidney injury.
Appropriately implemented criteria for the use of non-steroidal anti-inflammatory agents,
such that patients with known renal dysfunction before surgery are not exposed can result
in better outcomes. The topic continued to be a barrier to full implementation for specific
team members and for others researching [85–89]. The key difference is pharmacists in
our institution serve as the safety net for appropriate medication ordering as standardized
order sets, and electronic decisions have been designed to help the initial ordering provider
dose appropriately for these patients. By tracking the data as well as implementing the
safe guard systems, we have not seen AKI as a barrier to implementation and rather a risk
able to be mitigated [89].

Fluid overload preoperatively, in the OR, and postoperatively are to be avoided.
One tactic, implemented through multiple plan, study, do, act cycles to improve fluid
compliance, was that operationally, we changed to not starting IV fluids upon arrival to the
facility day of surgery but instead waiting until the patient was in the OR. This operational
change through orderset updates and preoperative nursing education focusing on allowing
patients to drink fluids as per ASRA standards rather than IV decreased the amount of fluid
by approximately 1.5 L preoperatively based on internal audits. Within the OR, the fluids
volumes have remained higher than our enhanced recovery pathway recommendations,
and we see differences in outcomes when the goals are unable to be achieved [73]. Recent
data suggest that total volume of fluid given rather than the rate in mL/Kg/hour is more
important in our high-volume practice in terms of LOS and complication risk (paper in
submission).

Postoperatively, the discontinuation of IV fluids at 0800 days after surgery has effec-
tively reduced the amount of IV fluid exposure. However, the institution is still challenged
by historical dogma to react to requests for more fluid from other team members. Low urine
output, for example, is expected and not harmful in the colorectal patient population we
serve, while fluid overload has been proven harmful. While there is still dogma for giv-
ing more fluid, our research shows that not only is a lower urinary output expected and
acceptable in the early postoperative period [90], reactionary IV fluid and fluid overload
were not beneficial [78]. In a study attempting to reverse the fluid overload situation
with furosemide, there was no benefit, and the practice was ceased [91]. High ileostomy
output has a known pathway for assuring the patient is eating adequately and the timing
of increased production as a pattern in the postoperative setting to be expected and not
overreacted to in the first 24–48 h postoperatively.

For each of the other surgical complications, we have developed and implemented
programs for each topic. For example—VTE prophylaxis standards are embedded into
the order sets and monitoring plans [92] and specific to CRS discharge plans [93,94].
A postoperative bleeding pathway was developed and implemented; a postoperative
atrial fibrillation pathway was developed and implemented [95]. Considering the nation’s
attention to the opioid crisis, we studied discharge prescriptions and the newly deemed
complication of prolonged opioid use [59,60]. From the work, new discharge guidelines
were established, and improved outpatient triage options were implemented. Each of these
initiatives followed similar methods and quality improvement tactics for execution that
were able to be disseminated with others [38].
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3.4. Readmissions

To smooth implementation concerns, we measured readmission as a counterbalance
in all cases. Others findings were informative [42,47,96,97]. In our reviews of readmission
patterns, we recognized that the readmission risk continued to rise with each added
hospital day, i.e., the longer length of stays correlated with high readmissions We studied
the disease state patterns and complications for each as a guide for learners to see those
patterns sooner. The probability of predicting a patient’s trajectory became important as
we attempt to keep patients informed about reasonable expectations [98].

The key themes are these: (a) A longer length of stay was correlated with a higher
rate of readmission; (b) Once the patients meet our standard discharge criteria, there is no
further advantage of inpatient/hospital care and (c) logistical barriers are known where at
times, a patient needing a Skilled Nursing Facility may not get placement for several days
after meeting discharge criteria clinically with the surgical team. This remains a challenge
in our health care system.

4. Sustainability

As described in ERP implementation work [1,64] an organizational framework is
needed to sustain the gains [44,48]. Ongoing work to display the required actionable infor-
mation in the clinical workflows within the electronic health record. Overall compliance is
known with reports, and the length of stay targets have been presented to the team leads
with dashboard functionality. The themes for electronic tools are consistent with design
principles for putting the information needed for decision-making in the decision-maker’s
hands when the decision needs to be made [99]. Tactically, this means standardized or-
der sets for pre- and post-operative care, real-time patient information collated to simple
list views for rounding and monitoring teams, and leadership reports and opinions for
high-level summaries.

5. Future

Our next phase of research and implementation will expand on outpatient care op-
portunities to all segmental colectomy patients. Moreover, advancing minimally invasive
techniques, improving fluid management, and continuing to work on complication path-
ways for the chance to provide high-value care to our patients and decrease morbidity.

6. Conclusions

Enhanced recovery improves care for patients and allows optimal standardization for
institutions and care teams for optimal systematic approaches to excellence in patient care.
We share the framework and experiences so that others may partner with their teams or
ours to achieve more. After over a decade, compliance remains high. Ongoing innovations,
essential quality improvement methods, and continued opportunities remain challenging
work to pursue.
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Abstract: Surgical organizations dedicated to the improvement of patient outcomes have led to a
worldwide paradigm shift in perioperative patient care. Since 2012, the Enhanced Recovery After
Surgery (ERAS®) Society has published guidelines pertaining to perioperative care in numerous
disciplines including elective colorectal and gynecologic/oncology surgery patients. The ERAS®

and ERAS-USA® Societies use standardized methodology for collecting and assessing various
surgical parameters in real-time during the operative process. These multi-disciplinary groups
have constructed a bundled framework of perioperative care that entails 22 specific components
of clinical interventions, which are logged in a central database, allowing a system of audit and
feedback. Of these 22 recommendations, nine of them specifically involve the use of medications
or pharmacotherapy. This retrospective comparative pharmacotherapy project will address the
potential need to (1) collect more specific pharmacotherapy data within the existing ERAS Interactive
Audit System® (EIAS) program, (2) understand the relationship between medication regimen and
patient outcomes, and (3) minimize variability in pharmacotherapy use in the elective colorectal and
gynecologic/oncology surgical cohort. Primary outcomes measures include data related to surgical
site infections, venous thromboembolism, and post-operative nausea and vomiting as well as patient
satisfaction, the frequency and severity of post-operative complications, length of stay, and hospital
re-admission at 7 and 30 days, respectively. The methodology of this collaborative research project
is described.

Keywords: collaboration; enhanced recovery; infection, surgical wound; perioperative care; pharmacy,
clinical; post-operative nausea and vomiting; prophylaxis; surgeon; surgery; colorectal; surgery;
gynecological; thromboembolism; venous

1. Introduction

Since 2012, the Enhanced Recovery After Surgery (ERAS®) Society has published guidelines
pertaining to perioperative care in numerous disciplines including elective colorectal [1] and
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gynecologic/oncology [2–4] surgery patients. These bundled guidelines contain recommendations
on the use of pharmacologic therapy, including prophylaxis for (1) surgical site infection (SSI),
(2) thromboembolism (VTE), and (3) postoperative nausea and vomiting (PONV), among others.
While the guidelines contain high-quality evidence of the use of pharmacotherapy in each of these
ERAS program elements, the specifics of agent selection and dosing regimens are absent. These dosing
variables include medication administration time in relation to the procedure, dose of medication used,
and duration of therapy. The literature suggests that the lack of effective prophylaxis to address these
three endpoints is associated with significant clinical morbidity, and they may be independent drivers
of hospital length of stay. Suboptimal preventive pharmacotherapy may lead to increased complication
rates and delayed patient discharge from the facility.

The ERAS® and ERAS-USA® Societies use a standardized methodology for collecting and
assessing various surgical parameters in real-time during the operative process [5]. By utilizing
a retrospective multi-center research design, this project will address the potential need to (1) collect more
specific pharmacotherapy data within the existing ERAS Interactive Audit System® (EIAS) program,
(2) understand the relationship between medication regimen and patient outcomes, and (3) minimize
variability in pharmacotherapy use in the elective colorectal and gynecologic/oncology surgical cohort.
The specific aims of this project include:

1. Creation of a pharmacotherapy database and execution of a retrospective analysis to compile
perioperative medication-specific data related to significant improvements in patient outcomes.

2. Estimation of the impact of prophylaxis medications on length of stay, postoperative complications,
and hospital readmission rates at 7 and 30 days for the following indications:

a. Surgical site infections;

b. Thromboembolism;

c. Post-operative nausea and vomiting.

3. Provide guidance on optimal medication use regarding regimen selection, dosing, timing,
and duration of therapy.

2. Research Strategy

The development and evolution of Enhanced Recovery Programs have led to significant
improvements in the care of surgical patients, as well as a decrease in important benchmarks such as
hospital length of stay (LOS) and postoperative complications [6]. As a result, surgical organizations
dedicated to the improvement of patient outcomes have led a paradigm shift in perioperative patient
care. Specific groups, like the Enhanced Recovery After Surgery (ERAS®) Society and ERAS® USA,
have constructed a bundled framework of care entailing 22 specific components of perioperative
clinical interventions, which are logged in a central database, allowing a system of audit and
feedback. Of these 22 recommendations, nine of them specifically involve the use of medications or
pharmacotherapy. They include the following: (1) pre-anesthetic medication; (2) prophylaxis against
venous thromboembolism (VTE); (3) antimicrobial prophylaxis and skin preparation; (4) standard
anesthetic protocol; (5) post-operative nausea and vomiting (PONV) prophylaxis; (6) perioperative
fluid management; (7) prevention of postoperative ileus (including use of postoperative laxatives);
(8) postoperative analgesia, and (9) postoperative glucose control [7]. While these recommendations
address global concepts of perioperative patient care, the ERAS protocols do not specify particular
pharmacotherapeutic medication classes, agents, or doses. As a result of the inherent variability in
medication use, the optimal pharmacotherapeutic agents within ERAS® pathways are unknown.
Furthermore, variance in the timing of medication administration leaves practitioners searching for the
exact method of replicating the significant outcomes found in ERAS publications.

In its current form, EIAS® collects limited information related to medication administration for
ERAS® patients. Despite this dearth, patient outcomes have consistently improved in institutions that
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have adopted ERAS® pathways. Whether these improvements are due to individual therapeutic agents
or the application of a bundled approach is unknown. Practitioners and pharmacists are challenged to
make evidence-based pharmacotherapeutic recommendations of agents within the protocol. Inevitably,
debates on implementation often center on more costly versions of medications such as intravenous
acetaminophen or liposomal bupivacaine as means to limit opioid use.

We plan to integrate de-identified patient data from two separate ERAS® centers in North America
with pharmacotherapy data collected retrospectively from each site. From this registry, we will seek
answers to comparative pharmacotherapy questions embedded in the ERAS® pathway. Specifically,
we plan to evaluate the following: (1) timing of preoperative and post-operative thromboprophylaxis
and the impact on post-operative VTE; (2) specific agents and doses of antimicrobials used in surgical
antimicrobial prophylaxis, and (3) optimal and efficacious regimens in the successful prevention
of PONV.

3. Approach

Our Enhanced Recovery Comparative Pharmacotherapy Collaborative (ERCPC) group plans
to evaluate the role that specific pharmacotherapeutic regimens within the ERAS® protocol play in
regard to the improved outcomes, readmission, and hospital LOS. In addition, data regarding patient
experience or satisfaction scores will be collected. This information will be obtained through patient
registry of the EIAS®. The two institutions that have provided written support for access to their
patients’ data are the Foothills Medical Centre (FMC) of Calgary, Alberta, Canada and the Brigham
& Women’s Hospital of Boston, MA, USA. Both institutions have robust ERAS® practices and are
leading researchers in the practice of enhanced surgical recovery.

Data from patient healthcare records at each site will be collected and entered into a centralized
REDCap database. The project’s data dictionary is included in a Supplementary Material File
attachment. Patient demographics, intraoperative anesthetic techniques, and procedure details will
also be collected. Drug-related variables will be compared to determine the effect of agent use on
outcome measures. Potential hurdles that we anticipate are low event rates with some primary
outcomes measures, specifically VTE. Recent literature suggests that the incidence of VTE in colorectal
surgery patients is approximately 2.2% [8,9]. While a population of 500 colorectal patients would
have an estimated incidence of 11 cases, we may be challenged to obtain a difference between groups
if numerous different regimens are used. Gynecologic and colorectal malignancy patients show a
similarly low incidence; however, it is slightly higher at approximately 3% [10] and is purported to
be on the rise [11]. By combining the two patient populations, we estimate a sufficient number of
thromboembolic events from which we will be able to ascertain a statistical difference. Additionally,
because we will be evaluating the pharmacotherapeutic interventions from ERAS®, it is possible that
ERAS® components not captured in our analysis may play more significant roles in reducing negative
outcomes compared to the agents that we evaluate. However, if no difference is found, this may too
provide justification for the use of different regimens within the ERAS pathway. Finally, we have
strong physician support from experienced researchers who are eager to participate in this project.

4. Specific Research Questions

1. Determine the optimal antimicrobial agents used in surgical prophylaxis, including pre-operative
dose, timing of preoperative dose, intraoperative repeat doses, postoperative duration of therapy,
classification of surgical site infection (if present), and infection organism (if applicable) [12].

2. Provide evidence to define optimal prophylaxis regimens to prevent PONV in this surgical population.
Specific parameters of analysis include PONV risk factors, preoperative Apfel risk score [13],
prophylaxis regimen (dose, timing), postoperative nausea, and duration of Post Anesthesia Care
Unit (PACU) LOS [14].

3. Evaluate the effect that venous thromboembolism (VTE) prophylaxis provides in preventing
post-operative VTE in high-risk oncology populations. Specific points of evaluation include
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prophylaxis agent used (unfractionated heparin versus low-molecular weight heparin verses
direct thrombin inhibitors), perioperative timing of dose, post-operative duration of therapy,
thromboembolic risk factors, and patient weight [15,16].

5. Conclusions

Our ERCPC group plans to evaluate the impact that specific pharmacotherapeutic regimens
within the ERAS® protocol have on primary clinical outcomes (surgical site infections,
venous thromboembolism, and post-operative nausea and vomiting) as well as their relationship
to and impact on readmission, complications, and hospital LOS. We plan to integrate de-identified
patient data from two separate ERAS® centers in North America with pharmacotherapy data collected
retrospectively from each site. From this registry, we will seek answers to comparative pharmacotherapy
questions embedded in the ERAS® pathway. Specifically, we plan to evaluate the following: (1) specific
agents and doses of antimicrobials used in surgical antimicrobial prophylaxis; (2) timing of preoperative
and post-operative thromboprophylaxis and the impact on post-operative VTE, and (3) optimal and
efficacious regimens in the successful prevention of PONV.

Supplementary Materials: The following are available online at http://www.mdpi.com/2227-9032/8/3/252/
s1, File: Enhanced Recovery Comparative Pharmacotherapy Collaborative (ERCPC) Data Dictionary of
Pharmacotherapy Elements.
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Abstract: Cancellations or delays in surgical care for pediatric patients that present to the operating
room create a great obstacle for both the physician and the patient. Perioperative outpatient
management begins prior to the patient entering the hospital for the day of surgery, and many
organizations practice using the perioperative surgical home (PSH), incorporating enhanced recovery
concepts. This paper describes changes in standard operating procedures caused by the COVID-19
pandemic, and proposes the expansion of PSH, as a means of improving perioperative quality of care
in pediatric populations.

Keywords: anesthesiology; COVID-19; nursing; pediatrics; pharmacy; surgeon; surgical home;
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Cancellations or delays in surgical care for pediatric patients that present to the operating
room create a great obstacle for both the physician and the patient. Currently, in the United States
(US), an estimated 343,670 elective operations have been cancelled weekly due to COVID-19 related
concerns [1]. While this number focuses on adult cases, the fact remains that a majority of elective
surgeries were affected by COVID-19, alluding to an unprecedented increase in cancellations and/or
delays of both adult and pediatric surgeries. The medical dollars, hours and personnel wasted in
delaying or canceling a case can be avoided by instituting the perioperative surgical home (PSH),
especially during the new emergence of COVID-19, and with other chronic illnesses on the rise
(i.e., obesity, diabetes) [2].

The PSH model (Figure 1) is a continuous patient-centered approach that involves a
multidisciplinary team of physicians and healthcare providers, aimed at individualized attention
that begins when the decision for operative care is made and ends approximately 30 days after
hospital discharge [3]. Not only does this increase coordination between physicians, but it provides
a standardized, evidence-based approach to patient care [4]. This streamlined model decreases
unnecessary testing and cancellations, providing greater operative room access for in-patients,
and contributing to decreased healthcare costs. PSH in a pediatric setting allows the child to
be holistically evaluated by the perioperative team, including the pediatrician. Furthermore,
anesthesiologists are well equipped to lead this team, as they play a critical role in preoperative,
intraoperative and postoperative care, and are essential to postoperative pain management [5].
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Figure 1. Diagram illustrating an overview of Pediatric Perioperative Surgical Home. This has been
adapted for pediatric implementation from the American Society of Anesthesiologists’ Perioperative
Surgical Home Collaborative [6].

Despite being introduced recently with its first proposal in 2011, PSH has gained traction for
its impact in the United States healthcare system, but the concept of perioperative medicine exists
globally [7]. France, among other European countries, adopted Enhanced Recovery After Surgery
(ERAS ®) guidelines, to implement structured protocols with the goal of improved patient outcomes;
although, standardizations vary in regard to the applied specialty. In contrast, PSH focuses on
patient-centered care, lowering healthcare costs, and improving patient experience via quality of care
and patient satisfaction [8]. However, due to a plethora of factors, such as increasing healthcare costs,
decreasing quality of patient care, and government incentives, both France and the United States are
opting toward PSH, an individualized approach to perioperative medicine [3].

Incorporating pediatric-appropriate enhanced recovery concepts, perioperative outpatient
management begins prior to the patient entering the hospital for the day of surgery [8]. Many health
systems and surgical organizations practice using the PSH, in which the patient is seen in a team-based
approach to address any issues that may delay or prohibit surgery. Pediatric PSH has not only been
known to help reduce healthcare costs and increase patient and family satisfaction, but it also lowers
school absences, reduces the impact on parents and patients, and decreases hospitalizations, emergency
room visits and patient length of stay [9,10]. Kash et al. further validated this claim in a study analyzing
US perioperative initiatives, including PSH models and PSH-like models, where 82% of those studied
were reported to have significant positive results for cost and efficiency of hospital resources, as well
as clinical outcomes [11]. While this study examines adult clinical care facilities, subsequent positive
responses have been observed in pediatric settings; however, a scarcity of multicentered studies exist,
due to fewer instances of implementation in pediatric hospitals.

The patient’s perioperative period continues, as the patient optimizes their healthcare status with
procedural education, medications, laboratory work, overcoming anxiety and inquire further with
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regards to their procedure. The patient enters the hospital fasting from the night before, and continues
the process through admissions and entering the same day holding area. Similarly, inpatients begin
this process typically the day they are admitted until they are down in the operating room. Statistically,
only 4% of elective procedures were cancelled after seeing an anesthesiologist for preoperative
evaluation, as compared to 11% of the patients being unseen [12].

In the current climate, we are facing, as healthcare practitioners, perioperative practice has changed
drastically. Currently, many patients are required to be tested for pathogens such as coronavirus
prior to entry into the operating room [13]. Patient access to primary care physicians is limited by
volume, panic, fear and anxiety, exacerbated by mandated self-isolation and quarantine protocol [14].
Thus, by implementing PSH in pediatric hospitals, primary care physicians are incorporated within
the perioperative team, allowing remote access to care. Patient fear and panic can be limited or avoided,
while still providing adequate care.

In addition, patients and guardians are fearful and anxiety ridden, of not only the procedure they
are undergoing, but also of the risk of acquiring an infection or other acute illness. Patients and their
families are hesitant to admit to potential exposure of COVID-19 (large gatherings, unsafe hygiene,
not wearing a mask in public, etc.) on the day of surgery for the fear of cancellation, thereby potentially
increasing risk factors to providers and to themselves. The outcomes of a patient with COVID-19
receiving a surgical procedure with or without anesthesia are unknown, while in other upper respiratory
infections, post-operative complications can be dire [15]. Patients may even avoid coming to the
hospital altogether and avoid necessary procedures because of exposure concerns. Elective procedures
are no longer performed at 100% capacity in facilities across the country, because fear dominates
the healthcare sector [16]. A system conceived as onerous is designed to alleviate some of the fears,
prepare the patients for surgery, test the asymptomatic patient for antibodies and high risk patients
with swabs and antibody tests (in the COVID-19 era), to provide useful information to both the patient
and healthcare team is already in place but underutilized. Beyond the COVID era we face today,
the perioperative surgical home can capture potential infections, chronic underlying diseases that
need further management, and risk assessment that can provide information to the practitioners,
especially when the patient is on the operating room table. PSH is a centralized concept capable of
overcoming many of these obstacles faced by the healthcare industry, especially those aimed toward
the pediatric population.

PSH consists of the patient visiting the anesthesiologist in a clinic-based setting. It is comprised of
helping the patient and parents understand the decision of proceeding with the proposed procedure,
the risks and benefits of the procedure, and recovery afterwards. It has also helped advance the
enhanced recovery after surgery initiative by beginning protocols, to enhance success in advance
(i.e., adequate hydration) [17]. This model helps to identify and resolve risk stratification strategies prior
to the day of surgery, allowing all teams involved from admissions, nursing, pharmacy, physicians and
technical staff to be prepared for the patient, rather than hurrying to gather tools, medication and
personnel the day of the procedure. It is also a vital component in pediatric hospitals. In the
pediatric realm, patients are accompanied by a legal guardian that must also be involved in the
patient’s care, decisions and preparation of surgery. The PSH can facilitate coordination between
families and healthcare providers especially, since many individuals are often required in the care
of the pediatric patient [18]. It is worth mentioning that pediatric populations may suffer from
rare or congenital disorders that often require specialists or individualized care for psychosocial
concerns [18,19]. In addition, treating children through the use of PSH also presents age-related
challenges, due to physiological and surgical variability in comparison to adults [20]. For these reasons,
it is imperative that the core focus of the perioperative period is the health of the patient rather than the
physician or specialty supervising care [18]. Therefore, continuity of care must be maintained across
specialties, subspecialties, and facilities.

This pandemic is a reminder that, as a hospital system, we are highly unequipped to deal with the
unknown. In order to prepare for the unknown, a system in which patients are screened in advance
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for acute and chronic illnesses, hospitals or surgical centers is prepared for possible complications.
Team members are all informed in advance, not only to improve patient healthcare, but it will also
reduce wasteful costs, complications and cancellations. Many hospitals have yet to adapt and mandate
the implementation of PSH. Studies show that the benefits of implementing the perioperative surgical
home are cost saving [3,8,21]. With this knowledge, the perioperative team should work collaboratively
to implement and mandate all patients that present for elective procedures receive clearance from the
perioperative surgical home.
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Abstract: Appropriate use of antibiotic prophylaxis (AP) is a key measure for the prevention of
surgical site infections (SSI) in colorectal surgeries; however, despite the presence of national and
international guidelines, compliance with AP recommendations remains low. The purpose of this
study is to evaluate compliance with recommendations for the use of AP in children undergoing
colorectal surgeries and to evaluate the effectiveness of antibiotics in the prevention of SSI. We
collected demographic and clinical characteristics of patients who underwent colorectal surgeries, as
well as microbiological and antimicrobial susceptibility data for patients who developed SSI. AP data
were collected and compared with national guidelines. Antibiotic dosing and duration were most
frequently in concordance with national guidelines, while antibiotic timing and selection had the
lowest rates of compliance. Twelve of the 192 colorectal procedures evaluated resulted in SSI. Only 2
of the 12 children with SSI received appropriate AP for all four categories evaluated. Eight cases that
resulted in SSI were due to organisms not covered by the recommended AP. We identified multiple
areas for the improvement of AP in children undergoing colorectal surgery. A multidisciplinary
approach to development of standardized protocols, educational interventions, and EHR-based
algorithms may facilitate or improve appropriate AP use.

Keywords: colorectal surgery; pediatric; surgical prophylaxis; antibiotic prophylaxis; surgical
site infections

1. Introduction

According to the Centers for Disease Control and Prevention (CDC), surgical site infections (SSI)
are infections that occur at or near the surgical incision within 30 days of a procedure, or 90 days
for specified procedures [1]. These infections occur in approximately 2–5% of patients undergoing
inpatient surgery in the United States, and account for approximately 20% of healthcare-associated
infections in adults as well as children [2]. SSI are associated with high morbidity and mortality rates,
and increased durations of hospitalization and healthcare costs [2–4].

Colorectal surgeries are associated with a higher rate of SSI than for other kinds of surgeries,
ranging from 5% to 45% due to exposure to the increased bacterial load in the colon and the rectum [3–7].
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Current guidelines published by the CDC and the Healthcare Infection Control Practices Advisory
Committee for the Prevention of Surgical Site Infection recommend appropriate utilization of systemic
antibiotic prophylaxis (AP) within a surgical bundle as a key measure to prevent SSI among patients
undergoing colorectal surgeries [8]. Appropriate AP in colorectal procedures is based mainly on 4
principles: (1) correct antibiotic selection; (2) correct dose; (3) timing of administration, including
appropriate re-dosing for extended procedures; and (4) discontinuation of antibiotics when the
procedure is completed and surgical site is closed, or no more than 24 h post-operatively. The
effectiveness of AP in the prevention of SSI is well established. In 2016, the World Health Organization
published evidence-based recommendations regarding the use of AP in the prevention of SSI [1,2,9–12].
However, despite the presence of international and national guidelines, compliance with AP for surgical
procedures has been staggeringly low among patients undergoing colorectal procedures [13,14].

Clinical evidence in support of AP for the reduction of infectious complications following
colorectal surgery is derived almost exclusively from adult literature. There are no well-controlled
studies evaluating the efficacy of AP and compliance with surgical AP in children undergoing
colorectal procedures. However, as children and adults have similar fecal bacterial concentration and
microbiological profiles, there is little reason to suspect that current guidelines would not be adequate
for children [3,15,16].

The purpose of this study is to evaluate the compliance of surgeons to national recommendations
for use of AP in children undergoing colorectal surgeries with particular regard to antibiotic selection,
dose, timing prior to incision and intraoperative re-dosing, and duration of postoperative antibiotic
use and is to evaluate the effectiveness of antibiotics in the prevention of SSI in children undergoing
colorectal surgical procedures.

2. Materials and Methods

2.1. Study Design and Setting

We performed a retrospective cohort study at Arkansas Children’s Hospital (ACH) in Little Rock,
Arkansas. ACH is a 336-bed academic teaching hospital and serves as the largest children’s hospital
in Arkansas. This project was conducted in accordance with the Declaration of Helsinki, and the
institutional review board of the University of Arkansas for Medical Sciences approved this study on
November 21, 2017 (Protocol number 207,026), using expedited review procedures.

2.2. Study Population

The study population included all pediatric patients <18 years of age who underwent a colorectal
procedure at ACH from 1 January 2015 to 31 December 2016. We excluded surgeries that were
performed as the direct result of trauma and those surgeries without anesthesia records available. A list
of potentially eligible patients was provided by the hospital infection prevention team. Patients were
identified through chart review of colorectal procedures and application of the standardized National
Healthcare Safety Network (NHSN) definitions for SSI at the time of reporting. SSI were defined and
reported to NHSN for each procedure, including all SSI types: superficial, deep, and organ space.
The wound class system used in NHSN is adapted from the American College of Surgeons wound
classification schema and includes Clean, Clean-Contaminated, Contaminated, and Dirty/Infected [17].
SSI were determined through prospective surveillance by four infection control practitioners who are
certified in infection prevention with 4–26 years of experience. This known subset of children provided
the opportunity for assessment of antibiotic prophylaxis utilization.

2.3. Data Collection/Study Procedures

We performed a comprehensive review of medical records by using a standardized data
collection instrument to identify demographic information and clinical characteristics of patients
who underwent colorectal surgeries at ACH. Perioperative antibiotic use, dose, timing of first
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administration, and duration of prophylaxis were collected and compared with the American Society
of Health-System Pharmacists (ASHP) guidelines for appropriate use of antibiotics for surgical
prophylaxis [9]. Microbiological and antimicrobial susceptibility data for patients who developed
an SSI post-operatively were obtained from our institution’s microbiology laboratory for the 2-year
time period.

2.4. Definitions

Based on the ASHP guidelines, appropriate antibiotic selection for colorectal procedures was
defined as those using one of the following regimens: (1) cefazolin and metronidazole, (2) ceftriaxone
and metronidazole, (3) cefoxitin, (4) cefotetan, (5) ampicillin-sulbactam, or (6) ertapenem [9]. Alternative
regimens for patients with a beta-lactam allergy included clindamycin or metronidazole with an
aminoglycoside, aztreonam, or a fluoroquinolone [9]. Vancomycin could be used in the place of
clindamycin for patients with a beta-lactam allergy [9]. Inappropriate antibiotic selection was defined as
any other regimen administered preoperatively for the purposes of AP. Antibiotic dose was considered
appropriate if the administered dose was within 10% of the guideline recommended dose.

Antibiotic timing was categorized as appropriate or inappropriate. Appropriate timing was
defined as administration of the first dose of antibiotics within 60 min prior to surgical incision.
However, given the pharmacokinetics of fluoroquinolones and vancomycin, timing of 120 min prior to
incision was deemed appropriate for those antibiotics. Antibiotics not administered during these time
periods were considered as inappropriate timing.

Re-dosing interval was assessed from the time of administration of the preoperative dose of the
antibiotic and deemed appropriate when given within two half-lives of the agent administered, and
deemed inappropriate when not administered or if there was a delay in administration. Continuation
of AP for >24 h after surgery without an infectious indication was deemed as inappropriate duration.

2.5. Statistical Analysis

We performed descriptive analyses of the above variables by using SPSS version 24. Testing of
proportions was performed by using a χ2 or Fisher exact test as appropriate. All reported p values are
2-tailed and were considered significant if p < 0.05.

3. Results

We evaluated 208 colorectal surgical procedures, of which 192 children met the inclusion criteria.
Sixteen patients were excluded due to lack of anesthesia records. Of the 192 surgeries performed,
12 (6%) met the NHSN criteria for a surgical site infection; the overall SSI rate was 6.25 per 100
surgical procedures.

The median age of all patients was 4.9 months (range, 0–17.7 years), and 113 (59%) were male.
Fifteen (8%) children were overweight or obese. One hundred seventy-five (91%) surgeries were
categorized as scheduled or elective, and 17 (9%) were urgent or emergent. The median duration of
surgery was 92 min (range, 20–579 min). The median duration of hospitalization was 13 days (range,
1–511 days). Of the 192 patients, 62 (32%) were hospitalized at least once in the previous year.

The types of surgeries most frequently performed included colorectal resection (44%), ostomy
formation/revision (35%), ostomy closure (34%), exploratory laparotomy (28%), and small bowel
resection (17%); most patients required multiple surgery types during their procedures. Table 1 shows
the demographic, clinical, and surgical characteristics of the patients.
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Table 1. Demographic and clinical characteristics of study cohort.

Variable Patient (N = 192) Patient (%) SSI (N = 12) SSI (%) p-value

Age (range) 4.7 mo (0–17.7 yr) 3.0 yr (1.8 mo−17.1 yr) 0.009

Male 113 59 9 75 0.365

Race 0.0592

White 128 67 5 42 0.058

Black 37 19 4 34 0.251

Hispanic 18 9 2 17 0.312

Asian 2 1 1 8 0.121

Other 7 4 0 0 1.000

Co-morbidities/Exposures

Proton Pump Inhibitor 37 19 3 25 0.704

Hyperglycemia 37 19 5 42 0.042

Immunocompromised 14 7 1 8 1.000

Steroids 19 10 2 17 0.337

Prematurity 90 47 3 25 0.143

Obese (BMI >30) 7 4 2 17 0.063

Beta-Lactam Allergy Reported 10 5 1 8 0.484

Previous hospitalizations within the year 62 32 5 42 0.473

Median Duration of Surgical Hospitalization 13 (1–511) days 19 (3–92) days 0.526

Median Surgery Duration (range) 92 (20–579) min 112.5 (76–206) min 0.037

Urgency <0.001

Elective 175 91 7 58 <0.001

Emergent 17 9 5 42 <0.001

Surgery Type

Appendectomy 11 6 0 0 1.000

Small Bowel Resection 33 17 5 42 0.020

Colon/Rectal resection 84 44 8 67 0.134

Chait Cecostomy 7 4 0 0 1.000

Soave 5 3 0 0 1.000

Duodenal atresia repair 16 8 0 0 0.604

Ostomy formation/revision 67 35 4 33 1.000

Ostomy closure 66 34 3 25 0.550

Exploratory laparotomy 54 28 8 67 0.005

Gastrostomy tube placement/Revision 14 7 1 8 1.000

Other 43 22 3 25 0.733

Wound Classification 0.0005

Clean-contaminated 130 68 3 25 0.002

Contaminated 33 17 2 17 1.000

Dirty 29 15 7 58 0.000016

ASA Class 0.549

I 8 4 1 8 0.409

II 80 42 5 42 1.000

III 84 44 6 50 0.652

IV 20 10 0 0 0.618

3.1. Assessment of AP Compliance

The results of compliance with antimicrobial prophylaxis are shown in Figure 1. Appropriate
antibiotic dosing and duration had the highest incidence of compliance at 65% and 64% of cases,
respectively. Antibiotic timing and selection had the highest rates of non-compliance at 56% and 64%
of encounters being non-compliant, respectively.
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Figure 1. Appropriateness of antibiotic prophylaxis for children undergoing colorectal surgery as
compared to national guideline recommendations.

Antibiotic selection was found to be in concordance with both local and national recommendations
in 36% of the cases (69/192). Combination of cefazolin and metronidazole was the most common
appropriately used antibiotic regimen, accounting for 26% of all surgical cases. The most common
inappropriate antibiotic regimens selected included cefazolin monotherapy and a combination of
vancomycin with piperacillin-tazobactam. Vancomycin alone was administered to three patients, and
metronidazole alone was administered to one patient. Anaerobic coverage was not included in the
antibiotic regimen in 62% of patients. Thirty-five percent of patients for whom AP was not selected
appropriately were on scheduled antibiotics for an infection prior to surgery, and hence, AP was
perceived to be not indicated per surgical documentation. One patient did not receive any AP, and 6%
of children that did not receive appropriate AP had a documented beta-lactam allergy.

With regard to antibiotic timing, 56% (107/192) of patients received AP outside of the recommended
administration time. Of the 107 inappropriately timed antibiotics, 24 (22%) were due to vancomycin
administration beyond the optimal time window prior to incision (range, 97–1144 min); 9 (8%) were
due to emergency procedures. We found that 24 (22%) cases of inappropriate antibiotic timing
were due to delay in the administration of metronidazole following the administration of cefazolin,
ceftriaxone, or a fluoroquinolone. Of the 50 patients who were already on scheduled antibiotics prior to
surgery, one received antibiotics at the appropriate time prior to incision, and three were appropriately
re-dosed intraoperatively.

We found that dosing of AP was inappropriate in 68/192 (35%) of our patients. Dosing errors
were noted most frequently for metronidazole; 71 patients in our cohort received metronidazole
preoperatively, of which 29 (41%) received a higher dose than recommended, while 13 (18%) patients
received a suboptimal dose of metronidazole. Of the 23 patients that required re-dosing of antibiotics,
only 8 (35%) were re-dosed appropriately. The median surgical duration for procedures that required
re-dosing was 177 min (range, 52–577 min).

AP duration was inappropriate in 70/192 (36%) cases. The duration of antibiotics after surgical
procedure in patients whose post-operative prophylaxis was inappropriately prolonged was a median
of 48.63 h (range, 31.33–182.62 h).

Overall, noncompliance with all four elements of antimicrobial prophylaxis was 44% among the
192 cases (Table 2).
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Table 2. Appropriateness of antibiotic prophylaxis in children undergoing colorectal surgery.

Appropriate Inappropriate SSI Appropriate SSI Inappropriate

N = 192 (%) N = 192 (%) N = 12 (%) N = 12(%)

Antibiotic Selection 69 (36) 123 (64) 8 (67) 4 (33)

Antibiotic Dose 124 (65) 68 (35) 6 (50) 6 (50)

Antibiotic Timing 85 (44) 107 (56) 7 (58) 5 (42)

Antibiotic Duration 122 (64) 70 (36) 10 (83) 2 (17)

Note: For dual combinations, both antibiotics had to be appropriate.

3.2. Surgical Site Infections

Twelve children (6%) in our cohort developed SSI following colorectal surgery. Of these, 5 were
superficial incisional, 2 were deep incisional, and 5 were organ/space infections. The percentages of
clean-contaminated, contaminated, and dirty wounds in patients who developed infection were 25%,
17%, and 58%, respectively. Of the surgical cases resulting in SSI, 42% were emergent cases. Seventeen
percent of infections occurred in patients who were obese and 25% occurred in patients who were
premature. The median duration of surgery in cases resulting in SSI was 112.5 min (range, 76–206 min).
Cases involving bowel resections accounted for 83% of all SSI.

Of the 12 patients with SSI, only two children received the correct AP for all four categories
evaluated including selection, time, dose, and duration. Antibiotics were inappropriately selected in
4/12 (33%) children who developed an SSI. AP timing, duration, and dosing were inappropriate in 6/12
(50%), 5/12 (42%), and 2/12 (17%) cases, respectively.

The organisms isolated in patients with SSI were methicillin-susceptible Staphylococcus aureus

(MSSA), methicillin-resistant Staphylococcus aureus (MRSA), Escherichia coli, Enterococcus faecalis,

Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterobacter cloacae, Candida albicans, Candida tropicalis,
and Candida glabrata (Figure 2).
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Figure 2. Organisms isolated in 12 children with a surgical site infection following colorectal surgery.

Of the 10 children with an SSI wherein an organism was identified, 8 (80%) were not covered
by the recommended AP. Of these 8 cases, 3 (38%) were due to Candida sp., and 5 (63%) were due to
organisms that were resistant to the standard AP.
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4. Discussion

We found lack of compliance with national guidelines in all four facets of AP in children
undergoing colorectal procedures at our institution. Appropriate antibiotic selection and timing had
the highest incidence of non-compliance, but we also identified non-compliance with antibiotic dosing
and duration.

Antibiotic selection had the highest rate of non-compliance in our study with the correct antibiotic
being chosen in only 36% of children undergoing colorectal surgeries. At our institution, the choice
of AP is at the discretion of the surgeon or anesthesiologist. Lack of familiarity with the national
guidelines for AP may be a barrier to appropriate antibiotic selection. In a study published by
Friedman et al., excessively broad-spectrum antibiotics were chosen for clean operations [18]. This
finding was similar to that seen in our study wherein concern for serious or severe infection prompted
surgeons to unnecessarily choose broader spectrum antibiotics, thereby placing patients at risk for
antibiotic resistance and fungal infections. The use of clinical decision support pathways and order
sets that are incorporated into the electronic medical record may help guide antibiotic selection and
prevent antibiotic overuse [14,19]. These order sets should be developed with the input of pharmacists
and include optimal dosing for the chosen antibiotic, thereby potentially overcoming the AP dosing
issues noted in our study. A multi-disciplinary approach including pharmacy, surgeons, nursing, and
anesthesia for the development of the clinical decision support pathway may help to shed light on
different perspectives of patient care and hold all members of the patient care team accountable for
ensuring appropriate use of AP [14,19,20].

Nearly 60% of inappropriate AP in our study was due to incorrect timing. The ASHP guidelines
recommend to administer antibiotics within one hour prior to surgical incision, or within 120 min for
specific antibiotics [9]. We noted that when dual antibiotics were selected for AP, the second antibiotic,
most often metronidazole, was either delayed or administered at or after the time of incision. The
reason for this is unclear, but lack of familiarity with the pharmacokinetics of antibiotics may be a
contributing factor. Tan et al. reported that AP was perceived as a low priority when compared to the
administration of anesthetics among surgeons and anesthesiologists, and that this likely influenced the
timing of AP [21]. Incorporation of AP into the routine operating room workflow and administration of
prophylaxis in the pre-operative area rather than in the operating room may ensure complete infusion
of antibiotics prior to incision. As anesthesiologists play a critical role in postoperative infection control,
the delegation of AP administration to the anesthesiology team should be considered. Nemeth et al.
evaluated use of a verbal AP reminder in the surgical time-out process, but found that this intervention
did not improve timeliness of administration of AP [21]. Nair et al. demonstrated the effectiveness
of direct email feedback, antibiotic compliance reports, and real time alerts in improving antibiotic
timing [22].

Our findings of variation in AP practices are similar to that of other studies evaluating the use
of AP in pediatric surgical patients. Donà et al. noted variability in antibiotic prescribing for AP in
their single-center study that evaluated the use of AP in children undergoing surgical procedures.
The authors found that in the pre-intervention group, antibiotic selection was inappropriate in 51% of
cases, and antibiotics were continued for a prolonged duration in 54.9% of cases [23]. Implementation
of a clinical pathway proved to be a useful tool and led to a statistically significant improvement
in the selection and duration of AP in pediatric patients; however, there still remained room for
improvement of AP compliance in the post-intervention group [23]. Sandora et al. evaluated the
national appropriateness of AP in children undergoing common surgical procedures using the Pediatric
Health Information System database, and they noted significant variation in the use of AP across the
31 institutions submitting data [24]. AP was considered to be appropriate in only 64.6% of all cases in
the study, with an inter-hospital variation ranging from 47.3% appropriateness to 84.4%. The authors
noted that AP was commonly administered, even in cases for which AP was not indicated, revealing
a significant overuse of antibiotics despite the presence of national guidelines and well described
risks of antibiotic associated adverse reactions and secondary infections, such as Clostridioides difficile
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infection [24]. They also concluded that the lack of pediatric guidelines for AP may have impacted
this finding of variability in AP practices between hospitals [24]. Additionally, while it is commonly
inferred that the colonic composition in children is similar to that of adults, studies have demonstrated
differences between the pediatric and adult gut microbiome [25,26]. Furthermore, the disproportionate
differences in chronic conditions and comorbidities between children and adults may lend to different
post-operative SSI risks when comparing these two populations [24]. Considering these differences,
surgeons may be less inclined to extrapolate the adult guidelines to their pediatric patients.

AP was effective in the prevention of SSI in our study and only 6% developed an SSI. Of those
children that developed an SSI, 80% were due to infections that were not covered by standard AP, 25%
were premature infants, and 17% were in obese patients. It is well known that antibiotic overuse is
frequent in neonates and significant variability exists in their use. Neonates are, therefore, at risk for
antibiotic resistant organisms. Currently, there are limited data on appropriate surgical AP specific
to neonates and AP in this population are based on adult guidelines [27]. Considering the unique
microbiome of neonates and the morbidity associated with SSI in neonates, larger studies are warranted
to determine effective AP in this particular population, as conventional AP may not be optimal. Two of
the seven obese patients in this cohort developed an SSI. Patients who are obese commonly undergo
longer operative times and are at risk for increased complications and prolonged hospitalizations
following surgery [28]. Furthermore, the lack of data regarding antibiotic dose adjustments in obesity
lends to the concern that these patients may not have adequate serum drug concentrations when
standard doses of AP are utilized. Based on our small study, these special populations may benefit
from a more tailored AP regimen.

This study has several limitations. This was a single-center study and, hence, the findings may
not be generalizable to all pediatric surgical settings. Due to the retrospective study design, we were
limited to information reported in the patients’ medical records; therefore, findings may have been
misclassified if the data points were not completely recorded in the chart. The application of a clinical
chart review may not have captured all facets of SSI documentation. We did not evaluate the use of
oral antibiotics for mechanical bowel prophylaxis prior to elective colorectal procedures, so it is unclear
if those practices were impactful in preventing SSI in our cohort. Finally, SSI cases were identified
using a list provided by our infection preventionists using NHSN criteria; however, cases may not
have been captured if cultures were not obtained despite objective signs leading to clinical suspicion of
infection, such as fever or wound drainage.

5. Conclusions

In this study, we have identified multiple areas for improvement regarding the administration of
AP in children undergoing colorectal surgeries. Lack of compliance with national guidelines for AP in
children undergoing colorectal surgeries was high. A multidisciplinary approach to the development
of standardized protocols, educational interventions, and EHR-based algorithms may facilitate or
improve appropriate AP use. Special populations, such as neonates and obese children, may benefit
from a tailored regimen for AP, as these children may be at risk for SSI due to organisms not covered
by conventional AP regimens. Our findings indicate the need for larger studies to investigate optimal
AP choices in special populations and to determine interventions to improve the provision of AP
in children.
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Abstract: Purpose: Malignant hyperthermia (MH) is a critical and potentially life-threatening emergency
associated with inhaled anesthetic and depolarizing neuromuscular blocker administration. This is a
single center’s response to MH. Summary: When signs of MH are observed, a page for “anesthesia
STAT-MH crisis” is called, triggering a multidisciplinary response, including the deployment of a
Malignant Hyperthermia Cart. The MH cart and the delegation of duties allows nurses, physicians and
pharmacists to quickly understand their role in the stabilization, transition and recovery of a suspected
MH patient. Conclusion: This case highlights the importance of multi-disciplinary involvement in
these rare, but potentially fatal, cases.

Keywords: malignant hyperthermia; collaborative practice; perioperative care

1. Introduction

Malignant hyperthermia (MH) is a critical and potentially life-threatening emergency associated
with the administration of volatile anesthetics and depolarizing neuromuscular blockers that may
occur intraoperatively, as well as during the postoperative period [1]. It is treated with dantrolene,
a ryanodine receptor antagonist. Both the Malignant Hyperthermia Association of the United States
(MHAUS) and American Society of Anesthesiologists (ASA) emphasize a preemptive approach to
treatment, including MH supply, a medication cart and departmental training [2,3]. Furthermore,
delays between the onset of MH and a coordinated response involving the administration of dantrolene
have been associated with increased rates of complications [1]. Therefore, a rapid and efficient response
to those with suspected MH may limit the morbidity associated with the condition. We present a case
of suspected MH and illustrate the application of a multidisciplinary response in accordance with a
well-rehearsed institutional protocol.

Pathophysiology

Malignant hyperthermia is an autosomal-dominant, pharmacogenetic disorder that manifests as a
hypermetabolic crisis following exposure to a triggering agent. Known triggering agents include all
volatile anesthetics (isoflurane, sevoflurane and desflurane), depolarizing neuromuscular blocking
agents (succinylcholine) and human stressors such as vigorous exercise and heat [4]. The most common
genetic mutation found to cause MH involves changes to the type 1 ryanodine receptor (RYR1),
which encodes for the ryanodine receptor found on skeletal muscle [5]. The RYR1 is located on the
sarcoplasmic reticulum of myocytes and is essential for regulating muscle excitation–contraction
coupling. In the setting of genetic mutation and a triggering agent, rapid and uncontrolled increases
in myoplasmic calcium occur, although this may not occur in the patients’ initial surgeries. This is
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significant, as both metabolism and contraction in skeletal muscle are regulated by the concentration of
intracellular calcium [6]. Manifestations of the dysregulation are indicative of a hypermetabolic state.
These derangements may occur as early or late signs. Early signs may include sudden elevated end-tidal
carbon dioxide, tachycardia, acidosis and muscle rigidity. Late signs may include hyperthermia and
hyperkalemia [4]. If untreated, these symptoms may progress to rhabdomyolysis, myoglobinuria and
acute renal failure. Life-threatening complications include disseminated intravascular coagulopathy
(DIC), congestive heart failure, bowel ischemia and compartment syndrome [4]. The prompt diagnosis
and treatment of MH is key to preventing the progression of symptoms and avoiding significant
morbidity or death.

2. Institutional Approach/Protocol

Prior to the administration of any anesthetic, all patients should be screened for MH through
a complete medical and family history analysis. This may not be possible in emergency situations.
The initial signs of MH may occur at any time following the administration of a triggering agent,
including immediately following the induction of general anesthesia or at any point during the
maintenance phase for the anesthetic. As previously mentioned, the earliest clinical signs include an
increase in the end-tidal carbon dioxide and tachycardia. As these findings are much more frequently
a result of inadequate anesthesia and hypoventilation, respectively, the anesthesiologist must maintain
a high level of suspicion for MH. If the anesthesiologist feels that MH is probable, or if there is no
alternative diagnosis to explain the patient’s clinical findings, they should immediately discontinue
any triggering agents, notify the surgeon, hyperventilate with 100% inspired oxygen, increase fresh
gas flow to >10 L/min, and trigger our multidisciplinary response. If available, charcoal filters should
also be placed on the inspiratory and expiratory limbs of the anesthesia circuit. As MH is a potentially
lethal disorder, a well-coordinated multidisciplinary approach is valuable in ensuring a timely and
organized response. Figure 1 demonstrates the sequence of events initiated at our institution when
MH is suspected.

An “anesthesia stat-MH crisis” is called out over the intercom to alert operating room (OR) staff
including anesthesiologists, nurses and pharmacists to respond and assist in treating the patient.
The anesthesiologist will serve as the primary leader for the resuscitation response and ensure
that all aspects of patient care are accounted for. The primary OR nurse will retrieve the MH cart
(contents shown in Table 1) from the adjoining storage area and bring it into the OR. Color-coded
cards corresponding to tasks or roles are assigned to responding personnel. These roles include a
registered nurse (RN) circulator, cooling nurse, medication nurse, dantrolene nurse/pharmacist and
crisis management nurse. Attached to each card is a bag of supplies specific to the individual’s role.
The RN circulator may assign additional MH Team roles as needed. The cooling nurse procures ice and
is prepared to implement advanced cooling as indicated. Cooling techniques at our institution include
ice bags at the groin, axilla and neck; cooling blankets; and cold saline, as indicated. The medication
nurse starts a large bore IV and works with the pharmacist to calculate the appropriate dantrolene dose.
The pharmacist double-checks all drug dosing and assists with medication documentation, as well
as ensuring the order of dantrolene products are utilized in the correct order to maximize efficiency
and cost-effectiveness. Additionally, the pharmacists help to procure regular insulin and dextrose if
needed for the treatment of hyperkalemia. Without all of these providers assessing and participating
in the care of the patient, these cases would be extremely laborious. Having a multidisciplinary team
attend to an MH crisis allows for the rapid control of a patient’s symptoms and to potentially stabilize
them quickly.
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Figure 1. Sequence of events involved in Malignant Hyperthermia Response.

Table 1. Contents of Malignant Hyperthermia Cart.

Medications Anesthesia Supply Nursing Supplies

10% calcium chloride (1000 mg/10 mL)
syringe (3)

Central line kit Salem sump

Dextrose, 5%, syringe (1) Arterial line kit Rapid Infusion Catheter (RIC)

Sodium bicarbonate, 8.4% (2) Charcoal gas machine filter Temperature-sensing Foley

Sterile water, 50 mL (9)
Guidewires Pressure bagRevonto (dantrolene), 20 mg/60 mL (9)

Ryanodex (dantrolene), 250 mg/5 mL (1)

Two types of dantrolene are contained in our MH cart, one vial of Ryanodex and nine vials of
Revonto, in addition to the 10 vials of nonbacteriostatic sterile water (nine 100 mL vials and one
20 mL vial). The Ryanodex is used for the first dose, and the nine vials of Revonto are provided for
any necessary subsequent dosing. Ryanodex is a lyophilized powder form of dantrolene containing
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250 mg per vial, which costs around USD 2500.00. Revonto is also a lyophilized powder but in
contrast only contains 20 mg of dantrolene per vial, costing around USD 60.00 a vial. To reconstitute
Ryanodex, only 5 mL of sterile water is required. When reconstituting Revonto, 60 mL is needed per
vial. Ryanodex should be used for the first dose because of its ease of use and need to reconstitute
fewer vials. For an average 80 kg patient, 10 vials of Revonto and 600 mL of sterile water would be
required to reconstitute an initial dose. Other components of the MH cart are listed below in Table 1
and follow MHAUS recommendations [7].

Once the patient’s MH symptoms and the patient are clinically stabilized, post-operative critical
care and intensive care unit (ICU) admission are initiated. Patient allergies are updated to include
likely triggering agents as a placeholder for future operations and hospital visits as a safety measure.
When appropriate, patient and family are counseled on the importance of notifying anesthesia providers
about MH history and avoiding triggering agents.

3. Case

With the consent of the patient, we present a case of a 22-year-old male admitted with an
open right intercondylar fracture of the distal humerus after getting his arm caught in a steel press.
In the emergency department, the patient received intravenous cefazolin, morphine, hydromorphone
and a Tetanus/Diptheria/Pertussis (Tdap) vaccine. He was taken to the OR on the same day for
an irrigation and debridement, as well as closed reduction of the open distal humerus fracture.
General anesthesia was induced with lidocaine, fentanyl and propofol. Rocuronium was used for
neuromuscular blockade. During the procedure, he was maintained on sevoflurane. No complications
were noted during or after initial surgery. The following day, the patient was scheduled for a
definitive internal fixation of his distal humerus fracture. General anesthesia was again induced
with lidocaine, fentanyl and proprofol. Succinylcholine was administered to facilitate endotracheal
intubation. The patient was maintained on isoflurane, and intermittent dosing of rocuronium was
used to facilitate neuromuscular blockade. Approximately 30 min into the procedure, during the
placement of an additional intravenous line, unexpected resistance was noted. Upon closer examination,
his extremities were found to be rigid. A quick assessment of his vitals showed that he was tachycardic,
with a heart rate of 160 bpm; hypercapnic, with an end-tidal CO2 of 62 mmHg; and hypertensive,
with systolic blood pressures >160 mmHg (baseline blood pressure was 130/82 mmHg at preoperative
evaluation). A temperature-sensing catheter was placed in the bladder, and the patient was found
to be normothermic at 37.4 ◦C. Despite the normothermia, malignant hyperthermia was suspected.
The isoflurane was discontinued, and charcoal filters were placed in the circuit. Nitrous oxide was used
to maintain general anesthesia, and a malignant hyperthermia response was initiated and allowed for
additional responders to arrive at the patient’s bedside within minutes.

The patient quickly received an initial bolus of 187.5 mg of Ryanodex (2.5 mg/kg). Additionally,
20 mg of IV push esmolol was administered to treat his tachycardia but with a negligible response.
Over the next 35 min, the patient received 80 mg of Revonto via intermittent 20 mg doses. These doses
were administered to treat persistent and intermittent symptoms of MH.

The non-pharmacological measures taken include ice packs applied to the axilla and the placement
of cooling blankets. The patient responded to the dantrolene with marked reductions in heart rate,
muscle rigidity and end-tidal carbon dioxide (EtCO2). While not elevated, the patient’s temperature
remained normothermic. The surgical procedure was aborted, and the patient was transferred to the
ICU for close monitoring, with care being assumed by the ICU intensivists.

In the ICU, the patient continued to receive Revonto 80 mg (~1 mg/kg) IV Q 6 h for 24 h. During this
time period, the patient’s lactate fell from 3.2 mmol/L at its peak to 0.6 mmol/L (Figure 2). His creatinine
kinase (CK) peaked at 16,505 units/L and decreased to 7887 units/L prior to discharge (Figure 3).
The patient’s serum creatinine (SCr) was also elevated at 1.44 mg/dL and trended back down to his
assumed baseline.
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Figure 2. Arterial lactate concentration (POD = post-operative day).

 

 

Figure 3. Creatinine kinase concentration (POD = post-operative day).

In light of the etiology and triggering factor in this case, one may incorrectly assume it was
precipitated by succinylcholine alone, since the patient previously received sevoflurane without
incident. However, the literature suggests that different inhaled anesthetics may trigger MH at different
rates, and his initial sevoflurane exposure was not sufficient [8]. Furthermore, studies have shown that
a triggering inhalation agent plus the use of succinylcholine may cause a more marked response than a
single agent [9].

After the patient was stabilized, the case was discussed with the mother, who had also experienced
MH in the past; however, she was not aware that this was a hereditary disease. The patient’s family
was educated regarding the risks of MH and the potential for genetic predisposition within the
family. An allergy was also added to the patient’s chart for future potential cases. The patient was
extubated that evening. Four days into the patient’s admission, he received an open reduction internal
fixation (ORIF) of his distal humerus. Total IV anesthesia (TIVA) was used with continuous infusion
of propofol and intermittent dosing of fentanyl, dexmedetomidine and rocuronium throughout the
case. Aside from the CK, lactate and SCr, the patient’s lab results all remained normal, and the patient
progressed to his baseline function. The patient was discharged home on post-operative day 3 from the
index surgery, with follow up after 2 weeks with the orthopedic service. Through the utilization of the
institution’s protocol, all providers were aware of their roles within the team and were able to quickly
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perform their assigned duties. This allowed delays to be reduced for the rapid control of the patient’s
MH. Without the swift initiation of an MH protocol, it is possible that patients could experience a
lethal outcome.

4. Conclusions

MH is a rare but serious metabolic complication associated with the use of volatile anesthetics and
depolarizing neuromuscular blocking agents. In the case of a delayed response or missed diagnosis,
significant morbidity and mortality may occur. Institutions should develop, implement and train staff
on how to recognize and treat this acute disorder. We present the case of a patient with an unknown
family history of malignant hyperthermia. Despite proper pre-operative assessment, the family history
was missed, and the patient experienced MH symptoms after receiving a triggering agent during
his second surgery. Due to an extensive, multidisciplinary perioperative MH protocol, this patient
was successfully treated and avoided serious complications. Providers were able to treat the patient
quickly and efficiently, in great part due to the presence and utilization of the MH cart. The dosing
cards and instructions readily available on the cart allowed the correct dose of Ryanodex to be verified
and drawn up into a syringe by the providers while subsequent doses of Revonto were also being
prepared. This case also highlights the need to ask specific questions in the pre-operative setting
regarding both the patient’s and the patient’s family’s prior history of surgeries and any events that
may have occurred. We recommend that other institutions develop a similar cart, as a mechanism for
providers to be able to respond to these events.

Funding: This research received no external funding.

Conflicts of Interest: All authors report no conflicts of interest, including pharmaceutical or industry support,
regarding any of the information contained in this report. No relevant funding from any organization was
provided to any of the authors regarding this manuscript or the ideas contained herein.

References

1. Larach, M.G.; Brandom, B.W.; Allen, G.C.; Gronert, G.A.; Lehman, E.B. Cardiac arrests and deaths

associated with malignant hyperthermia in North America from 1987 to 2006: A report from the North

American malignant hyperthermia registry of the malignant hyperthermia association of the United States.

Anesthesiology 2008, 108, 603–611. [CrossRef] [PubMed]

2. MHAUS Website. Available online: www.MHAUS.org (accessed on 16 June 2019).

3. Litman, R.S.; Joshi, G.P. Malignant hyperthermia in the ambulatory surgery center: How should we prepare?

Anesthesiology 2014, 120, 1306–1308. [CrossRef] [PubMed]

4. Rosenberg, H.; Pollock, N.; Schiemann, A.; Bulger, T.; Stowell, K.M. Malignant Hyperthermia: A Review.

Orphanet J. Rare Dis. 2015, 10, 93. [CrossRef] [PubMed]

5. Brandom, B.W.; Bina, S.; Wong, C.A.; Wallace, T.; Visoiu, M.; Isackson, P.J.; Vladutiu, G.D.; Sambuughin, N.;

Muldoon, S.M. Ryanodine receptor type 1 gene variants in the malignant hyperthermia-susceptible population

of the United States. Anesth. Analg. 2013, 116, 1078–1086. [CrossRef] [PubMed]

6. MacLennan, D.H.; Phillips, M.S. Malignant Hyperthermia. Science 1992, 256, 789–794. [CrossRef] [PubMed]

7. Malignant Hyperthermia Association of the United States. What Should Be on an MH Cart? Available online:

https://www.mhaus.org/healthcare-professionals/be-prepared/what-should-be-on-an-mh-cart/ (accessed on

16 June 2019).

8. Visoiu, M.; Young, C.M.; Wieland, K.; Brandom, B.W. Anesthetic drugs and onset of malignant hyperthermia.

Anesth. Analg. 2014, 118, 388–396. [CrossRef] [PubMed]

9. Antognini, J.F. Creatine kinase alterations after acute malignant hyperthermia episodes and common surgical

procedures. Anesth. Analg. 1995, 81, 1039–1042. [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access

article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

100



healthcare

Article

Remote Monitoring of Critically-Ill Post-Surgical Patients:
Lessons from a Biosensor Implementation Trial

Mariana Restrepo 1, Ann Marie Huffenberger 2, C William Hanson III 2,3, Michael Draugelis 4 and

Krzysztof Laudanski 5,6,7,*

����������
�������

Citation: Restrepo, M.; Huffenberger,

A.M.; Hanson, CW., III; Draugelis, M.;

Laudanski, K. Remote Monitoring of

Critically-Ill Post-Surgical Patients:

Lessons from a Biosensor

Implementation Trial. Healthcare 2021,

9, 343. https://doi.org/10.3390/

healthcare9030343

Academic Editor: Richard

H. Parrish II

Received: 13 February 2021

Accepted: 6 March 2021

Published: 18 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 College of Arts and Sciences, University of Pennsylvania, Philadelphia, PA 19104, USA;
rmariana@sas.upenn.edu

2 Penn Medicine Center for Connected Care, Clinical Practices of the University of Pennsylvania, Philadelphia,
PA 19104, USA; ann.huffenberger@pennmedicine.upenn.edu (A.M.H.);
william.hanson@pennmedicine.upenn.edu (CW.H.III)

3 Department of Anesthesiology and Critical Care, University of Pennsylvania, Philadelphia, PA 19104, USA
4 Department of Radiology, University of Pennsylvania Health System, Philadelphia, PA 19104, USA;

michael.draugelis@pennmedicine.upenn.edu
5 Department of Anesthesiology and Critical Care, Hospital of the University of Pennsylvania, Philadelphia,

PA 19104, USA
6 Department of Neurology, University of Pennsylvania, Philadelphia, PA 19104, USA
7 Leonard Davis Institute of Health Economics, University of Pennsylvania, Philadelphia, PA 19104, USA
* Correspondence: klaudanski@gmail.com

Abstract: Biosensors represent one of the numerous promising technologies envisioned to extend

healthcare delivery. In perioperative care, the healthcare delivery system can use biosensors to

remotely supervise patients who would otherwise be admitted to a hospital. This novel technology

has gained a foothold in healthcare with significant acceleration due to the COVID-19 pandemic.

However, few studies have attempted to narrate, or systematically analyze, the process of their

implementation. We performed an observational study of biosensor implementation. The data

accuracy provided by the commercially available biosensors was compared to those offered by

standard clinical monitoring on patients admitted to the intensive care unit/perioperative unit.

Surveys were also conducted to examine the acceptance of technology by patients and medical staff.

We demonstrated a significant difference in vital signs between sensors and standard monitoring

which was very dependent on the measured variables. Sensors seemed to integrate into the workflow

relatively quickly, with almost no reported problems. The acceptance of the biosensors was high

by patients and slightly less by nurses directly involved in the patients’ care. The staff forecast a

broad implementation of biosensors in approximately three to five years, yet are eager to learn more

about them. Reliability considerations proved particularly troublesome in our implementation trial.

Careful evaluation of sensor readiness is most likely necessary prior to system-wide implementation

by each hospital to assess for data accuracy and acceptance by the staff.

Keywords: wearable biosensors; critical care; vital sign monitoring; bio-monitoring system; technol-

ogy acceptance; integration; implementation

1. Introduction

The ability of biosensors to wirelessly, un-obstructively, and effortlessly monitor
patients has become a fascinating prospect for healthcare [1]. They offer an opportunity to
improve patient care while reducing costs and increasing patient and staff satisfaction [2,3].
At a minimum, most biosensors collect body temperature, pulse, heart rate variability,
respiration rate, peripheral capillary oxygen saturation (SpO2), sleep, and movement.
Although sensors can quite often deliver additional data, it is unclear if they can increase
the effectiveness of healthcare delivery.
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In order to effectively integrate biosensors into healthcare workflow, several factors
have to be fulfilled [4]. Foremost, the reliability of the equipment needs to be assessed.
A previous study found that when comparing SpO2 measurements between five types
of biosensors and a clinical vital sign monitor, a range of 85–100% of biosensor measure-
ments fell within three percentage points of the clinical monitor, depending on the type of
biosensor [5,6]. However, the same study alternatively established that this range shifted
to 93.5–100% of biosensor measurements falling within three beats per minute (BPM) of the
clinical monitor [5]. It is also notable that mean skin temperature measured by biosensors
can vary up to 2 ◦C from axillary measurements [7]. Furthermore, recordings from the
research-grade biosensors proved less accurate than those intended for consumers [6,8,9].
Both the consistency and accuracy of some vital signs are much dependent on the device
model [6,8,9]. Finally, the devices must take into account features specific to patients [10].
These inconsistencies across differing vital signs could introduce deceptive data trends that
would undermine the feasibility of implementing biosensors in a critical care setting.

The implementation of biosensors in the workflow must be very well-planned and
unit-specific [11]. The demands for perioperative care are particularly sensitive to interrup-
tion of the signal, while in other instances, accuracy may matter more. The data has to be
delivered from sensors via a secure wireless network connection to provide a clear advan-
tage over the existing infrastructure [4]. Establishing such a link securely and reliably is a
complex task, especially in a hospital system with multiple entities operating off varying
information system infrastructures [12]. Providing similar monitoring at home is even more
complex. Acceptance of the sensor must be high across all parties involved [4,11,13,14].
Patients should value the sensor as an improvement over prior solutions. Sensors should be
especially comfortable and undisruptive in perioperative settings. Providers should expect
robust and reliable sets of data adding to the care being provided. Similarly, nursing staffs
seek to ease the burden of continuously monitoring patients remotely, allowing biosensors
to improve the quality and safety of patient care. All these requirements are particularly
important for perioperative care, especially in in-home settings. A useful framework for
the implementation of biosensors is provided by the ABCDEF bundle by suggesting a focus
on which parameters yield most of the value [15]. Understanding potential barriers to this
integration is the key to major transformations in healthcare [4,9,10,16].

This study describes the process of implementation of a multisensory biosensor plat-
form to analyze up to 22 parameters and features in intensive care unit (ICU) patients.
We aimed to describe our implementation process experiences, with special emphasis on
comparing data streams from patients being monitored by biosensors versus standard
hospital physiological monitoring. We also analyzed acceptance of the technology by pa-
tients, providers, and nurses. Past studies have found that while biosensors have extensive
potential for real-world adaptations, functional challenges, including data validity and
stability, need to be overcome first before defining practical applications [17].

2. Materials and Methods

The IRB at the University of Pennsylvania approved the study (#832633). Data were
collected in 2020.

This is a pilot study testing the feasibility and robustness of the two types of wearable
biosensors in anticipation of future deployment. One of the sensors is commercially
available and used predominately for personal care, and it has not been previously tested
in a healthcare ICU setting. The other one represented a biosensor that was developed and
manufactured for healthcare use by a start-up. Both sensors collect several parameters, but
we only focus on the data which are collected by the standard for medical ICU monitoring
(Nihon Kohden USA; Irvine, CA, USA). The vital signs this study focuses on include heart
rate, respiratory rate, and peripheral capillary oxygen saturation, as these can be collected
by both types of biosensors and the Nihon Kohden monitoring system.

The study was conducted in an eight-bed medical ICU. The staff consists of an attend-
ing pulmonologist, one advanced practice provider, and four to five nurses. They were
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introduced to the study and hardware during a brief 10-min orientation. Patients were
approached for consent while being in the ICU. Seven individuals agreed to participate,
while one refused. One individual wore two sensors subsequently. The demographic
characteristics of the study subjects are detailed in Table 1. After consenting, a patient was
fitted with a sensor using the respective manufacturer’s recommendation. The staff was in-
structed to keep the sensor on for a 24-h period. After the collection of data, the sensor was
removed. Patients and staff members were asked to complete a quick survey in the RedCap
database (Appendix A.1) [18]. In addition, we asked the staff to complete a separate survey
after the trial period to explore their perception of biosensors (Appendix A.2).

Table 1. Demographic characteristics of studied cohorts.

Patients n = 8

Age (x ± SD) 59 ± 9

Sex M 2
F 6

Race Caucasian 4
Asian 1

African American 3
How long being worn 1–4 h 0

5–24 h 8
1 day to 1 week 0

Providers taking care of patients n = 13

How long being worn 1–4 h 0
5–24 h 10

1 day to 1 week 3
Profession MD 8

RN 5

Providers wearing devices n = 16

How long being worn 1–4 h 8
5–24 h 7

1 day to 1 week 1

The data obtained from the biosensors were analyzed and compared to standard
clinical monitoring provided using correlation and pathway analysis. Parametric variables
were expressed as mean ± SD and compared using a Student’s t-test. For non-parametric
variables, median (Me) and interquartile ranges (IR) were computed. Mann–Whitney
U statistics were employed to compare non-parametric variables. Data groups were
analyzed as independent groups. A double-sided p-value of less than 0.05 was considered
statistically significant for all tests. The r-Pearson statistic was calculated to determine
the correlation between the studied variables. Statistical analyses were performed using
Statistica 11.0 (StatSoft Inc., Tulsa, OK, USA). Graphs were generated using GraphPad
Prism 8.4.2 (GraphPad Software Inc., San Diego, CA, USA).

3. Results

3.1. Data Accuracy

The biosensors’ data showed varied performances with respect to different vital signs.
Compared to respiratory rate and peripheral capillary oxygen saturation (SpO2), heart
rate measurements demonstrated the strongest and most consistent correlation between a
biosensor and wired ICU standard recordings at rest (Figure 1A(i),(iii)) and during move-
ment (data not shown). Although the quality of the heart rate data fluctuated throughout
this specific trial, it remained above 80% for most of the measurements recorded after the
application of the biosensor (Figure 1A(ii)). The difference between the biosensor’s record-
ings and those of the Nihon Kohden system is assessed as the bias of the measurements,
which is minimal and optimal for heart rate readings (Figure 1A(iv)). However, one trial
demonstrated a significant lapse in the correlation during the onset of the measurements.
The quality of the biosensor’s measurements during this time was significantly less than
once the heart rate stabilized.
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Figure 1. Correlation between data supplanted by multimodal sensor and standard ICU monitoring.
Various degrees of data consistency were demonstrated by biosensors ranging from excellent for
heart rate measurements (A), to variable for respiratory rate observations (B), to suboptimal SpO2

recordings (C). In addition to the vital signs measured (i) and the quality of the biosensor measure-
ments (ii), the correlation (iii), and bias (iv) between biosensor and Nihon Kohden recordings were
also reported according to vital sign.
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The correlation between biosensor and monitor-driven measurements for respiratory
rate was significantly more variable than that of the heart rate recordings. One sample
displayed superficially close correlations with similar results for both the biosensors and
the manual measurements (Figure 1B(i)). This was confirmed by the weak positive rela-
tionship seen on the scatter plot that described the correlation between the two types of
measurements (Figure 1B(iii)). Similar to the heart rate sample previously discussed, the
quality of the measurements fluctuated throughout the trial, especially in the first half
(Figure 1B(ii)). The bias reporting the difference between the biosensor and Nihon Kohden
respiratory rates is visibly more than that seen for the heart rate data, further emphasizing
the increased variability between the two forms of recording (Figure 1B(iv)).

The SpO2 measurements showed the most variability in terms of the correlation
between the biosensor and standard monitor measurements. Most samples reflected no
SpO2 measurements on the biosensors’ parts (Figure 1C(i)). This lack of recording was
seen in at least three different samples. Interestingly, the evaluation of the biosensors’
quality did not reflect this, and instead remained at above 80% for the majority of the
trial (Figure 1C(ii)). On another occasion, the biosensor only recorded periodically and at
various qualities (data not shown). Similarly, the corresponding scatterplot for this sample
does not reflect any correlation between the types of measurements (Figure 1C(iii)). The
difference between the biosensor and standard monitor recordings seems to be greater than
that of the heart rate measurements, as supported by the bias diagram (Figure 1C(iv)).

3.2. Deployment of the Sensors

The perspectives of patients wearing the biosensors, providers wearing the biosensors
(providers as subject), and providers applying the biosensors on patients (provider for
patients) were obtained through questionnaires to gauge the operationalization and ease
of implementation of the biosensors. Determining the form factor and acceptance related
to the biosensors is critical because these factors drive the discussion on implementation
using the perspectives of both patients and providers. Specifically assessing the viewpoint
of providers wearing the biosensors serves as an interesting comparison in relation to that
of the patients they are treating.

The devices’ adherence to the skin was perceived as somewhat problematic by healthy
individuals. Despite small form factor, most of the users and medical staff considered
sensors to interfere with daily activities (Figure 2). Medical staff included MDs (medical
doctors) and RN (registered nurses). Irritation was reported by a minority of the patients,
with one individual reporting skin abrasion out of a total of eight patient trials (Figure 2).
Only one trial was terminated before the prescheduled time because of the irritation. The
operationalization of the sensor was assessed very highly by patients wearing them when
asked how much they agreed with the following: “Did you like the way the biosensor
fit?”, “Was it easy to apply?”, “Was it easy to connect?”, “Was it easy to remove?”, and
“How was your overall experience related to biosensor?” (Figure 2). Finally, the sensor
trials were terminated on time, at the prescheduled time, in all study groups (providers as
subjects = 65%, patients = 75%, providers for patients = 92%). Neither of the clinical groups
discontinued the sensor because of interference with clinical care.

3.3. Perception of the Sensors

There was little difference in perception of the different domains of the sensors’ usabil-
ity between MDs and RNs, except for the familiarity with sensors between RNs and MDs
(Figure 3A). The most common positive comments about sensors were “modern/sleek”,
“mobility”, and “more data”. The most common negative adjectives were “application”,
“unreliable”, and “cost”. The major sensor advantages were “easy application”, “not-
obstructive”, and “portability”.

The majority of MDs and RNs believed that sensors would be deployed in the next 3 to
5 years (B). The staff was feeling relatively unprepared for sensor deployment (Figure 3C).
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Figure 2. Experience of wearing the sensor. Experience of wearing the sensor was consistently rated higher for patient users
compared to providers involved in care of patients.

Figure 3. Readiness for implementation of biosensors. Physicians assessed the benefits of sensor deployment highly (A)
and predicted faster implementation (B) than nurses. Nurses reported a more slightly unprepared perception of readiness
to work with biosensors (C).

4. Discussion

The implementation of biosensors demonstrated several important related problems.
The reliability of a sensor has to be extensively studied before the implementation. Prior
reports pointed to unique problems related to the biosensors, although this was not the
uniform case [12,16,19,20]. Movement, skin color, and sweating were quite often reported
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as the main reasons for interference [12,19]. Post-deployment interviews demonstrated that
data might be lost for other reasons [14]. Sensor adherence was cited as such, but the loss
of some data could not be explained exclusively. Considering that the correlations between
the biosensor and clinical recordings for respiratory rate and SpO2 were not significantly
accurate, the variability that was introduced could negate the reliability and accuracy of
the biosensors [21–24].

Overall, data correlation depended more on the data type (e.g., vital sign recorded)
than on the sensor type in our study, and that was a new finding [12,16,19]. The weak
correlations between readouts of the sensor and clinical standards augment the skepticism
regarding integrating the biosensors with more standard critical care technology. Without a
standard for accuracy, the variability will require consistent validation of the results, which
will be both time sensitive and concerning if the validation fails. These problems emerged
even before we could test the sensors’ connection to the IT system. The unpredictability
of the biosensors connecting to the appropriate downloading devices or tablets is one of
the main concerns regarding this novel technology [4]. Being unable to anticipate if or
where the biosensor will connect is one possible restriction that diminishes the fidelity of
biosensors, given they should function to wirelessly monitor patients at all times. The
stability and resiliency, among other technological obstacles, of electrochemical biosensors
have proven to be focal points for barriers to their implementation, and the acceptance
rate for loss signal has not being established [10]. However, our study demonstrated that
multi-sensor devices might be uniquely prone to sensing errors as compared to clinical
standards. This is a new and unique finding [12,16].

The adverse effects of wearing the sensors were rare. Irritation was almost not
observed, while only one case of abrasion was noted in our study. The small number of
enrolled subjects precluded this from being a conclusive study. Future studies should
look into the incidence of adverse effects related to biosensors’ application as compared
to regular monitoring. However, most of the devices are fairly inert while being worn by
patients [6,10,12,16].

The acceptance of the biosensor technology was particularly high for patients and
slightly less so among the providers. This was the novel finding of the study, since some
reported several barriers [14,16]. The reason driving the high acceptance of the biosensors
was the relatively low form factor of devices [4,21,23]. A desire for non-interference of
the device was frequently cited [16]. We demonstrated relatively low initial enthusiasm at
the beginning of the trial that significantly increased at the completion of trials. Patients
had overall positive impressions. The interference with workflow was minimal, though
providers wearing the sensors reported much higher rates of premature termination of
the trials secondary to adherence problems. The increased mobility of healthy individuals
compared to bedridden patients may be partially responsible for this difference [14,16].

Our study has several limitations. This was not a device trial, or even a pilot study.
The sample size was small, and we used two different devices. Devices were placed on
few patients or staff members. However, the intention of this paper was to observe the
implementation process to demonstrate potential problems. Much too often, the problems
during implementation are not brought up, setting unrealistic expectations from the end-
user.

5. Conclusions

We caution against an overoptimistic approach to the implementation of biosensors
in a healthcare setting, as the process has several potential pitfalls. Despite being FDA-
approved, biosensors need to be consistently tested against standard monitoring equipment,
such as that of Nihon Kohden, in order to demonstrate readiness for implementation in
high-acuity healthcare settings.
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Appendix A

Appendix A.1. The Questionnaire Used to Study the Attitude of the Staff towards Biosensors in
Patients and Staff

1. What is your role?

a. Attending
b. APP
c. RN
d. CNA
e. Other staff

2. Did you have contact with biosensor before

a. Y/N

3. How familiar are you with biosensors (0—not at all; 10—extremely familiar)

a. 0–10

4. Did you like the experience? (0—not at all; 10—extremely familiar)
5. Is the biosensor easily applied to the participants? Y/N
6. Do you think they are useful? (0—not at all; 10—extremely)
7. How much biosensor can potentially alleviate your workload? (0—not at all; 10—

extremely)
8. Do you think patients like them? (0—not at all; 10—extremely)
9. How do you think it will impact the patient’s experience

a. Mobility (0—not at all; 10—extremely)
b. sleep (0—not at all; 10—extremely)
c. transport? (0—not at all; 10—extremely)

10. How much did they impair on the work? (0—not at all; 10—very)
11. Compared to current monitoring equipment:

a. How esay is the biosensor to use (0—not at all; 10—very)
b. How practical Is the biosensor to use in the healthcare setting (0—not at all;

10—very)

12. When they should be implemented?

a. Never
b. 1–2 years
c. 5–6 years
d. In 10 years
e. Never

13. What is the main advantage of biosensor?
14. What is the major problem with biosensors?
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15. List up to three adjectives describing this device?

a. X
b. X
c. X

16. How familiar is the staff with devices after the trial (0—not at all; 10—very)
17. How ready is staff for their implementation? (0—not at all; 10—very)

Appendix A.2. The Questionnaire Used to Study the Attitude of the Staff towards Biosensors in
Patients and Staff

1. What is your role

a. Attending
b. APP
c. RN
d. CNA
e. Other staff

2. Did you have contact with biosensor before

a. Y/N

3. How familiar are you with biosensors

a. 0–10

4. Did you like the experience?
5. Do you think they are usefull
6. Do you think patients like them
7. How much did they impair on the work?
8. Do you think
9. When they should be implemented

a. Never
b. 1–2 years
c. 5–6 years
d. In 10 years
e. Never

10. What is the main advantage for biosensor
11. What is the major problem with biosensors
12. List up to three adjective describing this device?

a. X
b. X
c. X

13. How familiar is the staff with devices
14. How ready is staff for their implementation?
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Abstract: (1) Background: Tricuspid regurgitation (TR) is the most frequent valvulopathy in heart

transplant recipients (HTX). We aimed to assess the influence of prophylactic donor heart tricuspid

annuloplasty (TA) in orthotopic HTX (HTX-A), comparing the outcomes with those of HTX patients.

(2) Methods: Electronic databases of PubMed, EMBASE, and SCOPUS were searched. The endpoints

were as follows: the overall rate of postprocedural TR (immediate, one week, six months, and

one year after the procedure), postoperative complications (permanent pacemaker implantation

rate, bleeding), redo surgery for TR, and mortality. (3) Results: This meta-analysis included seven

studies. Immediate postprocedural, one-week, six-month and one-year tricuspid insufficiency rates

were significantly lower in the HTX-A group. There was no difference in permanent pacemaker

implantation rate between the groups. The incidence of postoperative bleeding was similar in both

arms. The rate of redo surgery for severe TR was reported only by two authors. In both publications,

the total number of events was higher in the HTX cohort, meanwhile pooled effect analysis showed

no difference among the intervention and control groups. Mortality at one year was similar in both

arms. (4) Conclusion: Our study showed that donor heart TA reduces TR incidence in the first year

after orthotopic heart transplantation without increasing the surgical complexity. This is a potentially

important issue, given the demand for heart transplants and the need to optimize outcomes when

this resource is scarce.

Keywords: heart transplant; tricuspid annuloplasty; tricuspid regurgitation; prophylactic; meta-analysis

1. Introduction

Tricuspid regurgitation (TR) is the most frequent valvulopathy in heart transplant
recipients (HTX), with a reported incidence ranging between 19% to 84% [1,2]. The tricuspid
valve (TV) integrity manifests a significant impact on the long-term clinical progress and
survival of orthotopic HTX. Although most of the patients present a small degree of
tricuspid insufficiency, moderate or greater grades were associated with significantly
worse survival and higher post-transplant complications [3]. TR etiology is multifactorial,
with several viable hypotheses still debatable: biatrial transplantation technique, allograft
dysfunction or rejection, donor-recipient size mismatch, or structural damage during
endomyocardial biopsy [4–8].

Postoperative moderate or severe TR negatively affects the overall survival rates after
HTX [9]. Despite the fact there is a reported improvement of the degree of tricuspid
regurgitation six months after the transplantation, the nature of this valvulopathy is
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progressive. Studies with more extended follow-up periods reported an increase in severe
TR incidence from 7.8% at five years to 14.2% at ten years [10].

The most frequently reported indication for heart surgery after HTX was the atrioven-
tricular valve reconstructions or replacement. 62.5% of these cases were related to the
tricuspid valve [11]. Surgical repair or replacement is required when right heart failure
becomes refractory to conservative medical treatment [10,12]. The mean duration from
transplantation to severe TR diagnosis is reported to be 43 +/- 6.38 months [10]. The
cardiac mechanics portending right ventricular failure can be accurately predicted using
either right cardiac catheterization or by noninvasive methods computational modeling
of hemodynamic and cardiac mechanics using lumped-parameter and biventricular finite
element analysis [13,14].

To improve the TV function and avoid the risks associated with redo heart surgery,
prophylactic tricuspid annuloplasty (TA) on the donor’s heart was proposed as a simple
solution to a problem that triggered an increasing concern. Already an established and
widely performed surgery, primarily in functional TR treatment, TA accomplished either
by DeVega’s technique or by a ring is associated with excellent long-term results [15,16].
TA was envisioned to enhance posttransplant hemodynamics and prevent late moder-
ate/severe TR. Moreover, the importance of TV repair was emphasized not only in heart
transplanted patients but also in those receiving left ventricular assist devices either as
a bridge therapy or as destination therapy, in which concomitant TV repair may reduce
postoperative right ventricular failure [17].

Although a significant reduction in TR after this procedure was reported by most of
the authors, actual data are controversial, and opinions regarding its impact on overall
survival are heterogeneous. To date, there is no consensus on the concomitant management
of the TV during heart transplant [18].

The purpose of this study is to assess the influence of prophylactic donor heart
tricuspid annuloplasty (in terms of postoperative complications, effects on hemodynamic
parameters, short- and long-term tricuspid regurgitation, and mortality) in orthotopic heart
transplant recipients.

2. Materials and Methods

The preferred reporting items for systematic reviews and meta-analysis (PRISMA)
checklist was applied in each step of the meta-analysis conduction (Supplementary Table S1).

2.1. Search and Eligibility

We performed an extensive search for studies comparing heart transplantation with
and without prophylactic tricuspid annuloplasty in three electronic databases: PubMed,
EMBASE, and SCOPUS from inception to 20th December 2020. We used the following
interrogation terms: “heart transplantation,” “tricuspid regurgitation,” “tricuspid valvulo-
plasty,” “de Vega.” Two independent authors (A.E.B. and A.T.) checked titles and abstracts
for eligibility. Fulltext was retrieved for selected papers and verified for fulfilling the follow-
ing inclusion criteria: (1) study design—randomized control trials, observational studies,
propensity score match studies; (2) population—patients with orthotopic heart trans-
plantation; (3) intervention—donor heart tricuspid annuloplasty; (4) comparators—heart
transplanted patients without prophylactic tricuspid annuloplasty; (5) outcomes—reported
at least post-transplantation tricuspid regurgitation. Both authors scanned the references
in relevant articles. The third reviewer (G.T.) mediated the situations when consensus
regarding a manuscript’s inclusion was not achieved.
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2.2. Intraoperative Timing and Outcomes

We compared intraoperative timing between two cohorts (ischemic time, cardio-
pulmonary bypass time, and cross-clamp time). The endpoints were as follows: the
overall rate of postprocedural TR (immediate, one week, six months, and one year after
the procedure), postoperative complications (permanent pacemaker implantation rate,
bleeding), redo surgery for TR, and mortality.

2.3. Data Collection and Synthesis

The same reviewers extracted data only from retrieved published manuscripts and
registered them in standard tables. When the ratio of events and not raw data were
available, we calculated the event number from the described ratio and total cohort.

Review Manager (RevMan) Version 5.3 (Nordic Cochrane Centre, The Cochrane
Collaboration, 2012, Copenhagen, Denmark) software was used to generate the pooled
effect size with odds ratio (OR) and 95% confidence intervals (CI) by Mantel–Haenszel
method and random effect model for dichotomous data. A p-value of less than 0.05 was
considered significant. Conversion to mean and standard deviation (SD), when median
and IQR were available, was performed following the methods published by Luo et al.
and Wan et al. [10,11]. The pooled sample mean and pooled standard deviation for
selected studies were calculated according to the Cochrane Handbook’s recommendation
for Systematic Reviews. We used MedCalc Statistical Software version 14.8.1 (MedCalc
Software bvba, Ostend, Belgium; http://www.medcalc.org (accessed on 20 December
2020); 2014) for comparative statistics. Chi-squared and t-Student’s tests were used to
compare dichotomous and continuous data.

2.4. Studies Quality Assessment

The risk of publication bias was assessed with the Newcastle–Ottawa quality assess-
ment scale (NOS) for cohort studies and the Cochrane risk of bias tool for randomized
controlled trials.

3. Results

3.1. Literature Search and Study Selection

The digital search identified a total of 1506 titles. After duplicates removal, a total
of 1068 references were screened by title and abstract. There were 26 articles selected for
full-text analysis (Figure 1).

Seven full-text articles that compared the incidence of moderate or severe tricuspid
regurgitation, postoperative complications, and late mortality in heart transplant patients
with donor tricuspid annuloplasty with cohorts with no prophylactic tricuspid valve repair
during OHT were retrieved [2,19–24]. Two of the studies had the same cohort of patients
and reported the same outcomes at different periods [22,23]. Two other studies have been
conducted by the same authors in the same center [2,20]. The criteria for patient selection
and the reported outcomes were the same. We have considered the data presented in the
most recent study that also included the more representative cohorts of patients.
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Figure 1. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram for study selection.

3.2. Study Characteristics and Risk of Bias

The characteristics of the selected studies are presented in Table 1. All studies were
appreciated to have a good quality design (Supplementary Table S2).

3.3. Patient and Periprocedural Characteristics

The final analysis included 730 patients, of which 359 heart transplant recipients with
prophylactic donor tricuspid annuloplasty (HTX-A) and 371 patients without tricuspid
valve repair (HTX group). Both bicaval and biatrial heart transplantation techniques were
taken into account. De Vega and Ring tricuspid valve annuloplasty procedures were
analyzed.

Baseline characteristics and periprocedural data distinguishing each group are sum-
marized in Table 2. Patients in both groups predominantly male and had similar ages.
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Table 1. Summary of included studies.

Author Year Country No. of
Centers

Type of Study Time Period Type of Surgery
Patient
Group

No. of Patients
Per Group

Follow-Up

Jeevanandam 2004 USA 1 RCT April 1997–March 1998 Bicaval orthotopic heart
transplantation with DeVega TVA

HTX 30 1 yearHTX-A 30

Jeevanandam 2006 USA 1 RCT April 1997–December 2003 Bicaval orthotopic heart
transplantation with DeVega TVA

HTX 30 5.7 to 6.7 yearsHTX-A 30

Rubin, G 2018 USA 1 Retrospective observational 2013–2017 Orthotopic heart transplantation
with DeVega TVA

HTX 104
32 monthsHTX-A 76

Greenberg J 2017 USA 18 Retrospective observational-
Propensity score-matched

January 2002–December 2016 Bicaval orthotopic heart
transplantation with DeVega TVA

HTX 117 7.9 ± 4.3 years
HTX-A 130 5.2 ± 2.9 years

Fiorelli 2007 Brazil 1 Prospective
Observational- nonrandomized

March 1985–December 2005
Bicaval orthotopic heart

transplantation with DeVega TVA
HTX 10 14.6 ± 4.3

monthsHTX-A 10

Fiorelli 2010 Brazil 1 Prospective
Observational- nonrandomized

2002–2010 Bicaval orthotopic heart
transplantation with DeVega TVA

HTX 15 26.9 ± 5.4
monthsHTX-A 15

Brown 2004 USA 1 Retrospective
Observational November 1999–July 2001

Biatrial cardiac transplantation with
a Cabrol modification with either a

DeVega (n = 10) or Ring (n = 15) TVA

HTX
HTX-A

25
25 6 months

HTX—heart transplantation; HTX-A—heart transplantation with tricuspid annuloplasty; TVA—tricuspid valve annuloplasty.

Table 2. Baseline characteristics and periprocedural data.

Parameters No. of Studies No. of HTX Patients No. of HTX-A Patients
HTX

Mean ± SD or (%)
HTX-A

Mean ± SD or (%) p-Value

Demographics
Age 5 331 319 51.48 ± 10.20 51.92± 11.32 0.6
Male 5 331 319 72.2% 73.3% 0.8

Preoperative data
Ischemic etiology of the end-stage heart failure 4 132 148 88.63% 67.57% 0.0001

Inotropic medication 2 172 188 30.23% 37.76% 0.2

Preoperative renal function
Creatinine 2 187 203 1.26 ± 0.93 1.22 ± 0.46 0.6

BUN 2 187 203 23.73 ± 11.90 23.56 ± 11.82 0.9

Hemodynamic parameters
Pulmonary capillary wedge pressure 2 187 203 17.16 ± 8.55 19.71± 9.14 0.005

Pulmonary vascular resistance woods units 5 298 300 2.29 ± 1.00 2.17 ± 1.02 0.15
Mechanical circulatory support 4 306 304 55.88% 52.63% 0.5

Intraoperative times
CPB duration 3 144 116 173.33± 27.75 154.15 ± 25.89 <0.0001
Ischemic time 5 326 314 181.75 ± 40.83 165.32 ± 41.72 <0.0001

Aortic cross-clamp 4 169 141 88.02 ± 20.50 86.89± 13.86 0.6
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Ischemic etiology of the end-stage heart failure was more frequent in the HTX group
(88.63% vs. 67.57%, p = 0.0001). There was no difference in preoperative renal status,
mechanical circulatory support, or inotropic drug use. The pulmonary capillary wedge
pressure was higher in the HTX-A group (19.70 ± 9.13 vs. 17.15 ± 8.54, p = 0.0047), but
pulmonary vascular resistance was similar.

3.4. Intraoperative Times

Intraoperative data analysis revealed longer cardiopulmonary bypass time (173.32 ± 27.75
vs. 154.14 ± 25.88, p < 0.0001) and ischemic time (181.75 ± 40.82 vs. 165.31 ± 41.72,
p < 0.0001) in the HTX group, but no difference in the aortic cross-clamp time.

3.5. Outcomes

3.5.1. Tricuspid Regurgitation

Forest plots for postoperative TR in different periods are shown in Figure 2a–d.
Immediate postprocedural, one week, six months and one year tricuspid insufficiency rate
was significantly lower in HTX-A group (HTX-A vs. HTX: OR: 0.04, 95% CI, 0.01 to 0.34,
I2 = 0%); (HTX-A vs. HTX: OR: 0.25, 95% CI, 0.06 to 1.03, I2 = 8%); (HTX-A vs. HTX: OR:
0.18, 95% CI, 0.05 to 0.66, I2 = 0%); (HTX-A vs. HTX: OR: 0.17, 95% CI, 0.04 to 0.77, I2 = 0%).
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Figure 2. Forest plot depicting post-transplantation TR: (a) immediate; (b) after 1 week; (c) after 6 months; (d) after 1 year.

3.5.2. Periprocedural Complications

There were no difference in permanent pacemaker implantation rate between the
goups (HTX-A vs. HTX: OR: 2.19, 95% CI, 0.50 to 9.64, I2 = 0%) (Figure 3a). Incidence of
postoperative bleeding was similar in both arms (HTX-A vs. HTX: OR: 1.00, 95% CI, 0.23
to 4.28, I2 = 0%) (Figure 3b).
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Figure 3. Forest plot depicting periprocedural complications: (a) permanent pacemaker implantation rate; (b) postoperative
severe bleeding rate.

3.5.3. Reoperation and Survival

The rate of redo surgery for severe TR was reported only by two authors. In both
publications, the total number of events was higher in the HTX cohort, meanwhile pooled
effect analysis showed no difference among the intervention and control groups (HTX-A
vs. HTX: OR: 0.13, 95% CI, 0.02 to 1.11, I2 = 0%) (Figure 4a). Mortality at 1 year was similar
in both arms (HTX-A vs. HTX: OR: 1.01, 95% CI, 0.41 to 2.49, I2 = 0%) (Figure 4b).
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Figure 4. Forest plot depicting: (a) reoperation rate on tricuspid valve after transplantation; (b) 1-year survival.

4. Discussion

Our meta-analysis shows that donor heart tricuspid annuloplasty reduces tricuspid
regurgitation incidence in the first year after orthotopic heart transplantation without
increasing the surgical complexity. No significant benefit or harm was revealed on long-
term mortality. Performed in high-experienced centers, prophylactic donor tricuspid
annuloplasty could be routinely considered during orthotopic heart transplantation as it
tends to incline the balance to a more favorable evolution.

Tricuspid regurgitation is a common problem after heart transplantation. There
are two main types of tricuspid insufficiency. Type I dysfunction is more common and
occurs earlier, with a reported average time from the procedure to the onset of severe TR
of 13 months [25]. In this scenario, the regurgitation is due to the alteration in the TV
geometry and right atrium, followed by annular/ventricular dilation. The tricuspid valve
leaflet motion is normal. Evolution under medical therapy is usually mild but may become
severe and require surgical correction [25,26].

Type II dysfunction has a reported average time to onset of severe TR of 28 months
and is characterized by an excessive leaflet motion mostly due to chordal disruption after
right ventricular endomyocardial biopsy [25]. Mild to moderate TR may be well-tolerated,
but recurrent injury or spontaneous rupture of the chordae tendineae could also lead to
severe symptomatic TR that may require surgical repair [27,28].

The etiology of the disease is multifactorial. In a multivariate analysis, the standard
biatrial transplantation technique is considered the most independent predictor for early
and late TR in heart transplant recipients [5]. Due to a higher distortion and dilatation
of the tricuspid annulus, biatrial transplantation can lead to a more frequent and severe
type I tricuspid regurgitation in all time scales following transplantation. After a one-year
follow-up, the patients who underwent transplantation by the biatrial technique showed
higher right-sided pressures and thus added another risk factor in developing the TR [5].

Despite these findings, some authors disagree with this hypothesis. Kim and col-
leagues found that the occurrence of TR was not related to the anastomosis technique [29],
and Kalra et al. revealed in an echocardiographic study comparing bi-caval versus atrial
anastomosis technique, no effect of the technique on tricuspid regurgitation [30]. Another
study identified that the strongest predictor of moderate to severe TR would rather be
the presence of intraoperative RV dysfunction [3]. Other risk factors associated with the
development of type I TR are the donor age, the preoperative pulmonary hemodynam-
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ics, pre-transplant dilated cardiomyopathy weight mismatch, and more than two cellular
rejection episodes [5,9,29].

The development of long-term significant type II TR after transplantation was cor-
related with the number of endomyocardial biopsies performed (EMB) [5]. (A significant
correlation between the occurrence of tricuspid valve injury and EMB number performed per patient
was observed [12].) Percutaneous transvenous EMB remains the most suitable method
for the early identification of histopathologic alterations; thus, the gold standard in the
diagnose of cardiac rejection [31]. The reported TR caused by iatrogenic injury during
EMB was 6–32% of cases [3,32,33], and almost half of all myocardial fragments recovered
from patients with significant TR revealing the presence of chordae tendineae [12]. The
risk factors of developing tricuspid injury are EMB technique, bioptome type, method of
bioptome guidance, and access route and team experience [12,32,34]. Noninvasive methods
sought to replace the EMB yet did not prove able to overcome histological analysis’s advan-
tages [35,36]. Gallium-67 scintigraphy used as a screening method has resulted in favorable
outcomes, with an approximately 10-fold reduction of EMB per patient [37]. Although
TV annuloplasty is performed to maintain the annulus’s standard size, minor structural
damage caused by EMB could also be attenuated due to the annulus reduction [23].

The impact of TR on transplantation outcomes is unquestionable. Anderson and
colleagues report a 38% operative mortality in patients with mild or greater severity TR
versus 7% in patients with no or trace TR. In the absence of RV dysfunction, one-year
survival rates were 92% for those with no or trace TR vs. 57% with mild or greater severity
TR. A vital survival gap was also noticed in the patients with RV failure (83% vs. 63%) [3].
After ten years, follow-up in Algharni et al. reported 90% survival rates in patients with
less than moderate tricuspid regurgitation compared to 43% for moderate and severe TR [9].
Individuals with higher grades of TR also had more extended hospital stays and higher
renal dysfunction rates and dialysis [18]. They were also more prone to need mechanical
circulatory support and required more often redo open chest procedures [3].

Although prompt surgical repair of severe TR that develops early after transplantation
is regarded as a safe procedure in selected patients, with an improvement in the overall
survival after 1, 5 and 10 years due to better cardiac performance and alleviation of
associated organ dysfunction, this redo surgery is not risk-free [11,38]. The postoperative
evolution was marked by high rates of prolonged ventilation (33%), new-onset requirement
of hemodialysis treatment (36.8%), and infectious complications (11.1%). The reported
early mortality was 11.1% [11].

Tricuspid valve annuloplasty had been proven already as a simple, safe, effective, and
reliable surgical procedure [39]. Moreover, because it is the least expensive way to treat
functional TR, De Vega’s TVA established itself as the treatment of choice for functional
TR [39]. The procedure adds little additional time of 5 to 10 min to the operation, the fact
that it is also suggested by similar aortic cross-clamp times between the HTX and HTX-A
groups [40]. Instead, our results show that TVA contributed to a shorter cardiopulmonary
bypass and ischemic time fact attributed to improved right ventricular performance and
hemodynamic parameters [23].

TVA has been hypothesized to exert its significant benefits in the early postoperative
period [23]. Our meta-analysis of immediate postprocedural, one-week, six-month, and
one-year tricuspid insufficiency rates showed significantly lower values in the HTX-A
group. This finding would explain the rationale behind establishing the prophylactic
donor tricuspid annuloplasty procedure as standard practice. On the other hand, contrary
to expected, there was no other significant improvement in the postoperative outcomes.
Even though multiple authors have brought strong arguments about the TR’s impact on
morbidity and mortality rates, our results revealed no difference in one-year mortality
between groups. Unfortunately, the fact that survival data were very heterogenous reported
could be why these inexplicable results.

One of the most significant drawbacks of the procedure revolves around the complica-
tions involving the conduction system. Rubin and colleagues conducted the most edifying
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study that focuses on the electrophysiologic consequences associated with tricuspid annu-
loplasty in heart transplantation. The conduction disturbances reported as significantly
more common in the experimental group were the right bundle branch block, left anterior
fascicular block, and complete heart block. Permanent pacemaker (PPM) implantation
was also more frequent in patients receiving DVA. The authors advise that annuloplasty
should be integrated within the context of an equitable tradeoff between the possible risk of
conduction abnormalities that occur in the immediate postoperative period and the benefit
of preventing late moderate/severe TR [24].

The reported incidence of PPM implantation in heart transplanted patients varies
between 5.3% and 10.9% [24,41,42]. Older patients undergoing a biatrial surgical technique
with a previous history of amiodarone use are already more susceptible to necessitate
pacing without tricuspid intervention [43,44]. Our results showed no difference in the PPM
between the groups. However, the negative effect of tissue-damaging during annuloplasty
may have been counterbalanced by a shorter ischemic time in the HTX-A group previously
reported to contribute to the occurrence of the conduction disturbances [44].

All in one, TA is a simple technique that is worth considering when it comes to
orthotopic heart transplantation. The procedure’s aim is clear: to reduce the annulus
dilatation development and thus the long-term tricuspid regurgitation. If the results are
according to what was initially expected when they were first introduced is still debatable.
Correctly performed, it could reduce the risk of severe regurgitation and thus, improve the
survival rates and postoperative outcomes while carrying no additional risk for the patient.
Some surgeons have discontinued this procedure two years after its implementation,
some have assimilated it into the transplantation protocol on the presumption that it has
its advantages. However, in the lack of precise data regarding long-term benefits, the
basic principle is that TA could be performed as a routine adjunct to orthotopic heart
transplantation by experienced surgeons.

Limitations

This meta-analysis has some significant limitations. First, it includes three observa-
tional retrospective studies: a matched case–control study, two prospective nonrandomized
studies, and two RCTs. Second, two of the studies authored by the same team of researchers
included the same cohort of patients and reported mostly the same outcomes at different pe-
riods, the first after a follow-up of 1 year and the second after a follow-up of 5.7 to 6.7 years.
Another group of studies authored by the same authors was conducted respecting identical
patient selection criteria and the reported outcomes. To avoid biased results, we have
considered the meta-analysis of the data presented in the most recent and representative of
them. Third, TR was not uniformly graded in all of the studies. Jeevandaman described
four degrees of regurgitation, while the authors used a three-stage classification. Fourthly,
there were significant discrepancies regarding the surgical technique. Rubin did not report
the technique of heart transplantation at all. The patients included in the study conducted
by Brown had undergone biatrial heart transplantation, while the other authors used the
bicaval technique. TA was performed by De Vega’s technique in all of the studies, except
for Brown, who also included the annuloplasties performed using rings.

5. Conclusions

Our study showed that donor heart tricuspid annuloplasty reduces tricuspid regurgi-
tation incidence in the first year after orthotopic heart transplantation without increasing
the surgical complexity. Further large randomized clinical trials are necessary to evaluate
the impact of this procedure on long-term insufficiency and outcome benefits. Regarding
one-year and long-term mortality, no significant benefit or harm was revealed. Thus, we
emphasize the importance of extending the follow-up period on larger cohorts. In conclu-
sion, if performed in high-experienced centers, prophylactic donor tricuspid annuloplasty
could be routinely considered during orthotopic heart transplantation as it tends to incline
the balance to a more favorable evolution without adding any additional risks.
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Cohn’s work fills a void in the perioperative care literature by providing a concise,
comprehensive, practical, and authoritative guide to the medical management of common
periprocedural issues and scenarios. The book is organized logically according to the
typical flow of patient management, beginning with an introduction to perioperative
patient care, prevention of common complications, treatment of co-existing diseases and
special populations (such as the cancer patient and surgery in the older patient), and
finishing with the management of common post-operative problems.

The book has a number of strengths, and could be easily converted into a computer app
to aid utilization for practice enhancement and teaching at the bedside. It contains many
helpful tables and figures (algorithms) that assist the reader to form a complete picture of
the topic. The importance of conducting a careful risk assessment to avoid exacerbation of
co-morbidities or prevention of various post-operative complications is well highlighted.
The ‘clinical pearls’ found at the end of each chapter provide the reader with high yield
and pertinent information on important treatment decision making aspects. The chapters
in the section on common post-operative problems are well-written and succinct.

There are also a number of areas where the book could be improved, perhaps in
subsequent editions. Because there are 26 co-authors of the various chapters, the scope,
depth, and detail of each chapter seems to vary considerably. Some chapters have guideline
or clinical trial citations; some important statements were uncited. For example, in the
prevention of surgical site infections (SSI) with antimicrobials, the current workhorse
antibiotic and dosing for prophylaxis of SSIs, cefazolin, is not mentioned by name; not all
cephalosporins are indicated for prophylaxis [1]. This variation is also true of the ‘clinical
pearls’ bullet points, and the source or attribution of the pearl often varies. Some of the
pearls are summative statements discussed in-depth in the chapter; others are based on
the author’s experience or expertise. Moreover, several citations are not the most up to
date, such as the management of post-operative nausea and vomiting (PONV) [2]. In this
regard, while PONV is a major reason for delayed discharge from the hospital or outpatient
surgery center, its assessment and management are scattered among several chapters.
It would have been more helpful to the reader if PONV had its own chapter, placed
either in the prophylaxis or common problems section. There are several redundancies
and omissions regarding medication management. For example, both the chapter on
medication management and ischemic heart disease identify cardiac medications that
need to be withheld or continued during the perioperative period. Medications to treat
myasthenia gravis (pyridostigmine and azathioprine) are omitted in the robust table
(chapter 4, page 34), and importance of avoiding general anesthesia and neostigmine
reversal in these patients is paramount to safe emergence by using newer agents, perhaps
sugammadex (which is not mentioned in the text at all) [3–5]. At times, use of medication
names, either brand or generic, is not consistent. There is no chapter on the pediatric
patient, which would be another excellent addition to the next edition placed in the special
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populations section. Considering the recent major paradigm shift in perioperative care
culture, the treatment of enhanced recovery programs is somewhat cursory [6–8].

On balance, while the book has some minor limitations, it is an excellent collection of
tips and wisdom proven to be very helpful in the management of the perioperative patient.
It is recommended as required reading for any surgery, general medicine, or pharmacy
resident or fellow in training or on rotation, as well as a comprehensive reference for
experienced practitioners and allied health professionals working in the periprocedural
space. It might also serve as the basis of a shared mental model for collaborative practice
development among surgeons, anesthesiologists, hospitalists, clinical pharmacists, nurses,
dietitians, and other therapists managing the care of the periprocedural patient.
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