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Perioperative medicine is changing rapidly, and with this change comes the oppor-
tunity to improve upon current models of care delivery and integration within the
health care system. Perioperative models of care are structured or conceptual
arrangements for surgical patients before, during and after their surgery. Models of
care such as the Perioperative Surgical Home and Enhanced Recovery After Surgery
pathways are increasingly used to guide the structure of perioperative care delivery
with an aim to improve patient outcomes and experience in Canadian settings. In this
narrative review, we summarize the origins of these perioperative models of care.
They are fundamentally different in scope and level of evidence. Both models have
potential benefits and limitations to their broad implementation in our health care
system. As currently developed, both models are limited in their application to
patients with chronic disease. We discuss how these models of care can be used to
develop integrated horizontal and vertical perioperative pathways in a Canadian set-
ting. Such integration is a potential solution that will improve their applicability to
patients with medically complex conditions and in times when health care systems are
under pressure. We describe this approach using the example of patients with kidney
failure receiving dialysis.

La médecine périopératoire évolue rapidement, ce qui est propice a I'amélioration des
modeles de soins actuels et a leur intégration au systéme de santé. Les modeles de
soins périopératoires sont des approches structurées ou conceptuelles a 'intention des
patients de chirurgie avant, durant et apres leur intervention. Les modeles de soins
périopératoires, tels que les approches PSH (Perioperative Surgical Home) et ERAS
(Enhanced Recovery After Surgery) sont de plus en plus utilisés pour orienter la
structure et la prestation des soins périopératoires dans le but d’améliorer les résultats
et expérience des patients dans les milieux de soins au Canada. Dans la présente syn-
thése narrative, nous retragons 'origine de ces modeles de soins périopératoires. Ils
sont fondamentalement différents aux plans de leur portée et de leur niveau de
preuves. Mais leur déploiement a grande échelle dans nos systémes de santé comporte
des avantages et des inconvénients potentiels. Dans I’état actuel de leur développe-
ment, les 2 modéles ont une applicabilité limitée pour les patients atteints de maladies
chroniques. Nous discutons de la fagon dont ils peuvent étre utilisés pour développer
des approches horizontales et verticales intégrées au contexte canadien. Cette intégra-
tion est une solution envisageable qui améliorera leur application aux patients atteints
de maladies complexes, a4 une époque ot les systemes de santé sont sous pression.
Nous décrivons cette approche en prenant 'exemple des insuffisants rénaux dialysés.

widely accepted current definition is the “integrated, multidisciplinary

medical care of patients from the moment of contemplation of sur-
gery until full recovery.”! As part of this evolving field, several integrated
models and tools have been proposed to guide patients and their care provid-
ers through the perioperative period. In this narrative review, we discuss 2 of
the most widely studied and implemented perioperative models of care, the
Perioperative Surgical Home (PSH) and Enhanced Recovery After Surgery
(ERAS). We explore the origins and key components of the 2 models, as well
as their benefits and limitations. Finally, we present a proposed conceptual
integration of these 2 models of care to manage surgical patients with chronic
disease, including an example of how this could work in practice.

A Ithough the field of perioperative medicine is growing and evolving, a
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LITERATURE REVIEW

In June 2019 and November 2019, we searched MEDLINE
via Ovid for relevant full-text articles using Medical Subject
Headings and text words with terms such as “perioperative
care,” “perioperative surgical home,” “enhanced recovery”
and “integrated care pathways,” along with analogous terms.
We also reviewed the reference lists of relevant articles for

potential studies to be included.

INTEGRATED PERIOPERATIVE PATHWAYS — PAST
AND FUTURE

Patients and care providers want similar outcomes from the
perioperative experience: they desire optimal procedural
success with minimal negative experiences and adverse
events. It is in response to these shared perioperative goals
that integrated care pathways have been introduced. These
pathways address specific important components of a clin-
ical problem and are framed around key tasks for patient
care.” In the perioperative setting, these pathways typically
address preoperative risk assessment, optimization of modi-
fiable risk factors and patient-specific care plans throughout
the surgical journey.’ How these pathways are engineered is
the focus of recent perioperative research, with movement
away from traditionally siloed perioperative care delivery
and toward more integrated delivery of care."*¢ These
integrated care pathways represent the location-specific
process of care for surgical patients in that setting. Periop-
erative models of care such as the PSH and ERAS can be
conceptualized as providing the structure to develop inte-
grated perioperative pathways or protocols, which are then
tailored to be built within the health system that delivers
the care for surgical patients. This is further detailed below.

The traditional perioperative pathway structure typically
begins with a referral from a care provider to a surgeon.
Once the patient is seen and assessed by the surgeon, discus-
sions about options occur between the patient and the sur-
gical team, and surgical plans may be set in motion. This
may include operating room booking and referral to preop-
erative assessment clinics based on medical complexity, at
the surgeon’s discretion. These preoperative assessment
clinics are staffed by various perioperative disciplines
depending on location and commonly include anesthesia,
internal medicine and cardiology specialists.”® In these clin-
ics, perioperative medical risks (such as the risk of cardiac
events or death) are discussed with the patient, often weeks
or months after the surgical plans have been put in place. It
is possible that the separation in time and space between
discussions of surgical planning and medical risks, when too
long to modify surgical plans, may introduce a barrier to
optimal communication and perioperative care. Further-
more, separation of the discussion of surgical risks and ben-
efits, and the discussion of medical risks and benefits into
separate clinic visits can impede the informed decision-
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making process. As the preoperative assessment clinic visit
often occurs shortly before the surgical procedure, time may
be insufficient for optimization of modifiable risk factors.
Within these noted disadvantages, there lies opportunity.

In the last decade, there has been considerable focus on
restructuring the perioperative process. In contrast to the
traditional approach, which prioritizes efficiency of care
within each care silo, novel approaches to multidisciplinary
collaboration in perioperative care that prioritize quality of
care are increasingly being explored as viable options.!*’
For example, in these restructured pathways, patients may
be assessed by surgical care providers and medical periopera-
tive specialists during the same clinical encounter. This may
allow for surgical options and medical risks associated with
potential surgery or nonsurgical alternatives to be discussed
with the patient and all members of the multidisciplinary
team.! If surgery is pursued, this can be preceded by ade-
quate education, optimization of modifiable risk factors and
prehabilitation. Prehabilitation in this setting refers to the
perioperative processes of care that target patient exercise,
nutrition, behaviours and mental health.”!® Risk-stratified
approaches to care could be designed and applied, such that
patients at highest risk (i.e., for perioperative cardiac events
or infections) could be triaged and managed in different and
possibly more intensive ways than patients at lower risk.
Furthermore, patients at low risk for perioperative compli-
cations may not need to see the entire perioperative team,
which might lighten the clinical workload for perioperative
care teams and the cost to finance such models.

In the traditional perioperative structure, limited time
between preoperative medical consultation and surgery
restricts the potential benefits of preoperative optimization.
Times of health care system duress such as the COVID-19
pandemic place stress on all aspects of delivery of health
care services, including surgical and perioperative services,
which generally must continue in some magnitude. The
efficiency and quality of perioperative care, from the pre-
operative optimization phase to the postoperative recovery
phase, are sensitive to major health care changes such as
the pandemic. Integrated perioperative care pathways, if
implemented as discussed in this review, provide an oppor-
tunity to safely organize essential surgical services in an
efficient way, and provide the framework for communica-
tion among perioperative multidisciplinary team members.

Perioperative pathway redesign offers opportunities to
evaluate how patient-centred perioperative initiatives are
best developed and delivered. It is within this evolution in
perioperative medicine that initiatives such as the PSH and
ERAS have been developed.

The Perioperative Surgical Home
Origins

The PSH was proposed by the American Society of Anes-
thesiologists (ASA) as an optimal patient-centred model of



perioperative care in which patient health and access to
appropriate surgical care can be optimized while the cost
of care is reduced." It was developed to be analogous to,
and integrate with, the Patient Centred Medical Home
(PCMH), which is the primary care model in which one
health care provider team (i.e., the medical home) coordin-
ates patient care and engages the greater network of care
providers in a patient-centred manner.!? The PCMH is
associated with improved patient satisfaction and quality of
care, meeting the objectives the ASA established when the
PSH was proposed.'!3

The PSH was developed as a model to encompass the
entire perioperative period, from contemplation of surgery
to postoperative recovery, after which the patient is
returned to the care of his or her PCMH. If the transition
from PSH to PCMH is seamless, with continuous care
shared between the 2 entities and compliance with the
pathway maintained, the benefits of the PSH are realized
in reduced emergency department visits and hospital
admissions for avoidable complications.'? The principles of
this shared accountability are illustrated in initiatives such
as the 2010 US Affordable Care Act, where shared account-
ability for health care quality among providers within
accountable care organizations provided a foundation for
PCMH and PSH development.'

Elements
The PSH can be conceptualized as the organizational
umbrella under which all perioperative aspects of a
patient’s care are managed.?® The ASA identifies the strate-
glc principles of the PSH as the following:!!
Patient-centred, with an emphasis on shared decision-
making and patient engagement
* Physician-led
* Team-based, with multidisciplinary perioperative
members

* FEvidence-based, to reduce the variability in periopera-
tive care

¢ Coordinated delivery of care

* Safe[ty]

Examples of PSH preoperative elements include tar-
geted prehabilitation programs, triaged attendance at risk-
specific preassessment clinics, admission to hospital preop-
eratively through a centralized perioperative clinic, and
development of individualized care plans that transfer from
the outpatient setting to the inpatient surgical setting.!*
In addition, the PSH involves coordination of multidisci-
plinary care in the immediate preoperative period to
ensure adherence to individualized care plans. Examples of
PSH intraoperative elements include system-based ele-
ments such as techniques to reduce operating room delay,
integrated operating room scheduling and electronic
health records that bridge outpatient to inpatient care.
Clinical intraoperative elements include goal-directed fluid
administration, and management of pain and of anemia
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and bleeding.'*!* Finally, PSH postoperative elements
include monitoring and continuation of initiatives started
in other perioperative phases, early mobilization, education
protocols for patients and caregivers, and incorporation of
other “fast-track” surgery recommendations. However, all
these elements are not necessary in every PSH model, as
each is tailored to its local setting.

Evidence
Given the variability of content and implementation of
PSH programs, consistent evidence of effectiveness as a
model of perioperative care delivery is lacking. Kash and
colleagues!"* reviewed whether pre-, intra- and postopera-
tive PSH elements improved cost and efficiency outcomes
or clinical outcomes. They found that cost and efficiency
outcomes were significantly improved in 75%-88% of
PSH studies and that clinical outcomes were significantly
improved in 80%-90% of PSH studies. These results were
mostly from observational studies and thus are likely lim-
ited by publication bias. Although not assessed formally,
there was significant heterogeneity among the studies and
outcomes that were included. Given these limitations, some
PSH experts have asserted that there is a paucity of strong
evidence that PSH implementation leads to improved
patient, care provider and health care system outcomes.’
Optimal patient-centred study designs to investigate
PSH models of care have been discussed, and PSH leaders
have proposed research approaches to improve the PSH
evidence base.”!* To enhance patient-centred care of the
surgical patient, development of context-specific, patient-
prioritized outcomes for these PSH evaluation studies are
necessary. Outcomes would be optimally assessed with the
use of randomized trial designs. Given the intensive finan-
cial and human resources necessary for PSH implementa-
tion, evaluation of the program or components of the pro-
gram would be most suitably done with a pragmatic trial
design such as a cluster-randomized trial (with implement-
ing hospitals as a cluster) or a stepped-wedge cluster-
randomized trial. Adequate evaluation of the PSH would
require consultation with implementation scientists and a
formal study of implementation, in addition to the study of
cost and efficiency outcomes, clinical outcomes and
patient-centred outcomes, in line with aspects of the Insti-
tute for Healthcare Improvement’s triple aim."”” With this
in mind, the ASA has committed financial support for a
multihospital collaborative PSH implementation study
(results pending).”!

Limitations

Although there is a strong rationale for perioperative mod-
els of care such as the PSH, several limitations and barriers
to the performance of the PSH have been identified. First,
there are conflicting views concerning the exact role and
scope of the PSH."!8 Critics of the PSH have challenged
the model as being too nebulous to add value, and point to
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the necessity of a defined scope of the PSH and clear met-
rics by which it will be evaluated.'” These concerns are
largely voiced by care providers who view the PSH as an
“all-or-none” fixed organizational structure that is not
amenable to site-specific modifications.'”'® However, the
PSH is more effectively thought of as an umbrella under
which institutional perioperative practices can be “strate-
gically and operationally positioned.”® For example, if a
clinical site had already implemented a colorectal surgery
pathway, it could still be maintained within the new PSH
structure. However, it would be implemented in a coordin-
ated fashion alongside other perioperative strategies that
are important within the local PSH model of care
(i.e., integration within local health records or alongside
other care pathways such as anemia/bleeding management
or other surgery-specific pathways).!®

Even so, the barriers to PSH acceptance and operation-
alization may prevent uptake. Although reduction of dupli-
cate strategies within pathways may result in improved
cost-efficiency, there are potential fiscal barriers. Most of
the prohibitive costs are associated with design, implemen-
tation and assessment of PSH function within a local peri-
operative setting.” In the US, where the majority of PSH
literature is based, PSH implementation has been limited in
settings where care providers are compensated based on
fee-for-service models, as there is no financial incentive for
front-line perioperative care providers to support PSH
implementation.” Until hospitals or health care systems rec-
ognize the potential cost benefits of a streamlined, patient-
centred model for perioperative care and support the costs
of the PSH, it will be difficult to persuade decision-makers
that the PSH is worthwhile.” Although there are a number
of barriers to the widespread adoption of the PSH, with
rigorous evaluation of PSH models and financial support
from the ASA, these barriers are not insurmountable.

Enhanced Recovery After Surgery

Origins

Enhanced Recovery After Surgery is a perioperative model
of care that is used to improve the perioperative experience
and outcomes of surgical patients by means of standard-
ized, evidence-based, surgery-specific protocols. The
ERAS model had its origins in Denmark in the 1990s,
when Dr. Henrik Kehlet, a colorectal surgeon, published
his findings of significantly decreased time to discharge
without increased postoperative complications after colonic
resection procedures when a multimodal protocol was
introduced in the perioperative period.?**? Shortly there-
after, colleagues of Kehlet’s from northern Europe formu-
lated guidelines for the clinical care of patients undergoing
colorectal surgery.?® This strategy and approach to periop-
erative clinical care formed the basis of the ERAS Society
(http://erassociety.org/), which has the overall goal of
developing evidence-based multimodal recommendations
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and guidelines for various surgical procedures or surgical
patient populations to improve international perioperative
outcomes and achieve early recovery.?***

Elements

Enhanced Recovery After Surgery guidelines have been
developed for numerous surgical procedures (or procedure
groups) such as cardiac surgery, gynecologic cancer sur-
gery, colorectal surgery, lung surgery, esophagectomy,
breast reconstruction, head and neck cancer surgery, liver
surgery, bariatric surgery, rectal/pelvic surgery, pancreati-
coduodenectomy, cystectomy, gastrectomy and gastroin-
testinal surgery.”® In contrast, comparable perioperative
guidelines for specific surgical patient populations
(e.g., medically complex groups such as patients with kid-
ney failure receiving dialysis) have not yet been developed.
Each of these procedure-based guidelines identify specific
evidence-based elements throughout the entirety of the
perioperative period. These elements are determined
through consensus and are graded based on the quality of
the evidence and the strength of the recommendation for
each specific guideline item.?! The ERAS Society recently
published recommendations for guideline development in
order to standardize this process and to provide a method
of judging the quality of an ERAS Society guideline.?® To
demonstrate the variety of items that are commonly
included in ERAS guidelines, the elements found in the
2018 recommendations for elective colorectal surgery are
summarized in Table 1.

Evidence

As part of consensus determination with each ERAS Soci-
ety guideline, recommendations are made only after the
rigour of the available evidence is evaluated.”® Along with
each ERAS protocol element, the grade of the recommen-
dation (weak, strong) and quality of evidence (low, moder-
ate, high) are summarized.”’*® Thus, ERAS has the addi-
tional advantage of having a more rigorous process of
summarizing supporting evidence compared to other mod-
els of care such as the PSH. Enhanced Recovery After Sur-
gery protocols are usually implemented without substantial
local adaptation. This allows for greater generalizability of
studies investigating ERAS effectiveness and greatly sim-
plifies the evaluation of ERAS implementation, especially
when compared to the PSH.

Length of stay has been found to be significantly
reduced with several ERAS protocols.?! Postoperative
complications have also been reported to be significantly
reduced with ERAS protocol implementation. A meta-
analysis of randomized trials investigating colorectal sur-
gery after ERAS implementation showed that rates of
some complications could be reduced by half when ERAS
elements were followed.”® Moreover, when fidelity to
ERAS was higher, postoperative complication rates were
reduced proportionally.?!



Table 1. Summary of 2018 ERAS Society protocol elements

and grade of recommendation for elective colorectal surgery?”

Element

Grade of
recommendation

Preadmission

Information, education, counselling Strong
Preoperative optimization (risk assessment, Strong
smoking and alcohol cessation)

Prehabilitation Weak
Preoperative nutritional care (screening and Strong
nutrition itself)

Management of anemia (targets, interventions) Strong
Preoperative

Prevention of nausea and vomiting Strong
Preanesthetic medication (anxiolysis and pain) Strong

Antimicrobial prophylaxis and skin preparation

Intravenous antibiotic
treatment,
chlorhexidine: strong
Oral antibiotic treatment,
advanced skin
decontamination: weak

Mechanical bowel preparation Strong
Preoperative fluid and electrolyte therapy to Strong
maintain euvolemia

Preoperative fasting and carbohydrate loading Strong
up to 2 h before surgery

Intraoperative

Standard Anesthetic Protocol Strong
Intraoperative fluid and electrolyte therapy Strong
aimed at near-zero fluid balance; goal-directed

fluid therapy in patients at high risk

Prevention of intraoperative hypothermia Strong
Minimally invasive surgical approach (compared Strong
to open surgery)

Avoidance of routine use of pelvic and Strong
peritoneal drains

Postoperative

Avoidance of nasogastric intubation; if placed, Strong
removal before reversal of anesthesia

Avoidance of opioids; use of NSAIDs; apply Strong
multimodal analgesia in combination with

spinal/epidural or blocks when indicated
Thromboprophylaxis: mechanical prophylaxis Strong
until discharge; low-molecular-weight heparin

until 28 d postoperatively

Fluid and electrolyte administration aimed at Strong
near-zero fluid balance, with avoidance of

isotonic crystalloids if giving fluid

Bladder catheterization for 1-3 d acceptable; Strong
catheter should be removed routinely after this

period

Prevention of postoperative ileus through Strong

multimodal strategy

Postoperative avoidance of hyperglycemia with
insulin therapy and stress-reducing techniques

Stress-reducing: strong

Insulin: strong in ICU,
weak on ward

Offering of food on day of surgery; offering of Strong
immunonutrition (anti-inflammatory

supplements such as L-arginine) to

malnourished patients

Early mobilization through education and patient ~ Strong

encouragement

ICU = intensive care unit; NSAID = nonsteroidal anti-inflammatory drug.

REVIEW

There are also financial incentives associated with ERAS
implementation. In 2012, the UK National Health Service
estimated that ERAS implementation had saved about
£275 (roughly $440 in 2012 Canadian dollars) per patient
undergoing musculoskeletal surgical procedures, mostly
through reduction in length of stay.?’ Across the implemen-
tation of several national ERAS protocols, about 140 000-
200 000 bed days per year had been saved.” In Alberta, after
initial implementation of the ERAS protocol for elective
colorectal surgery, the median length of hospital stay
decreased from 6.0 to 4.5 days, the 30-day readmission risk
decreased, and cost savings per patient ranged from
US$2806 to US$5898 (Can$3301 to Can$6939).%° In a
recent meta-analysis of 42 randomized trials of all types of
surgery, ERAS programs were similarly associated with
decreased length of stay, total complication rates and costs.’!

Limitations

Although the evidence shows important benefits of ERAS
protocols, considerable limitations remain. First, ERAS
guidelines have not been developed for all surgical proced-
ures. There are common elements across ERAS protocols,
but the applicability or generalizability across surgical pro-
cedures is unknown. Likewise, the expected benefits of using
items from an ERAS protocol for a different surgery type
are unknown. There is a delay between publication of new
perioperative strategies and incorporation of these strategies
into ERAS guidelines; the lead author for each ERAS guide-
line updates the evidence base only every 2-3 years.”s In
addition, even after ERAS guidelines incorporate new evi-
dence, full implementation requires health care systems to
adopt and disseminate these changes within large, often
inflexible, structures. The feasibility of implementing ERAS
guidelines does not receive much consideration when new
elements are incorporated into ERAS protocols.

Although the ERAS Society recognizes that optimiza-
tion of chronic disease management is important, the
ERAS guidelines rely heavily on reducing variation and
standardizing care.’! These concepts are antithetical to the
needs of surgical patients with complex chronic medical
conditions, who require thoughtful, multidisciplinary adap-
tation of ERAS elements. As an example, several recom-
mended practices could be harmful to patients with chronic
heart failure or kidney disease (Table 1). Elements of fluid
administration, anemia management and pain management
(including the use of nonsteroidal anti-inflammatory drugs)
may all be detrimental in these patient populations.*

INTEGRATION OF THE PSH AND ERAS TO IMPROVE
PERIOPERATIVE CARE DELIVERY FOR PATIENTS
WITH CHRONIC DISEASE

As both the PSH and ERAS models of care have been
widely introduced in perioperative clinical environments, it
is important to understand how they may be integrated in
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the same health care environment. The PSH structure is
not fixed or specific to 1 type of surgery, and is tailored to
specific perioperative institutions (hospitals and periopera-
tive clinics). Generally, the services provided by all surgical
specialties in a PSH health care setting should be compati-
ble with the PSH structure. In contrast, with ERAS, proto-
cols are designed to be specific to individual procedures or
groups of similar procedures. The different structure and
scope of the PSH and ERAS models of care allow them to
integrate synergistically. The lack of evidence for the PSH
can be balanced by the more rigorously evaluated ERAS
protocols. Enhanced Recovery After Surgery protocols for
different surgery types can be housed and supported
through the PSH organizational structure.”?® Develop-
ment and implementation of ERAS protocols can be facili-
tated by the PSH, as many of the key institutional stake-
holders will be embedded within the multidisciplinary
PSH model of care.?® Furthermore, collaboration among
surgical and other specialties can be fostered under the
PSH umbrella. This interaction between the PSH and
ERAS can be conceptualized as intersecting vertical and
horizontal pathways.

Cannesson and Mahajan** made connections between
the business environment and the perioperative environ-
ment with an analogy of vertical and horizontal pathway
integration. In a business context, vertical integration
strategies refer to situations in which companies acquire
and control all aspects of a product, from development to
front-line sales, to integrate themselves in their respective
industry; Cannesson and Mahajan® described the model
of Apple as an example. Horizontal integration strategies
are used by companies when they acquire other compa-
nies with similar product or service scope, with the aim of
reducing competition. An example of this would be the
methods used by the Walt Disney Company, which
acquired Pixar Animation Studios, the Marvel Cinematic
Universe and Lucasfilm to control the competition and
claim a greater stake in the entertainment market.*?
These concepts can be applied to the perioperative set-
ting, where perioperative vertical pathways intersect with
horizontal pathways.”* Enhanced Recovery After Surgery
protocols are surgery specific and address multimodal
perioperative elements for that surgical procedure alone.
In this sense, ERAS protocols can be conceptualized as
vertical pathways.

Benefit of integrated perioperative pathways
in complex surgical populations

As described, challenges arise when standardized perioper-
ative strategies for specific surgical procedures are applied
to patients with chronic health conditions. It is with these
chronic conditions that perioperative recommendations
that are specific to the conditions themselves can be inte-
grated as horizontal pathways. This is increasingly relevant
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to perioperative care because the average age of the sur-
gical patient is increasing in the developed world, and at a
faster rate than the average age of the general population.?*
Along with this increased age comes an increased propor-
tion of medical comorbidities, meaning that the overall
surgical population is increasingly complex.*** This com-
plexity leads to interacting perioperative considerations
and required adaptation of the perioperative process for
individual patients.

Perioperative models are needed to develop protocols
that accommodate these interacting chronic diseases;
adapting evidence-based perioperative protocols may bet-
ter improve postoperative outcomes in these patients. For
example, patients with only 1 comorbid disease such as
chronic heart failure may have a separate horizontal path-
way where heart-failure-specific recommendations on ane-
mia and bleeding management, medication reconciliation
in the perioperative period or fluid administration could be
housed. These recommendations would likely apply across
many different surgical types or ERAS protocols. If the
patient also has diabetes, a perioperative diabetes protocol
could be cointegrated as a horizontal pathway alongside
the heart failure pathway and the surgery-specific pathway.
This example of a lattice of intersecting perioperative
pathways may address the limitations of standardized
ERAS protocols when used in isolation. The PSH as an
organizational umbrella is well situated to accommodate
both disease-specific horizontal pathways and ERAS verti-
cal pathways.

Perioperative considerations for people with kidney
failure receiving dialysis

Patients with kidney failure who are managed with dialysis
often have multiple comorbidities and receive unique
elements of care and, as a result, have unique challenges in
the perioperative period.*®” We briefly describe 3 such
examples.

First, goal-directed fluid therapy is a challenge for peo-
ple receiving dialysis, as both volume overload and hypo-
tension caused by dialysis in the perioperative period are
associated with poor postoperative outcomes.*** Optimal
timing of dialysis, considering the balance between
hemodialysis-related hypotension and potential volume
overload, is even more challenging when inflexible,
procedure-specific ERAS pathways are applied. Electrolyte
management is more nuanced, as people receiving dialysis
are often hyponatremic, hyperkalemic, hypocalcemic and
acidemic,* which may complicate perioperative manage-
ment and timing of procedures.

As a second example, anemia is a common complica-
tion of chronic kidney disease that requires special con-
sideration for patients undergoing surgery. Management
of anemia for people receiving dialysis typically involves
repletion and maintenance of iron stores with intravenous



iron administration and administration of erythropoietin-
stimulating agents.*”* Importantly, target hemoglobin
ranges for these patients are not to a normal value; nor-
malization of hemoglobin in patients with chronic kidney
disease is associated with worse cardiovascular out-
comes.”* However, preoperative anemia is a well-
described risk factor for poor postoperative outcomes.*’
To add complexity, people with kidney failure have a
higher risk of bleeding perioperatively, and management
of perioperative anticoagulation bridging requires an
understanding of the renal clearance of anticoagulants to
appropriately dose.** Administration of blood products
also has unique considerations for this population, as
blood transfusions are immunogenic and may make it
more difficult to find a suitable match for kidney trans-
plantation.’® To our knowledge, there is currently no
guideline recommendation for hemoglobin targets before
major surgery for patients with kidney failure.*

Third, there are several surgery types that are uniquely
common to this patient population (e.g., dialysis access
surgery, kidney transplantation). These and other unique
perioperative considerations for patients with chronic kid-
ney disease are presented in Table 2.

PSH and ERAS integration for people with kidney
failure receiving dialysis

To show how the PSH and ERAS models of care can be
integrated to improve the management of patients with
kidney failure receiving dialysis around the time of surgery,
we propose a conceptual model of care (Figure 1). As
detailed above, PSH structure is not fixed and can be mod-
ified to suit local perioperative environments.

We can consider 2 main options for PSH design within a
major Canadian hospital. The more ambitious endeavour
involves a PSH that encompasses all perioperative care
within the hospital for all patients and all surgical pro-
cedures (Figure 1A). The second option (perhaps imple-
mented as a pilot model) would be a PSH specific to kidney
disease (Figure 1B). Both models of perioperative care
involve vertical surgery-specific pathways and existing ERAS
pathways, and both would include horizontal disease-
specific pathways. These disease- and condition-specific
pathways would include diseases that are not exclusive to
patients with kidney disease but still commonly affect these
patients (e.g., diabetes, cardiovascular disease), as well as
those that are specific to this population (e.g., dialysis strat-
egies, anemia of kidney disease management).

In addition, there is room for future development of
ERAS protocols for surgical procedures that are unique to
patients with kidney disease. For example, living and
deceased kidney transplantation protocols, and protocols
for dialysis access creation could be developed. These
ERAS protocols could be organized under the PSH
umbrella in either model as vertical pathways, intersecting
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Table 2. Perioperative considerations for people with kidney

failure receiving dialysis

Consideration Potential target for horizontal perioperative pathway

Volume and
hypotension
avoidance

e Dialysis timing before and after surgery

® \/olume management on dialysis

* Antihypertensive medication reconciliation in
perioperative period

¢ Avoidance of aggressive intravenous fluid
administration; adaptation to residual kidney function
and urine output

Electrolyte
derangements

e Hyperkalemia
* Hyponatremia
* Hypocalcemia
* Metabolic acidosis

¢ Differences in management based on type of dialysis
modality

Anemia e Complex iron-repletion strategies at baseline

e Patient likely taking erythropoietin-stimulating agents,
with unique adverse effects

® | ower hemoglobin targets than in the general
population

e For kidney transplantation candidates, blood
transfusions present risk of immune sensitization
(greater caution should be taken before blood
transfusions)

Bleeding e |ncreased risk of perioperative bleeding

¢ Different pathophysiology of bleeding, necessitating
directed management of bleed risk

e Altered metabolism of anticoagulants

Miscellaneous e Altered metabolism of opioid medications

o Lack of validated risk-stratification tools

e Higher risk of postoperative cardiac complications with
atypical symptoms, with events more challenging to
diagnose

with the disease- and condition-specific horizontal path-
ways. Development of a perioperative model that is pur-
posefully organized for medically complex cohorts would
also facilitate research on ERAS elements for adaptation of
ERAS guidelines to these populations.

CONCLUSION

Perioperative medicine is evolving, and with this evolu-
tion there is opportunity to improve upon how this care
is structured and delivered within health care systems.
The PSH and ERAS are perioperative models of care
that improve patients’ perioperative experience and out-
comes. Although the 2 models have several differences in
purpose and scope, their integration as intersecting verti-
cal and horizontal perioperative pathways may collec-
tively address limitations faced with either model on its
own. Collaboration among the multidisciplinary periop-
erative team members is key for such integration, and
effective leadership to connect key stakeholders is neces-
sary. With strong implementation and a clear strategy for
evaluation, these perioperative models of care might be
integrated effectively to address complex perioperative
populations.
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Perioperative Surgical Home in Canadian hospital

Surgical clinics

Preoperative assessment clinic

Hip arthroplasty ERAS
Cardiac surgery ERAS
Colorectal surgery ERAS
Kidney transplantation
Dialysis vascular access
(potential ERAS)

(potential ERAS)
Spine surgery ERAS

Dialysis management

Anemia of kidney disease management

Diabetes management

Surgical clinics

Preoperative assessment clinic Perioperative Surgical Home for

kidney disease in Canadian
hospital
Preoperative assessment kidney disease
clinic

Hip arthroplasty ERAS
Cardiac surgery ERAS
Colorectal surgery ERAS
Dialysis vascular access

Spine surgery ERAS
(potential ERAS)

Kidney transplantation
(potential ERAS)

Dialysis management

Anemia of kidney
disease management

Diabetes management

Fig. 1. Conceptual model of intersecting vertical and horizontal surgical pathways within a Canadian hospital setting, with a Peri-
operative Surgical Home that encompasses all surgical populations and procedures (A), and only patients with kidney failure and
pathways specific to kidney disease (B). ERAS = Enhanced Recovery After Surgery.
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