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Preface

Perioperative medicine refers to the medical health care provided to patients preparing
for surgery, undergoing surgery, or recovering from surgery. Managing operative risks,
complications, and medical diseases are the main aims of perioperative medicine.

For several years, we have felt the necessity for a concise, readable, but comprehensive
clinical review book for perioperative medicine. Such a book should be easy to read
and provide sound practical advice for both trainees and practitioners.

In combination, knowledge and technology have the immense power to improve
healthcare services. This is achieved by the excellent use of the best technology for
managing medical diseases and the treatment of patients. This book covers both basic
and advanced topics and includes an evidence-based scientific background that is
designed to help the user apply theoretical knowledge to actual patient situations.

This volume is intended to be a practical book, not just to be read and placed on a
shelf, but hopefully, one that will be taken into the workplace and used as an aid dur-
ing clinical practice.

While this book is mainly intended for anesthesia trainees and consultants, we believe
it would be well suited for intensive care physicians, emergency physicians, surgeons,
nurses, anesthesia technical staff, medical students, and pulmonologists.

While we did our best to prevent any misinformation of any form, we would urge our
readers to inform us of any errors, including spelling or contextual errors. We also
would advise that this book certainly does not replace professional or expert guidance
and consultation.

We wish to thank our authors once again for participating in the writing of this
important book. We have all benefited from their clinical wisdom and commitment.

I would also like to thank my wife, my sons, and my daughter for their patience and
constant support while editing this unique book.

A special thanks to the Department of Anaesthesia, ICU and Perioperative Medicine,
Hamad Medical Corporation, and departmental leaders (Drs. Mohamed Hilani and

Mashael Al-Khelaifi) for their tireless support, encouragement, and guidance.

Thank you and enjoy your book!
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Chapter1

Enhanced Recovery after
Surgery (ERAS) in Hip and Knee
Replacement Surgery: Current
Concepts and Future Trends

Valerio Pace, Fabrizio Marzano, Bruno Carriero,
Nicola Filippi, Adriana Antonucci, Domenico Topa,
Sebastiano Porcino, Alberto Altarocca, Dario Perugia
and Riccardo Lanzetti

Abstract

Enhanced recovery after surgery (ERAS) protocols have been recently studied and
introduced in order to provide and develop peri-operative multidisciplinary programs
able to shorten length of hospital stay (LOS), reduce complications, readmissions
and costs for patients undergoing major surgery. The number of patients requiring
and undergoing total knee replacement and total hip replacement surgery has been
increasing for years; however individualized and standardized rehabilitation proto-
cols after surgery are still lacking in most centers. Postoperative joint function, pain
control, patient satisfaction, shortest possible length of stay and better quality of life
are uppermost priorities for results related to patients undergoing joint replacement
surgery. Therefore the knowledge and possibly the implementation of such protocols
should be taken into account by all institution. In fact, by utilizing ERAS protocols,
the orthopedic surgeons would be able to deliver not just good results strictly related
to the surgery itself, but also provide good results in terms of pain, function, mobility,
patients’ satisfaction, and complications compared to patients undergoing routine
rehabilitation. There is enough scientific evidence that ERAS protocols should be seen
as a valuable and efficient aid for the orthopedic surgeons and a safe and effective
option of the patient after joint arthroplasty surgery.

Keywords: ERAS, joint reconstruction, joint arthroplasty, hip replacement,
knee replacement, rehabilitation
1. Introduction

Enhanced recovery after surgery (ERAS) protocols have been initially studied
and proposed by the Danish surgeon H. Kehlet in the 1990s. The original idea was
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to implement a number of measures with regards to perioperative treatments and
rehabilitation, basing his research on the scientific evidence available at that time. The
final aim was to improve clinical and functional results and accelerate the recovery
process together with patient satisfaction and quality of life. Perhaps these goals

do not differ much from the ones looked for these days. The good results of ERAS
programs have attracted growing acceptance and worldwide adoption [1-3].

ERAS protocols have been successfully proposed and introduced in several special-
ties and related surgical options. Results have been reported to be good overall in most
specialties. ERAS was initially centered on abdominal and colorectal surgery patients
but its use was then extended to many other specialties, including orthopedic surgery
(mainly total hip and knee replacement surgery) [1, 2]. The focus of our chapter is on
ERAS protocols for hip or knee replacement surgery and therefore we will keep our
attention strictly on these areas.

The basic principles of ERAS protocols are shared among researchers and clini-
cians: using the least invasive surgical practices; reducing complications; reducing
costs; reducing length of stay at hospitals; improving patients’ satisfaction and
postoperative quality of life; fastest possible recovery; better clinical and functional
outcomes; better postoperative pain control. Good results have been achieved due
to substantial improvements in the fields of orthopedic surgical techniques and
anesthetic management strategies. With regards to costs, it must be said that a huge
burden is linked to the postoperative care after joint replacement surgery. In fact, a
relevant amount of money is spent on physical and occupational therapy, nutrition
and social services [1-3].

The combination of interventions included in these protocols are thought to
reduce the post-op surgical stress response and overall optimize the perioperative
wellbeing of the patients undergoing hip and knee arthroplasty surgery. In fact, major
orthopedic surgeries are naturally followed by a pathophysiologic catabolism e slow
recovery and the proposed interventions must overcome these adverse factors [1, 4].

Recent high level of evidence research reported that the measures used to analyze
the outcomes have initially been related to costs, length of stay, readmission rates
and complication rates. More recently further attention has been given to more
subjective outcome measures, such as patient reported outcome measures (PROM:s)
which include satisfaction and quality of life (QoL) scores, meaning that the patient
experience is these days considered as important as clinical related aspects as indi-
cators of quality. In some countries (e.g. United Kingdom, United States) PROMs
are standardly recorded for patients undergoing elective hip and knee replacement
procedures [4, 5]. The use of national joint registries have certainly helped researchers
and clinicians in carrying out relevant research on this topic [6].

It has been well reported that the demographic changes in the last few decades
(significant and progressive age of the populations) make us predict that total pri-
mary hip replacements (THR) and total knee replacements (TKR) will keep increas-
ing in numbers. Patients do not just evaluate results strictly related to the surgical
procedures but their dissatisfaction could be related to chronic pain or limitation
of function postoperatively [5, 6]. Therefore these two aspects must be particularly
looked after when performing such type of surgery and a multidisciplinary approach
and interventions seem to be the perfect strategy in order to obtain the best possible
objective and subjective outcomes [1, 5, 6].

Despite a huge number of studies have been published on ERAS programs (some
of which with high level of evidence), it has been reported overall inconsistent data
availability on the efficacy and reproducibility of ERAS protocols and their real
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impact on early postoperative pain. The most recent literature reviews reveals a cer-
tain amount of uncertainty and show the need for further research and meta-analysis
on this field in order to uniformly utilize and access these programs and create share-
standardized knowledge among orthopedic surgeons around the world [1, 2, 5, 6].

Our aim was to provide all the relevant up to date information on ERAS protocols
in relation to hip and knee replacement surgery, highlighting the most current known
aspects and concepts, the weaknesses, potential room for improvement, the available
most recent scientific evidence and suggesting future research directions and trends.

A literature review was performed using the following search database: Pubmed,
Embase and Cochrane. Relevant key words were searched: “ERAS”, “Enhanced
Recovery After Surgery”, “ERAS Orthopedic”, “ERAS knee surgery”, “ERAS hip
surgery’, “ERAS joint arthroplasty”, “ERAS joint replacement”, “ERAS hip replace-
ment”, “ERAS knee replacement”. All articles were scrutinized and 40 papers were
finally included.

2. Enhanced recovery after surgery (ERAS) in hip and knee replacement
surgery

Enhanced recovery after surgery (ERAS) protocols in joint arthroplasty surgery
are programs based on scientific evidence aimed to deliver a standardized, multi-
modal and multidisciplinary perioperative management which should provide a
quicker and more efficient recovery after surgery as well as the best possible clini-
cal and functional outcomes. This approach should indirectly guarantee reduced
complication rates, shorter length of stay, better patient satisfaction. In simple words
these protocols are built to target the main factors that could delay the postoperative
recovery [1-7].

Many articles with different level of evidence have been published over the last
few decades, proposing internationally standardized ERAS programs. However, at the
same time, many institutions have developed their own individualized programs after
considering their own specific financial burden and particular types of surgery. With
regards to orthopedic surgery, there is clear evidence that ERAS programs improve
both hospital and patient outcomes [7, 8].

The studied ERAS interventions for primary THR and TKR that have been
reported (in different combinations) are as follows: least invasive surgical approach,
spinal anesthesia, intraoperative and postoperative local infiltration analgesia,
femoral blocks, patients’ education before undergoing surgery (related to pain man-
agement, gait training such as walking with crutches and specific exercises), pre-op
non-steroid-anti-inflammatory-drugs, intravenous application of a steroid, patient-
controlled analgesia, continuous femoral nerve block, tranexamic acid intravenously
as well as topically or intra-articularly, no use of wound drains, first mobilization
2-4 hours after surgery, intensive physiotherapy by special trained therapists, imme-
diate full weight bearing allowed, adequate analgesia, nutrition support for specific
conditions (such as anti-anemic or hypoproteinemia therapy, postoperative nutrition
supplement, ice therapy [1, 4-6].

The relevant outcomes measures reported in different combinations in ERAS
protocols are: length of incision, length of stay, operation time, intraoperative blood
loss, pre and post-op hemoglobin, pre and post-op albumin, costs, readmission rates,
complications rates, patient reported outcome measures (PROMs), range of motion
(ROM), numerical Rating Scale (NRS), Lysholm score, Oxford Knee Score (OKS),
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wound delayed healing, surgical site infection, use of pre and post-op opioids, Harris
Hip Score, Oxford Hip Score [1, 4-6].

The common interventions used in orthopedic ERAS programs have been divided
into those performed in the preoperative, intraoperative, and postoperative phases of
care [7-10].

2.1 Pre-operative phase

Several systematic reviews have reported that preoperative patient education
could be beneficial for patients undergoing orthopedic surgery as it could reduce
preoperative anxiety. However, his positive effects on independently improving the
postoperative outcomes is doubtful. These findings have been however described
by not sufficiently powered studies and therefore the need for further random-
ized controlled studies has been advocated. Certainly preoperative education could
not be harmful and could provide good support and counseling for the patients.
Preoperative education may represent a useful adjunct, with low risk of undesirable
effects, particularly in certain patients, for example people with depression, anxiety
or unrealistic expectations, who may respond well to preoperative education that is
stratified according to their physical, psychological and social need [9, 10].

The multidisciplinary team delivering an ERAS program should take into account
the preoperative risk factors that could lead to delayed recovery or, even worse,
complications. All specific individual factors should be identified and analyzed. This
is supported by the ERAS evidence-based literature [8, 10].

Smoking has been found as a factor able to increase the length of stay, postopera-
tive mortality and complication rate. ERAS protocols should include a smoke cessa-
tion program, to be started at least 4 weeks before surgery. The evidence related to
these aspects is level 1 and 2 [10-13]. Similar findings were highlighted with regards
to alcohol consumption. Again, studies showed that patients who misused alcohol had
increased complication rates and longer length of stay. Therefore, an alcohol cessation
intervention is recommended before orthopedic surgery [9, 14].

Another aspect to be considered preoperatively is the hematic levels of hemoglo-
bin and hematocrit. It has been shown that anemia could cause an increased risk of
transfusion, length of stay, infection, morbidity, and readmission rates. To battle this
issue, some ERAS protocols have included the use of preoperative iron or erythro-
poietin therapy and postoperative re-transfusion of salvaged cells. The cause of the
anemia must also be investigated and managed [9, 15, 16].

Despite the current evidence does not fully support the use of carbohydrate
loading, few studies have reported its benefits in the perioperative period as it could
potentially reduce the preoperative hunger and nausea and the postoperative pain and
glucose metabolism. However, it is clear that further studies are needed in order to
provide high level of evidence [9, 17, 18].

Differently, there is strong evidence on the timing of intake of clear fluids (until
2 hours before the anesthesia induction) and solid food (up to 6 hours before the
anesthesia induction). Factors such as timing of surgery with regards to the operating
list and individual aspects should be considered by the anesthetist [9, 19].

Preoperative physiotherapy has been widely and commonly considered very
important for patients undergoing joint replacement surgery. However, there is little
evidence that it could expedite recovery and discharge. It seems that preoperative
physiotherapy could particularly help patients in the first post-op days, whilst his
efficacy on the medium and long term is doubtful [9, 20, 21].
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Pre-existing conditions such as coronary artery disease, hypertension, chronic
obstructive pulmonary disease, diabetes and organ dysfunction are strong determin-
ing factors of postoperative complications and duration of hospital stay. It is crucial
to meet with patients several weeks before their scheduled surgery. It allows the
preoperative team to optimize any organ dysfunction, address issues that may cause
any potential risk, and to optimize preoperative anemia. It also gives the opportunity
to initiate alcohol and smoking cessation programs if indicated (Table 1) [7, 22].

2.2 Peri-operative phase

Most of the aspects related to this phase are anesthesia related. There are minimal
data supporting the use of sedative or anxiolytic drugs used before the anesthesia
takes places. Even if their use could help the patient to feel more comfortable and less
stressed in proximity of the anesthetic and surgical procedure, they could cause side
effects such as sedation [23].

Standardized anesthetic protocols should be used and integrated in ERAS protocols.
Most of recent high level of evidence studies have favored the use of neuraxial anesthesia
over general anesthesia. In fact, relevant literature fully support neuraxial anesthesia and
its advantages in terms of reduced complications and better results [9, 24, 25].

Despite the adjunct of opioids to local anesthetic in spinal anesthesia could cause
an increased risk of urinary retention and respiratory depression, a low opioids dose
could lower these risks and at the same time reinforce the effect of the anesthetic on
pain. However, their use is still debated, as the related side effects are relatively com-
mon and potentially very dangerous [9, 26].

ERAS interventions
Preoperative Intra-perioperative Postoperative
Patient education Sedative or anxiolytic drugs To manage nausea and
vomiting
Preoperative risk factors Neuraxial anesthesia Multimodal analgesia
approach
Smoking cessation Opioids in spinal anesthesia PCA and as required opioids
Avoid alcohol consumption Local infiltration analgesia or nerve Antibiotic/antiseptic
blocks prophylaxis
Hematic levels of hemoglobin Venous thromboembolism prophylaxis Venous thromboembolism
prophylaxis
Carbohydrate loading Minimally invasive surgical technique Early mobilization
Timing of intake of clear Maintaining normothermia through Tailored rehab approach to
fluids forced air warming patients
Preoperative physiotherapy Optimal intraoperative fluid balance No use of tourniquet
Considerations of pre- Blood conservation No use of drains
existing conditions
Intravenous or infiltrative tranexamic No urinary catheter when
acid possible

Postoperative nutritional care

Table 1.
Preoperatively, intra-perioperative and postoperative ERAS interventions.
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The use of local infiltration analgesia or nerve blocks is still debated. It is unclear
whether one technique is superior over the other. Moreover, there are studies report-
ing similar results with a postoperative wound infusion catheter technique, as long as
multimodal, oral non-opioid analgesia [26, 27]. There are several nerve block tech-
niques that may be used. Some studies have reported good results with femoral nerve
blockade, which is probably the most used technique for total knee replacements.
The Hunter Canal block is an alternative to the femoral nerve block and is proposed
to offer better preserved quadriceps muscle strength and mobilization ability in the
48hours post-surgery. Differently, no significant advantages have been proved to be
given by sciatic nerve blocks [9, 26-29].

The opoioid crisis seen worldwide has prompted a multimodal approach to pain
management in the preoperative, perioperative, and postoperative periods. For
example, NSAIDs, acetaminophen, preoperative bupivicane, adenosine, magnesium,
clonidine, and venlafaxine have all been effective analgesics in patients undergo-
ing orthopedic surgery (and other types of surgery too). There is also evidence that
sedatives and anxiolytics can be avoided with appropriate preoperative counseling,
whereas histamine H2 blockers and proton pump inhibitor prophylaxis can be used in
patients who have had a shortened fasting period [7, 9].

There is evidence suggesting that regional anesthesia confers a greater advantage
in total joint arthroplasty from a physiological standpoint. It is sufficient for surgery,
provides a sympathetic block, inhibits stress hormone release, and decreases insulin
resistance. Reduced length of stay is also associated with the use of neuraxial anes-
thesia as opposed to general anesthesia. Epidurals in major open surgeries have been
shown to decrease respiratory complications and decrease bowel ileus as opposed
to general anesthesia with concurrent opioid use. Many ERAS protocols advocate a
multimodal approach to pain management to limit opioid use. Additionally, neuraxial
techniques have been shown to blunt the stress response and decrease length of stay,
which are all important in extended recovery programs [7, 9, 30].

Aspects related to venous thromboembolism (VTE) prophylaxis characterized
both the pre, peri and postoperative phase. Unfractionated and low molecular weight
heparin is the most common prophylaxis strategy used internationally. Surgical
societies all over the world have follow their own recommendations. VTE prophylaxis
is usually recommended for at least 14 days post-op. Most of societies recommend
against the use of VTE prophylaxis 12 hours prior to insertion or removal of a catheter
(Table1) [7, 30].

2.3 Intra-operative phase

The general aim of the multidisciplinary ERAS team during the intra-operative
phase is to reduce the physical stress of the surgery. The trauma-induced physiological
responses should be kept under controlled and reduced to the lesser possible level. As
mentioned in the previous section, neuraxial anesthesia has always been preferred
and considered superior to general anesthesia in ERAS protocols. Local infiltration
analgesia (LIA) is administered by surgeons intraoperatively, in and around the joint.
Ropivacaine is most commonly used as local anesthetic, mixed with epinephrine
and/or steroids. LIA is more useful when used in total knee arthroplasty. It provides
postoperative pain relief 6-12 h after total knee arthroplasty. However, when used in
total hip arthroplasty, it has no analgesic effect [7, 31].

The orthopedic surgeons themselves obviously play an important role in this
“game”. The most minimally invasive surgical technique should be planned and
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performed by the surgeons. Major orthopedic surgery does not often allow room

for small surgical wounds, but a big effort should be made in order to use the least
invasive approach and protect relevant anatomical structures throughout the entire
procedure. This is thought to reduce the physical stress of the surgery, complications,
wound healing and pain levels [1, 2, 7, 9].

Other precautions that should attract the attention of the surgical and anesthetic
team are: maintaining normothermia through forced air warming (this is associated
with reduced infections, coagulopathy, blood transfusion rate, and cardiovascular
complications, mainly because of reduced cortisol and catecholamine release; several
associations recommends the pre-warming of patients and to maintain the active
warming of all adults undergoing surgery throughout the intraoperative phase);
optimal intraoperative fluid balance (this assures a better tissue oxygenation and a
quicker wound healing process); blood conservation strategies (preoperative anemia
should be investigated and corrected through the use of iron supplements or eryth-
ropoietin; blood salvage techniques should be utilized in surgical theaters, allowing
areduced need for allogeneic transfusions; the use of intravenously or infiltrative
tranexamic acid, an antithrombotic drug able to reduce blood loss and the need for
blood transfusions) (Table1) [7, 9, 30, 32].

2.4 Post-operative phase

Postoperative nausea and vomiting can cause significant discomfort to patients
in the first days after surgery and determining prolonged length of stay and delayed
rehabilitation progress. Therefore, the use of dopamine antagonists, serotonin anta-
goinists and corticosteroids (or a combination of these) should be taken into account
by the multidisciplinary team.

A multimodal analgesia approach (mainly non-opioid oral analgesia) is recom-
mended and advocated. In fact, a combination of different analgesics classes together
with the use of different modes of action is associated with better pain control and
reduced need for the use of opioids. Paracetamol and non-steroidal anti-inflamma-
tory drugs (NSAIDs) are the mainstay. Optimal pain management is a prerequisite of
ERAS and alternative analgesic drugs (such as glucocorticoids, gabapentinoids and
ketamine) have been described for hip and knee replacement. In the postoperative
phase, several combination of epidural analgesia, continuous or patient-controlled,
peripheral nerve blocks, single injection or continuous, acetaminophen, NSAIDs,
gabapentin, and ketamine, have all been used for the same purpose [7, 9, 33, 34].

The use of opioids should be limited but their used has been reported in some
centers using ERAS protocols, despite their well-known potential side effects. They
are often used with a “as required” modality in the very few hours/days after sur-
gery. Different opioids have been studied, among which oxycodone and sulfentanil.
Initially a PCA (patient controlled analgesia) regime could be initiated, to be then
switched to oral medications [7, 9, 35].

There is currently no universal internationally defined guideline for antibiotic/
antiseptic prophylaxis for hip and knee replacement, with differing national and local
policies in existence. However, a recent consensus paper does present recommenda-
tions for type, timing, dosing, and repetition of antimicrobials [36, 37].

Deep venous thrombosis (DVT) and pulmonary embolism (PE) are two of the
most common and impactful complications following THR and TKR surgery. Again,
there is no universal international consensus with regards to type and timing of
prophylaxis. A minimum of 14 days of antithrombotic prophylaxis (up to 4-5 weeks)

7



New Insights in Perioperative Care

is usually recommended. Early mobilization and a tailored approach are certainly the
new trends in this field, but further evidence is needed in order to validate the current
research [1, 2,7, 9].

Other aspects that should attract the attention of the surgical and anesthetic team are:
the use of tourniquet for TKR surgery (many recent studies discourage its use as it could
increase the risk of wound complications, DVT and slower functional recovery); the use
of drains (recent studies have shown no advantages with its use as their use could cause
increased risk of wound infections, hematomas and wound healing complications); the
use of indwelling urinary catheters (despite being routinely utilized, recent high level
of evidence studies reported increased incidence of renal and urological complications
against no evidence of benefits by the use of urinary catheters); postoperative nutritional
care (early return to normal diet is encouraged in most of ERAS protocols, despite the
absence of high level of evidence) [7 9, 35, 38, 39].

A mainstay of ERAS protocols is certainly early mobilization following surgery.
Patients should be mobilized as soon as possible following surgery. It has been
well studied and proved that prolonged bed rest postoperatively is associated with
increased risk of thromboembolism, pulmonary complications, insulin resistance,
and delayed wound healing. There are centers reporting patients’ discharge within
48-72 hours after surgery, with the support of studies with level 1 evidence. A well
trained and specialized team of physiotherapists are necessary in order to achieve
such good results, in the few hours/days after surgery as well as in the following
weeks. A preoperative assessment to identify the patient’s expectations and the goals
of rehabilitation and a tailored approach in the postoperative phase are the keys for
the best possible results (Table 1) [7, 9].

3. Discussion and conclusions

ERAS protocols are a combination of interventions based on the most scientific
evidence and characterized by a tailored approach for each patient. This approach
was initially hypothesized and introduced in abdominal surgery, and then adopted in
orthopedic surgery for elective hip and knee arthroplasty [1-9].

The use of ERAS programs has demonstrated to provide excellent results with
regards to both clinical-functional outcomes and the subjective patient experience
before, during and after joint arthroplasty surgery. The most relevant positive aspects
of ERAS protocols related to orthopedic surgery studied and recorded are: using the
least invasive surgical practices; reducing complications; reducing costs; reducing
length of stay at hospitals; improving patients’ satisfaction and postoperative qual-
ity of life; fastest possible recovery; better clinical and functional outcomes; better
postoperative pain control [1-4, 7-9].

The ERAS pathway consists of a selected number of interventions divided into
those performed preoperatively, intraoperatively, and postoperatively (Table 1). All
of them play a relevant and complementary role for the common aim to achieve the
best possible objective and subjective outcome [7, 9].

Despite their great success and high level of evidence from a scientific point of
view, ERAS programs are not routinely used and their widespread use is far from
being achieved. Researchers attribute the responsibility for the latter issue to several
factors: not satisfactory surgical team education and patients’ education; difficul-
ties in changing the traditional practice; potential costs of ERAS implementations
(education, rehabilitation centers, equipment, size of the team looking after patients,
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etc....). One could argue that these issues could be counterbalanced, point by point, by
the improvements that could be achieved through the use of ERAS implementations.
Despite any positive considerations, ERAS protocols are adapted in very few special-
ized orthopedic centers around the globe [1, 2, 4, 7, 9].

This chapter summarizes the available evidence and the current knowledge
and implementations of ERAS programs for patients undergoing elective THR and
TKR. It is evident that a very early discharge (1-3 days) is possible and safe for such
patients if ERAS protocols are put in place. Several studies have proposed a number
of implementations in relation to ERAS programs: this chapter has widely considered
all of them and outlined a useful summary to be utilized by the clinicians dealing with
this cohort of patients, after having carefully considered the level of evidence of such
studies and not included low level of evidence results.

Our aim is to explain in the most simple and clear way how ERAS programs works
and highlight their potential advantages compared to more traditional practice. This
should work as a starting point for the clinicians working with THR and TKR patients
and as a trigger for reflection on the current practice, in order to find room for improve-
ments. A more broad application (worldwide) of the ERAS implementations could
generate further data and evidence, with the final result of better understanding, more
standardization and wide international consensus. There are areas that particularly need
further research more than the others, such as how to reduce pain and improve func-
tion, specific aspects of the post-op inflammatory response, specific aspects related to
patients’ morbidity (chronic disease, psychiatric disorders, etc....) [1,2, 7,9, 15, 23].

We believe that ERAS in joint replacement surgery is safe and cost effective, and
its use should be widely promoted [1, 2, 7, 9, 40]. His use could be applicable to both
younger and older patients as research shows its efficacy in providing good clinical-
functional results, quicker recovery, low morbidity, low complications rates, shorter
length of stay, quick return to independency in the daily activities and better experi-
ence for the patients [1-10, 40].

Future research is needed in order to achieve better standardization and high level
of evidence for all aspects related to ERAS, including patient experience and subjec-
tive results. In fact, the quality of existing evidence is limited due to several aspect,
among which heterogeneity of the studies and significant risk of bias. Moreover,
further progress should be specifically made in the application of ERAS protocols in
THR and TKR surgery, to highlight specific considerations and improvements related
to this cohort of patients and the performed surgery.

4. Take home messages

* The number of patients requiring and undergoing total knee replacement and
total hip replacement surgery has been increasing for years; however individual-
ized and standardized rehabilitation protocols after surgery are still lacking in
most Orthopedic centers.

* Enhanced recovery after surgery (ERAS) protocols have been recently studied
and wildly introduced in order to provide and develop peri-operative multidis-
ciplinary programs able to shorten length of hospital stay (LOS), reduce com-
plications, readmissions and costs for patients undergoing major surgery. The
knowledge and possibly the implementation of such protocols should be taken
into account by all institutions.
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The use of ERAS protocols in hip and knee replacement surgery can allow good
clinical-functional results, better pain control, quicker recovery, low morbidity,
low complications rates, shorter length of stay, quick return to independency
in the daily activities and better experience for the patients with better patient
satisfaction.

There is enough scientific evidence that ERAS protocols should be seen as a valu-
able and efficient aid for the orthopedic surgeons and a safe and effective option
of the patient after joint arthroplasty surgery.

We believe that ERAS in joint replacement surgery is safe and cost effective, and
its use should be widely promoted

Future research is needed in order to achieve better standardization and high
level of evidence for all aspects related to ERAS.
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Appendices and nomenclature

ERAS enhanced recovery after surgery
LOS length of stay

PROMSs patient reported outcome measures
THR total hip replacements

TKR total knee replacement

ROM range of motion

NRS numerical Rating Scale

OKS Oxford Knee Score

VTE venous thromboembolism

NSAIDs non-steroidal anti-inflammatory drugs
PCA patient controlled analgesia

DVT Deep venous thrombosis

PE pulmonary embolism
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Chapter?2
Perioperative Fluid Management

Dilava Gogmen

Abstract

Perioperative fluid management is a critical aspect of surgical care, containing
the preoperative, intraoperative, and postoperative phases. Management of patients
without individualisation, utilizing established standard protocols, may lead to unde-
sirable events such as hypovolaemia and hypervolaemia during both intraoperative
and postoperative periods. Insufficient fluid administration can result in peripheral
vasoconstriction, leading to decreased oxygen delivery, impaired tissue perfusion,
and dysfunction of vital peripheral organs. Conversely, excessive fluid administra-
tion may cause increased vascular permeability due to glycocalyx damage, tissue
oedema, impaired tissue perfusion, local inflammation, delayed wound healing,
wound infection, and anastomotic leaks. The pursuit of an optimal fluid regimen that
prevents volume overload while maximizing tissue perfusion has led to the adoption
of individualized, targeted fluid replacement therapies, supported by advancing
technology. In this approach, basic physiological variables related to cardiac output
or global oxygen distribution are measured. In optimized fluid management, fluid
replacement is adjusted according to targeted physiological variables in a continu-
ously re-evaluated process. These physiological variables can be assessed using dif-
ferent methods, from simple tests to complex devices that evaluate the patient’s tissue
perfusion and cardiac output. Developments in recent years have drawn attention to
the future of non-invasive or less invasive cardiac output measurement devices, as
well as the utilization of ultrasonographic cardiac output measurements.

Keywords: goal-directed therapy, fluid therapy, hemodynamic monitoring,
perioperative care, cardiac output

1. Introduction

Perioperative fluid management is a critical aspect of surgical care, which contains
the preoperative, intraoperative, and postoperative phases.

Fluid therapy is essential for treating surgical patients, and it can be lifesaving.
Insufficient fluid volume (hypovolemia) can lead to poor circulation, reducing
oxygen delivery to organs and peripheral tissues, resulting in organ dysfunction and
shock. Conversely, excessive fluid (fluid overload) can cause interstitial oedema,
local inflammation, and hinder collagen regeneration, weakening tissue healing and
increasing the risk of postoperative complications such as wound infections, wound
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rupture, and anastomotic leakage. Additionally, fluid overload can impair cardiopul-
monary function. Therefore, administering fluid therapy on an individual basis, as
needed, and in appropriate amounts is essential [1-5].

Perioperative fluid management strategies can be examined in three sections.

2. Preoperative fluid optimization

The body’s adaptive mechanisms in hypovolaemia attempt to maintain blood
flow to critical organs such as the heart and brain. Peripheral vasoconstriction that
develops through this mechanism may have harmful effects on organ function in
the perioperative period. This can lead to ischemia in surgical tissues, which require
adequate blood flow for tissue repair and healing.

Several factors contribute to reduced effective circulating blood volume in surgical
patients. These include preoperative fasting, hypertonic bowel preparations, anes-
thetic agents, and positive pressure ventilation. Consequently, anesthetized patients
often present with a functional intravascular volume deficit [1].

Preoperative hydration is an essential consideration for patient preparation.
Studies demonstrate the benefits of preoperative oral carbohydrate solutions over
traditional fasting rules, as well as the importance of personalized fluid plans tailored
to the patient’s needs.

A meta-analysis of existing trials found that a shorter preoperative fasting
period did not increase the risk of aspiration or result in larger volumes of gastric
content [2].

The current guidelines in Europe and America suggest that clear fluids can be
consumed up to 2 hours before elective surgery. A study has demonstrated that
correcting intravascular volume deficits before surgery effectively reduces post-
operative nausea and vomiting (PONV) as well as postoperative pain in high-risk
patients [3].

A large retrospective review found that preoperative dehydration is linked to
higher rates of postoperative acute renal failure (ARF), myocardial infarction (MI),
and cardiac arrest. Additionally, hydrotherapy for dehydrated patients has been
shown to decrease postoperative complications in colorectal surgery [4].

These approaches aim to prevent dehydration and maintain optimal physiological
reserves before surgery, contributing to the acceleration of recovery and the reduc-
tion of perioperative complications. Individual treatments should be applied to the
patient, and both hypovolemia and hypervolemia should be avoided. The main goal
should be optimal tissue oxygenation and euvolemia.

3. Intraoperative fluid strategies

Calculating the fluid volume to administer per unit time based on a formula
involving body weight, type of surgical trauma, and operation time is not supported
by established physiological principles [5]. Studies have indicated that a strategy
focusing on hemodynamic stabilization can reduce complications after major
surgery [6]. Meta-analyses and reviews have further highlighted the effectiveness of
this approach across different patient populations and types of surgeries [6, 7].
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A patient’s physiological state and hemodynamic stability are complex. The main
goals of the applied treatments, including fluid therapy and use of vasoactive drugs
such as vasopressors, vasodilators, and inotropes, are to maintain adequate blood
volume, perfusion pressure, cardiac output, tissue blood supply, and oxygen delivery.

Fluid therapy is often the first choice for hemodynamic support due to the decrease
in circulating blood volume associated with anesthesia and surgery. However, its
impact is indirect. Optimizing oxygen delivery and removing metabolic by-products
may require a combination of fluid therapy, drugs, and mechanical support.

Both hypovolemia and hypervolemia increase postoperative morbidity.
Hypovolemia can cause vasoconstriction, decreased oxygen delivery, reduced tissue
perfusion, and dysfunction in peripheral organs. Conversely, hypervolemia can lead
to tissue oedema, which can result in worsened tissue perfusion, pulmonary oedema,
local inflammation, delayed wound healing, wound site infections, and anastomotic
leaks [8]. Intestinal oedema, associated with hypervolemia, is known to increase
bacterial translocation and the risk of multiple organ failure syndrome.

Hypervolemia can harm glycocalyx, an endovascular structure vital for endo-
thelial integrity. This damage leads to fluid shifting into the interstitial space. Atrial
natriuretic peptide (ANP) is also involved in this process and is secreted during
hypervolemia [9]. When the glycocalyx is damaged, as in cases of ischemia, inflam-
mation, surgery, or acute hypervolemia, colloids, and crystalloids leak from the
vascular barrier into the interstitial space, resulting in tissue oedema [9, 10].

Fluid infusions directly increase vascular volume, improving perfusion and blood
pressure, especially if the heart is responsive. However, these effects depend on the
cardiac and peripheral vascular status, leading to varying effects. Therefore, blind
fluid infusion or using vasopressors without understanding the patient’s cardiovascu-
lar status is not advised.

According to the Frank-Starling curve, there is a positive correlation between
preload and stroke volume, and this relationship follows a curvilinear shape. A larger
increase in stroke volume is observed for a given increase in preload in the steeply ris-
ing portion of the curve. This part can be considered as the preload-dependent area.
The plateau portion of the curve can be defined as a preload-independent area where
volume expansion will not create significant changes in stroke volume. Since left
ventricular function reaches its maximum level near the plateau of the Frank-Starling
curve, subsequent fluid load has little effect on cardiac output and only causes
increased tissue oedema and tissue hypoxia. In daily practice, clinicians evaluate
several hemodynamic variables to indicate whether the patient lies in the preload-
dependent or preload-independent area of the Frank-Starling curve.

In the operating room, fluid management becomes a dynamic process, requir-
ing careful consideration of fluid types and volumes. Balanced crystalloid solutions
remain a cornerstone, but colloids may be indicated in specific cases such as major
hemorrhage or hypoalbuminemia. The concept of goal-directed fluid therapy, guided
by hemodynamic monitoring, allows for precise fluid administration, minimizing the
risk of fluid overload or inadequate perfusion during surgery.

3.1 Goal-directed fluid therapy (GDFT)

The pursuit of an optimal fluid regimen that prevents volume overload while
maximizing tissue perfusion has led to the adoption of individualized, targeted fluid
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replacement therapies, supported by advancing technology. In this approach, basic
physiological variables related to cardiac output or global oxygen distribution are
measured. The administration of crystalloids, colloids, blood products, or inotropic
agents is then dynamically adjusted based on these targeted physiological variables.

Tissue and organ perfusion rely on both perfusion pressure and cardiac output
(CO). Itis crucial to accurately measure CO, or at least detect changes in CO. While
invasive monitoring with a pulmonary artery catheter (PAC) was once the gold
standard, many alternative and less invasive devices are now available. The term
“Minimally Invasive CO Monitoring” encompasses all devices capable of calculating
CO without requiring a PAC. Cardiac output monitor, used alongside protocols to
optimize CO and oxygen delivery (DO,), as well as direct intravenous fluid therapy
and inotropic support, are fundamental to targeted fluid therapy. Studies have
demonstrated that targeted fluid therapy, when combined with minimally invasive
CO monitors, enhances perioperative outcomes in high-risk surgical patients [11].

The objective of intraoperative fluid management is to maintain central euvolemia.
Therefore, it is recommended that patients undergoing surgery under the ERAS
(Enhanced Recovery After Surgery) protocol have an individualized fluid manage-
ment plan. Excessive crystalloid use should be avoided in all patients. A “zero balance”
approach is encouraged for some patients undergoing low-risk surgery. Goal-directed
fluid therapy (GDFT) is recommended for most patients undergoing surgeries involv-
ing large fluid shifts. Optimal perioperative fluid management is a critical component
of the ERAS protocol. One study demonstrated that simply modifying fluid manage-
ment on the day of surgery reduced perioperative complications by 50% [8].

Randomized controlled studies and meta-analyses have shown that GDFT reduces
postoperative renal damage, postoperative complications, postoperative hospital stay,
and mortality [12-15]. Perioperative targeted fluid management algorithms have been
shown to be beneficial in high-risk geriatric patients and may reduce the length of
hospital stay [16].

Several dynamic parameters are used in GDFT to assess fluid responsiveness and
guide fluid administration. By incorporating these dynamic parameters into fluid
resuscitation protocols, clinicians can tailor fluid therapy to the individual patient’s
needs, optimizing hemodynamic status and improving outcomes.

3.1.1 Dynamic methods in determining cardiac preload

Dynamic methods for assessing cardiac preload involve using physiological
parameters that change in response to alterations in intrathoracic pressure or volume
status. Dynamic parameters provide real-time information about the heart’s ability to
respond to volume changes, which can help guide fluid therapy in critically ill patients
or during surgery.

3.1.1.1 Pulse contour analysis

This is based on the principle that the area under the systolic portion of the arterial
pressure waveform is proportional to the stroke volume (SV). It was first described
by Erlanger and Hooker in 1904, who suggested that cardiac output (CO) was pro-
portional to arterial pulse pressure [17]. In this method, the area under the curve is
measured until the end of the post-diastolic ejection phase and divided by the aortic
impedance measuring left ventricular (LV) function. It also measures stroke volume
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variation (SVV) and pulse pressure variation (PPV), which are useful in estimating
fluid responsiveness.

3.1.1.1.1 Pulse pressuve variation (PPV)

This dynamic parameter was established by demonstrating changes in stroke
volume induced by positive pressure ventilation. Heart-lung interactions during
mechanical ventilation and changes in hemodynamic signals with respiration have
gained great popularity in recent years [18]. Arterial pulse pressure is calculated as the
difference between systolic and diastolic blood pressure. PPV is calculated by divid-
ing the peak pulse pressure (PP) (PPmax — PPmin) by the average PP [(PPmax +
PPmin)/2] [19]. Arterial pulse pressure is directly proportional to stroke volume and
inversely proportional to the compliance of large systemic arteries. Arterial compli-
ance is assumed to remain constant throughout the respiratory cycle. Therefore,

PPV should reflect the magnitude of respiratory-induced changes in stroke volume.
Consequently, PPV should predict the degree of biventricular preload response and
hence the hemodynamic response to fluid infusion. In conditions where there is no
obstacle to the use of this parameter in the patient, if PPV is high and decreases with
fluid infusion, the patient can be considered fluid-responsive [18]. Mechanically ven-
tilated patients with normal tidal volume have been the subject of numerous studies
in a variety of clinical settings (sepsis, intra-perioperative periods) and these studies
have confirmed the excellent value of PPV in predicting fluid response in patients
without spontaneous respiratory activity and cardiac arrhythmia [20, 21].

Most studies have also highlighted the clinical utility of PPV, showing that it is much
better at predicting fluid response than static preload markers such as cardiac filling
pressures. The threshold value of PPV varies between 10% and 15%. Hemodynamic
monitors such as PiCCO, VolumeView, LiDCO, MostCare, and Pulsioflex allow auto-
matic calculation of PPV and continuous display on their screens in real time. Therefore,
PPV may be a helpful tool to guide volume expansion during surgery as a study done
during perioperative phase demonstrated that its capacity to detect a change in cardiac
output following volume expansion is better than changes in arterial pressure [22]. Asa
result, PPV can be used to track the hemodynamic response to fluid therapy in addition
to predicting fluid response. to predict fluid response but also to monitor hemodynamic
response to fluid therapy. The use of PPV for intraoperative GDFT has been shown
to reduce the duration of mechanical ventilation, postoperative complications, and
intensive care unit or hospital stay in patients undergoing high-risk surgery [23].

3.1.1.1.2 Stroke volume variation (SVV)

SVV is measured with continuous cardiac output monitoring devices such as
FloTrac/Vigileo, PICCO, LiDCO, MostCare, or esophageal Doppler. It is calculated by
dividing the difference between maximum SV and minimum SV (SVmax — SVmin) by
their average [(SVmax + SVmin)/2] over a 30-second time window [19]. SVV has been
reported as a good predictor of fluid responsiveness in neurosurgical patients, general
surgery patients, septic shock patients, and after cardiac surgery [24-27]. In a study
conducted on patients who underwent surgery for liver transplantation, a sensitivity
and specificity of 94% and a threshold value of SVV of 10% were reported [28]. It has
been shown that gastrointestinal complications are reduced in patients undergoing
major abdominal surgery who undergo intraoperative SVV-guided GDFT [29].
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3.1.1.2 Limitations of pulse contour analysis methods

The most significant limitation is the presence of spontaneous respiratory activity.
In a patient with spontaneous respiratory effort, ventilation cannot be provided at
regular intervals and with an equal volume of tidal volume. Accordingly, changes
in intrathoracic pressure become irregular, and changes in stroke volume are not
preload-dependent. The existence of cardiac arrhythmias is another restriction on
the use of respiratory variability measures. In these situations, diastolic irregularity
rather than heart-lung interactions is responsible for the variation in stroke volume.
The final drawback is that the arterial pressure changes brought on by mechanical
breathing are likewise minimal in patients with low tidal volume ventilation. Even in
reaction to preload, there may not be a sufficient intrathoracic pressure change during
low tidal volume breathing. For this reason, studies indicate that PPV is reliable when
ventilation is provided with a tidal volume of at least 8 ml/kg [30, 31].

In cases of low lung compliance, changes in alveolar pressure are less effectively
transmitted to intrathoracic structures. Consequently, intravascular pressure changes
induced by mechanical ventilation may also be diminished. A clinical study dem-
onstrated that PPV loses its ability to predict fluid responsiveness in patients with
respiratory compliance less than 30 ml/cm/H,0 [32].

Another limitation is the patient’s high respiratory frequency. It has been reported
that the reliability of SVV decreases if the ratio of heart rate to respiratory rate is
lower than 3.6 or if the respiratory rate exceeds 40/min [33].

It is emphasized that operating room conditions are generally ideal for accurate
interpretation of PPV and other respiratory variability indices. Its use has decreased
in the intensive care environment where these limitations are common; alternative
methods have been developed to estimate fluid response in critically ill patients [18].

1. End-expiratory occlusion test (EEOT): EEOT is a preload-dependent method that
utilizes heart-lung interactions to estimate fluid response in ventilated patients.
It can be used in patients with cardiac arrhythmia or spontaneous ventilator trig-
gering, where parameters like PPV and SVV are not reliable. During a 15-second
end-expiratory occlusion (EEO), a greater than 5% increase in arterial pulse
pressure measured by the PICCO device, or in the cardiac index derived from the
pulse curve, provides a good prediction of fluid responsiveness [34]. This test is
advantageous due to its simplicity. It is considered more reliable than PPV and
SVV in patients with acute respiratory distress syndrome (ARDS) characterized
by low tidal volume and low lung compliance [32, 35]. However, it cannot be
used in patients in whom spontaneous triggering of the ventilator interrupts EEO
and, of course, in patients who are not ventilated. Due to its brief duration, EEOT
requires the use of a real-time hemodynamic monitor to assess hemodynamic
response. Therefore, pulse contour analysis monitors or ultrasound techniques
may be appropriate.

2.Mini fluid challenge test: Classic liquid loading typically involves infusing 300—
500 ml of fluid [36], but its irreversibility can lead to fluid overload, especially
with repeated daily administration. To reduce this risk, a ‘mini’ fluid challenge
has been proposed, consisting of a rapid infusion of 100 ml over 1 minute. In
clinical studies, an increase of more than 10% in the subaortic velocity time
integral, measured using echocardiography, has been found to predict fluid
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responsiveness accurately [37]. However, a major limitation of this test is that
even in cases of preload responsiveness, a very small volume infusion causes only
minimal changes in cardiac output. Therefore, accurate measurement of cardiac
output is crucial to minimize false-negative results.

3. Passive leg raise test (PLRT): PLRT is independent of heart-lung interactions

when assessing preload. Therefore, it can be used in spontaneously breathing
patients [38]. Raising the legs from the horizontal position induces a gravita-
tional blood transfer from the lower extremities toward the intrathoracic area.
This significantly increases right and left cardiac preload, allowing assessment
of the position on the Frank-Starling curve of increased preload during testing
[39]. PLRT remains a good indicator of fluid response in patients with acute
circulatory failure, spontaneous respiratory activity, or cardiac arrhythmias
[40, 41].

A 10-12% increase in cardiac output or stroke volume during PLRT allows us to
predict fluid responsiveness even in patients with cardiac arrhythmias and/or
spontaneous ventilator triggering. However, since changes in arterial pressure
may result in false-negative cases, cardiac output response should be monitored
with real-time cardiac output monitoring technologies and devices to evaluate
the hemodynamic response to PLR [38, 42].

The complete reversibility of PLRTs effects when the legs are returned to the
supine position confirms its role as a safe, risk-free preload response test [38,
42]. However, despite its reliability and convenience, PLRT has limitations. It
cannot be used in situations where patient mobilization is impossible or prohib-
ited, such as in the operating room or in cases of head trauma [43]. Additionally,
the reliability of PLRT is compromised in cases of increased intra-abdominal
pressure [44].

.Inferior vena cava collapsibility index (cIVC): The inferior vena cava (IVC) isa

low-pressure and highly collapsible vein. Its diameter varies depending on in-
travascular volume status, right heart function, and respiration [45]. In each re-
spiratory cycle, the IVC contracts and relaxes according to venous return, which
changes due to negative pressure. Negative pressure during inspiration increases
venous return to the heart, causing the IVC to collapse [46]. Conversely, during
expiration, the IVC diameter increases again and returns to its baseline value.
These changes in vessel diameter provide guidance in assessing the patient’s
clinical status.

In mechanically ventilated patients, the effect of respiration on intrathoracic
pressure is completely reversed. Positive pressure applied during inspiration
causes venous return to the heart to decrease and the diameter of the IVC to
increase. The change in diameter on the IVC in mechanically ventilated patients
can be calculated using the ‘distensibility index’ [47].

It is believed that the collapse of the IVC during inspiration in spontaneously
ventilated patients or the stretching of the IVC during inspiration in mechani-
cally ventilated patients predicts fluid response [48].
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IVC ultrasound has several advantages over other fluid response assessment
methods. It is non-invasive, inexpensive, widely available, can be obtained with
minimal training, can be performed quickly, can be combined with heart and
lung ultrasound, and can be repeated frequently [47].

IVC ultrasound is performed with a low-frequency (2-5 MHz) convex probe
using the subxiphoid view. The IVC should be viewed longitudinally in the
long axis, keeping the connection between the IVC and the right atrium on the
screen. The M-mode line should be placed perpendicular to the IVC and 2-3 cm
before entering the right atrium. It should be measured at the widest (IVCd-
max) and narrowest (IVCd-min) points by monitoring for 2 or 3 respiratory
cycles [48].

cIVC is calculated according to the formula:
cIVC = (IVCd-max-IVCd-min)/IVCd-max x 100 (1)

A cIVC value between 40% and 48% could predict fluid response with good
specificity and sensitivity, according to studies assessing the usefulness of
cIVC as an indicator of fluid response and a guide for fluid management in
critically ill patients with acute circulatory failure and spontaneous breathing
[31, 46, 49]. Given the circumstances, it seems that very high or very low cIVC
values could be helpful in accurately indicating or ruling out fluid respon-
siveness, particularly in individuals suffering from acute circulatory failure
brought on by sepsis. To guide fluid management, cIVC should be interpreted
cautiously and considered in conjunction with other parameters, not as a
stand-alone parameter [50].

In spontaneously breathing patients undergoing elective non-cardiac surgery,
cIVC-directed intravascular fluid therapy before spinal anesthesia has been shown
to be an effective method to prevent hypotension after spinal anesthesia [51].

In spontaneously breathing patients, IVC measurements estimate right atrial pres-
sure (RAP), allowing rapid identification of hypovolemic patients [52, 53]. The
American Society of Echocardiography states that in measurements with more
than 50% collapsed IVC diameter (IVCd) less than 2.1 cm by incision, the right
atrial pressure (RAP) is 3 mm Hg (0-5 mm Hg); it is stated that RAP is 15 mm Hg
(10-20 mm Hg) in measurements with less than 50% collapse with inspiration and
IVCd greater than 2.1 cm [54].

4. Postoperative fluid balance

Following surgery, patients face challenges related to fluid shifts, postoperative
stress response, and potential complications such as dehydration or fluid overload.
Postoperative patients with extensive traumatic or surgical tissue injury, prolonged
surgeries and associated stress response, burns, critical illness, or sepsis require more
complex resuscitative fluid therapy in addition to maintenance therapy.
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The stress response to traumatic or surgical tissue damage is the “Fight or Flight”
response designed to facilitate survival after a major injury. This stress response can
occur when the integrity of large body cavities such as the chest, abdomen, joints, and
skull is disrupted due to surgery or trauma. It can also be seen in cases of significant
tissue damage such as burns, pancreatitis, and gunshot wounds. It may occur in postop-
erative patients in cases of significant blood loss, hemodynamic instability, and sepsis.

Vasopressin, aldosterone, catecholamines, cortisol, and inflammatory cytokines
are secreted in response to stress. These substances affect the patient through various
mechanisms, including hemodynamic response, cardiac output, glucose metabolism,
and vascular permeability. These effects may occur more intensely in the postopera-
tive period, and fluid management of the patient remains as important as in the
intraoperative period.

Individualized postoperative fluid management, coupled with early mobilization,
becomes crucial in restoring fluid balance and promoting recovery. Strategies focus-
ing on personalized fluid replacement and monitoring contribute to better postopera-
tive outcomes and reduced recovery times.

1. Assessment: assess the patient’s fluid status based on clinical signs, urine output, lab-
oratory values (e.g., electrolytes, creatinine), and the type of surgery performed.

Intravenous fluid administration will not improve tissue perfusion unless it
increases stroke volume and, consequently, cardiac output.

Studies show that almost half of unstable patients do not respond hemodynami-
cally to fluid resuscitation [21, 55]. This indicates that fluid resuscitation may
not always be the appropriate approach to ensure adequate tissue perfusion,
especially in unstable patients. Therefore, assessing the patient’ response to fluid
resuscitation should determine the need for additional volume.

2. Maintenance fluids: once the patient is stable, maintenance fluids should be pro-
vided to replace ongoing losses. The choice of fluids and rate of administration
depends on the patient’s fluid status, comorbidities, and surgical considerations.

There are generally two main types of fluids used during major surgery, and the
choice of fluid can impact outcomes. The more commonly used type is crystalloid
solutions, which remain the fluid of choice for simple postoperative fluid replace-
ment. Crystalloid solutions increase intravascular volume, but their intravascular
residence time is shorter than colloids. Prolonged administration of chloride-rich
solutions can lead to hyperchloremic acidosis, kidney injury [56-62].

Compared to crystalloid therapy, colloids require less volume to achieve the same
hemodynamic effect. Therefore, the use of colloids can be considered an ap-
proach to limit total volumes and could potentially lead to better results. Studies
comparing the results of surgical patients receiving colloid or crystalloid fluid
replacement generally found no difference [63, 64]. A subgroup analysis of the
postoperative population of a large, randomized trial in the intensive care unit
found no difference in mortality between crystalloid and colloid-treated popula-
tions Although starch solutions can be used intraoperatively, they are not com-
monly used for volume expansion in postoperative surgical patients due to their
potential to cause bleeding or abnormal clotting [65].
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3. Avoiding overhydration: large volumes of intravenous fluid may cause complica-
tions due to the formation of tissue oedema. Liberal administration of fluid may
impair pulmonary, cardiac, gastrointestinal, and renal function, contributing to
postoperative complications and prolonged recovery [66-69].

4. Electrolyte monitoring: monitor electrolyte levels regularly, especially in patients
at risk of electrolyte imbalances (e.g., those with renal dysfunction or certain
surgical procedures).

Serum lactic acid, base deficiency, and central venous oxygen saturation (SvO2)
are biochemical markers of perfusion frequently used to confirm the adequacy
of end-organ perfusion in critically ill patients [70].

5. Considerations for specific surgeries: certain surgeries may require special consid-
erations for fluid management. For example, patients undergoing major abdomi-
nal surgery may require different fluid strategies than those undergoing minor
procedures, extensive traumatic or surgical tissue injury, burns, critical illness,
or sepsis require more complex resuscitative fluid therapy.

6. Individualized approach: fluid management should be individualized based on
the patient’s clinical condition, comorbidities, and surgical requirements. Col-
laborate with the surgical team and other healthcare providers to optimize fluid
therapy.

7.Early mobilization and oval intake: encourage early mobilization and oral
intake as tolerated, as this can help prevent fluid retention and promote
recovery.

Early mobilization is a key element of ERAS protocols for all postoperative
patients capable of ambulation [71]. It is essential for reducing the risk of
postoperative pneumonia and venous thromboembolism and hospital length
of stay.

8. Monitoring and documentation: monitor the patient’s fluid status closely and doc-
ument intake, output, and any fluid-related interventions to ensure continuity of
care.

9. Multimodal approach: consider multimodal approaches to fluid management,
including goal-directed therapy and dynamic methods in determining fluid
response to optimize outcomes and minimize complications.

5. Future directions

In the future, the integration of emerging technologies and personalized
approaches is poised to revolutionize perioperative fluid management. From
advanced hemodynamic monitoring to individualized fluid optimization algorithms,
the future holds promise for more precise and tailored strategies, ultimately enhanc-
ing patient safety and surgical outcomes. Areas for further research include the
impact of fluid management on specific patient populations and the development of
comprehensive perioperative fluid management guidelines.
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6. Conclusion

In conclusion, perioperative fluid management stands as a cornerstone of surgical
care, with far-reaching implications for patient recovery and outcomes. By embracing
evidence-based practices, individualized approaches, and emerging technologies,

healthcare providers can continue to refine perioperative fluid management, paving
the way for safer surgeries and improved patient experiences.
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Abstract

Robotic surgery has been widely adopted by many centres as it provides optimum
surgical conditions for management of various cases with improved outcomes over
the past decade. Being a relatively new technique, anaesthesia for robotic surgery
has become a part of daily work that anaesthetists should know about. This chapter
aims to provide a comprehensive review about latest advances in robotic surgeries,
indications, and contraindication, the perioperative management plan, and recent
techniques to provide pain relief for intra- and postoperative care focusing on the
latest PROSPECT guidelines. It will highlight the possible complications that should
always be kept in mind during and after surgery period.

Keywords: robotic surgery, preoperative assessments, intraoperative managements,
postoperative complications, pain management, PROSPECT guidelines

1. Introduction
1.1 History of robotic-assisted devices in medicine

The field of medicine is undergoing a revolution with the emergence of robots.
Various factors such as miniaturisation, artificial intelligence, and computer power
are helping in the design and development of these robotic systems [1].

About 34 years ago, medical robots started to emerge when a CT navigation
system and an industrial robot were used to carry out a biopsy procedure on the brain.
Eventually, medical robots were able to perform various surgical procedures, such as
total hip arthroplasty and urological procedures. Unfortunately, these fully autono-
mous robots were not popular with surgeons [1].

The technology drew the attention of the US Department of Defence, which
invested in it to allow performing surgeries over troop casualties without jeopardis-
ing the medical team using satellites. The project faced various technical issues,
mainly due to the delay in response time. However, the project facilitated the
development of the Da Vinci System which was introduced to the medical system
in 1999 [1].
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1.2 Surgeries and robotic-assisted devices

In the past few decades, surgical techniques have witnessed major changes from
open techniques towards minimally invasive ones, saving patients a large, traumatic,
and painful incision. Not only positively affecting the patients but also saving costs
from prolonged hospital stay and recovery time [1].

The evolution of minimally invasive techniques using small cameras did not pass
without a cost. The two-dimensional (2D) flattened visual operative field limited the
surgical techniques and flexibility until 1985, when the robot PUMA 560 performed
a CT-guided brain biopsy that opened a new world of minimally invasive techniques,
allowing better 3D visual field surgeries [1].

1.3 The Da Vinci System

The Da Vinci System comprises three parts: a console, a robotic manipulator, and
a visualising tower. The console consists of an eyepiece giving 3D image, two actua-
tors controlling the robot’s arms and foot pedals allowing change between control of
camera and robotic arms and changing the diathermy power. The visualising tower
carries images from the camera to display to the theatre team. The robotic manipula-
tor consists of three arms; one holds the camera, and the other two carry different
surgical instruments. The camera is slightly different from the endoscopic camera as
it contains two cameras that fuse the images together to give the surgeon a 3D image
with real depth. The system has advanced technology to filter hand tremors and
allows precise movement. Moreover, instrument arms have a higher degree of free
mobility than conventional laparoscopic arms to approximate the human hand’s range
of movement (Figure1) [2].

Figure 1.
The Da Vinci robot (a) console (b) robotic manipulator and visualising tower—Southend University Hospitals
NHS Trust Theatre.
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In spite of the advanced technology of the Da Vinci System, it has its drawbacks.
The system requires a surgeon to insert the robotic arms through a laparoscopic-sized
hole. So, remote surgery is still possible but needs a surgeon in the field. The Da Vinci
System is a relatively new technology costing around 1.5 million Pound with yearly
service of around 125 thousand and 2000 Pound per case, which is considered a high
cost for most of the UK trusts [3]. However, the high cost could be equilibrated with
the lower cost of hospital stay after the surgery and lower incidence of complications
that have been reported especially with the use of robotic surgery in prostatectomy.
Moreover, the learning curve of robotic surgeries is relatively long when compared
with laparoscopic surgeries, for example, which is time-consuming and may result
in prolonged surgeries, also reflected in the cost of robotic surgery. Robotic surgery
has an ergonomic issue and requires a spacious operating theatre with the theatre
team, not only surgeons and anaesthetists, who are familiar with the procedure and
machine. From an anaesthetic point of view, any patient movement could lead to a
disastrous result once the robotic arms are locked inside the patient’s body, requiring
complete muscle relaxation [4].

The Da Vinci System is reliable, with a failure rate leading to open surgery
approaching 0.5%. The lower risks of postoperative complications have led to a
global shift towards robotic surgeries [4, 5]. A study published in the Journal of
American Medical Association regarding robotic surgeries for bladder cancer and
reconstruction has found a reduced chance for re-admission by 52%, quicker recov-
ery by 20%, and reduced prevalence of blood clots (deep venous thrombosis (DVT)
and pulmonary emboli) by 77%. The system has been introduced to various surgical
specialities including general, cardiothoracic, gynaecological, paediatric, neurologi-
cal, and recently urological surgeries [6].

1.4 Pneumoperitoneum

Pneumoperitoneum is required to facilitate robotic surgery. As the name suggests,
the gas used in pneumoperitoneum is carbon dioxide (CO,). CO, has multiple advan-
tages to be used in pneumoperitoneum rather than air or any other gas. CO, is an inert
gas that does not readily undergo chemical reactions with other substances and does
not support combustion that will allow the safe use of diathermy. It also has a sig-
nificant solubility, decreasing the risk of gas embolism if injected into a blood vessel
mistakenly [7, 8].

There are multiple considerations that should be kept in mind due to pneumoperi-
toneum. The abdomen and the pelvis are relatively closed spaces, and when the gas
is injected, it will lead to increased intra-abdominal pressure (IAP). At the start, the
movement of the diaphragm and the anterior abdominal wall will accommodate for
the increased IAP. With increased pressure, the compensatory mechanism will fail,
resulting in a rapid increase in the IAP. The sequela of the increased IAP is compres-
sion of the inferior vena cava, major arteries, and visceral blood vessels. That will lead
to decreased venous return to the heart, dropping the cardiac output (COP) and pool-
ing of blood in the abdomen, facilitating the development of deep venous thrombosis.
The raised IAP will also be reflected in increased pressure on other closed spaces such
as the brain leading to increased intracranial tension (ICT) [9].

The change in IAP is biphasic: A mild increase in the IAP (<10 mmHg) will lead to
an increase in venous return, causing elevation in COP and blood pressure. Further,
an increase in IAP (10-20 mmHg) will reduce COP and increase systemic vascular
resistance, which will be reflected variably in blood pressure. When IAP is raised
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above 20 mmHg, the drop in COP becomes significant, leading to a drop in blood
pressure [10].

Pneumoperitoneum also affects respiratory function by splitting the diaphragm,
leading to basal atelectasis affecting the ventilation/perfusion matching. The CO,
is absorbed into the circulation by the large peritoneal surface, even after deflation,
leading to a rise in arterial CO,, reducing the partial pressure of O, in alveoli [11].

In addition to previous changes, pneumoperitoneum increases the pressure on
the small blood vessels supplying the viscera. A relatively small rise in IAP from 10 to
15 mmHg significantly affects the blood supply to stomach, liver, and small and large
intestines, increasing the risk of ischaemic injury. The retroperitoneal structures are
relatively preserved; however, there is a reduction in renal blood flow, resulting in an
alteration of renal function [12].

The effects of pneumoperitoneum are exaggerated by the change in position.
Trendelenburg position will add to the negative effect exerted on lungs; however,
it will improve the venous return. On the other hand, the reverse Trendelenburg
position will reserve the venous return but will deteriorate the respiratory
function [13, 14].

2. Preoperative considerations of robotic surgery
2.1 Common indications of robotic surgery in the practice

Robotic techniques have become standard practice in urology, particularly for
procedures like prostatectomy, uncomplicated adrenalectomy, and nephrectomy,
including live donor nephrectomy. In gynaecologic surgery, robotics play a crucial role
in procedures such as tubal surgery (sterilisation, treatment of ectopic pregnancy,
etc.), cystectomies, hysterectomies, various ablations (endometriosis), and more.
Robotic surgery is also applied during pregnancy and in paediatric cases [15].

The realm of robotic general surgery encompasses a wide range of procedures,
including cholecystectomy, hernia repair, anti-reflux procedures, splenectomy,
appendectomy, bowel surgery (including bariatric procedures), and various
upper and lower abdominal interventions. Recent advancements extend the appli-
cation of robotics to thoracoscopic, cardiovascular, and neurosurgical intracranial
surgeries, utilising modified laparoscopic instruments without the need for gas
insufflation [16].

Additionally, emerging trends include lumbar discectomies and other forms of
spinal surgery performed laparoscopically through an anterior approach. Remarkably,
even autopsies have been explored using laparoscopic techniques. The ongoing expan-
sion of robotic applications in diverse medical fields continues to broaden the scope of
minimally invasive procedures [16].

2.2 Contraindication of robotic surgeries

Most of the contra-indications of robotic surgeries could be reverted by surgical
team experience. However, contra-indications of robotic surgery should be excluded
during preoperative assessment as robotic surgeries are better avoided in these
conditions [17].

Contra-indications of robotic surgery could be divided based on systems:
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* CNS: increased intracranial pressure, space-occupying lesion, retinal detach-
ment, acute glaucoma, shunts (at risk of gas emboli and shunt obstruction).

* Cardiorespiratory: severe cardiovascular or pulmonary disease, hypovolemic
shock, bullae, severe right, or biventricular failure, right to left cardiac shunt.

* Renal: impending renal shutdown.

* Abdominal: peritonitis, large intra-abdominal mass, abdominal wall tumour,
history of extensive surgery or adhesions, diaphragmatic hernia, morbid obesity.

* Haematological: coagulopathy, sickle cell disease (risk of precipitation of sickle
cell crisis with acidosis).

To summarise, contra-indications are related to the ability of the patient to tolerate
extremes of position, pneumoperitoneum, and hypercarbia. It is worth mention-
ing that pregnancy is no longer considered a contraindication for robotic surgery,
provided that the anaesthetist keeps in mind the effect of robotic surgery on maternal
and fetal changes. Arterial gas monitoring with pre and postoperative fetal and
uterine monitoring is essential [17].

2.3 Preoperative assessment

Vigilant assessment of the cardiopulmonary system is mandatory in preoperative
assessment due to the reasons mentioned before. The effect of age on pulmonary
function should always be kept in mind as with increased age, the functional residual
capacity (FRC) decreases. Smoking and chronic obstructive pulmonary disease
(COPD) cause a higher secretion with decreased ciliary clearance function, leading
to further issues in ventilation added to the effect of pneumoperitoneum together,
which may deteriorate the respiratory function. Respiratory infection might have
a detrimental effect on intraoperative respiratory function and should be excluded
until management with appropriate antibiotics. High BMI and deviation of the spine
(Kyphoscoliosis) will add to the issues related to respiratory function. Assessment of
exercise tolerance and the presence of shortness of breath will help in the formula-
tion of plan of management. Thorough airway assessment should be considered
especially if the patient is undergoing transoral robotic surgery (TORS). Difficult
airway and obstructive sleep apnoea (OSA) are always considered in these types of
surgeries [17].

Basic preoperative tests should be ordered in preoperative assessment including
complete blood count, clotting functions, chemistry, electrolytes, renal function,
ECG blood typing, and screening. Other laboratory tests may be required depending
on the history taken. Baseline pulmonary function tests, chest X-ray, arterial blood
gas, and saturation on room air might be helpful in patients with pulmonary diseases.
Echocardiography, cardiac stress test, and cardiology clearance might be required for
patients with cardiological symptoms [7].

Patients should be informed of possible complications of surgery as usual. He
should be aware of the possibility of emergency laparotomy with possible blood
transfusion and intensive care unit admission. Preoperative bowel preparation and
antibiotics could be required before surgery in some surgical intervention.
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3. Intraoperative considerations of robotic surgery
3.1 Anaesthetic technique

General anaesthesia with cuffed endotracheal tube insertion with controlled
positive pressure ventilation is the recommended technique for robotic surgery. This
can be explained by the long duration of the procedure, the extreme positions, the
need to insert nasogastric or orogastric tubes and the need for muscle relaxation.
The need for muscle relaxation is extremely important for robotic surgery as the
increased intra-abdominal pressure with splinting of the diaphragm makes sponta-
neous breathing difficult. Moreover, any patient movement after docking the robot
could lead to outrageous consequences. Also, muscle relaxation is useful to allow
augmentation of ventilation to decrease levels of CO, associated with abdominal
insufflation [5].

The successful use of laryngeal mask (LMA) in some short laparoscopic proce-
dures has been reported. However, the limited capability of applying positive pressure
ventilation and the insecure guarding against aspiration in robotic surgery contrain-
dicates its usage in robotic surgery [18].

Regional anaesthesia alone could be used successfully in laparoscopic surgery, but
it is impossible to use alone in robotic surgery due to the positioning, the high sensory
block level required, and the hyperventilation required to maintain a normal level
of CO,. Besides, the patient’s tolerance to a long procedure such as robotic surgery is
questionable. Regional anaesthesia can be combined with general anaesthesia for pain
relief. However, it should be kept in mind that the sympathetic response to abdominal
insufflation, which maintains the blood pressure and cardiac output, will be abol-
ished by regional anaesthesia [19, 20].

Any combination of anaesthetic agents that provides amnesia, analgesia, and
paralysis could be used. The use of antiemetics is recommended, as peritoneal
stimulation and distension will increase the risk of postoperative nausea and vomit-
ing (PONV). A combined use of antiemetics of different mechanisms of action is
advised. The choice between inhalational anaesthetics and total intravenous anaes-
thesia (TIVA) is operator-dependent as long as guarding against awareness is kept
in mind using the required level of monitoring (end-tidal inhalational level and/or
Bispectral Index). The use of nitrous oxide is controversial due to its diffusion capa-
bility, bowel distension causing more difficulties in surgery and postoperative nausea
and vomiting [7].

3.2 Monitoring and access

The level of monitoring for robotic surgery can differ from one patient to another
depending on the patient’s comorbidities, degree of complexity, and length of
surgical procedure and expected blood loss. Generally speaking, many anaesthetists
prefer invasive arterial lines for monitoring blood pressure and frequent gas analysis
besides the standard monitoring (ECG, oximeter, capnogram, inspired O, fraction,
end-tidal inhalational anaesthetic, minute ventilation, peak airway pressure, urine
output, and oesophageal temperature monitor). However, it should always be kept in
mind that access to the patient during surgery is extremely limited. So, lines should
always be secured with extra caution. Line kinking, displacement, and obstruction
are common issues during robotic surgery due to the fact that access is limited,
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especially after docking of the robot. EEG monitoring is preferable in some condi-
tions when there is a risk of postoperative cognitive dysfunction to avoid unnecessar-
ily deep levels of anaesthesia.

Usually, standard IV access with wide-bore cannulae would be enough to main-
tain anaesthesia and intraoperative fluid therapy. However, central venous pressure
(CVP), pulmonary artery pressure, pulmonary artery occlusion pressure (PAOP),

and cardiac output should be used in some patients depending on their comorbidities
[21-23].

3.3 Positioning

Positioning in robotic surgery is one of the major factors that affects patient
condition. In robotic surgery, extreme forms of Trendelenburg and reverse
Trendelenburg are not uncommon. Also, it should be kept in mind that changing the
position after docking the robot is difficult. The position effect on patient health can

be summarised as follows [7]:

* Respiratory: movement of endotracheal tube and bronchial intubation, airway
oedema, atelectasis, aspiration.

* Cardiovascular: reduced venous return and hypotension.
* Central nervous system: cerebral and conjunctival oedema, C5-7 disruption.

* Peripheral nervous system: compression on various nerves depending on posi-
tion, neuropraxia, neuropathy.

* Gastrointestinal: increased risk of reflux and mouth ulcers (from acid reflux).
* Musculoskeletal: pressure sores, compartment syndrome.

Measures to avoid complications related to position can be summarised as

follows [7]:

* Delicate positioning with gel padding, straps with support and avoidance of
stretching of limbs and compression stocking.

* Good securing of the cuffed endotracheal tube with a recheck of its position
after patient positioning and avoidance of tight ties. Check the cuff pressure
after inflation and consider a leak test before extubation.

* Usage of positive end-expiratory pressure (PEEP).

* Insertion and drainage of nasogastric tube.

* Preload the patient with fluids, make judicious fluid intake, and consider the
usage of vasopressors before positioning.

* Periodic checking of the patient face.

41



New Insights in Perioperative Care

3.4 Ventilation

Lung protective ventilation has been suggested for ventilation in robotic surgery.
However, there is no available data for the best PEEP level to be used. High PEEP
levels would provide better lung aeration. On the other hand, it will negatively affect
blood pressure and increase the risk of barotrauma and alveolar overdistension.
Lower PEEP levels will avoid these problems. Various studies tried to find the best
PEEP level. From these studies, we can conclude that zero-end expiratory pressure
should be avoided, and moderate PEEP levels (4-8 cmH,0) have been associated with
better outcomes than high PEEP levels (>10 cmH,0). However, an individualised
PEEP level is optimal [24].

No specific data is available to define the best mode of ventilation independently
from other ventilatory parameters. It is suggested to set the tidal volume to 6-8 ml/
kg of predicted body weight with a PEEP level of 4-8 cmH,0. However, it is sug-
gested to use pressure-controlled ventilation with a monitor of tidal volume to
avoid barotrauma and better gas exchange. Inspiratory:expiratory ratio of 2:1 or
1:1 has been found to improve CO, clearance through decreasing dead space frac-
tion. Although prolonged inspiratory time has been found beneficial for acute lung
injury patients by improving oxygenation, no such effect has been noticed in robotic
surgery [25].

Recruitment manoeuvres are frequently used to decrease atelectasis, improve
alveolar ventilation, and decrease intrapulmonary shunting. However, it might
decrease venous return and lead to barotrauma and alveolar overdistension. It is bet-
ter to be used in case of hypoxemia or deterioration of respiratory mechanics during
or after pneumoperitoneum [26].

3.5 Intravenous fluids

IV fluid management in robotic surgery is an art balance between maintain-
ing perfusion and preventing volume overload. Recent surgical practice results in
euvolemic patients preoperatively by carbohydrate loading, reduced bowel prepara-
tion, and reduced fluid fasting hours.

A relatively new concept in fluid management is introduced depending on
the delivery of O, (DO,) divided by body surface area to produce indexed oxygen
delivery (DO,I) measured by ml/min/m?. Multiple literature can be found support-
ing the idea that maintaining high DO,I has an effect on decreasing morbidity and
mortality in open surgeries. However, the effect of robotic surgeries needs further
investigation [27].

The advised approach to fluid management is [5]:

* Fluid replacement for pre-existing fluid deficit if present.

* Targeting zero fluid balance with maintenance around 1-4 ml/kg/h and replace-
ment of measured losses.

* Intraoperative hypotension should be managed with vasopressors rather than
fluids unless it is due to hypovolemia.
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* Monitoring of urinary output is required, especially in prolonged complex
robotic surgery. Permissive oliguria with urine output of 0.3 ml/kg/h is widely
adopted without affection of renal function.

* CVPisinaccurate in the management of fluid balance due to the extremes of
position and pneumoperitoneum. Other markers such as serum lactate, acid-base
balance, and central venous oxygen saturation provide better monitoring of fluid
status.

The increased risk of cerebral oedema, especially in extreme Trendelenburg posi-
tions, should always be kept in mind while managing the fluid status of the patient.

3.6 Analgesia

Multimodal analgesia with opioid-sparing drugs is the new trend in the analgesic
management of surgical operations. Large doses of opioids are associated with a higher
incidence of postoperative nausea and vomiting, suppression of cough reflex, delay in
return of gastrointestinal (GIT) function, and higher risk for opioid misuse [28].

Epidural analgesia for such operations was considered the gold standard for a
long time. However, due to causes related to delayed return of GIT function, reduced
mobility, increased fluid requirement, and increased hospital stay, the use of epidural
analgesia is declining when compared with single-shot spinal anaesthesia and mor-
phine PCA [29].

A popular method of injection of 250-1000 mcg of intrathecal diamorphine
with regular postoperative paracetamol and non-steroidal anti-inflammatory
drugs (NSAIDs), unless contraindicated, is used with reserving of opioid use to
breakthrough pain [5]. The usage of other regional techniques such as transversus
abdominis block (TAP), especially before the operation starts was successful. Some
practitioners use remifentanil infusion to manage some physiological responses during
surgery. However, there are still some concerns about tolerance and hyperalgesia [30].

The second line of analgesics using IV ketamine and lidocaine is currently under
focus, especially for IV lidocaine and its role in decreasing postoperative nausea and
vomiting and opioid use. However, the exact timing, dosing, and duration of IV
lidocaine are still inconclusive [31, 32].

3.7 Muscle relaxants

Muscle relaxation in robotic surgery is mandatory to prevent patient coughing and
movement. Multiple comparisons between a deep level of relaxation (post-tetanic
count of one to two twitches) and a moderate level of relaxation (train of four of one
to two twitches) have been made. Theoretically, a deep level of relaxation will pro-
vide better surgical conditions with lower intra-abdominal pressure (8-15 mmHg).
However, the difference between the two levels is still not obvious [5].

3.8 Antiemetics

Usage of multi-modal antiemetics in robotic surgery is advised due to the higher
risk of postoperative nausea and vomiting associated with robotic surgery [5].
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4. Intraoperative complications of robotic surgery
4.1 Cardiovascular complications

Cardiovascular complications during robotic surgery could be generally considered
uncommon. Bradycardia that might develop asystole due to abdominal insufflation
is the commonest [33]. Other complications include arrhythmia, atrial fibrillation,
bundle branch block, cardiogenic pulmonary oedema, and, less commonly, myocar-
dial ischaemia and infarction [34-36].

4.2 Vascular complications

The most devastating vascular complication related to robotic surgery is lower
limb compartment syndrome, with an incidence of 0.02%. The management is
usually fluid resuscitation and analgesics, and sometimes might need bilateral
fasciotomy. Lower limb compartment syndrome could be explained by increased
intra-abdominal pressure, lithotomy position, and Trendelenburg position that led to
decreased blood flow to lower limbs [11].

Venous gas embolism is one of the common vascular complications of robotic sur-
gery with an incidence of 7-10%. However, mostly, it has no cardiovascular effect or
other sequelae. That could be explained by the Trendelenburg position and increased
right atrial pressure that guards against the haemodynamic effect [11].

Other vascular complications include deep venous thrombosis, vascular injury,
especially during port insertion, and rhabdomyolysis, which is commonly associated
with compartment syndrome [11].

4.3 Cardiac arrest and robot failure

Please refer to chapter (Perioperative considerations for patients undergoing
robotic radical prostatectomy).

5. Postoperative complications of robotic surgery

The advantages of robotic surgery cannot be ignored. On the other hand, with the
emergence of robotic surgery, multiple changes and complications were noted affect-
ing all systems of the human body. Complications were noted from case reports and
case series after the introduction of robotic surgery. It could be categorised according
to the system affected:

5.1 Neurological complications

Most complications related to robotic surgery are neurological, and a good
percentage of them are related mainly to positioning. It could be further subdivided
into central and peripheral nervous system complications [11].

Cerebral oedema is the main central nervous system complication. It could lead
to a postoperative altered mental state that sometimes needs reintubation. Cerebral
oedema is related to the Trendelenburg position and increased intra-abdominal
pressure. Both factors would lead to increased central venous pressure and capillary
leak. Preventive measures could be limiting time for steep Trendelenburg position,
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limiting operative time, fluid restriction, and limiting intra-abdominal pressure to
8 mmHg as possible. Cerebral oedema could be managed using dexamethasone and
diuretics [37-40].

Peripheral nerve damage is relatively uncommon but devastating, commonly
related to steep Trendelenburg position and long operative time. The mechanism
of injury could be explained by stretch, ischaemia, and compression. The overall
incidence of peripheral nerve injury in robotic surgery is 0.25% [41].

Upper extremities nerve injury is mainly brachial plexus injury with an incidence
of 20% of all peripheral nerve injuries. The most common nerve injury is ulnar nerve
followed by the brachial plexus and median nerve. The injury could be related to pres-
sure over acromioclavicular joints. Fortunately, most upper extremity injuries have no
long-term sequelae and resolve spontaneously within a few weeks [42-48].

Lower extremity nerve injury could be related to steep Trendelenburg with
lithotomy position. This position could lead to compression of the peroneal nerve
between head of fibula and leg support and compression of the saphenous nerve
against the medial tibial condyle. Furthermore, other lower limb nerves could be
affected by this position such as obturator nerve, common peroneal nerve, sciatic
nerve, and lateral femoral cutaneous nerve. Lower limb nerve injury incidence ranges
between 0.3% and 5.1% [49-51].

5.2 Ophthalmic complications

The most common ophthalmic complication is corneal abrasion which could be
related to incomplete coverage of the eye and conjunctival oedema. Other complica-
tions include ischaemic optic neuropathy and various degrees of visual field affection
and blindness [11].

5.3 Pulmonary complications

Pulmonary complications related to robotic surgery could be summarised in basal
atelectasis as a result of abdominal insufflation and Trendelenburg position, hypox-
emia due to migration of endotracheal tube to the right main bronchus, aspiration
with microaspiration being more common, airway oedema, and pneumothorax [11].

5.4 Renal complications

Renal complications ranged from mild elevation of renal function up to acute
kidney injury (AKI). The incidence of acute kidney injury in robotic surgery versus
open surgery is still controversial. Acute kidney injury could be noted in the form
of oliguria <0.5 ml/kg/h for >6 hours or elevation in serum creatinine. Acute kidney
injury could be explained by elevated abdominal pressure, which leads to increased
renal vascular resistance being more common in the elderly. Others suggest that
the reason could be rhabdomyolysis and compartment syndrome. Oliguria without
clinical manifestations has been reported and could be attributed to renal compres-
sion [52-57].

5.5 Gastrointestinal complications

Few complications were noted in the gastrointestinal system and could be consid-
ered nonspecific to robotic surgery. One case report of acute hepatic injury could be
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explained by increased intra-abdominal pressure leading to portal ischaemia. Small
bowel and colon damage during port insertion has also been reported [58, 59].

5.6 Musculoskeletal complications

Musculoskeletal complications could be divided into trauma, subcutaneous
emphysema, and oedema. Trauma has been noticed in multiple areas of the
body including face, digits thigh, flanks, oral ulceration, and subconjunctival.
Cervical and lumbar strain was also noted without long-term sequelae, though.
Moreover, pressure sores are reported commonly in the gluteal area with various
degrees, and vacuum mattresses should be considered, especially in prolonged
procedures [11].

Subcutaneous emphysema has been reported relatively frequently. Some reports
referred to mediastinal emphysema but without long-term effects. Risk factors for
developing subcutaneous emphysema could be prolonged operative time, increased
etCO, > 5.3 kPa and more than five surgical ports [11].

Postoperative conjunctival oedema is very common, and some consider it a com-
mon effect of steep Trendelenburg. Significant oedema in multiple body parts was
also noted in a fair number of cases, while the incidence of head and neck oedema
reached 12%, which could lead to airway oedema and delay of extubation and, in
some cases, reintubation [11].

6. PROSPECT guidelines for postoperative pain management in radical
prostatectomy

Procedure-specific postoperative pain management (PROSPECT) is a guideline
developed by a group of anaesthetists and surgeons in order to manage postopera-
tive pain in radical prostatectomy (open, laparoscopic, or robotic) and is updated
based on systematic review and meta-analysis. M. Lemoine and colleagues published
PROSPECT guidelines in Anaesthesia and Critical Care Medicine, 2021 that con-
cluded [60]:

1. Comprehensive pain relief should involve the administration of paracetamol and
either selective or non-selective nonsteroidal anti-inflammatory drugs before or
during surgery, with ongoing postoperative continuation.

2. During open surgery, it is advisable to employ continuous intravenous lidocaine.
However, its usage contradicts the concurrent use of local anaesthetics through
infiltration.

3.In the absence of intravenous lidocaine usage, local wound infiltration should be
routinely employed for open surgery before considering other regional analgesia
blocks.

4. For laparoscopic/robotic radical prostatectomy, it is recommended to prioritise
the Transversus Abdominis Plane block as a plan of analgesia.

5.In the postoperative period, opioids are recommended for use as rescue
analgesics.
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7. Conclusion

The emergence of robotic surgery might someday change the shape of medicine
that we know. The advantages of robotic surgery outweigh its drawbacks. Being a
relatively new technique, robotic surgery is still under continuous development.
Anaesthetic management of robotic surgery could be challenging given the physi-
ological changes related to position, duration of surgery, and abdominal insufflation.
Various anaesthetic techniques have been developed to manage such cases. However,
complications of robotic surgery could not be ignored, and the ultimate aim for
anaesthesia is to provide a safe patient journey through the surgery.
Acknowledgements

The authors would like to thank Southend University Hospital NHS Trust for
providing an image of the Di Vinci robotic system.

Conflict of interest

The authors declare no conflict of interest.

Author details

Amr Ashour™, Ahmed Aboelezz?, Mohamed Hussein®, Mustafa Rehan*
and Belal Khalil®

1 Milton Keynes University Hospital, UK

2 Conquest Hospital, UK

3 Ashford and St Peter Hospitals, UK

4 Royal Lancaster Infirmary, UK

5 Southend University Hospital, UK

*Address all correspondence to: amr.ashour@mkuh.nhs.uk

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

47



New Insights in Perioperative Care

References

[1] Sandham J. Robotic assisted

surgery. Electrical and Biomedical
Engineering EBME. EBME and Clinical
Engineering articles [Internet].
Available from: https://www.ebme.
co.uk/articles/clinical-engineering/
robotic-assisted-surgery

[2] Irvine M, Patil V. Anaesthesia for
robot-assisted laparoscopic surgery.
Continuing Education in Anaesthesia,
Critical Care & Pain. 2009;9(4):125-129

[3] Ashrafian H et al. The evolution of
robotic surgery: Surgical and anaesthetic
aspects. British Journal of Anaesthesia.
2017;119(Supplement 1):172-184

[4] Zorn KC, Gofrit ON, Orvieto MA,
Mikhail AA, Galocy RM, Shalhav AL,

et al. Da Vinci robot error and failure
rates: Single institution experience

on a single three-arm robot unit

of more than 700 consecutive
robot-assisted laparoscopic radical
prostatectomies. Journal of Endourology.
2007;21(11):1341-1344

[5] Carey BM et al. Anaesthesia for
minimally invasive abdominal and pelvic

surgery. British Journal of Anaesthesia
Education. 2019;19(8):254-260

[6] Catto JW, Khetrapal P,

Ricciardi F, Ambler G, Williams NR,
Al-Hammouri T, et al. Effect of robot-
assisted radical cystectomy with
intracorporeal urinary diversion vs open
radical cystectomy on 90-day morbidity
and mortality among patients with
bladder cancer: A randomized clinical
trial. Journal of the American Medical
Association. 2022;327(21):2092-2103

[7] Weingram J. Robotic-assisted
laparoscopic surgery. In: Yao F et al.,
editors. Yao & Artusio’s Anesthesiology

48

Problem-oriented Patient Management.
9th ed. Philadelphia: Wolter Kluwer;
2021. pp. 1433-1492

[8] Menes T, Spivak H. Laparoscopy
“Searching for the proper insufflation
gas” Presented at the meeting of the
Society of American Gastrointestinal
Endoscopic Surgeons (SAGES), San
Antonio, Texas, USA, March 1999.
Surgical Endoscopy. 2000;14:1050-1056

[9] Chiumello D et al. Ventilation strategy
during urological and gynaecological
robotic-assisted surgery: A narrative
review. British Journal of Anaesthesia.
2023;131(4):764-774

[10] Neudecker J, Sauerland S,
Neugebauer E, Bergamaschi R,

Bonjer HJ, Cuschieri A, etal. The
European Association for Endoscopic
Surgery clinical practice guideline on
the pneumoperitoneum for laparoscopic
surgery. Surgical Endoscopy.
2002;16:1121-1143

[11] Maerz DA et al. Complications
of robotic-assisted laparoscopic
surgery distant from the surgical
site. British Journal of Anaesthesia.
2017;118(4):492-503

[12] O'Malley C, Cunningham AJ.
Physiologic changes during laparoscopy.
Anesthesiology Clinics of North
America. 2001;9(1):1-9

[13] Grabowski JE, Talamini MA.
Physiological effects of
pneumoperitoneum. Journal

of Gastrointestinal Surgery.
2009;13:1009-1016

[14] Hatipoglu S, Akbulut S, Hatipoglu F,
Abdullayev R. Effect of laparoscopic
abdominal surgery on splanchnic



Perspective Chapter: Anaesthetic Management for Robotic Surgery

DOI: http://dx.doi.org/10.5772/intechopen.1004191

circulation: Historical developments.
World Journal of Gastroenterology: WJG.
2014;20(48):18165

[15] Muiioz CJ, Nguyen HT, Houck CS.
Robotic surgery and anesthesia for
pediatric urologic procedures.
Current Opinion in Anaesthesiology.

2016;29(3):337-344

[16] Efron DT, Bender JS. Laparoscopic
surgery in older adults. Journal of

the American Geriatrics Society.
2001;49(5):658-663

[17] Vinod M, Anuj M, Anup P,

Daniel G. Anesthesia and the renal

and genitourinary system. In:

Gropper MA, Eriksson LI, Fleisher LA,
Wiener-Kronish JP, Cohen NH, Leslie K,
editors. Miller’s Anesthesia, 2-Volume Set.
9th ed. Philadelphia, PA: Elsevier - Health
Sciences Division; 2019. pp. 1929-1959

(18] Bapat PP, Verghese C. Laryngeal
mask airway and the incidence of
regurgitation during gynecological
laparoscopies. Anesthesia & Analgesia.
1997;85(1):139-143

[19] Collins LM, Vaghadia H.
Regional anesthesia for laparoscopy.
Anesthesiology Clinics of North
America. 2001;19(1):43-55

[20] Vaghadia H, Solylo MA,

Henderson CL, et al. Selective spinal
anesthesia for outpatient laparoscopy. II:
Epinephrine and spinal cord function.

Canadian Journal of Anaesthesia.
2001;48:261-266

[21] Jacobs VR, Morrison JE Jr, Mettler L,
et al. Measurement of CO, hypothermia
during laparoscopy and pelviscopy: How
cold it gets and how to prevent it? The
Journal of the American Association

of Gynecologic Laparoscopists.

1999;6:289-295
49

[22] Ogunnaike BO, Jones SB, Jones DB,
et al. Anesthetic considerations for
bariatric surgery. Anesthesia and
Analgesia. 2002;95(6):1793-1805

[23] Tournadre JP, Chassard D,

Berrada KR, et al. Effect of
pneumoperitoneum and Trendelenburg
position on gastro-oesophageal reflux
and lower oesophageal sphincter

pressure. British Journal of Anaesthesia.
1996;76:130-132

[24] Kim JY, Shin CS, Kim HS, etal.
Positive end-expiratory pressure

in pressure-controlled ventilation
improves ventilatory and oxygenation
parameters during laparoscopic
cholecystectomy. Surgical Endoscopy.
20105;24(5):1099-1103

[25] Kim MS, Kim NY, Lee KY, et al.

The impact of two different inspiratory
to expiratory ratios (1:1 and 1:2) on
respiratory mechanics and oxygenation
during volume-controlled ventilation

in robot-assisted laparoscopic radical
prostatectomy: A randomized controlled
trial. Canadian Journal of Anaesthesia.
2015;62(9):979-987

[26] Kim WH, Hahm TS, Kim JA, etal.
Prolonged inspiratory time produces
better gas exchange in patients
undergoing laparoscopic surgery: A
randomised trial. Acta Anaesthesiologica
Scandinavica. 2013;57:613-622

[27] Ackland GL, Igbal S, Paredes LG,
Toner A, Lyness C, Jenkins N, et al.
Individualised oxygen delivery targeted
haemodynamic therapy in high-risk
surgical patients: A multicentre,
randomised, double-blind, controlled,

mechanistic trial. The Lancet Respiratory
Medicine. 2015;3(1):33-41

[28] Levy BF, Scott M]J, Fawcett W, Fry C,
Rockall TA. Randomized clinical trial
of epidural, spinal or patient-controlled



New Insights in Perioperative Care

analgesia for patients undergoing
laparoscopic colorectal surgery.
The British Journal of Surgery.
2011;98:1068-1078

[29] Levy BF, Scott MJ, Fawcett W],
Rockall TA. 23-hour-stay laparoscopic
colectomy. Diseases of the Colon and
Rectum. 2009;52:1239-1243

[30] De Oliveira GS, Castro-Alves L],
Nader A, Kendall MC, McCarthy RJ.
Transversus abdominis plane block to
ameliorate postoperative pain outcomes
after laparoscopic surgery: A meta-
analysis of randomized controlled

trials. Anesthesia and Analgesia.
2014;118:454-463

[31] Ventham NT, Kennedy ED,

Brady RR, et al. Efficacy of intravenous
lidocaine for postoperative analgesia
following laparoscopic surgery: A
meta-analysis. World Journal of Surgery.
2015;39:2220e34 21

[32] Weibel S, Jelting Y, Pace NL, et al.
Continuous intravenous perioperative
lidocaine infusion for postoperative

pain and recovery in adults. Cochrane

Database of Systematic Reviews.
2018;6:CD009642

[33] Gainsburg DM. Anesthetic concerns
for robotic-assisted laparoscopic radical

prostatectomy. Minerva Anestesiologica.

2012;78:596-604

[34] Sharma A, Berkeley A.
Intraoperative drug-eluting stent
thrombosis in a patient undergoing

robotic prostatectomy. Journal of
Clinical Anesthesia. 2009;21:517-520

[35] Lee LC. Cardiopulmonary collapse
in the wake of robotic surgery. AANA
Journal. 2014;82:231-234

[36] Thompson J. Myocardial
infarction and subsequent death

50

in a patient undergoing robotic
prostatectomy. AANA Journal.
2009;77:365-371

[37] Pandey R, Garg R, Darlong V, et al.
Unpredicted neurological complications
after robotic laparoscopic radical
cystectomy and ileal conduit formation
in steep Trendelenburg position: Two
case reports. Acta Anaesthesiologica
Belgica. 2010;61:163-166

[38] Barr C, Madhuri TK, Prabhu P,
Butler-Manuel S, Tailor A. Cerebral
oedema following robotic surgery: A rare

complication. Archives of Gynecology
and Obstetrics. 2014;290:1041-1044

[39] Kakar PN, Das ], Roy PM, Pant V.
Robotic invasion of operation theatre
and associated anaesthetic issues: A

review. Indian Journal of Anaesthesia.
2011;55:18-25

[40] Kaye AD, Vadivelu N, Ahuja N,
et al. Anesthetic considerations in
robotic-assisted gynecologic

surgery. The Ochsner Journal.
2013;13:517-524

[41] Berger ], Alshaeri T, Lukula D,
Dangerfield P. Anesthetic
considerations for robot-assisted
gynecologic and urology surgery.
Journal of Anesthesia & Clinical
Research. 2013;4:345

[42] Gupta K, Mehta Y, Sarin
Jolly A, Khanna S. Anaesthesia for
robotic gynaecological surgery.

Anaesthesia and Intensive Care.
2012;40:614-621

[43] Lee JR. Anesthetic considerations
for robotic surgery. Korean

Journal of Anesthesiology.
2014;66:3-11

[44] Devarajan J, Byrd JB, Gong MC,
etal. Upper and middle trunk



Perspective Chapter: Anaesthetic Management for Robotic Surgery

DOI: http://dx.doi.org/10.5772/intechopen.1004191

brachial plexopathy after robotic
prostatectomy. Anesthesia & Analgesia.
2012;115:867-870

[45] Ulm MA, Fleming ND, Rallapali V,
et al. Position-related injury is
uncommon in robotic gynecologic
surgery. Gynecologic Oncology.
2014;135:534-538

[46] Hsu RL, Kaye AD, Urman RD.
Anesthetic challenges in robotic-assisted
urologic surgery. Revista de Urologfa.
2013;15:178-184

[47] McLarney JT, Rose GL. Anesthetic
implications of robotic gynecologic
surgery. International Journal of
Gynecological Endoscopy. 2011;2:75-78

[48] Kalmar AF, De Wolf AM,
Hendrickx JF. Anesthetic considerations
for robotic surgery in the steep

Trendelenburg position. Advances in
Anesthesia. 2011;1:75-96

[49] Gezginci E, Ozkaptan O,

Yalcin S, et al. Postoperative pain and
neuromuscular complications associated
with patient positioning after

robotic assisted laparoscopic radical
prostatectomy: A retrospective non-
placebo and nonrandomized study.
International Urology and Nephrology.
2015;47:1635-1641

[50] Koc G, Tazeh NN, Joudi FN,
et al. Lower extremity neuropathies
after robot-assisted laparoscopic

prostatectomy on a split-leg table. Journal
of Endourology. 2012;26:1026-1029

[51] Awad H, Walker CM, Shaikh M,

et al. Anesthetic considerations for
robotic prostatectomy: A review of the
literature. Journal of Clinical Anesthesia.
2012;24:494-504

[52] Romagnoli S, Zagli G, Tuccinardi G,
et al. Postoperative acute kidney injury

51

in high-risk patients undergoing major
abdominal surgery. Journal of Critical
Care. 2016;35:120-569

[53] Lim SY, LeeJY, Yang JH, et al.
Predictive factors of acute kidney injury
in patients undergoing rectal surgery.
Kidney Research and Clinical Practice.
2016;35:160-164

[54] Joo EY, Moon Y], Yoon SH, et al.
Comparison of acute kidney injury
after robot-assisted laparoscopic radical
prostatectomy versus retropubic radical
prostatectomy: A propensity score

matching analysis. Medicine (Baltimore).
2016;95:2650

[55] Herling SF, Havemann MC, Palle C,
Moller AM, Thomsen T. Robotic-assisted
laparoscopic hysterectomy seems safe

in women with early-stage endometrial
cancer. Danish Medical Journal.
2015;62:A5109-A5172

[56] Galyon SW, Richards KA,

Pettus JA, Bodin SG. Three-limb
compartment syndrome and
rhabdomyolysis after robotic
cystoprostatectomy. Journal of Clinical
Anesthesia. 2011;23:75-78

[57] Chiu AW, Chang LS,

Birkett DH, Babayan RK. The

impact of pneumoperitoneum,
pneumoretroperitoneum, and gasless
laparoscopy on the systemic and
renal hemodynamics. Journal of

the American College of Surgeons.
1995;181:397-406

[58] Karadag MA, Cecen K, Demir A,
et al. Gastrointestinal complications of
laparoscopic/robot-assisted urologic
surgery and a review of the literature.
Journal of Clinical Medical Research.
2015;7:203-210

[59] Jakimowicz J, Stultiens G,
Smulders F. Laparoscopic insufflation of



New Insights in Perioperative Care

the abdomen reduces portal venous flow.
Surgical Endoscopy. 1998;12:129-132

[60] Lemoine M et al. PROSPECT
guidelines update for evidence based
pain management after prostatectomy
for cancer. Anaesthesia Critical Care and
Pain Medicine. 2021;40(4):100922

52



Chapter 4

Perspective Chapter: Perioperative
Considerations for Patients
Undergoing Robotic Radical
Prostatectomy

Amandeep Virk, Victor Yu, Wenjie Zhong, Samuel Davies
and Scott Leslie

Abstract

Robotic radical prostatectomy has become the dominant surgical approach for
men with clinically localized prostate cancer, surpassing open and laparoscopic
techniques. The robotic platform offers magnified, stereoscopic vision, and endo-
wristed instruments to improve surgical dissection and suturing which enhances
patient outcomes. The minimally invasive approach offers similar oncological and
functional results to the open procedure, but has the advantage of reduced hospital
length of stay, shorter catheter time and fewer complications. These important
gains in patient care can be maximized with a complete understanding of the
relevant perioperative considerations. The outcomes and patient experience for
men undergoing robotic radical prostatectomy can be maximized with a careful
and personalized approach that is integrated into their care before, during and
after surgery.

Keywords: perioperative, robotic surgery, prostatectomy, prostate cancer,
Trendelenburg, pneumoperitoneum, lithotomy, anesthetics

1. Introduction

Prostate cancer is the second most prevalent male malignancy worldwide, with
approximately 1.4 million new cases diagnosed annually [1]. Its prevalence increases
with age and contributes a significant health burden globally. Robotic assisted pros-
tatectomy has become the preferred option for the management of localized prostate
cancer. Robotic surgery offers the advantages of minimally invasive surgery whilst
providing better access and dexterity within the confined limits of the pelvis. Yaxley
et al. found robotic assisted radical prostatectomy (RARP) to have shorter operative
times, less blood loss and lower rates of intraoperative complications when compared
to open prostatectomy in their landmark paper [2, 3]. The paper also found patients
who underwent RARP had less post operative pain at early time points and shorter
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stays in hospital and that there long-term functional and oncological outcomes were
similar [2, 3]. With further technological advancements and techniques combined
with improved surgical experience, the robotic approach to prostatectomy will gain
further advantages.

In this chapter, we delve into the pertinent peri-operative considerations for
patients who are undergoing RARP. Focus will be directed towards pre-operative
optimization, patient selection, intra-operative preparation, access and standards of
post-operative management.

2. Pre-operative considerations
2.1 Patient selection

Radical prostatectomy is a treatment option for patient with localized prostate
cancer, along with external beam radiation therapy, brachytherapy, and in some cases
active surveillance. Preoperative counseling should include both the patient, and
where relevant, their support person to address the practical and emotional issues
surrounding radical prostatectomy. Presurgical psychosocial interventions may be
useful in improving quality of life following surgery. In addition, patients should be
counseled regarding modification of high-risk health behaviors such as smoking and
weight loss.

The selection of patients includes an assessment of the patient’s physical health
and function, a discussion about goals of care and potential adverse outcomes.

Patients are assessed for life expectancy as curative treatments including RARP,
are generally offered to patients who have an estimated life expectancy of greater than
10-15 years.

Specifically, assessment includes; co-morbidities, nutrition, cognition and func-
tion. These parameters can be associated with overall survival, rates of return to
baseline function and risks of post-operative adverse events such as delirium and
extended hospitalization [4, 5]. Other considerations include extensive previous
surgery, which may present a technical challenge due to adhesions.

For patients for whom there is concern regarding physical and cognitive function,
a formal physician assessment may be beneficial. A range of screening scores are
used in assessing overall health, including the Geriatric 8 (G8) screening tool and
the Clinical Frailty Scale (CFS). In particular, the G8 score is useful in discriminat-
ing between fit and frail patients, with frail patients at higher risk of mortality and
treatment related morbidity [6]. Current guidelines from the European Association
of Urology (EAU) recommends the use of these scales prior to treatment of prostate
cancer, as well as the use of comprehensive geriatric assessment for patients who are
at high risk (e.g. patients with G8 score < 14) [7].

Although the standard recommendations for curative treatment for prostate
cancer is an estimated life expectancy of greater than 10 years, there is increasing
evidence that older patients are under-treated and have potential benefit from robotic
prostatectomy. Patients over 75, in several retrospective trials have shown similar
functional and oncological outcomes compared to their younger counterparts, sug-
gesting a select proportion of healthy, elderly prostate cancer patients can be offered
treatment [8, 9]. In any case, decision to proceed with RARP should be shared. The
patients’ values and preferences need to be considered in addition to objective func-
tion assessment.
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2.2 Neo-adjuvant therapy

The use of neo-adjuvant androgen deprivation therapy (ADT) has been the focus
of several randomized controlled trials. Although histopathological improvements
have been demonstrated (including downstaging, reduced positive margins and lower
incidence of positive lymph nodes), clinical oncological parameters of PSA-relapse
free survival and cancer specific survival remained static [10]. These findings, sup-
ported by a systematic review and meta-analysis, affirm that the use of neo-adjuvant
ADT is not routinely recommended prior to radical prostatectomy [11]. However,
with the introduction of novel antiandrogens (daralutomide, enzalutamide), there
are clinical trials currently underway, assessing the oncological benefits for men
receiving these drugs in the neoadjuvant setting [12]. Furthermore, the impact that
these drugs have on perioperative outcomes, such as complications and length of
hospital stay, is another important consideration that these trials will shed light on.

2.3 Anesthetic considerations

Patients undergoing RARP should be pre-operatively screened with a thorough
medical history and physical examination. Focus should be drawn to any cardiac
and respiratory history, including the regular use of anticoagulation or antiplatelets,
diabetes, obesity, reflux, and renal abnormalities (especially in the context of pros-
tatic obstruction).

General cardiac risk should be assessed at the time of pre-operative screening to
determine the need for further investigations and management to reduce the risk of
cardiac complications. History of ischaemic heart disease, congestive heart failure,
cerebral vascular disease, renal dysfunction, and pre-operative insulin treatment are
all indicators of high cardiac risk [13].

An important consideration for anesthesia in RARP is the combination of
high intra-abdominal pressures due to the pneumoperitoneum and the steep
Trendelenburg positioning [14]. Patients at particularly high risk in this context
include cardio-respiratory conditions (Table 1), morbid obesity, raised intracranial
pressure (ICP) and glaucoma [15]. The specifics of intra-operative management of
these will be discussed later in this chapter.

At our institution, the pre-operative anesthetic assessment includes electrocardio-
gram, full blood count, electrolytes, and chest X-ray. Men with high-risk co-morbidi-
ties are referred to relevant specialists to ensure they are maximally optimized prior to

Absolute contraindications

Metastatic prostate cancer

Life expectancy <10 years

Active peritoneal inflammatory process

Relative contraindications

Morbid obesity

Extensive peritoneal, perineal, or pelvic surgery

Glaucoma

Table 1.
Absolute and relative contraindications for robotic radical prostatectomy.
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High risk co-morbidities in robotic prostatectomy

* Severe or decompensated heart failure (both left and right sided)

o Severe valvular disease (particularly aortic stenosis)

o Significant avvhythmias

e Ischaemic heart disease (including recent myocardial infarction, angina)

* Severe respiratory disease (particularly COPD, poorly controlled asthma, pulmonary hypertension)

Table 2.

High risk co-morbidities in robotic prostatectomy. Patients with any of the above cardiac conditions
(italicized) ave vecommended by AHA/ACC guidelines to have either delay or cancelation of non-emergent
procedures [13].

the procedure. If perioperative risks are considered too great, then alternative forms
of treatment for their cancer may be necessary (Table 2).

2.4 Obesity and weight loss

As with other abdominal or pelvic procedures, obesity remains a technical
challenge for the surgeon during RARP. Obesity in RARP can result in reduced overall
working space, difficulties with trocar placement, reduced intra-peritoneal vision and
anesthetics risks. Obesity is associated with higher complication rates as compared to
normal weight controls [16].

Patients are encouraged and provided with strategies to reduce weight prior to
surgery. In our institution, we often recommend low calorie diet plans for patients
with a body max index over 30 kg/m”. We utilize Optifast very low calorie diet
program which is a commercially available meal replacement product plan with less
than 800 calories per day. This can be associated weight loss of 1-2.5 kg per week [17].
Pharmacological therapy with Semaglutide, a glucagon-like peptide-1 (GLP-1), isa
recently available option which has proven efficacious for weight loss in obese patients
which can be considered when available [18].

Simultaneously, the operating team should be aware of the physical limitations
and potential complications that accompany obese patients, and appropriate adjust-
ments and preparations made. Although obesity can make RARP challenging, the
access that the robotic camera and instruments allow into the deep pelvis, permits
the surgical removal of the prostate where it would not have been possible with
conventional open or laparoscopic techniques.

2.5 Patient education and preparation

Important patient outcomes following RARP is the return of continence and
erectile function. Intra-operative techniques such as nerve-sparing, bladder slings
[19] and specific re-anastomosis sutures [20] have allowed for improvements in
functional recovery and will be discussed further separately. The use of pre-oper-
ative pelvic floor exercises can optimize the recovery of these functional deficits,
particularly incontinence. One systematic review and meta-analysis has shown an
improved rate of return of continence post-radical prostatectomy [21]. However,
there is a lack of uniformity in the regimens used as well as the definitions of con-
tinence. Pelvic floor exercise regimes are commenced 1 month prior to surgery and
patients are instructed to continue post-operatively. This is run by a specialist pelvic
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floor physiotherapist to educate on appropriate exercises. This is supplemented by
biofeedback and pelvic floor ultrasound to help patients recruit the appropriate
pelvic floor muscles.

During the pre-operative period, patients should be provided with education
about the procedure itself. This gives the opportunity to discuss expectations and
most importantly, a shared, informed consent can be obtained. Patient understanding
has been demonstrated to improve long-term patient satisfaction following radical
prostatectomy [22]. The use of adjuncts in this process including multi-media tools
and 3D models further enhance patient understanding [23, 24].

2.6 Peri-procedural medications

The risk of withholding antiplatelet and anticoagulation must be weighed against
their indications, particularly for patients with previous cardiac percutaneous
interventions, metallic valve replacement and venous thromboembolism. An indi-
vidualized medication plan is employed with discussion with other specialists if there
is concern or the patient is high-risk. RARP can be safely performed on aspirin, but
this is at the surgeon’s discretion. A range of antiplatelet and anticoagulants and their
cessation recommendations are listed in Table 3 [25].

Diabetic patients need careful managed to optimize wound and anastomotic
healing. It also reduces peri-procedural diabetic complications such as diabetic
ketoacidosis, hyperglycaemic hyperosmolar state and severe hypoglycaemia in the
fasting pre-operative patient. Regular diabetic medications are withheld the morning
of surgery in the fasting patient. The increased use of sodium-glucose cotransporter
2 inhibitors (SGLT-2) has raised another issue of euglycemic diabetic ketoacidosis.
These medications need to be withheld for at least 3 days.

Bowel preparation is not typically utilized prior to robotic prostatectomy, as the
risk of rectal injury is low. The use of bowel preparation is considered in select cases
such as salvage prostatectomy, when rectal injury is more likely [26].

2.7 Prostatectomy associated urinary tract infection

Prior to RARP, a urine microscopy and culture is sent to rule out urinary tract
infection or asymptomatic bacteriuria. Our institution performs this at the pre anes-
thetic assessment, 1-2 weeks prior to procedure. This allows time for culture growth
and sensitivities and appropriate antibiotic treatment.

Medication Time to withhold prior to robotic prostatectomy
Enoxaparin 24 hours
NOAC:s (e.g. rivaroxaban, dabigatran, apixaban) 24-72 hours (depending on renal function)
NSAIDs, antiplatelets (e.g. aspirin) 5 days
Warfarin 5 days (with INR check 2 days prior to procedure)
Other antiplatelets (e.g. clopidogrel, ticagrelor) 7 days

Table 3.

Duration of withholding of common anticoagulants and antiplatelets prior to vobotic prostatectomy. Adapted
from Guidelines on Perioperative Management of Anticoagulation and Antiplatelet Agents, CEC [25].
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3. Intra operative considerations
3.1 Patient positioning and room set up

Patient positioning and room ergonomics are critical when incorporating a robotic
platform into the theater environment. The robotic platform consists of the surgeon’s
console, computer control tower, patient docking cart and viewing screens which all
take up additional space and can limit patient access [27, 28].

Close communication between the surgeon and anesthetist ensures optimal
patient positioning for operative efficiency. The most common positioning for RARP
is lithotomy with Trendelenburg with the docking cart between the legs or at the
patients’ side [29].

In preparation for Trendelenburg, a non-slip foam mat may be used to prevent
patient movement [27, 30]. This is important as once the robot arms are docked to the
ports, movement can cause injury to the incision sites or result in instrument move-
ment within the patient causing injury [27, 30, 31]. Other methods of securing the
patient include straps or bolsters at the shoulders but we have found these additional
methods to be unnecessary.

The patient’s legs are placed in lithotomy stirrups. Care is taken to avoid extreme
flexion of the hip or knees and ensure well-padded stirrups are used to reduce the risk
of lower limb pressure areas or neuropraxia [32].

Peripheral access lines and pulse oximetry are well padded to prevent pressure
areas and gel pads used to prevent pressure where the hand contacts the lithotomy
stirrup. The arm should be secured in a relaxed and neutral position to reduce the
risk of neuropraxia [30, 31]. We recommend the palm face the body with the thumbs
up to reduce strain on the ulnar nerve. A method used in our institution is to use soft
orthopedic padding to wrap the arms to prevent pressure areas from lines and the
surroundings prior to securing the arm in position at the patients’ side by using a pil-
lowcase tucked underneath the patients’ torso, around the arm and then back under
the patient for loose but secure immobilization [33].

Once the patient is positioned and in the desired Trendelenburg position a final
check is made prior to docking the robotic arms.

3.2 Monitoring and access

Careful arrangement of lines and monitoring is a critical concern for the
anesthesiologist as there is less access once the patient is draped, and the robot docked.
Access to the airway is also partially obstructed by the proximity of the robotic arms
to the face. This is particularly relevant should emergent access be required to the
face and chest area for cardiopulmonary resuscitation should the situation arise. For
these reasons we also recommend the endotracheal tube is well secured and the face is
protected to limit accidental contact with the robot [27].

3.3 Trendelenburg
RARP requires steep Trendelenburg positioning to optimize access and vision
within the pelvis. The 20-30 degree Trendelenburg allows the bowel to drop cepha-

lad out of the pelvic cavity, an affect which is more evident once any restricting
abdominal adhesion are released [27, 30, 34]. In our institution we use a protractor
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to measure the Trendelenburg angle and ensure the minimal angle for the desired
affect is used.

Trendelenburg position causes venous congestion leading to raised intraocular
pressure (IOP) [35]. The raised IOP is time dependent and decreases when returned
to the supine position [15, 35]. Normal IOP is 10-21 millimeters of mercury (mmHg)
and pressures greater than 21 mmHg reduce ocular perfusion pressure and risks
retinal detachment, post operative visual loss, glaucoma and ischemic optic neuropa-
thy [15, 35]. The reduced venous return and increased episcleral venous pressure from
pneumoperitoneum exacerbates this affect [36]. Propofol may reduce IOP compared
to sevoflurane and neuromuscular blockade may also reduce IOP by aiding aqueous
humor drainage by relaxing the extraocular musculature [34, 35].

The limited access to the face and proximity to the robotic arms in Trendelenburg
can cause accidental contact to the patients face leading to corneal abrasion, the most
common ocular complication [34]. A review of 1500 consecutive robotic assisted
radical prostatectomies found a decrease in corneal abrasion from 3% to 1% with the
use of eye patches instead of tapes [34, 37]. More recently, Trendelenburg position-
ing itself has also been shown to be a risk factor for corneal abrasion due to increased
corneal thickness because of elevated intraocular and episcleral venous pressure and
conjunctival oedema [34, 36, 38].

Trendelenburg combined with the effects of pneumoperitoneum increase intra-
cranial pressure (ICP) [30, 34]. A proposed mechanism is the reduced drainage of
the lumbar venous plexus and the vasodilatory effects of hypercarbia increasing
cerebral blood volume and CSF volume [30]. The Monroe Kellie hypothesis explains
an equilibrium between the CSF, blood volume and parenchymal tissue in the fixed
space of the skull dictating a rise in ICP with a rapid rise in any of these constituents.
Caution should be taken in patients with pre-existing intracranial hypertension or
pathology [34, 39]. Despite the known increases in ICP, Weisinger et al. demonstrate
no change in cerebral oxygenation during 45-degree Trendelenburg for procedures up
to 5 hours in length and no change in post operative mental function as measured by a
mini mental status examination [40].

We recommend careful control of CO, to maintain normocarbia, minimizing total
time in Trendelenburg and minimize the angle used. Nishikawa et al. found perform-
ing RARP with a 25-degree angle compared to 30-degree angle of Trendelenburg
reduced intraoperative IOP and did not increase operative time or estimated blood
loss in their series of 30 cases [41]. Another proposed strategy by Raz et al. is a modi-
fied Z Trendelenburg position whereby the head and shoulders are elevated to the
horizontal whilst in Trendelenburg (Figure 1) [42]. In their randomized control trial
study, they found this modification reduced IOP and did not impact anesthesia, the
procedure of the operative field [42].

3.4 Pneumoperitoneum

Abdominal CO, insufflation is used to create intra-abdominal working space.
The pressures commonly used range from 12 to 15 mmHg [30, 34]. The European
Association for Endoscopic Surgery recommend using the lowest possible pressure
required for adequate vision of the surgical field [43].

The hemodynamic effects of pneumoperitoneum are dynamic when combined
with steep Trendelenburg [30, 34, 44]. Mean arterial pressure (MAP) and systemic
vascular resistance (SVR) increased with pneumoperitoneum [44]. This affect is
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Figure 1.
Modified Z Trendelenburg position. Reproduced from Raz et al. [42]. a, hovizontal supine position with
lithotomy. b, 23-degree Trendelenburg position with lithotomy. ¢, modified Z Trendelenburg position.

produced from the increased afterload from intra-abdominal pressure causing local
compression of the aorta as well as neurohumoral factors [30, 34]. When combined
with Trendelenburg, SVR returns to basal levels but MAP remains elevated [44].
Trendelenburg also raises the CVP, the mean pulmonary artery pressure (MPAP)

and the pulmonary capillary wedge pressure (PCWP) [44]. The net effect is a 25%
increase in MAP, and a more than 2-fold increase in CVP, MPAP and CVP [44]. Heart
rate, stroke volume and cardiac output were unchanged by these effects however the
left ventricular stroke work index and right ventricular stroke work index increased
by 35% and 65% respectively [44]. This indicated that cardiac function is maintained
in the patient with cardiac reserve, but caution needs to be taken in patients with
impaired baseline function [30, 34]. The observed hemodynamic changes all returned
to baseline on exsufflation and returning to the horizontal position [44]. When treat-
ment is required, the aim is often afterload reduction given this is a major component
of the observed changes [45].

The cephalad displacement of the diaphragm by insufflation reduces lung
functional reserve capacity (FRC) and decreases pulmonary compliance [30, 34].
The affect is compounded by the gravitational forces of the abdominal contents on
the diaphragm and mediastinum from Trendelenburg positioning and associated
raised pulmonary pressures [30, 34]. With a 11-12 mmHg insufflation pressure
and 45-degree Trendelenburg, Lestar et al. measured a fall in total lung compliance
from 60 to 28 mm/cm of water [44]. The net result is increased peak inspiratory
pressures to maintain minute ventilation and the associated increased risk of
barotrauma [30, 34].

The most practical remedy for hypercapnia from peritoneal CO, absorption is
hyperventilation, however the increased peak inspiratory pressures need to be con-
sidered in increasing minute ventilation [27, 30, 39]. If normocapnia proves difficult
to maintain, permissive hypercapnia may be considered, or alternatively temporary
lowering of pneumoperitoneum pressures may be required to facilitate a period of
hyperventilation [39].

Subcutaneous emphysema is a common complication of pneumoperitoneum
which self resolves with exsufflation and is rarely of a magnitude to cause clini-
cal concern as CO, is highly soluble when compared to air [30, 34, 45]. However,
severe cases can cause hypercarbia complicating ventilation. If permissive hyper-
carbia is required to manage the resultant hypercarbia, the patient may benefit
from remaining mechanically ventilated at the end of surgery until corrected
to reduce an increased work of breathing [30, 39]. The other concern is for the
spread of subcutaneous emphysema in pre fascial planes causing pneumothorax or
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pneumomediastinum [30, 45]. If there is subcutaneous emphysema extending to

the thorax or neck, we recommend evaluation with mobile chest Xray. While CO; is
rapidly absorbed into the bloodstream, large quantities could necessitate the need for
surgical decompression with a chest tube [45].

Venous gas embolism is a life-threatening complication that should be suspected
when there is unexplained cardiovascular collapse and correlating capnographic
changes [30, 45]. High risk periods for gas entry into the circulation are during insuf-
flation and ligation of the dorsal venous complex [30, 34]. It is not uncommon for the
surgeon to use transiently higher insufflation pressures up to 20 mmHg during the
dorsal veinous complex ligation to limit venous blood loss. While the rapid absorb-
ability of CO, compared to air minimizes the risk of embolus, should clinically appar-
ent gas embolus be suspected, insufflation should be immediately ceased [27, 45].

3.5 Ventilation

The requirements for paralysis, pneumoperitoneum and Trendelenburg to
perform RARP necessitates general anesthesia with a cuffed endotracheal tube
secured and mechanically ventilated [45]. Once the patient is positioned for docking,
we recommend rechecking tube position. The cephalad pressure effect of pneumo-
peritoneum and Trendelenburg causes shortening of the trachea and can result in
endobronchial intubation [30, 34, 46].

The establishment of pneumoperitoneum and Trendelenburg leads to increased
airway pressures. A degree of ventilation difficulty should be expected in patients
with chronic pulmonary disease or the morbidly obese [27, 45]. Managing peak air-
way pressure to prevent barotrauma while also regulating end tidal CO, to maintain
normocapnia can be a challenge [30, 34]. Kalmar et al. suggest reducing tidal volume
and increasing respiratory rate and the duration of the inspiratory phase to reduce
peak airway pressure [39]. An alternative is to use a pressure-controlled volume
guarantee ventilation mode to deliver the tidal volume required for the lowest possible
airway pressure [39].

A consequence of the upper body venous congestion caused by Trendelenburg
positioning is facial and laryngeal oedema. An assessment for facial or conjunctival
oedema should be performed prior to extubation and if present should alert for
caution on extubating [30, 34]. A cuff leak test prior to extubating can be performed
in this circumstance and if significant upper airway oedema is suspected delayed
extubating may be required [30, 34, 45].

3.6 Fluid management

The intraoperative administration of intravenous (IV) fluid requires careful
consideration. Excess IV fluid during Trendelenburg can exacerbate the dependent
cephalad venous congestion and increase the risk of upper airway oedema, ICP and
IOP [30, 34, 45]. Upper air way oedema increases the risk of post operative respira-
tory distress and the possible need for reintubation [30, 34, 45]. It has been suggested
that total intraoperative fluids be limited to less than 2000 ml [30, 34, 45].

Intraoperative urine output is an unreliable measure of volume status with oliguria
being a known effect of pneumoperitoneum [34, 45]. The mechanism may be due to
reduced renal blood flow and this affect recovers on exsufflation [34, 45]. A transient
rise in post operative serum creatinine may be noted but it does not cause permanent
renal derangement [30, 45].
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The timing of fluid administration is important, with reduced IV fluids prior to
completion of the urethra-vesical anastomosis to improve vision in the surgical field.
This reduces urine from the open bladder spilling into the dependent pelvic cavity
[30, 34, 45]. Once the anastomosis is complete, an increase in IV fluid is desirable
to mitigate against volume depletion and post operative oliguria [27, 30]. Ensuring
adequate post operative urine output also serves the purpose of ensuring patency of
the post operative catheter by flushing out any residual blood clot.

3.7 Neuropraxia and compartment syndromes

Mills et al. found the incidence of neuropraxia post RARP to be 7.3% in their
review of 137 cases performed over 2 years [47]. Neuropraxia risk factors include
operative time, time in theater, IV fluids administered and American Society of
Anesthesiologists (ASA) physical status [47].

Upper limb neuropathy from RARP is often associated with techniques used to
prevent the patient sliding cephalad in the Trendelenburg position. Brachial plexus
injuries have been reported with the use of shoulder braces which may cause undue
pressure over the acromioclavicular joint [27, 30, 31, 34]. The use of crossed chest
straps has been proposed as an alternative; however this may contribute to the
reduced pulmonary compliance from pneumoperitoneum [30].

We recommend avoiding shoulder braces or beanbags and utilizing a non-slip
or egg crate patient mat to prevent the patient sliding cephalad in combination with
wrapping of the arms by the patients’ sides [30, 45]. Care needs to be taken with
wrapping of the arms to prevent pressure area and ulnar neuropathy [30].

Patients undergoing RARP are at a low but serious risk of developing lower limb
compartment syndrome [48]. The lower limbs have the lowest perfusion pressure
due to their elevated position from lithotomy and Trendelenburg positioning [39].
Any direct compression or pressure from lithotomy stirrup positioning may exac-
erbate the reduced blood flow and contribute to the cascade of hypoxia and swell-
ing [48]. Pridgeon et al. found the incidence of compartment syndrome in RARP
patients to be 0.29% in their multicenter UK analysis and most of these patients
required fasciotomy in treatment. They identified the patient factors of peripheral
vascular disease and diabetes and peri-operative factors of patient positioning,
surgeon learning curve and operative console time greater than 4 hours as risk
factors [48].

Care needs to be taken to ensure the lithotomy stirrups are properly sized and
positioned to ensure the supporting pressure is exerted through the heel and not the
calf and that the upper calf is clear from the stirrups support [39, 46].

Lithotomy positioning and any exaggerated stretch or compression caused by the
tilting into Trendelenburg position is associated with a significant risk of lower limb
neuropraxia [29]. The most common lower limb neuropathies associated with
lithotomy procedures are common perineal and sciatic [32]. The sciatic nerve may
experience excessive stretch from over flexion of the hip and extension of the knee
when placing the position into the lithotomy position [32, 49]. The common perineal
nerve superficially traverses the head of fibular at the knee and therefore is suscep-
tible to injury from direct pressure if incorrectly positioned [32, 49].

We therefore recommend due care in shifting the patient in and out of lithotomy
stirrups and ensuring adequate padding particularly at the lateral leg to prevent these
common nerve injuries [32].
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3.8 Emergency management

Robotic radical prostatectomy carries the potential risk of intraoperative
emergencies [50]. Having a well-coordinated emergency response team is essen-
tial, involving surgeons, anesthetists and operating room nurses [51-54]. Each
team member should understand their designated roles and responsibilities in
case of an emergency. Clarity regarding individual roles during emergencies
is vital for each team member. Regular training sessions and simulated sce-
narios can bolster the team’s readiness and ability to effectively manage critical
situations.

3.8.1 Emergency undocking

Undocking the robotic system during surgery is a precise step that requires a clear
understanding of potential risks. There are instances where unexpected complica-
tions prompt the surgeon to undock the robot promptly. This decision must be made
cautiously, as abrupt robot withdrawal can result in bleeding, organ injury, and
incomplete surgical steps. Effective communication among team members, including
the anesthetists and nursing staff, is crucial to maintaining patient stability during
this transition.

Undocking necessitates a thorough patient evaluation and consideration of
potential conversion to open surgery. A well-defined undocking plan outlining steps
for instrument withdrawal and patient positioning. Surgeons should remain aware of
the situation, closely monitor vital signs, and ensure proper anesthesia management
throughout the undocking process.

3.8.2 Robotic failure

In 0.2% of cases, perioperative robotic failure was observed. In one instance, the
da Vinci surgical system malfunctioned during surgery, prompting the use of an
alternative robot. In three other cases, intraoperative delays resulted from software
failures, all of which were resolved in the operating room without any complications.
Notably, no instance of robotic failure led to surgery cancelation or early anesthesia
emergency [55].

3.8.3 Converting to open surgery

Switching from a minimally invasive approach to open surgery is a significant
decision. Complications that cannot be managed safely using the robotic system, such
as excessive bleeding or unexpected anatomical variations, often prompt this conver-
sion [56]. Transitioning to open surgery necessitates seamless coordination, with the
surgical team being well-versed in open surgical techniques, instrument handling,
and patient positioning [57].

Effective communication between team members ensures a smooth transition to
open surgery. Surgeons collaborate with anesthetists, nursing staff, and support per-
sonnel to facilitate an efficient shift. Adequate preoperative planning should involve
discussions about scenarios that might require conversion to open surgery, along with
available resources and equipment in the operating room.
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3.8.4 Cardiac arrest management

Although rare, cardiac arrest can occur during RARP and demands swift and effec-
tive management. Rapid recognition and initiation of cardiopulmonary resuscitation
(CPR), and immediate collaboration with the anesthesia team is crucial. Time is a
crucial factor in crisis situations, and the restricted patient access inherent in robotic
surgery can lead to delays in initiating effective responses. Performing undocking
drills on simulators in line with well-structured emergency undocking protocols
speeds up this process. These drills enhance the competence, knowledge, and confi-
dence of the entire operating team during emergency scenarios. Integrating training
sessions on emergency undocking into robotic surgery curricula is essential, ensuring
that both surgeons and anesthetists are well-informed about these procedures [58].

Emergency undocking can lead to four distinct outcomes based on the underlying
cause (Figure 2). In emergency undocking scenarios involving airway complications,
cardiac arrest, bradycardia, anaphylaxis, and code red situations (fire hazards),
anesthetist play a pivotal role [59].

For emergencies, the console surgeon takes charge in cases of robotic malfunc-
tion, technical issues, extensive surgical emphysema, and uncontrolled hemorrhage
[60-62]. Regular simulation drills based on institutional protocols minimize patient
access time (undocking time), enhance familiarity with predetermined critical
actions, and boost the overall team’s confidence in emergency undocking. These
training sessions should take place in the actual robotic theater environment, employ-
ing the robotic patient cart alongside a mannequin or training torso. Participants’
confidence, knowledge, and performance are assessed through formative simula-
tions, followed by review sessions including lectures and reading materials [55, 63].
Summative simulations re-evaluate performance, confidence, and knowledge through
multiple-choice questions and participant feedback (Figure 3).

Cause of
Start Emergency Endpoint
Undocking

Airway Reintubation/
Compromise Surgical airway

Cardiac Arrest/ e
Recognition of Colde hle Initiation of CPR

need for
emergency
undocking

Laparotomy

Laparotomy/
Laparoscopy

Figure 2.
The four cardinal causes and outcomes of emergency undocking. Reproduced from Shah et al. [59].

64



Perspective Chapter: Perioperative Considerations for Patients Undergoing Robotic Radical...
DOI: http://dx.doi.org/10.5772/intechopen.1004119

Figure 3.
Roles and responsibilities of the different members of the medical team during emergency situations in robotic

Anaesthesiologist

Console Surgeon

Assistant Surgeon-1
(Beside OT Table)

Assistant Surgeon-2
(Beside OT Table)

OT Technician

Anaesthesiologist-
1&2

Scrub Nurse

Circulating Nurse

OT Technician- 1&2

= Calls loudly for undocking in case of Cardiac amest/Airway
compromise/inability to ventilate

- TRIGGER WORD: EMERGENCY UNDOCK

= Atropine for bradycardia; Ephedrine for hypotension

= 100% oxygen

= Calis loudly for undocking in case of Uncontrolled haemorrhage/
Robotic malfunction

= Ensures the robotic instruments are safely placed in the centre of the
operative field—ready for removal

= Gowns and gloves in preparation for OPEN surgery/Surgical airway

« Removes the instruments and the endoscope from the trocars

* Presses the clulch button located on the robotic arm lo remove the
trocars from patient with robotic arms attached

* Detaches trocars from cannula mount ; Declares ALL CLEAR

« Fold the ARMS, ready to move the patient cart away from patient

+* (NOTE: Robot base can not move if the trocars remain attached to
the robotic arms)

= Unscrubs and calls for help
+ Joins the Resuscitation Team : Assists in the resuscitation process /
surgical airway

» Moves the patient cart from the patient's side and safely stores it awz
from the OT- table.

= Wheels in crash cart (Enmergency Drugs: Ambu bag, Defibrillator)

= Brings OT -Table to neutral position; Positions patient for CPR

+ Determine Robot malfunction & recify if possible

* Performs CPR (Chest compressions)
* EpinephrinezAtropine £ Vasopressin as per CPR guidelines

* Remains scrubbed

« Helps assistant surgeon in removing instruments and trocars
= Switches the endoscopic camera off

* Keeps Robotic instruments in safe custody

* Receives instruments for subsequent procedure planned

= Provides instruments to Scrub nurse

« Performs chest compressions if required

surgery. Reproduced from Shah et al. [59].

4. Post operative considerations

4.1 Post operative complications

A possible, but infrequent complication following RARP is postoperative ileus
which causes abdominal distention, nausea and delayed oral intake, with an occur-
rence rate of 1.7%. For most patients, conservative management with intravenous
fluids and bowel rest suffice, while a small subset require gastric decompression using
a nasogastric tube. More serious early post-operative complications that may require
further surgical intervention, include bowel injury, port site hernias, intrabdomi-
nal bleeding, and anastomotic disruption. All these complications are exceedingly
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Risk group Risk factors Likelihood of VTE
Low — 1X
Medium One of the following: 2X

* age > 75 years
* BMI >35

* VTE in a 1st degree relative

High ¢ Previous VTE 4X

e > 2 of the above risk factors

Table 4.
Venous thromboembolism risk stratification. Reproduced and adapted from the EAU guidelines for
thromboprophylaxis [67].

rare and can be avoided by careful surgical dissection at the time of RARP. Anemia
following surgery, defined by hemoglobin levels below 10 g dL, is found in 1.0%

of cases, leading to blood transfusions. Postoperative pulmonary emboli occur in
0.2% of patients and are prevented by appropriate venous thromboembolism (VTE)
prophylaxis including calf compressors intra-operatively, TEDS and prophylactic
anticoagulation [64-66].

The European Association of Urology (EAU) guidelines for thromboprophylaxis
suggests a risk stratified approach for the prescription of extended prophylaxis for
4 weeks post operatively (Table 4) [67]. Recommendations are specific to radical
prostatectomy and are adjusted for the lower risk post RARP compared to open and
for whether the patient underwent a pelvic lymph node dissection (PLND) which
confers greater risk.

Patients undergoing RARP without PLND are not recommended for pharma-
cological prophylaxis. Patients undergoing RARP with standard PLND are recom-
mended for pharmacological prophylaxis if high risk only. Patients undergoing RARP
with extended PLND are recommended for pharmacological prophylaxis if medium
or high. All patients undergoing RARP, except for low-risk patient undergoing RARP
without PLND, have a weak recommendation for mechanical prophylaxis until
ambulation [67].

A recent randomized clinical trial on VTE post RARP comparing mechanical
prophylaxis with pharmacological prophylaxis during admission demonstrates
contemporary experience of VTE post RARP [68]. The rate of overall VTE at 30 days
was 2.8% with pharmacological prophylaxis and 2.9% without [68]. All VTE episodes
occurred in patients who underwent PLND [68]. There was no increase in symptom-
atic lymphocele, bleeding or other complications with the use of pharmacological
VTE prophylaxis [68].

4.2 Enhanced recovery after surgery

The implementation of Enhanced Recovery After Surgery (ERAS) protocols
has revolutionized postoperative care following robotic prostatectomy, offering
a comprehensive approach to improving patient outcomes and recovery. ERAS
protocols are designed to streamline perioperative care, reduce complications,
and accelerate patient recovery through evidence-based practices. In the context
of robotic prostatectomy, the integration of ERAS protocols holds significant
promise.
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ERAS protocols following robotic prostatectomy encompass a range of interven-
tions that span the preoperative, intraoperative, and postoperative phases [59-62].
Preoperative elements often involve patient education, nutritional optimization,
and the reduction of preoperative fasting period. These measures not only enhance
patient understanding but also contribute to improved physical condition, better
immune function, and overall preparedness for surgery. Intraoperatively, strategies
such as minimal invasive techniques, judicious fluid management, and opioid-sparing
anesthesia aim to minimize the physiological stress of surgery, reducing the risk of
complications and expediting postoperative recovery [55, 61, 63, 69-71].

One of the key advantages of ERAS protocols in the postoperative phase is the
early initiation of oral intake, which aids in maintaining gut motility, reducing the
chance of postoperative ileus, and hence reducing the duration of hospitalization.
Pain management techniques that prioritize multimodal analgesia over opioids
mitigate side effects and enhance patient comfort while facilitating earlier ambulation
and mobilization.

Additionally, ERAS protocols emphasize the importance of early ambulation,
which promotes respiratory function, prevents thromboembolic events, and con-
tributes to faster recovery. Lastly, ERAS protocol in certain institutions mandates
drain removal if output is <50 ml in a 24 hours’ period on day 1 post-operatively. This
significantly reduces patient’s length of stay [64-66, 72, 73].

The implementation of ERAS protocols also addresses patient-specific factors,
tailoring interventions to individual needs. This personalized approach not only
improves patient satisfaction but also potentially reduces the length of hospital stay
and associated costs. Furthermore, ERAS protocols emphasize the role of a multidis-
ciplinary team, promoting effective communication among surgeons, anesthetists,
nurses, and other healthcare professionals. This collaboration ensures the smooth
execution of the various components of the protocol, minimizing variability in care
delivery [74].

ERAS protocols have optimized recovery following robotic prostatectomy. By
focusing on evidence-based practices that encompass the entire perioperative con-
tinuum, ERAS protocols enhance patient outcomes, decrease complications, and
expedite recovery.

4.3 Functional rehabilitation

Pelvic floor exercises and penile rehabilitation have emerged as vital components
of the comprehensive postoperative care strategy following robotic prostatectomy.
This discussion underscores their significance in enhancing the quality of life and
restoring sexual function in patients who have undergone this procedure.

Pelvic floor exercises, often referred to as Kegel exercises, target the muscles that
support the bladder, prostate, and rectum. They have gained prominence as a non-
invasive and effective approach to addressing postoperative urinary incontinence, a
common concern after prostate surgery [56-59, 75]. By strengthening the pelvic floor
muscles, these exercises contribute to improved urinary control and minimize the
extent of incontinence. Encouraging patients to engage in these exercises preopera-
tively and postoperatively empowers them to actively participate in their recovery
journey and regain continence more swiftly [58].

Equally crucial in the realm of postoperative recovery is penile rehabilitation,
which focuses on maintaining erectile function following robotic prostatectomy.
The disruption of neurovascular bundles during surgery can lead to temporary or
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prolonged erectile dysfunction [56]. Penile rehabilitation strategies encompass a
range of interventions, including pharmacological agents, vacuum erection devices,
and intracavernosal injections, all of which aim to prevent the irreversible loss of
penile tissue and promote vascular health. Additionally, early engagement in sexual
activity and counseling play pivotal roles in facilitating psychological adaptation and
optimizing sexual outcomes [75].

The integration of both pelvic floor exercises and penile rehabilitation into the
postoperative care plan acknowledges the multidimensional nature of recovery
after robotic prostatectomy. While these interventions primarily address specific
functional concerns, they also extend their benefits to psychological well-being and
overall quality of life [64, 65, 70-73]. By actively involving patients in their recovery
process and offering tailored solutions, healthcare providers empower individuals to
take ownership of their sexual health and urinary continence.

However, successful implementation of pelvic floor exercises and penile rehabili-
tation necessitates patient education and adherence. Healthcare professionals play a
pivotal role in imparting the significance of these interventions and providing guid-
ance on their correct execution. Collaborative efforts between urologists, physical
therapists, and sexual health specialists ensure that patients receive comprehensive
support throughout their recovery journey [66, 74].

In conclusion, pelvic floor exercises and penile rehabilitation represent integral
pillars of the postoperative care regimen for patients undergoing robotic prostatec-
tomy. By addressing urinary incontinence and erectile dysfunction, respectively,
these interventions contribute to improved functional outcomes and enhance the
overall quality of life. The comprehensive approach to recovery that includes both
physical exercises and sexual rehabilitation underscores the holistic nature of care and
reflects the commitment to restoring patients’ well-being in its entirety.

5. Concluding remarks

As RARP is increasingly adopted as the surgical modality of choice for local-
ized prostate cancer, a thorough understanding of its implications for successful
perioperative care is imperative. Patient selection, pre-operative optimization and
patient education are critical to prepare for success. A thorough understanding of the
anesthetic and physiological implications of Trendelenburg position, lithotomy and
pneumoperitoneum in combination with robotic docking is necessary for success-
ful intraoperative management and emergency management should the need arise.
Finally, attention to the principles of enhanced recovery after surgery and the specif-
ics of post operative care following RARP is critical to maximizing patient outcomes.
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Chapter 5

Perspective Chapter: Perioperative
Management in Cardiac Surgery
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Abstract

The patient undergoing heart surgery must be managed differently and more
intensively than the average surgical patient. These are patients with important
hereditary and pathological antecedents as well as co-morbidities and chronic
pathologies. For this reason, studies and compilations have been carried out in
order to improve the conditions of the patients and to have a favourable evolution.
Likewise, advances in technology, as well as pharmacological advances have brought
new strategies for the improvement of these patients, mainly by undergoing cardio-
pulmonary bypass. This chapter is intended to be a guide for intensivists and the best
management of patients undergoing cardiac surgery.

Keywords: cardiopulmonary bypass (CPB), preoperative medicine, cardiovascular
surgery, intensive care medicine, intra-aortic balloon pump (IABP)

1. Introduction

Cardiac surgery, when properly indicated, saves lives almost immediately.
However, it is rarely performed in a timely manner or as a last resort in patients with
significant cardiac damage.

In recent years, it has progressed exponentially, creating new expectations for
patients with heart disease to recover quickly and without complications.

Different groups and/or associations have been created, such as the ERAS
(Enhanced Recovery After Surgery) programme which presents a transdisciplinary
enhanced care initiative to promote the recovery of patients undergoing surgery
throughout their perioperative journey [1].

These programmes aim to reduce complications and promote an earlier return to
normal activities for patients [2, 3]. The ERAS protocol has been associated with a
reduction in all complications and length of in-hospital stay of up to 50% compared
to conventional perioperative management of the non-cardiac surgery patient [4-6].

Cardiac surgery covers a wide range of surgical techniques and a variety of physi-
ological insults that can have an impact on postoperative recovery. As in any other
speciality, the patient has his or her own pre-existing comorbidities which have a
major effect on the outcome. These factors range from pre-existing medical condi-
tions to the patient’s cognitive ability or nutritional status prior to surgery.
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2. Perioperative medicine

This is a new and growing area of medicine that is of great interest in the surgical
world, as it includes different specialities, in this case, cardiology, critical care medi-
cine, anaesthesiology and cardiac surgery.

It is mainly supported by evidence-based medicine, and, as previously mentioned,
by groups and/or protocols such as ERAS, which have allowed to involve patients
in their care, reduce the stress response to surgical trauma and allow the patient to
regain normal function more quickly after major surgery.

In recent years, cardiovascular surgery has evolved by leaps and bounds with
several advances including improved myocardial protection, safer systemic perfusion
during extracorporeal circulation (ECC) and cerebral protection in situations of circu-
latory arrest (which can occur for multiple causes, and is primarily the surgeon’s deci-
sion), as well as the implementation of safe surgery protocols during surgery; standard
monitoring supported by transesophageal echocardiography of technical complica-
tions; the incorporation of minimally invasive surgical techniques, the implantation of
transcatheter valves without sutures and the development of multimodal rehabilita-
tion among many others. The aim is to improve the patient’s quality of life and return
to normal life as soon as possible and with as little morbidity as possible [7].

As in all surgery, health personnel try to keep the perioperative period as short as
possible, and this does not exclude cardiac surgery [8].

The perioperative period is defined as: The entire surgical process, whether urgent
or scheduled, that a patient undergoes, comprising the following phases:

* Preoperative: From the moment the patient is informed that a surgical intervention
is required until his or her arrival in the operating theatre. It includes the anamne-
sis in the different assessments, complementary tests and pre-surgical preparation.

* Intraoperative: Covers from the time the patient enters the operating theatre
until he/she leaves.

* Postoperative: It covers three periods:

a.The immediate postoperative period: From the end of the surgical procedure
until recovery from the effects of anaesthesia. It usually takes place in the post
post-anaesthesia recovery room; in the case of cardiac surgery, it is generally
in the intensive care unit. It can last between 24 and 72 hours.

b.The mediate postoperative period: This includes recovery from the effects of
anaesthesia to recovery in hospitalisation units.

c. The late postoperative period: Includes the patient’s recovery at home until rein-
tegration into normal life. It is considered more of an epidemiological concept.

3. Preoperative period in cardiac surgery

3.1 Preoperative preparation

The patient should be the focus of attention [9, 10]. This implies that the physician
must provide the patient with all the necessary information to obtain informed consent
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for surgery, as well as a detailed description of possible events and/or complications, the
importance of preoperative interventions for the surgery to go well and the expectations
for the postoperative period (which are mainly the improvement of the quality of life).

Generally, the definitive diagnosis is made by the clinical and/or interventional
cardiologist, who must explain all the appropriate treatments according to the condi-
tion, and according to his or her experience and knowledge of medical advances,
which would be ideal for the pathology to be treated.

On the other hand, the cardiologist should also be the doctor who identifies and/
or manages the patient’s pre-existing diseases, such as systemic arterial hypertension,
diabetes mellitus, arrhythmias, nutritional status, psychological status, anaemia, renal
insufficiency, etc. However, nowadays with specialised medicine, it is preferred that it
be managed by an internist or with the subspecialty that corresponds to the diagnosis.

Likewise, the treating physician must insist on changes in hygienic-dietary habits
(such as giving up alcohol, smoking and drug addiction) and improving cardiopul-
monary fitness [11].

3.2 Risk assessment and risk stratification

All patients undergoing cardiac surgery should be assessed for intraoperative
risk. There are several scores that assess this risk, such as the EuroSCORE (European
System for Cardiac Operative Risk Evaluation) or the STS (Society of Thoracic
Surgeons) surgical risk. This information provides greater understanding for the
patient, improves decision making, allows preoperative optimisation and enables
modification of the surgical technique or procedure if necessary.

3.3 Pre-rehabilitation

It is the process of increasing the patient’s functional status and ability to cope
with stress after surgery.

This includes education, correction of nutritional deficiencies, improvement of
physical fitness and psychological and social support. The goal of these interventions
is to reduce the patient’s anxiety, improve muscle quality and, in the background, to
check that the patient has a full understanding of the surgical process, or to insist on
its explanation. This stage includes:

a.Education in cardiac surgery: This should be carried out as an individual course
and teach what the surgery is based on, surgical techniques, etc., and in this way
reduce and clarify doubts that the patient and/or relatives have, and, secondarily,
reduce the patients’ stress. These sessions emphasise the importance of being
active, living well, eating well and exercising or training to improve respiratory
and muscular function before surgery.

b.Preoperative exercise: Safe exercise programmes are available for patients with
cardiorespiratory impairment, which if performed regularly improve physical
and mental fitness, as it can increase the ratio of lean body mass to body fat. It
also helps (although not in all patients) to decrease perioperative sympathetic
dysregulation and insulin resistance [12]. Additional benefits are on the patient’s
physical and psychological preparation for surgery, which helps to reduce
postoperative complications, decrease the length of hospital stay and the patient
has an adequate recovery before returning home [13]. This, of course, should be
individualised according to each patient’s health status.
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c. Lifestyle modifications: It is common knowledge that excesses contribute to the
progressive deterioration of patients, thus smoking, excessive alcohol consump-
tion and obesity are associated with perioperative complications and poorer
surgical outcomes. They can lead to serious complications, including wound
infections, and only small changes in daily life, such as smoking cessation and
weight loss, can significantly reduce them [14].

3.4 Minimising fasting and preoperative carbohydrate loading

Although not always accepted, mainly by anaesthesiologists, it has been shown to
be safe to give clear fluids up to 2 hours before induction of anaesthesia. Several stud-
ies mention that giving the patient a carbohydrate drink (usually with 24 g of complex
carbohydrates) 2 hours before surgery is a mainstay of preoperative management and
is supported by most ERAS programmes. This measure is sufficiently adequate as it is
associated with a reduction in insulin resistance and tissue glycosylation, stabilisation
of postoperative glucose concentration and an earlier return of normal gastrointes-
tinal function. Articles have already established that administering carbohydrate
beverages prior to cardiac surgery is safe and improves cardiac function immediately
after Cardiopulmonary bypass (CPB) [15].

3.5 Preoperative strategies

a. Preoperative measurement of haemoglobin Alc for risk stratification: This simple
test should be performed in practically all patients with any diagnosis. And in
patients who will undergo surgery, all the more so, in order to establish optimal
preoperative glycaemic control. Ideally, patients should maintain a haemoglobin
Alclevel of less than 6.5%; this has been associated with a significant decrease in
sternal and/or mediastinal wound infections, ischaemic events and other compli-
cations [16, 17]. If the HbAc1 level is higher than 7%, significant dysglycaemia can
occur, which is difficult to manage in the immediate postoperative period [18].

b.Preoperative albumin measurement for risk stratification: It is widely known
that low preoperative serum albumin in patients undergoing surgery is
associated with an increased risk of morbidity and mortality after surgery.
Hypoalbuminaemia is a perioperative prognostic risk factor, correlating with
longer mechanical ventilation time, acute kidney injury (AKI), infections, longer
hospital stay and mortality. Correction of serum albumin prior to surgery is
necessary to avoid these comorbidities [19-21].

c. Preoperative correction of nutritional deficiency: It would be great if all surgical
patients were well nourished, however, this is not common. For malnourished
patients, oral nutritional supplements can be given, but only have an effect if
given 10 days prior to surgery. This improvement is associated with reduced
prevalence of infection and improved healing. However, there is not yet a well-
established programme for improving nutritional status [9, 10].

3.6 Intraoperative period

This period is characterised by the intervention of the surgeon and his skill, but just
as importantly by the anaesthetic management as well as the management of the ECC by
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the perfusionist. However, each of these players has their own protocols depending on the
type of surgery at the time and the likely complications or incidents during this period.

It should be remembered that the open heart patient requires specialised care
because ECC alters physiological systems (Figures1and 2).

CPB (Figures 3 and 4) produces a generalised inflammatory response caused
by the contact of blood with the synthetic surfaces of the bypass circuit [22]. This
inflammatory response results in a series of complex reactions that activate the
complement, coagulation and fibrinolytic cascade, leading to bleeding, microemboli,
fluid retention and an altered hormonal response [23-25].

ECC is a non-specific activator of the inflammatory system. Once ECC is discon-
tinued, widespread complement activation occurs with elevations of anaphylatoxins
C3a and C5a and this activation may result in pulmonary leukocyte sequestration
and superoxide production and then further increasing leukocyte activation and

Figure 1.
Open heart surgery: Aortocoronary revascularization.

Figure 2.
Open heart surgery: Placement of valve prosthesis.
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Figure 3.
Cardiopulmonary bypass (CPB).

Figure 4.
Cannulation for CPB.

leukocyte-mediated factor generation, thus further increasing the local inflammatory
response [26]. Likewise, if vasoactive substances are administered during surgery,
they trigger the release of platelets that also respond to ECC or protamine administra-
tion, which can lead to pulmonary hypertension and systemic hypotension [27-29].

Also, secondary to complement activation, there is an increase in vascular perme-
ability that may predispose the patient to capillary leak syndrome with fluid seques-
tration in the third space, particularly in the lung.
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From a clinical perspective, the generalised inflammatory response results in
postoperative pulmonary dysfunction, renal dysfunction and a resetting of the
hypothalamic thermoregulatory centre [26, 28, 29-31].

This inflammatory response also has direct negative cardiac effects, as the inflam-
mation caused by CPB involves platelet-endothelial cell interactions and vasospasm
leading to low flow states in the coronary circulation. Anaphylatoxin C5a is a potent
spasmogenic molecule and has leukocyte-activating properties that cause degranula-
tion and release of oxygen free radicals [32]. Leukocytes exposed to complement are
attracted to adhere to vascular endothelium and aggregate, resulting in vessel margin-
ation and leukoembolisation. These inflammatory cells mediate injury by increasing
their production and releasing oxygen free radicals or proteolytic enzymes, a vicious
circle, increasing the inflammatory state [33].

It is this release of oxygen free radicals that is generally implicated as the cause
of transient postoperative ventricular dysfunction, which manifests approximately
2 hours after cessation of CPB and worsens 4-5 hours after CPB.

Recovery of ventricular function begins within 8-10 hours and full recovery usu-
ally occurs within 24-48 hours [34].

It is now known that systemic vascular resistance (SVR) increases as ventricular
function worsens. This is a compensatory mechanism to maintain systemic blood
pressure and perfusion in the face of depressed ventricular contractility. Oxygen free
radicals and proteolytic enzymes released by neutrophils also damage endothelial
cells, which increases capillary permeability and causes capillary leakage during this
period and this increase in permeability lasts 2-3 days after surgery and is propor-
tional to the duration of CPB [35].

On the other hand, uncontrolled hypothermia is also known to cause various
alterations mainly in circulatory status, predisposing to cardiac arrhythmias, increas-
ing SVR, precipitating shivering and altering coagulation. It indirectly decreases
cardiac output by increasing vasoconstriction and causing bradycardia.

The CPB circuit is not the only factor responsible for this altered physiological
state. Ischaemia and reperfusion time, hypothermia, hypotension with non-pulsatile
flow, impaired coagulation and administration of blood and blood products are other
factors contributing to the altered postoperative physiological state [36].

But there are important points in which all participants are involved, which are as
follows:

3.7 Reduction of surgical site infections

It has always been a challenge for surgeons to minimise or abolish surgical site
infections. Therefore different protocols have been developed including: topical intra-
nasal therapy to eradicate Staphylococcus aureus colonisation; depilation protocols (an
important measure in the cardiac patient), preferably cutting rather than shaving, which
should be performed as close as possible to the time of surgery; proper management and
timing of prophylactic antibiotic administration: 1st or 2nd generation cephalosporins
(Level IA) are suggested to be administered no later than 1 hour before skin incision and
should be continued up to 48 hours after surgery. If surgery lasts longer than 4 hours,
additional doses should be administered in the operating room.

These manoeuvres have better results if combined with other previously men-
tioned manoeuvres such as smoking cessation, adequate glycaemic control and
promotion of postoperative normothermia during recovery [16, 37].
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3.8 Avoid hyperthermia

ECC can be performed under normothermic or hypothermic conditions. The
efficiency of heat exchangers means that the patient may be subjected to inadvertent
hyperthermia, especially during rewarming of a hypothermic CPB. Excessive hyper-
thermia during rewarming is defined as a core temperature > 37.9°C and is associated
with increased postoperative neurological injury, infection and renal dysfunction [38].

3.9 Rigid sternal fixation

Most cardiovascular surgeons use wire cerclage to close the sternotomy, as it has
a low rate of sternal wound complications and because of the low cost of the wires.
Wire cerclage joins the cut edges of the bone by wrapping a wire or band around or
through them and joining the two parts together. This achieves approximation and
compression, but does not eliminate side-to-side movement and therefore rigid fixa-
tion is not 100% achieved.

More recently, sternal fixation with a rigid plate has been performed, which
apparently provides significantly better sternal healing, with fewer sternal complica-
tions and no additional cost compared to wire cerclage at 6 months after surgery.
Improvements include significant pain reduction, improved upper extremity function
and improved quality of life, with no difference in overall cost.

Also, although these studies are still limited, the findings reported a lower rate of
mediastinitis, decreased painful sternal pseudarthrosis after median sternotomy and
superior bone healing compared to wire cerclage [39].

However, this remains a surgeon’s decision but should be considered in special or
high-risk patients, such as patients with a high body mass index, history of chest wall
radiation, severe chronic obstructive pulmonary disorder or chronic steroid use.

Rigid sternal fixation may be useful to improve or accelerate sternal healing and
reduce mediastinal complications [40, 41].

3.10 Management of bleeding and use of antifibrinolytics

Trans-surgical bleeding is one of the most common complications, as is bleeding
greater than usual post-surgery. The range of reoperation varies from 0.69 to 7.8% and
mortality increases by 15% if reoperation is performed [42, 43].

The administration of aminocaproic acid or tranexamic acid reduces the occur-
rence of major haemorrhage, as well as the need for less transfusion of blood
products and the possibility of greater than usual bleeding or postoperative cardiac
tamponade [44].

Currently, tranexamic acid is the most widely used, but it is associated with the
presence of seizures, so it is recommended not to exceed a dose of 100 mg/kg body
weight [45-47].

3.11 Surgical and/or haemodynamic decisions

During surgery, the big difference for an adequate recovery is the decision made
for the exit of the CPB and its removal. In this area, the surgeon must decide, with
the support of the anaesthesiologist, on different procedures, such as balloon counter
pulsation in left ventricular failure, administration of vasoactive and/or inotropic
agents or sometimes extracorporeal membrane oxygenation (ECMO).
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4. Postoperative period

This period takes place in the intensive care unit (ICU), where protocols are
already established (Figure 5).

Every patient admitted to the ICU has clinical problems that can change rapidly
and the patient after open heart surgery is no exception [48, 49]. In fact, they are
even more unpredictable. On admission, these patients are unstable and their clinical
status is extremely fluid and dynamic. Care of the postoperative open heart patient
requires the presence of healthcare staff at the bedside and must have knowledge
of fundamental concepts of general care of the critically ill patient, as well as con-
cepts specific to this group of patients. Initial management can set the tone for the
remainder of the recovery period. Clinical errors at this time can have far-reaching
implications.

Initial management should begin even before the patient arrives in the ICU. It is
vital to know the medical history, previous indications for surgery, pre-operative
haemodynamic data, comorbid conditions, medications and allergies [50].

Initial post-operative care in cardiac surgery requires a thorough physical exami-
nation and at least basic haemodynamic monitoring which should include: heart
rate and rhythm, blood pressure, temperature, right and left heart filling pressures,
haemodynamic profile, pharmacological and ventilatory support, chest drainage,
assessment of neurological status, laboratory results, electrocardiogram and chest
X-ray. A thorough knowledge of the specific monitoring and drug administration
routes is essential, as well as having information on where the drains were placed.
Once the initial assessment is complete, specific problems can be identified, priori-
tised and addressed [50, 51].

Subsequently, homeostasis of the internal environment should be restored,
normothermia achieved, proper functioning of the epicardial pacemaker ensured and
antibiotic prophylaxis continued.

It is essential to establish a multimodal analgesic strategy combining different
analgesic families. This will help to reduce opioid doses, which will facilitate extuba-
tion, rehabilitation and early mobilisation of the patient.

Figure 5.
Post-surgical intensive therapy unit.
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Withdrawal of mechanical ventilation should be initiated when adequate haemo-
dynamic stability is achieved. As in most patients, water resuscitation and actions to
avoid probable acute renal failure should be administered; early initiation of throm-
boprophylaxis (mechanical and, when possible, pharmacological) and measures for
the prevention of delirium should be given [50].

Resuscitation and haemodynamic management should be guided by objective
parameters and advanced monitoring is indicated in those patients in whom there is
instability, in whom it is necessary to investigate the pathophysiology of the evolution
or in those patients who, due to their baseline characteristics, intraoperative evolution
or the type of intervention, are considered a high surgical risk [52].

Advanced haemodynamic monitoring systems provide continuous information
on more specific parameters, such as cardiac output and its determinants: preload or
preload-dependence, contractility and afterload (Figure 6).

A total of 90% of all post-operative cardiac surgery patients present with transient
low cardiac output (CO) related to the release of oxygen free radicals in response to
the inflammatory state induced by CPB, (as explained above) or ischaemia/reperfu-
sion injury due to cardioplegic arrest.

Low cardiac output (post-thoracotomy low cardiac output syndrome) is more
common in women and when there is prolonged ECC time.

The aetiology of this syndrome may be preload, afterload, contractility or abnor-
mal heart rate and rhythm or a combination of these.

The most common causes are related to decreased left ventricular preload caused
by hypovolaemia and haemorrhage, vasodilatation, overheating, drugs, cardiac
tamponade, right ventricular dysfunction, positive pressure ventilation and tension
pneumothorax [50].

Increased afterload is usually the result of acute vasoconstriction, often related
to vasoactive drug therapy. It may also be due to pre-existing hypertension, pain or
sensitisation, fluid overload or hypothermia [50].

Decreased contractility is the main cause of low output in patients with pre-exist-
ing LV dysfunction associated with perioperative ischaemia. Perioperative ischaemia
is often the consequence of poor intraoperative myocardial protection, incomplete
revascularisation, coronary artery or coronary conduit spasm, coronary artery “junk”

10:50:33 | 2r.03.z019 |

Figure 6.
Continuous haemodynamic monitoring in the ICU.
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syndrome, graft closure (from any cause), acute anaemia (mainly bleeding) or the
presence of hypoxia or acidosis of any aetiology [50].

Tachyarrhythmias negatively affect cardiac output by decreasing cardiac fill-
ing time and, consequently, coronary perfusion time of systolic volume. They also
increase myocardial oxygen demand.

Bradyarrhythmias depress cardiac output, especially when left ventricular
dysfunction limits the compensatory mechanism of increased stroke volume.
Bradyarrhythmias are especially harmful in association with aortic insufficiency of
any degree.

Atrial fibrillation results in loss of atrial contribution to cardiac output and a
consequent fall in cardiac output.

Finally, any ventricular arrhythmia adversely affects cardiac output [50].

Contractility decreases in the immediate postoperative period of cardiac surgery
compared to the preoperative period. The magnitude and duration of this phase
depend on previous cardiac dysfunction, the existence of ischaemic events, preopera-
tive complications and intraoperative evolution.

The elements that most affect cardiac dysfunction in this period are increased left
ventricular mass or left ventricular dilatation, hypothermia, volume, route of car-
dioplegia administration and prolonged CPB time [53].

Two haemodynamic patterns may occur in the postoperative period that should
be distinguished: (a) pressure overload (left hypertrophy and lusitropic dysfunction)
which interferes with the assessment of filling pressures and may lead to an underesti-
mation of volume requirements due to tachycardia intolerance; and (b) volume overload
(typical in valvular regurgitation) which also alters the assessment of preload depen-
dence and where the dynamic variables of volume response have not been validated.

Volume overload (typical in valvular regurgitation) which also alters the assess-
ment of preload dependence and where dynamic volume response variables have not
been validated.

Therefore, continuous assessment of volume response and its impact on haemody-
namic parameters should be maintained to avoid inappropriate resuscitation [7].

To maintain adequate haemodynamic monitoring, there are different manoeuvres,
from the placement of a flotation catheter and measurement of cardiac output and
its variables to the performance of a transesophageal echocardiogram, which can be
performed intraoperatively.

All these options are available in the ICU, including capillary filling, which is a
validated, fast, reliable and safe technique to assess tissue perfusion in critically ill
patients. As an integrator of multiple biological signals, it is a sensitive early warning
system for a potentially lethal threat, activating according to the sum and intensity of
the signals and turning off in the same direction.

Echocardiography has become a first-line tool in the evaluation of the postopera-
tive patients with suspected major bleeding. As mentioned, it can be a transthoracic
or transesophageal examination. Transthoracic echocardiography is of limited value
in the immediate postoperative period due to the presence of wounds and their
coverings and chest tubes, but it can provide some information on LV function and
recognise obvious tamponade [54].

Transesophageal echocardiography is an extremely valuable tool as it provides
excellent visualisation of cardiac dynamics, the pericardial space and the mediasti-
num. It is the best diagnostic modality for LV function, the presence of tamponade
and the development of new valve abnormalities. It is also useful for the evaluation of
the right ventricle [54].
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Once the patient has been admitted to the unit and according to the patient’s
assessment and monitoring, the relevant vasoactive substances, inotropies and, con-
versely, vasodilators or antihypertensives will be initiated or continued as necessary.

However, all of the above strategies should be coupled with the following strate-
gies, which have been studied and are related to the patient’s improvement or deterio-
ration in the postoperative period, whether or not they are implemented:

4.1 Perioperative glycaemic control

It is already well known that hyperglycaemia increases morbidity, which is multi-
factorial and attributed to glucose toxicity, increased oxidative stress, prothrombotic
effects and pro-inflammatory effects. However, interventions to improve glycemic
control are also known to improve in-hospital outcomes [55].

Preoperative carbohydrate loading has been shown to coincide with low glucose
levels after a surgical procedure.

Epidural analgesia during cardiac surgery has also been shown to decrease the
incidence of hyperglycaemia [56-58].

Treatment of hyperglycaemia (glucose >160-180 mg/dL) should preferably be
done with post-cardiac surgery insulin infusion.

Postoperative hypoglycaemia should be avoided, especially in patients with an
adjusted target blood glucose range (i.e., 80-110 mg/dL) [56-58].

4.2 Pain management

In the past, parenteral opioids were the mainstay of postoperative pain manage-
ment. However, they are associated with multiple adverse effects, such as sedation,
respiratory depression, nausea, vomiting and vertigo. It has now been shown that
adequate pain management can be achieved through the additive or synergistic effects
of different types of analgesics, allowing opioid doses to be reduced [59, 60].

NSAIDs are associated with renal dysfunction after cardiac surgery and selective
COX-2 inhibition is associated with a significant risk of thromboembolic events.

The safest non-opioid analgesic is acetaminophen. When added to opioids, it has
been found to produce superior analgesia, an opioid-sparing effect and independent
antiemetic actions. The dose of acetaminophen is 1 g every 8 hours [61].

On the other hand, tramadol has opioid and non-opioid effects and, although
it may be associated with a high risk of delirium, it decreases morphine consump-
tion by 25%, resulting in adequate pain relief and increased postoperative patient
comfort [62].

Pregabalin also reduces opioid consumption and is used in postoperative multi-
modal analgesia [63].

Dexmedetomidine, an intravenous a-2 agonist, reduces opioid requirements.
Dexmedetomidine infusion has been shown to reduce 30-day cause-independent
mortality, decrease the incidence of postoperative delirium and is associated with
shorter intubation times [64].

4.3 Screening for postoperative delirium

Delirium is an acute confusional state characterised by mental status fluctuations,
inattention and disorganised thinking or altered level of consciousness that occurs
in approximately 50% of patients after cardiac surgery. It is associated with poorer
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in-hospital and long-term survival, hospital readmission and slower or reduced cog-
nitive and functional recovery [9]. The cause is multifactorial, so early detection of
delirium is critical to determine the underlying cause (pain, hypoxaemia, low cardiac
output and/or sepsis) and initiate appropriate treatment [65].

Risk factors are many and include advanced age, recent alcoholism, preoperative
organic brain syndrome, severe cardiac disease, multiple associated medical illnesses
and prolonged time on CPB.

Common causes of delirium are drug toxicity, metabolic disorders, alcohol
withdrawal, low cardiac output syndromes, periods of marginal cerebral blood flow
during CPB, hypoxia, sepsis and recent stroke [9, 10].

Evaluation of delirium begins with a review of the patient’s medications and
inotropic/vasoactive levels, identification of the history of recent alcoholism or sub-
stance abuse, neurological examination and determinations of arterial blood gases,
electrolytes, BUN, creatinine, blood biometry, magnesium and calcium.

Treatment of delirium begins with correction of any metabolic abnormalities,
discontinuation of inappropriate medication and administration of psychotropic
drugs for agitation, such as haloperidol, 2.5-5 mg OV/IV every 6 hours. Treatment of
suspected alcohol withdrawal includes benzodiazepines, thiamine and folate.

Due to the complexity of the pathogenesis of delirium, more than one intervention
must be performed, or more than one pharmacological agent may be necessary to
diminish or control it. These medications include dexmedetomidine and olanzapine.
Non-pharmacological strategies are a first-line component of treatment [66, 67].

4.4 Persistent hypothermia

Postoperative hypothermia is the inability to regain or maintain normothermia
(36°C or greater) for 2-5 hours after admission to the ICU following cardiac surgery.
Hypothermia is associated with higher than usual bleeding, infections, prolonged
hospital stay and death. Prevention of hypothermia is necessary by using forced
air warming blankets, increasing the ambient room temperature and avoiding the
administration of cold solutions [68, 69].

4.5 Patency of mediastinal and/or pleural catheters

All patients undergoing cardiac surgery have mediastinal and/or pleural drains
placed, as the thoracic cavity must be evacuated after surgery, as most patients have
some degree of bleeding [70]. However, drains used to evacuate blood from the
mediastinum tend to become clogged with clotted blood in up to 36% of patients and
if this happens can cause tamponade or haemothorax.

However, retained mediastinal blood haemolyses promote an oxidative inflamma-
tory process that can cause pleural and pericardial effusions and trigger postoperative
atrial fibrillation [71].

Strategies for chest tube manipulation are varied and depend on the healthcare
personnel performing the manipulation. However, any strategy should fragment vis-
ible clots and/or create short periods of high negative pressure to remove clots [72, 73].

On the other hand, higher than usual bleeding may be recorded precisely because
of blood drainage by the same probes, which should be quantified on an hourly
basis and, according to international guidelines, acted upon, either with transfusion
(plasma, cryoprecipitates) or pharmacological measures (tranexamic acid, aminoca-
proic acid) or surgical re-intervention.
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4.6 Thromboprophylaxis

Vascular thrombotic events include both deep vein thrombosis and pulmonary
embolism and represent potentially preventable diseases.

All patients benefit from mechanical thromboprophylaxis achieved with compres-
sion stockings and/or intermittent pneumatic compression during hospitalisation or
until they have adequate mobility to reduce the incidence of deep vein thrombosis
after surgery even in the absence of pharmacological treatment [9, 73].

After cardiac surgery, these mechanical measures should be put in place, and pro-
phylactic pharmacological anticoagulation should be initiated in 12-24 hours. After ICU
admission, as satisfactory haemostasis must first be achieved, mainly at the thoracic level,
and remember that CPB produces an inflammatory response that includes the coagula-
tion system. Once adequate haemostasis is confirmed, pharmacological prophylaxis is
initiated (most commonly on postoperative day 1 until patient discharge) [73, 74].

4.7 Extubation strategies

It is recommended to try to perform extubating early, preferably within 6 hours
of the patient’s arrival in the ICU. Protocols for extubating together with low-dose
opioids are now available to enable such a procedure to be performed. This is safe
(even in high-risk patients) and is associated with reduced ICU stay, reduced infec-
tions (pneumonia) and lower costs [9, 10, 75].

4.8 Acute kidney injury

Acute kidney injury (AKI) occurs in 22-36% of cardiac surgical procedures.
Patients should be assessed on admission to identify those at risk of developing AKI,
however, also the surgical procedure itself, the duration of CPB and hypotension/
hypertensive events within the operating room can lead to AKI [76, 77]. Impaired
renal oxygenation during CPB has been shown to improve with increased CPB flow
but this may contribute to postoperative renal dysfunction and suggests the need to
consider targeted perfusion strategies. It is therefore necessary to avoid nephrotoxic
agents, to suspend angiotensin-converting enzyme inhibitors and angiotensin II
antagonists for 48 hours, to maintain adequate blood volume and to avoid fluid
overload and vasoplegic events. To avoid or prevent AKI, it is necessary to have strict
control of creatinine and urine output, avoid hyperglycaemia and radiocontrast
agents, as well as strict control to optimise hydration status and general haemody-
namic parameters [78, 79].

When AKIN II-IIT acute kidney injury occurs, it is necessary to initiate renal
replacement therapy, which is often with continuous slow haemodialysis (Figure 7).

4.9 Fluidotherapy

This manoeuvre uses monitoring techniques to guide the administration of fluids,
vasopressors and inotropes to avoid hypotension and/or low cardiac output. This
manoeuvre has quantified targets including blood pressure, cardiac index, mixed
venous oxygen saturation and diuresis. In addition, oxygen consumption, oxygen
debt and lactate levels can augment or modify therapeutic tactics.

Adequate volemia must be maintained without overload and must not be so low as
to cause AKI [80].
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Figure 7.
Continuous slow dialysis therapy in the ICU.

4.10 Other factors

There is always the possibility of anaemia in the patient following cardiac
surgery. The anaesthesiologist as well as the perfusionist perform manoeuvres
to avoid severe anaemia, including transfusion of red blood cell concentrates,
placement of cell salvage and/or haemofiltration during CPB. However, it is
recommended to maintain a minimum haemoglobin level of 10 gm/dl in mainly
ischaemic patients.

During mechanical ventilation, it is preferable to manage low tidal volume, as well
as to maintain positive end-expiratory pressure (PEEP) at physiological levels and
maintain measures for lung protection.

Early enteral nutrition should be considered, if haemodynamics and patient
conditions allow.

Early mobilisation of the patient is also recommended, according to the patient’s
physical condition and possibilities [9, 19, 38].

There are also certain manoeuvres or devices that are placed in the operating room
or within the ICU to maintain a better postoperative state or to improve shock, the
presence of low post-thoracotomy output or immediate complications in surgical
patients. This mechanical support is performed after pharmacological management
either with vasoactive substances (noradrenaline, vasopressin) and/or inotropics
(dobutamine, milrinone, levosimendan, etc.).

Intra-aortic balloon counterpulsation (IABP) is an effective tool for the treatment
of low cardiac output states, ongoing ischaemia, valvular disease and the complica-
tions of myocardial infarction (Figure 8) [81].
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Figure 8.
Intra-aortic balloon pump.

This mechanism provides haemodynamic support and ischaemia control before
and after surgery. It has been shown to be effective in improving left ventricular dia-
stolic function. IABP is highly effective in the treatment of low cardiac output states.
Unlike most inotropic agents, it provides haemodynamic support to the heart when
myocardial oxygen demand is decreased and improves coronary artery perfusion,
stabilising the myocardial oxygen supply: demand ratio [50].

It reduces the ejection impedance of the left ventricle by rapidly deflating just
before systole, thereby unloading the LV and thus decreasing myocardial oxygen
demand. As it rapidly inflates just after aortic valve closure, it increases diastolic
coronary perfusion and improves myocardial oxygen delivery [50].

Indications for IABP placement are perioperative ischaemia, mechanical complica-
tions of myocardial infarction (such as acute mitral regurgitation, ventricular septal
defect and cardiogenic shock), presence of greater than 80% left main coronary
artery lesion in the preoperative period, postoperative low cardiac output states
unresponsive to moderate doses of inotropics and acute deterioration of myocardial
function to provide temporary support or a bridge to transplantation. IABP is contra-
indicated in the presence of aortic insufficiency, aortic dissection and severe aortic
and peripheral vascular disease [50].

There are also circulatory or ventricular assist devices (VADs), which can be
divided into right or left ventricular assist, however, these devices are not common in
patients admitted after cardiac surgery [82]. They are the definitive therapy for low
cardiac output. They are usually used intraoperatively when cardiopulmonary bypass
disconnection is unsuccessful but may also be a postoperative option if the patient
does not respond to vasoactive agents and IABP (Figures 9 and 10).
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General indications for VAD implantation include a complete and adequate cardiac
surgical procedure, correction of all metabolic problems, inability to disconnect from
cardiopulmonary bypass, inability to reverse haemodynamic deterioration despite
maximal pharmacological therapy and IABP and a cardiac index less than 1.8-2 L/
min/m? [82, 83].

To be optimally effective, circulatory assist devices to support low output require
adequate lung function and gas exchange. In circumstances of compromised cardiac
and pulmonary function, support of cardiopulmonary function is also required.
Cardiopulmonary support (CPS) is achieved with a portable centrifugal pump,
membrane oxygenator, heat exchanger and heparin-coated tubing. This system is
generally referred to as extracorporeal membrane oxygenation (ECMO) (Figure 11).
The indications for ECMO or SCP are the same as those for VADs in association with
impaired oxygenation [50, 84, 85].

5. Conclusions

Cardiovascular surgery involves multiple manoeuvres and includes virtually all
systems of the human body. Optimal perioperative management of interventional
patients requires a comprehensive, multidisciplinary approach that includes adequate
medical-surgical training. Preoperative optimisation, minimally invasive techniques,
arrhythmia and postoperative bleeding prophylaxis, goal-directed haemodynamic
management and multimodal analgesia allowing early extubation and mobilisation
are key elements in the recovery of these patients.

The high level of complexity for the management, treatment and recovery of these
patients makes intrinsic care units the ideal place to achieve the best results.

Close communication between the intensivist and the surgeon must be maintained
to reduce the possibility of complications, treat them in a timely manner and ensure that
the patient has an adequate evolution and subsequently improve their quality of life.
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Chapter 6

Applying Person-Centered Care
Model in the Postoperative Period
of Renal Transplant Recipients: A
Comprehensive Nursing Approach

Dilar Costa, Joana Silva and Jéssica Oliveira

Abstract

This study delves into the vital role of education in caring for kidney transplant
recipients, underscoring the imperative for personalized, patient-centered educa-
tional programs. The analysis of nursing care quality standards, concerning health
promotion, complication prevention, and autonomy, highlights the critical relevance
of education in post-transplant management. Educational strategies, including
participatory models and interdisciplinary approaches in the teaching process,
are discussed. The conclusion underscores the nurse’s pivotal role in comprehen-
sively understanding the patient and effectively promoting resocialization after
transplantation.

Keywords: kidney transplantation, nursing care, health education, self-care,
quality of life

1. Introduction

Renal transplantation is considered the treatment of choice for end-stage renal
disease (ESRD) [1]. Acknowledging its significance in ESRD treatment and its impact
on the lives of those undergoing this intervention, we pose the question of the nurse’s
pivotal role in this field. The first query that arises is as follows: to what extent does
this transformative process initiated by renal transplantation, introducing subsequent
metamorphoses, qualitative ruptures, or any other notable discontinuities in the lives
of kidney recipients, pose challenges, opportunities, and/or difficulties for nurses car-
ing for these individuals in this critical period? The second inquiry seems to warrant
phrasing in the following manner: what is the nurse’s role in the success of renal trans-
plantation, considering the risks and complications that the surgery entails? Before
outlining, in broad terms, the response to these two questions, we allow ourselves to
make the following observation: in this reflection on the nurse’s role and the resources
at their disposal to adequately address it, we are always part of a team of healthcare
professionals contributing their expertise to achieve the intended outcome, namely,
the effective functioning of the renal graft. In this regard, and already beginning to
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address the first question posed, Murphy [2] draws attention to the complexity, chal-
lenges, and rewards of nursing care for this population. The author delves into various
activities within the nurse’s competence defined in the nursing process. Starting with
the assessment of the transplant recipient, we refer to its impact on gathering essen-
tial data for constructing an individualized care plan. Indeed, from the implementa-
tion of the nursing process in the postoperative period, the nurse works in multiple
directions through specific guidelines, identifying problems, formulating diagnoses,
defining expected outcomes and associated interventions, and assessing health gains
for the person under their care [3, 4].

So, to start with one end of the issue, the care process begins with the patient’s
admission to the transplant unit after receiving a phone call from the hospital inform-
ing them that a kidney is available for them. Through precise instructions, the nurse
responsible for the patient provides them with an overview of the scenario that awaits
them in this period preceding the surgery. This information is rich in specifics about
preoperative routines, extending to various spheres that constitute preoperative care:
physical and psychological care, with special attention to the emotional and socio-
cultural spheres. Assessment is a relevant component as it encompasses the clinical,
psychological, social, cultural, and economic history of the individual. The collection
of these elements allows the nurse to easily describe the profile of the person in front
of them, namely, assess functional capacity, describe the morphology of the support
network, understand social status, habits, and lifestyles, the affective component,
and know the services they use (community, health system, formal, and informal).
Studies show that the success of kidney transplantation is directly related to the
individual’s health status and support network. This detailed assessment provides the
foundation for formulating personalized care plans, centered on the individual needs
and peculiarities of each recipient.

Some essential elements of the preoperative period underlying patient safety
involve establishing a patient safety culture, defined as the set of best practices shared
by healthcare professionals to prevent risks or harm to the patient in the pre, intra,
and postoperative periods. This involves the adoption of protocols.

The postoperative period requires the implementation of preventive measures,
early identification of potential complications, and patient education promotion.

All these points are particularly relevant when considering the crucial role that the
understanding and adherence of the transplant recipient assume in the success of
kidney transplantation beyond the surgical act itself. From these elements emerges
the care for the emotional state in response to the fears and anxieties of the transplant
recipient facing the unknown world that has now begun. This attentive look acts as
an effective device that guarantees the person’ safety and protection in the face of
present insecurity.

During this critical time, the nurse helps the person prepare to return home
with tranquility and safety, which means adopting a patient and family-focused
model.

The focus on the postoperative period goes beyond the necessary physical care
for hemodynamic stability and the physical recovery of the transplant recipient. The
answer to the second question is reflected in the paradigm shift and the investment
in a new person-centered care model. If we observe its composition, we find that
it aggregates physical/biological and psychosocial aspects, giving us a holistic and
integrative view. The answer we have just outlined manifests, on the one hand, the
structural axis of healthcare, which we could formalize around the dichotomies of
person/health professionals, continuity/discontinuity, as the person, from our point
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of view, is the center of healthcare. Presently, the care system insists on the primacy
of the person; its action is aimed at the individual and implicitly or explicitly asserts
its primacy.

2. Person-centered care model for renal transplant recipients

The extent and significance of the person-centered care model vary across socio-
cultural contexts. In Europe, there is an appreciation for the person-centered care
model, transcending the traditional healthcare approach by placing the individual
at the core of care. This care model is more than a methodology; it is a philosophy
that recognizes the unique attributes, preferences, and aspirations of each healthcare
consumer. In the context of renal transplantation, the complexity and uniqueness of
each individual highlight that person-centered care emerges as a guiding principle
capable of meeting their physical, psychological, social, and cultural needs [5, 6].

One underlying reason for this choice is that, while the surgical act is crucial for
the success of the transplant, the nurse’s work represents a significant framework
in the recovery of the transplant recipient. Infection prevention interventions,
complication management, and health education promotion, including training
in the management of immunosuppressive medication, also ensure the success
of the surgery. Preparing the transplant recipient with the necessary adjustments
for adaptation to the new reality mobilizes the material and emotional resources
needed to live with the new organ. It also ensures the functions of protection,
support, and assistance in transitioning back to family, professional, and social life
in a new setting.

Available information indicates significant advancements in surgical techniques
and immunosuppressive therapy, with renal transplantation being by far the most
commonly performed surgical procedure in clinical practice [7].

All organ transplants are regulated by law. In Portugal, Law No. 12/93 of April 22
establishes the conditions related to the harvesting of organs and tissues of human
origin. Its application extends to all Portuguese citizens, stateless individuals, and
foreigners residing in Portugal [8].

The transplant can come from a living or deceased donor, and in Portugal, all
citizens are considered potential post-mortem donors unless they express a contrary
wish and are registered in the National Non-Donor Registry (RENNDA) [9].

According to data from the Portuguese Institute of Blood and Transplantation, in
2022, 495 kidney transplants were performed in Portugal. Observation of the records
shows an increase in the overall donation rate between 2021 and 2022 (451 versus
495), similarly occurring in the first half of 2023 when compared with the corre-
sponding period (223 versus 285) [10-12].

It is commonly accepted by authors that renal transplantation is the treatment of
choice for end-stage renal disease in terms of survival and quality of life [13-16].

The success of renal transplantation needs to be viewed through the perspec-
tives of different actors with diverse knowledge, concentrating and reinforcing their
efforts in caring for the renal transplant recipient. Success will depend on the ability
of these professionals to prepare the transplant recipient for adaptation and harmoni-
ous integration into the new context for an active life with the new organ. Questions
about success arise positively. For example, how can this specific group and their
families cope with the situation? How do we maximize the success of the renal graft?
With which actors? Through what practices?
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With the implementation of person-centered care, the aim is to generalize health-
care practices that respect the values and preferences of patients and promote their
autonomy. Providing information, communicating, and educating are three essential
aspects of this process. It is intended, from this care model, that the starting point
be the needs and problems felt by individuals, their involvement in the therapeutic
process, and in partnership with different healthcare professionals, facilitate healthy
adjustment, culminating in the success of renal transplantation.

All of this leads to the consideration of actors as fundamental agents in the pro-
cess, but above all, to imperatives of participation, interdisciplinary participation,
and participation with the patient and family, and it is in this context that nurses play
a central role in promoting and adapting the transplant recipient, helping to alleviate
uncertainty and strengthen self-efficacy [16].

The transition from the surgical process to the post-transplant phase is marked by
the beginning of a complex and challenging journey fraught with uncertainty, fear,
and change. The role of the nurse gains prominence in promoting recovery and ensur-
ing a healthy transition to the new reality of the renal transplant recipient.

Each interaction, each care provided, is permeated by an understanding of the
unique goals, preferences, and challenges of renal transplantation. Taking person-
centered nursing care as a reference, let us explore how these specific nursing inter-
ventions contribute to the success of renal transplantation in preventing risks and
complications associated with surgery.

2.1 The person-centered care model
2.1.1 Definition and principles of person-centered care

The person-centered care model (PCCM) places the individual at the forefront
of their care process and focuses on three main aspects: safety, education, and
communication [17]. The concept itself takes on different terms to express similar
principles and activities, such as holistic care, personalized care, among others
[18]. Here, we understand the concept from the perspective of a holistic approach
that considers the person in various dimensions: biological, psychological, social,
and cultural.

In the context of renal transplantation, beyond the physical component associ-
ated with the surgical act, the psychological, social, and cultural components play
a significant role in the individual’s recovery and transition to the new reality. It all
begins with empowering the person, giving them an active role, making it impor-
tant to consider an individual-centered care model. Informed decision-making and
support in disease self-management can improve the quality of care and health
outcomes [18]. It is essential to understand the role of nurses in promoting care
centered on the needs of the individual, based on their biological, psychological,
and sociocultural needs. What is their degree of intervention, not only in interven-
tions defined by nurses but also in the type of interventions they consider most
suitable for the individual?

According to the Health Foundation, collaboration between the patient and
healthcare professionals involves exploring what matters to the person and identify-
ing the best treatment, care, and support. Thus, involving the person leads to better
outcomes than “individual” decisions made by healthcare professionals. The nurse’s
support as a help system cannot be overlooked. Numerous factors, each playing a
specific role, influence the care chain developed during the care process [18].
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After renal transplantation, individuals face various challenges: physical, emo-
tional, and social, need to deal with an increasing number of aspects related to trans-
plantation, such as medication regimen, lifestyle changes, complications, infections,
and adjustment to a new reality [19].

In short, there is intense turbulence caused by the new conditions. New resources,
skills, and competencies are required to cope with the situation. At this moment,
there is a crucial awareness of the need to rebalance life, which can only be achieved
in its entirety by involving all individuals directly involved: the transplant recipient,
family, and healthcare professionals. Such a strategy will only be viable through
a person-focused care approach, aiming for the individual to develop the knowl-
edge, skills, and abilities to make informed decisions and manage their therapeutic
regimen [15].

The immediate question is: In the post-surgery period, what nursing interventions
have been developed to care for the renal transplant recipient?

The part of nursing that addresses these issues falls under the competencies of
nurses specializing in nephrology. According to the Portuguese Order of Nurses,
nurses specializing in medical-surgical nursing (EEEMC) in the area of chronic dis-
ease are qualified to care for individuals with end-stage renal disease (ESRD) under-
going renal transplantation. The regulation proposed by the College of the Specialty
of Medical-Surgical Nursing, approved in 2018, defines the specific competency
profile of EEEMC, in addition to the common competencies of the nurse specialist
defined in regulation n°® 429/2018. The specific competencies include:

1. Caring for individuals/families/caregivers experiencing chronic illness, applying
the nursing process, and developing specialized interventions.

2.Maximizing the therapeutic environment in collaboration with individuals/
families/caregivers experiencing chronic illness [20].

The first point emphasizes partnership, safety, and quality of care, involving
the identification of the needs of the individual and the family experiencing, in this
particular case, a complex surgical process.

The second important point involves the prevention of complications and, in a
broader approach, understanding the complexity of the situation experienced. The
evaluation of the impact of surgery on the quality of life and well-being of the trans-
plant recipient and their family is an area of intervention for the specialist nurse.

The activities developed in the next phase of the process aim to prepare the renal
transplant recipient for the transition. Therefore, support for the transplant recipient
and their family is crucial for obtaining favorable health outcomes. The post-trans-
plant period is challenging in that the individual moves toward a new path fraught
with uncertainties and potential complications [21].

Cooperation between the transplant recipient, their family, and the nurse brings ben-
efits when a commitment is made to undertake the best strategies for promoting, prevent-
ing, and managing the disease. It is hoped that the individual gains skills through learning
experiences promoted by the nurse, develop abilities for managing the new condition,
and can find solutions to detected problems. Thus, the appreciation of the potential of the
individual and their family is positive and adds value to the therapeutic relationship.

In this regard, and to give an idea of the relevance of the specialist nurse in caring
for the renal transplant recipient and their family, we highlight two key aspects of their
responsibility: the safety of the patient and the quality of nursing care, which, although
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transversal to all nurses, have greater weight for the specialist nurse and are part of
their competencies, as can be consulted in the regulation of specific competencies of
the EEEMC in the area of chronic disease. This includes preventing complications and
adverse events resulting from the disease, managing the therapeutic environment, pro-
moting a safe and quality environment in the provision of nursing care, and preventing
and controlling infections, both within the healthcare team and by assisting the patient
and their family in adhering to infection prevention and control behaviors [22].

On the agenda, the issue that gains visibility in the field of renal transplantation
is the quality of life of renal transplant recipients, involving the incorporation of
knowledge about the disease (a circumstance that, according to some authors, may be
at the root of a disturbing beginning due to the unfamiliarity of how to deal with the
new situation) and how to manage it.

After transplantation, the individual remains hospitalized for an average of five
to ten days before being discharged home [23]. During this hospitalization period,
various events can occur, such as post-surgery complications, for example, deep
vein thrombosis, paralytic ileus, bleeding, renal artery thrombosis, urinary fistula,
lymphocele, infection, pain, and rejection, among others [24].

The rate of major complications after transplant surgery is low and has a very small
contribution to graft loss, but it requires the attention of the nurse [25]. A rigorous assess-
ment of the patient is essential to prevent and/or minimize complications. Thus, consid-
ering the need to ensure the safety of the individual, promote effective recovery, prevent
complications, and facilitate the transition to an active life with the new organ, specific
nursing interventions are needed. This leads us to the following question: what care do
nurses promote in the postoperative period for the renal transplant recipient?

In the next section, we answer this question.

3. Applying person-centered care in the postoperative phase
3.1 Postoperative care nursing interventions

The context of nursing interventions during the postoperative and recovery
period involves various essential actions. By explicitly focusing on the contribution of
nurses in this scenario, we cannot overlook other critical elements, especially in the
context of renal transplantation. A fundamental aspect is preparing the individual
for the return home, aligning with the principles of the ontology of nursing care. In
this context, there is an opportunity to develop a holistic approach that considers the
individual as a whole, addressing physical, emotional, social, and spiritual aspects.

The integration of health education in this context emerges as the essential link to
empower transplant recipients to live fully with the new organ. Focusing on preparing for
the return home and adopting a holistic approach establishes the bridge of health educa-
tion as a strategic element of a cognitive process aimed at empowering the individual for
self-management of their condition, providing them with extensive knowledge about liv-
ing with the renal graft. This allows the individual to be the subject of their own journey.

Health education, as a tool for teaching and learning, gives mastery to the patient
and enables them to become autonomous subjects capable of making informed deci-
sions. Indeed, a crucial aspect of education is aligned with the individual’s individual
needs, recognizing them as an active and capable entity. Thus, health education not
only informs but also empowers, aligning with the holistic and person-centered vision
that guides the entire care process in the field of transplantation.
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The generated debate, markedly directed toward the recovery period and the
preparation of the renal transplant individual for the return to normality, not only
highlights their role as the main actor in this process but also emphasizes optimizing
the success of transplantation through education, however, without intending to
relegate the crucial relevance of the biological aspect in postoperative care.

According to the literature, the implementation of the Enhanced Recovery After
Surgery (ERAS) protocol in the preoperative, intraoperative, and postoperative
periods promotes patient recovery, reduces the risk of complications, facilitates early
discharge, and reduces healthcare costs [26].

Studies indicate that the implementation of ERAS is well-established in various surgical
areas but is a relatively new concept in renal transplantation [27-30]. However, its applica-
tion in renal transplantation has shown benefits for the patient. In a study by Dias et al., the
authors developed and implemented the standardized ERAS protocol in 200 transplanted
patients, of which 100 were subjected to the protocol and the other 100 to standard care.
The study took place between 2017 and 2018, and the outcomes of interest were the length
of hospital stay, the incidence of delayed graft dysfunction, and the readmission rate. The
results showed, in the experimental group, a shorter average length of hospital stay than
the control group by 2 days (the average length of hospital stay in the experimental group
was 5 days and in the control group was 7 days), and for 79% of participants in the experi-
mental group, discharge occurred on the fourth postoperative day. The rate of delayed
renal function was similar in both groups, as was the readmission rate. For the authors, the
implementation of the ERAS protocol, in addition to being essential, is safe since there was
no increase in the complication rate and/or delayed renal graft function [31].

Another study allowed us to verify the benefits of ERAS in renal transplantation.
The authors included 286 renal transplant recipients, of which 135 underwent the
recovery program, and 156 received standard care. The study’s objective was the
application of ERAS principles and measuring changes in quality of life and satisfac-
tion with care. The results showed a lower use of morphine for postoperative pain
management in the experimental group compared to the control group and statisti-
cally significant (median was 9.5 vs. 47 mg; P > 0.001). Similar to the previous study,
the authors also obtained a shorter average length of hospital stay in the experimental
group than in the control group (median was 5 days vs. 7 days; P < .001). Unlike the
study by Dias et al., the authors found in the experimental group a readmission rate of
less than 5% in the 10 days following transplantation [32].

If the above-described view of the benefits of the ERAS protocol in renal trans-
plantation seems like a path to follow, based on research confirmed in the literature,
this new approach, albeit recent in the field of renal transplantation, is highly stimu-
lating if we think about the challenge of responding, through models and strategies,
to the uncertainties, fears, concerns, and needs of renal transplant individuals.

The principles underlying this approach are those of a person-centered approach,
so they can be easily adapted to renal transplantation. A multidisciplinary team con-
sisting of surgeons, anesthesiologists, intensivists, nephrologists, nurses, and other
healthcare areas involved in care for renal transplant individuals, such as a nutrition-
ist, radiologist, pharmacist, social worker, etc., is involved in the entire process. The
transplant recipient is involved in this process [33].

The program encompasses three stages: stage 1, the period preceding surgery;
stage 2, the period immediately before surgery; stage 3, the immediate recovery
period corresponding to the period of preparing the individual for discharge, that
is, helping the individual leave the hospital as soon as possible if well prepared and
ensuring support at home after hospital discharge [34].
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This is an evidence-informed approach aimed at minimizing the stress caused

by surgery and helping the individual recover quickly. However, its implementation
remains challenging and should be adapted to each patient [35].

This framework, already theorized in various disciplinary fields, should be prob-
lematized in the context of renal transplantation as a reference framework for caring
for renal transplant individuals.

The ERAS approach includes three domains, as mentioned earlier: preoperative,
intraoperative, and postoperative. Since our focus is on the postoperative period, the
recommended actions for this phase encompass many nursing interventions devel-
oped by the nurse during this period, such as:

Rigorous monitoring, through constant monitoring of vital signs.

Monitoring renal function with special attention to diuresis. Significant changes
may indicate graft dysfunction or rejection. Monitoring laboratory values such as
creatinine and urea.

Pain control and multimodal analgesia.

Early mobilization. Prevention of deep vein thrombosis and pulmonary embo-
lism. This may also involve the administration of low molecular weight heparin,
if prescribed by the medical team.

Adequate hydration and nutrition. On the first day after surgery, initiate a liquid
diet, progressively evolving to a solid diet according to tolerance.

Control of nausea and vomiting.

Complications. After a transplant, patients face a myriad of potential post-
operative complications. These include surgical complications such as wound
infections, bleeding, or organ damage, as well as the risk of viral, bacterial,

and fungal infections due to the immunosuppressive medications required

to prevent organ rejection. Additionally, there’s a constant concern for graft
dysfunction and organ rejection, which can manifest as a decline in organ func-
tion or outright rejection by the recipient’s immune system. Moreover, patients
may also encounter other complications such as neoplasms and cardiovascular
issues, further emphasizing the importance of vigilant post-transplant care and
monitoring.

Infection prevention. Removal of medical devices (urinary catheter, drains) as
soon as the clinical condition allows (on average, they remain for 5 to 7 days).
Surveillance of the surgical site, implementation of infection prevention and
control measures such as hand hygiene.

Immunosuppression.

Emotional support.

Promotion of autonomy.

Patient education [36].
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This set of actions corresponds to the quality standards of nursing care (PQCE)
defined by the Order of Nurses, namely health promotion, prevention of complica-
tions, well-being and self-care, and functional readjustment. A study conducted in
Brazil analyzed postoperative care for kidney transplant recipients based on the per-
ception of 10 nurses. According to the participants, the interventions in their clinical
practice for this group include monitoring vital parameters, infection prevention with
particular attention to hand hygiene, hydration, diuresis monitoring (Fluid Balance),
immunosuppressive medication, pain control, and monitoring complications. Anxiety
is also a central focus of their care. The discharge plan is not part of their routine [37].

However, the hospital discharge plan is a fundamental element in preparing the
individual for home and is essential in promoting autonomy. Standardized discharge
plans contribute to increasing self-care capacity, communication between the nurse
and the patient, and preventing hospital readmission. Post-transplantation requires
the individual to manage their disease concerning symptom management, medica-
tion, complications, and infections. This fact leads us to consider health education asa
key factor in promoting self-care in disease management [38].

In reality, the need to respond quickly to the situation created by the transplant
challenge highlights education as a fundamental component in preparing the indi-
vidual for home. During hospitalization, the transplant recipient and their family
learn how to care for their renal graft. Building on the PQCE defined by the Order
of Nurses, the nurse helps the individual achieve the maximum health potential.
Thus, in line with the goals set with the individual, particularly regarding self-care,
the nurse creates and seizes opportunities to promote identified healthy lifestyles.
Additionally, they provide information that promotes cognitive learning and the
development of new capabilities by the individual [22].

The promotion of autonomy involves preparing the patient and their family, as
mentioned earlier, and education is a valuable tool from the perspective of require-
ments for hospital discharge. A review study on nursing care in the postoperative
period of renal transplantation highlights education as an important factor in the
success of renal transplantation [39].

The relationship between self-care and health outcomes is close. The educational
process directed at the transplant recipient and their family regarding self-care
behaviors is essential for effective management of their health condition. It is due
to this need that education is considered the cornerstone in caring for this specific
group [24].

After transplantation, individuals need to learn to manage a complex medication
regimen, monitor the side effects of therapy, monitor signs of rejection and infection,
and deal with complications and comorbidities [40].

Investing in education is understood as a means to equip the individual with
the essential tools for self-management. Support also plays a significant role in this
learning process [41]. What education strategies can be developed in the transplant
scenario to prepare for the return home?

In the next section, we address education as one of the pathways to transplant success.

4, Patient education for self-care

In the normal sequence of actions to ensure the success of surgery and the quality
of life for transplant recipients, several authors have outlined education programs
aimed at kidney transplantation. The choice of participatory education models takes
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into account the degree of importance attributed to individuals in managing their
illness process. This scenario includes a randomized clinical trial conducted in 2018

in Tabriz, Iran, involving 60 hospitalized kidney transplant recipients at the Iman
Reza Hospital. The authors implemented and evaluated the effectiveness of a self-care
education program for this population.

The study aimed to develop and implement an education program based on
the needs of this specific group to assist them in resolving emerging problems and
improving their quality of life. Initially, researchers administered a questionnaire
to participants to identify their needs. Subsequently, they developed the education
program, consulting a nephrologist beforehand. Education sessions were conducted
at the patient’s bedside and lasted for 30 to 45 minutes. Three sessions were provided
to the experimental group. Researchers used a book as a resource for the educa-
tion session, covering concepts and definitions of the disease, medication, dietary
regimen, physical exercise, and self-care activities. The results showed statistically
significant differences between the two groups after administering the education
program, particularly in self-care and quality of life. In the domain of self-care educa-
tion, the experimental group had, on average, higher scores than the control group
after the educational sessions (average scores in self-care and quality of life between
the two groups: EG = 6.017 vs. CG = 5.175; p > .001). They concluded that the educa-
tion program is effective in improving knowledge about kidney transplantation and
quality of life. They emphasize the role of nurses in promoting the knowledge and
skills necessary for disease management [42].

Several studies emphasize the nurse’s role in preparing transplant recipients for
their new condition. Training should be seen as a means of support for change, and in
this perspective, nurses play a fundamental role [2, 13].

Some studies clearly demonstrate that education should be tailored to the individ-
ual’s background to promote successful learning, with the teach-back model proving
crucial for ensuring learning success [43-45].

Interdisciplinarity is fundamental in the educational process, contributing to
the education of transplant recipients. Nowadays, it is challenging for transplant
education to be confined to a single discipline due to various constraints related to
knowledge development, technological advancement, and the individual needs of the
person. The nurse’s assumption of this role does not imply that other healthcare pro-
fessionals are entirely excluded from this process. Nurses are with patients 24 hours a
day, providing them with more time to understand their physical and psychological
needs, including motivation and readiness to learn [2].

The involvement of the patient remains undeniably crucial, especially when they
will be responsible for managing their health condition. Changes after transplanta-
tion will undoubtedly influence what is learned, how it is learned, and even the
stereotypes constructed about the disease. Some studies suggest that many patients
struggle with managing their illness because they are unaware of the relevance of
their participation in the process and how to handle the complexity associated with
the situation. One of the nurse’s functions is to inform the person about the challenges
and complications that the situation brings. Transplant recipients need to acquire
knowledge about immunosuppressive medication, monitor signs of rejection, and
understand the benefits of changing certain lifestyle styles [46].

Urstad and colleagues [47] demonstrate in their study the effect of an educational
intervention on the knowledge, adherence, self-efficacy, and quality of life of kidney
transplant recipients. They conducted a randomized clinical study involving 139
participants, with 77 in the experimental group and 82 in the control group. Various
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measurement instruments were applied (knowledge questionnaire, SF-12, self-efficacy
scale, and observation). Measurements took place between the 7th and 8th weeks
post-transplant.

Statistically significant differences were found between the two groups in terms
of knowledge in both assessment periods (p = 0.002 and p = 0.004). Similarly,
self-efficacy scores differed between the two groups in both assessments, with the
experimental group showing higher values than the control group (p = 0.036), and
the quality of life followed the same direction (p = 0.001). The authors concluded
that a personalized education program tailored to the individual positively influences
knowledge, self-efficacy, and quality of life.

This leads us to the following question: what to include in the education program?
Based on the literature, we have defined some contents that we consider relevant for
the teaching/learning process, namely:

1. Personalized and Individualized Education

* Consider specific characteristics of the individual, such as health literacy
levels, particularly regarding kidney transplantation, cultural preferences, and
medical history.

2. Competency-Based Education

* Focus on the competencies necessary for self-care, enabling the acquisition of
skills/capabilities needed to manage their condition.

3.Incorporation of Technology

* Incorporate innovative technologies, such as mobile applications or online
platforms, to facilitate real-time access to information. They can serve asa
means of continuous support and easy access to educational resources.

4.Involvement of the Family

* Involving the family in the educational process, besides providing
emotional support, plays an active role in helping the person adhere to
recommendations.

5.Proactive Approach to Potential Complications

* Include information on warning signs of possible post-transplant complications
and teach proactive management of any abnormal symptoms that may arise.

6. Continuous Assessment of the Individual’s Understanding

* Continuous assessments should be conducted to identify any cognitive changes
that may compromise the ability to learn and manage the disease.

In our view, education sessions should address immunosuppressive medication,
self-care (monitoring renal function, urinary output, blood pressure, temperature,
weight, and capillary blood glucose if clinically indicated, surveillance for signs of
rejection and potential infections), healthy lifestyles, vaccination, and sexuality.
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Another important aspect is the establishment of personalized goals, effective
communication, follow-up, and continuous support.

The transition to kidney transplantation requires an adaptation period that
necessitates communication, a teaching pace tailored to each individual’s rhythm,
the encouragement of a strong dynamic with spaces for dialog, a space to respect and
integrate cultural differences, and also different personalities.

It is essential to give space for transplant recipients and their families to participate
in the project, starting by listening to their priorities and expectations, trying to
understand their logics, and then preparing them for any challenges that the disease
may bring.

5. Conclusion

What can be concluded?

The nurse caring for kidney transplant recipients faces daily challenges that
cannot be ignored. Therefore, for the success of kidney transplantation, it is impor-
tant to develop a comprehensive understanding of transplantation and the lives of
those being cared for: who they are, how they live, with whom they live, what their
concerns, worries, beliefs, expectations, religion, and cultural context are. Knowing
each of these facets in their interactions with the individual and their family helps to
obtain a holistic view of the whole that characterizes them and develop personalized/
individualized education programs.

Education is an important factor in teaching/learning and should follow a stan-
dardized, person-centered structure. In fact, individuals with chronic kidney disease
need to reintegrate into society once transplanted, and most are on an equal footing
in terms of knowledge and disease self-management skills. Success lies in adherence
to the therapeutic regimen in its various aspects. Studies show that the better-adapted
group is the one that learns to cope with the disease and experiences fewer difficulties.

In this context, the nurse’s role is crucial to overcoming difficulties and providing
transplant recipients with the necessary tools for a healthy adaptation. Education
should be considered an essential and never secondary element because, as we have
seen, it is through education that better openness to socializing with kidney trans-
plantation is achieved, and the self-efficacy and autonomy of the transplant recipient
are built.
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Chapter7

Neuropsychiatric Morbidities

in Non-Cardiac Surgical
Patients Related to Perioperative
Anaesthesiologic and Intensive
Care

Clemens Kietaibl

Abstract

This book chapter provides neuropsychiatric morbidities related to perioperative
patient care including both surgeries under general or regional anaesthesia and post-
operative intensive care. While detailed guidelines have been already developed for
the perioperative care for patients with cardiac comorbidities, guidelines for patients
with pre-existing neuropsychiatric morbidities are currently limited. In particular,
these limitations may affect non-cardiac surgical and non-neurosurgical patients,
which is why it seems important to develop treatment guidelines which are applicable
to patients undergoing major general surgeries under general or regional anaesthesia
including postoperative intensive care. Hence—although provided neuropsychiatric
aspects and morbidities related to anaesthesiologic perioperative patient care are
applicable to all surgical disciplines—the provided treatment recommendations
primarily apply to patients undergoing general surgeries.

Keywords: neuropsychiatric morbidities, perioperative anaesthesiologic care,
non-cardiac surgical patients, postoperative intensive care, perioperative treatment
recommendations

1. Introduction

This book chapter initially describes important neuropsychiatric morbidities
primarily in general surgical patients including delirium, postoperative cognitive
dysfunction (POCD), postoperative posttraumatic stress disorder (PTSD), periopera-
tive stroke, convulsive status epilepticus (CSE) and non-convulsive status epilepticus
(NCSE), cerebral macro- and microangiopathy, Alzheimer’s disease (AD), cerebral
autoregulation dysfunction and limited cognitive reserve (CR). Subsequently,
identifying perioperative patients with underlying neuropsychiatric morbidities is
specified. Finally, treatment recommendations for perioperative anaesthesiologic
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care of non-cardiac surgical patients with neuropsychiatric morbidities are described
including both surgeries under general or regional anaesthesia and postoperative
intensive care.

2. Neuropsychiatric morbidities in patients undergoing non-cardiac
surgeries

2.1 Potential difficulties in the perioperative care of non-cardiac surgical patients

While anaesthesiologists usually have based on evidence-based guidelines an
explicit concept for patients with pre-existing cardiac morbidities, potentially limited
guidelines for patients with pre-existing neuropsychiatric morbidities may complicate
perioperative anaesthesiologic care [1]. Concerning neuropsychiatric morbidities,
degenerative cerebral morbidities based on cerebral macro- and microangiopathy
may play the most significant role due to their high prevalence in general surgical
patients. These patients frequently have a reduced cerebral perfusion, a disturbed
cerebral autoregulation and an impaired carbon dioxide (CO,) reactivity [2].

In Europe around 19 million of patients undergo mid-sized or major surger-
ies—worldwide around 200 million of patients. Perioperative complication rates are
about 7-11%, with a mortality rate of about 0.8-1.5%, whereby cardiac complications
show the highest frequency (about 42%) [3]. While cardiac complications have been
exactly investigated, the pathophysiology underlying neuropsychiatric complications
is currently poorly explored—supposing a multifactorial pathophysiology including a
potentially surgically induced systemic inflammatory response syndrome (SIRS) with
subsequent neuroinflammation [4-6].

2.2 Postoperative delirium

The incidence of postoperative delirium varies within a wide range from 5 to 65%
[5]. Since delirium significantly increases perioperative morbidity, mortality and the
duration of hospital stay [7], it is important for anaesthesiologists to know specific risk
factors for postoperative delirium. Firstly, predisposing risk factors include a high patient
age, hypertension, alcohol- and nicotine abuse, sleep disturbances, vision and hearing
disorders, sensory disturbance, pain, limited exposition to daylight, infections, physical
immobilisation, social isolation, abstinence syndrome, dehydration, electrolyte and acid-
base imbalance, metabolic disorders, seizures and critical illness requiring postoperative
intensive care [8]. In addition, a pre-existing cerebral impairment—in particular, demen-
tia—seems to be a major risk factor [7, 9]. Obviously, some of these pre-existing risk
factors may be also applicable to intra- and postoperative patient care. Secondly, specific
risk factors related to surgeries and perioperative anaesthesiologic care are polytrauma,
emergency surgeries, medically induced coma, mechanical ventilation, high blood loss,
blood transfusion, hypoxaemia and temperature fluctuations [6, 8]. Finally, considering
postoperative intensive care, treatment with extracorporeal circulations—in particular
venoarterial extracorporeal membrane oxygenation (ECMO)—may tend to increase the
incidence of overall neuropsychiatric morbidities including postoperative delirium [10].

The cardinal symptoms of delirium are spatial and temporal disorientation and
impaired attention. Since postoperative patients regularly may be hypoactive and
lethargic—and these symptoms could be assigned to a preceding general anaesthesia,
dementia or depression—especially a hypoactive delirium remains undetected at
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times [7]. In particular regarding postoperative intensive care, although clinical tests
for delirium are currently increasing, a relatively high number of undetected postop-
erative delirium probably exist [6].

The assumed pathophysiology underlying postoperative delirium is primarily a
cerebral neuroinflammation impairing the blood-brain barrier (BBB) based on a SIRS
potentially induced by surgical stress. According to current knowledge, a multifacto-
rial pathophysiology seems probable [6]. Concerning that up to 50% of patients with
postoperative sepsis have delirium, microvascular alterations, metabolic disturbances
and impaired aerobic processes probably contribute significantly to the multifactorial
pathophysiology [11]. Moreover, significant intraoperative blood pressure fluctua-
tions are associated with delirium, while the role of intraoperative hypotensive time
periods remains a bit unclear [12]. Whereas specific medications used in the periop-
erative period (e.g. benzodiazepines, opiates, propofol, glucocorticoids and atropine)
may promote delirium, dexmedetomidine seems being protective [8]. However,
whether using regional anaesthesia instead of general anaesthesia to reduce delirium-
associated medications decreases the occurrence of postoperative delirium remains
currently unproven—one reason for this might be the complex pathophysiology [13].
The latest research investigates postoperative blood pressure regulation—suggesting
that particularly postoperative hypotensive periods contribute to delirium and overall
patient morbidity and mortality [14, 15].

2.3 Postoperative cognitive dysfunction (POCD)

POCD is characterised as a subtle decline in patient’s cognitive ability from its
preoperative baseline including the following specific cognitive domains: learning
and memory, language, perceptual-motor, social cognition, complex attention and
executive function. In contrast to immediate cognitive impairment potentially related
to multiple causes (e.g. recovery from anaesthesia or surgery, pain, anxiety and sleep
disturbance), POCD onset starts several days later and may last for months or even
years. POCD can significantly affect the quality of life, potentially outweighing the
surgical benefits, which has more serious sequelae in the elderly population. In addi-
tion, POCD is associated with a higher postoperative 1-year mortality [16]. Finally,
in particular, the elderly population should be perioperatively examined by multiple
psychometric tests for POCD [17].

POCD occurs most often after cardiac (up to 80%), orthopaedic (up to 60%) and
major general surgeries (up to 50%) [16, 18]. Specifically, after non-cardiac surgeries,
the occurrence of POCD in patients with advanced age lies after 1 week, about 30%,
after 3 months, about 13% and after 1 year, about 1%. Primary risk factors for POCD
include a high age, a low educational level, pre-existing cerebrovascular or cardiovas-
cular diseases and cognitive dysfunction at hospital discharge. Further risk factors
may be a pre-existing cerebral impairment, prolonged anaesthesia and surgery, revi-
sion surgeries, postoperative infections and respiratory complications [16, 17].

The pathophysiology underlying POCD is currently not completely understood—a
cerebral neuroinflammation potentially due to surgical stress-inducing choliner-
gic dysfunction and neuronal death seems to play a key role [17]. In addition, the
exposition to cerebral microemboli—gaseous or solid—may contribute to POCD
[18]. Cerebral microemboli exposition may occur in non-cardiac surgical patients
primarily during major orthopaedic surgeries [18] and postoperative intensive care,
if patients are treated with extracorporeal circuits—in particular, venoarterial ECMO
may generate a high load of cerebral microemboli (Figure 1) [10].
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Figure 1.
Cerebral microemboli during venoarterial extracorporeal membrane oxygenation. The yellow spots represent a
high load of cerebral microemboli in the middle cerebral artery using transcranial Doppler ultrasound.

Clinicians often believe that regional anaesthesia may reduce the incidence of
POCD compared to general anaesthesia. However, current research could not prove a
reduction of POCD using regional anaesthesia—in particular considering prolonged
POCD [16]. While electroencephalography (EEG) guided total intravenous anaes-
thesia (TIVA) based on propofol seems being protective, clinical variables including
hypoxia, hypotension and impaired cerebral perfusion could not be certainly associ-
ated with POCD [17]. Due to neuroprotective effects, dexmedetomidine is suggested
to reduce POCD, whereas the potential benefits of ketamine and non-steroidal
anti-inflammatory medications are currently unclear [8, 17]. Finally, keeping the
postoperative hospital stay as short as possible consecutively returning the patient to
everyday life may decrease a prolonged POCD [16].

2.4 Postoperative posttraumatic stress disorder (PTSD)

PTSD is generally characterised by behavioural avoidance, negative thoughts or
mood and impaired physical or emotional reactions. Concerning young children
(<6 years), clinical symptoms may additionally include simulating the traumatic
event during playing and frightening dreams commonly related to the traumatic
event. In addition, symptoms may be aggravated by disturbed sleep patterns, frequent
flashbacks, panic attacks and suicidal thoughts. The onset of postoperative PTSD may
start within 1 month after surgery and may last for years—the intensity of symptoms
typically varies related to peoples’ baseline stress level or coming across the event.
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The quality of life may be significantly impaired by social withdrawal, disability to
carry out work or normal daily tasks and worse relationships [19-21].

In non-cardiac surgical patients, PTSD occurs frequently after major general sur-
geries (4-53%). The following perioperative risk factors for PTSD could be identified:
intraoperative awareness (>2 minutes), postoperative intensive care, delirium, sepsis
and SIRS [22, 23]. While most pre-existing neuropsychiatric morbidities increase the
occurrence of postoperative PTSD, preoperative depression seems having protective
effects [21]. Referring to benzodiazepines, intraoperative usage is protective due
to their amnestic effects reducing intraoperative awareness [22], whereas benzodi-
azepines during postoperative intensive care may trigger PTSD [19]. According to
current knowledge, a cerebral neuroinflammation potentially based on a SIRS may
play a key role in the pathophysiology of PTSD [21].

The diagnosis of postoperative PTSD should consist of a physical examination
and a psychiatric evaluation 2-6 hours, 2-36 hours and 30 days after surgery to
identify also a prolonged onset of PTSD—using the criteria in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [24, 25]. Magnetic
resonance imaging (MRI) research showed in PTSD patients reduced volumes of the
hippocampus, the amygdala and the anterior cingulum [26].

The multifactorial treatment of PTSD currently prefers fast recovery concepts
[27]. Most important is psychotherapy including cognitive and behavioural therapy.
In addition, medical therapy consists of antidepressants (e.g. selective serotonin
reuptake inhibitors, sertraline and paroxetine), anti-anxiety medications and prazo-
sin in case of nightmares. A further application of anti-inflammatory drugs might be
a promising option in the future. Moreover, treatment includes therapeutic exercise
and nutritional therapy. Finally, eye movement desensitisation and reprocessing
(EMDR) represent an additional modern therapy [27, 28].

2.5 Perioperative stroke

Perioperative stroke with clinical symptoms is a rare complication of general
surgeries during the operation and postoperatively within 30 days (0.08-0.7%).
However, since perioperative stroke is associated with a high mortality rate (18-26%)
exceeding the mortality rate of strokes in the general population, it ranks among the
most important neuropsychiatric perioperative complications [29, 30]. In contrast,
perioperative silent strokes—strokes without any noticeable symptoms—have an
incidence of up to 7% [31]. They typically affect a small part of the brain which is not
necessary for vital functions. Hence, perioperative silent strokes regularly remain
clinically undetected, but they can be diagnosed by MRI.

Risk factors for perioperative strokes in non-cardiac surgical patients are a high
age, a pre-existing stroke or transient ischaemic attack (TIA), myocardial infarction
within 6 months before surgery, atrial fibrillation, hypertension, hypercholesterolae-
mia, nicotine abuse, acute renal failure, dialysis and chronic obstructive pulmonary
disease (COPD) [30].

Perioperative stroke is defined as brain infarction of ischaemic or haemorrhagic
aetiology occurring during or within 30 days after surgery [32]. The majority is of
ischaemic origin primarily based on either cardioembolisms - caused by atrial fibril-
lation or right-to-left shunt - or on embollisms due to vulnerable atherosclerosis of
the aortic arch. Further ischaemic reasons include cerebral hypoperfusion, cerebral
artery thrombosis and combined aetiologies. Although intraoperative hypotension
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may be less frequently associated with stroke than previously assumed, the periop-
erative ischaemic evaluation (POISE) trial showed a positive correlation between
beta-blocker-induced intraoperative hypotension or bradycardia and perioperative
stroke in non-cardiac surgical patients [33]. A further reason adding to perioperative
stroke might be a disturbed cerebral autoregulation [34]. Finally—according to the
NeuroVISION trial—silent strokes may primarily increase the risk for POCD [31].

2.6 Convulsive status epilepticus (CSE) and non-convulsive status epilepticus
(NCSE)

CSE and NCSE have a little higher prevalence in general surgical patients than
previously assumed (1-10%). During postoperative intensive care, the prevalence
of NCSE further increases up to 30% [35]. Primary predisposing risk factors are
structural brain diseases and impaired brain development. A CSE is defined as seizure
lasting >30 minutes—importantly, seizures lasting >5 minutes are rarely self-limiting,
requiring adequate treatment [36].

The pathophysiology underlying seizures is based on a disbalance of excitatory
and inhibitory neuronal brain activity. As a consequence, brain metabolism, cerebral
blood flow, blood glucose and lactate levels increase. Consecutively, an elevated
cardiac output, tachycardia, hypertension and elevated central venous pressure occur.
These pathophysiological changes may represent a compensation of the body poten-
tially protecting the brain for 30-60 minutes. Afterwards, cerebral autoregulation is
impaired—leading to cerebral hypoxia, hypoglycaemia, elevated intracranial pres-
sure (ICP) and cerebral oedema. Finally, electrolyte imbalance, metabolic acidosis,
disseminated intravascular coagulation and rhabdomyolysis may induce a multi-
organ failure [36]. These pathophysiological changes likely apply to NCSE—typically
proceeding slower [36, 37].

To prevent perioperative seizures, it is key continuing anti-epileptic medication.
While most anaesthetics do not interfere with anti-epileptic medication, quantifying
its plasma level in case of postoperative intensive care is recommended [35].

2.7 Cerebral macroangiopathy

Pathologies of cerebral arteries have significant clinical importance—in particular
during anaesthesiologic perioperative patient care. Pre-existing cerebral macroangi-
opathy including a stroke or TIA, a significant carotid artery stenosis and a cerebral
artery aneurysm may require a neurological council and subsequently, in individual
patients, further diagnostic imaging such as computed tomography (CT) scan, MRI
or transcranial Doppler (TCD) ultrasound. Importantly, a pre-existing peripheral
artery occlusive disease (PAOD) is regularly combined with an occlusive cerebrovas-
cular disease—potentially significantly affecting cerebral circulation. Among PAOD
surgical patients with occlusive cerebrovascular disease, up to 14% have carotid artery
stenosis >70% [3]. Hence, a preoperative carotid ultrasound may be a beneficial
diagnostic tool to indicate a necessary cerebral revascularisation [38].

Currently, cerebral revascularisation—performed either surgically or by endovas-
cular techniques—is usually done postoperatively as long-term prevention of stroke.
Therefore, optimising cardiac output and maintaining adequate cerebral perfusion
pressure (CPP) seem crucial. Considering patients with significant atherosclerosis,
statins and beta-blockers should be perioperatively applied continuously, and the
application of acetylsalicylic acid should be interrupted as short as possible. In
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addition, blood pressure levels should be targeted according to the guidelines on
non-cardiac surgery provided by the European Society of Cardiology (ESC) and the
European Society of Anaesthesiology (ESA) (Table 1) [3]. Finally, perioperative
monitoring may be extended by invasive blood pressure monitoring and transoesoph-
ageal echo estimating stroke volume.

2.8 Cerebral microangiopathy and Alzheimer’s disease (AD)

Cerebral microangiopathies—diseases of the terminal vessels—potentially impair
significantly cerebral microcirculation and play a key role in the pathophysiology
of perioperative neuropsychiatric morbidities. Cerebral microangiopathy primarily
includes subcortical arteriosclerotic encephalopathy (Binswanger’ disease), cerebral
amyloid angiopathy and inflammatory-based microangiopathies [39].

Binswanger’s disease can be clinically characterised by persistent hypertension and
systemic vascular disease, acute strokes, subacute accumulation of focal neurologic
symptoms with signs over weeks to months, long plateau periods, lengthy clinical
course, dementia, prominent motor signs or pseudobulbar palsy and hydrocephalus.
Pathologically, cerebrovascular atherosclerosis of small vessels, a diffuse white matter
loss combined with gliosis and lacunar infarcts, can be detected. According to the
findings of neuroimaging studies using MRI and CT scans, the term white matter dis-
ease has been established [39-41]. While it has been hypothesised that white matter
hyperintensities (WMH) may result from degenerative or demyelinating processes,
atherosclerotic vascular changes seem to be crucial for the progression of WMH [42].

Risk factors for Binswanger’s disease include in particular hypertension, atrial
fibrillation and a high patient age [39, 42]. Accordingly, early treatment of hyper-
tension may have a protective effect. However, hypotension (generally, orthostati-
cally, nightly and postprandially) seems to be an additional risk factor. Therefore,
blood pressure adjustment to a high-normal range (i.e. systolic blood pressure
135-150 mmHg) is currently recommended [43].

Recommendations Class of Level of
recommendation evidence

Preoperative carotid artery and cerebral imaging are recommended 1 C

in patients with a history of TIA or stroke in the preceding

6 months.

Preoperative, routine carotid artery imaging may be considered in 1Ib C

patients undergoing vascular surgery.

Whenever possible, continuation of anti-platelet and statin JIES C
therapies should be considered throughout the perioperative phase
in patients with carotid artery disease.

For patients with carotid artery disease undergoing non-cardiac Ila C
surgery, the same indications for carotid revascularisation should
apply as for the general population.

Preoperative routine carotid artery imaging is not recommended in III C
patients undergoing non-vascular surgery.

Table 1.

Recommendations on patients with suspected or established carotid artery disease according to the guidelines
on non-cardiac surgery provided by the European Society of Cardiology (ESC) and the European Society of
Anaesthesiology (ESA).
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According to the current concept of mixed dementia, Binswanger’s disease
promotes AD in the elderly population [44]. Pathophysiologically, AD onset is based
on the accumulation of amyloid § inducing hyperphosphorylation of protein tau,
leading to neurofibrillary tangles. Heritable factors play a key role in 60-80% of AD
patients—more than 40 AD-associated genetic risk loci have already been identified,
of which apolipoprotein E alleles have the strongest impact. Positron emission tomog-
raphy scans and plasma assays may be used to detect amyloid p and phosphorylated
tau. Current research further suggests that specific lifestyle factors may contribute to
a positive outcome in AD patients. Prospectively, potentially beneficial medical treat-
ment includes anti-amyloid p, anti-tau and anti-inflammatory strategies [45]. Finally,
AD (60%) and Binswanger’s disease (20%) are the major causes of brain failure in the
elderly population [40].

2.9 Cerebral autoregulation dysfunction

Cerebral autoregulation describes the physiological adaption of the cross-section
of cerebral arterial vessels to the CPP [46]—thereby enabling a constant cerebral
perfusion within a particular range of systemic blood pressure. Deceeding the lower
limit of cerebral autoregulation (LLA) decreases cerebral perfusion, potentially
impairing cerebral function and resulting in symptoms like seizures and neurocogni-
tive dysfunction. In contrast, exceeding the upper limit of cerebral autoregulation
(ULA) subsequently leads to cerebral hyperperfusion, potentially impairing the BBB
with consecutive vasogenic cerebral oedema. Generally, cerebral autoregulation is
probably controlled by myogenic and endothelial cerebrovascular factors and by
metabolic mechanisms [47].

Since the Kety-Schmidt technique has been established in 1948, static cerebral
autoregulation could be measured—describing the relationship between mean
arterial pressure (MAP) and CPP during a steady-state MAP. Subsequently, Rune
Aaslid has established TCD ultrasound in 1982, which had a key impact on measur-
ing dynamic cerebral autoregulation—describing the MAP-CPP relationship during
a non-steady-state MAP by his landmark study in 1989 [48]. Since systemic blood
pressure slightly varies continuously (e.g. influenced by breathing or physiologically),
nowadays, using dynamic cerebral autoregulation is paramount [49].

According to current knowledge, cerebral autoregulation functions correctly
within a smaller range of systemic arterial blood pressure than previously assumed
[46]—which has been firstly shown in 1997 and later confirmed (Figure 2) [47, 49].
Both the LLA seems to vary individually within 40-90 mmHg and the shape of the
LLA may strongly vary. In addition, the plateau of the cerebral autoregulation curve
(Figure 2) may be rather small—about 20 mmHg [47]. Importantly, various patients
can probably better compensate exceeding the ULA than deceeding the LLA [49].
Accordingly, adjusting blood pressure individually during perioperative anaesthesio-
logic patient care seems to play a key role [47].

Dynamic cerebral autoregulation can be studied on one side by time domain
analysis: by measuring the degree of correlation between blood pressure and various
cerebral output signals, the Pearson correlation coefficient is calculated. While a posi-
tive correlation coefficient reflects synchrony between the two signals—suggesting
an impaired cerebral autoregulation—a negative or near-zero correlation coefficient
implies a physiological adaption to blood pressure changes, indicating an intact
cerebral autoregulation. A further measuring approach is based on more complex
analyses of time-frequency domains [50]. Currently, dynamic cerebral autoregulation
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Figure 2.
Adjusted curve of cerebral autoregulation. Both the lower limit (LLA) and upper limit (ULA) of cerebral
autoregulation vary significantly between individual suvgical patients.

is usually determined by two input signals—invasive or non-invasive arterial blood
pressure combined with cerebral blood flow (e.g. estimated by TCD ultrasound), ICP
or regional oxygen saturation (rSO,) of the brain estimated by near-infrared spec-
troscopy (NIRS) [51].

According to current research, cerebral autoregulation may be in particular impaired
in elderly patients (e.g. based on micro- or macroangiopathy, diabetes and dementia)
and perioperatively (e.g. based on mechanical ventilation, delirium, SIRS and dialy-
sis)—indicating that a perioperative bedside monitoring might be beneficial [47]. In line
with an international consensus paper regarding perioperative intensive care, monitor-
ing of cerebral autoregulation is especially recommended for individually selected
neurocritical care patients [52]. Currently, intraoperative monitoring of cerebral auto-
regulation cannot be routinely performed; however, it can be done in clinical research.

2.10 Limited cognitive reserve (CR)

CR is the capacity of the brain to compensate for a varying range of cerebral inju-
ries without functional cerebral impairment—this concept has been firstly described
at the end of the 80s [53]. CR is primarily based on good cerebral functionality and
brain plasticity, which enables the brain to make neurostructural changes for adaption
to potential impairments.

Since CR represents a theoretical concept, it is usually measured by proxy
variables including general lifetime experiences, educational and occupational
attainment, intelligence, lifestyle (e.g. social, physical and cognitive activities), socio-
economic status and early life experiences (e.g. perinatal and postnatal factors such
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as childhood intelligence). In addition, biomarker studies examining amyloid and
tau protein may be used. The concept of CR—potentially playing a significant role in
age-related cognitive dysfunction based on describing individual differences in sus-
ceptibility to cognitive, functional or clinical decline—may be applicable to multiple
neuropsychiatric morbidities including AD, macro- and microangiopathy, delirium
and other [54, 55]. Since only about 50% of inter-individual variability in cognitive
dysfunction is based on the most common age-related neuropathology, such as AD,
various neurodegenerative and cerebrovascular factors may significantly add to the
pathophysiology underlying cognitive dysfunction in the growing elderly population
[56]. Finally, there is strong evidence that a high level of CR proxy variables is associ-
ated with a lower risk of mild cognitive dysfunction and dementia in the elderly [54].
Current research suggests that specific features such as education, genetic factors,
physical activity, older age at retirement and wealth increase CR, allowing individuals
being more resilient by influencing the efficiency, capacity or flexibility of brain net-
works, cerebral vasculature, cerebral metabolism and neurochemical transmission—and
in this way better coping with age-related brain diseases. On the contrary, specific
features including smoking, obesity, genetics, an early onset or elevated rate of cerebral
pathology, early life hardship (e.g. the death of a parent) and prenatal factors (e.g. small
birth weight) may decrease CR—thus depressing the threshold of cerebral compensation
of negative effects on brain health [54, 57-60]. Latest research indicates that some cere-
bral mechanisms elevating the threshold at which cerebral compensation works seem to
be similar to cerebral mechanisms in young adults managing highly challenging cognitive
and behavioural tasks. Moreover, less age-related anatomic cerebral changes like brain
atrophy, limited task-related networks and WMH, together with a low cerebral pathology
accumulation over time, may increase CR [61]. Finally, in some elderly individuals, the
anatomic or physiological cerebral processes involved in cognition may improve above
current levels, which at least may attenuate typical age-related brain changes [54, 62].
According to Stern’s theory, a high level of CR may have a beneficial influence on
perioperative neuropsychiatric patient outcome in two ways—by a higher preoperative
level of cognitive performance and by a delayed onset of an induced perioperative cog-
nitive decline. However, since a high level of CR may be associated with a better com-
pensation of cerebral pathology accumulation, a high level of CR may be paradoxically
associated with a faster rate of perioperative cognitive decline once cerebral injuries are
severe enough to impair cognitive function [57]. This points out the potential benefits
of future preoperative baseline and perioperative follow-up diagnosis of CR.

3. Identifying perioperative patients with pre-existing neuropsychiatric
morbidities

3.1 Specific methods to identify pre-existing neuropsychiatric morbidities

Identifying neuropsychiatric morbidities is primarily based on exploring the central
nervous system (CNS) and surrounding structures including the vasculature of the CNS
and the peripheral nervous system. Related to perioperative anaesthesiologic patient
care, the detection of pre-existing neuropsychiatric morbidities is of major importance.
In particular, exploring exactly the preoperative anamnesis and a detailed clinical exami-
nation, ideally including psychometric test batteries should be performed. In addition,
neuroimaging tools including an ultrasound of the carotid arteries, TCD ultrasound, CT
scan, MRI, NIRS and EEG may be useful in individual patients.
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3.2 Preoperative anamnesis

As part of the preoperative anamnesis neuropsychiatric morbidities including sei-
zures, paralysis and sensibility disorders potentially based on a pre-existing stroke or TIA,
dementia, cerebral macro- or microangiopathy, depression, anxiety disorders and more
subtle cerebral impairments such as mild cognitive dysfunction should be explored. Since
cerebral macro- and microangiopathy elevate the risk for perioperative neuropsychiatric
disorders including disturbed cerebral autoregulation, and may be associated with poten-
tially existing angiopathies such as coronary heart disease and PAOD and their underlying
risk factors—hypertension, hypercholesterolaemia, diabetes and cigarette smoking—
these facts should be considered [63]. A drug-abusing behaviour (e.g. alcohol, nicotine,
drug and medical abuse) should be further explored. Finally, asking for family anamnesis
may allow for detecting preoperative neurological morbidities which are partly associated
with genes (e.g. multiple sclerosis (MS), dementia, seizures, migraine and stroke).

3.3 Neuropsychiatric testing and the postoperative quality of recovery scale
(PostopQRS)

The Framingham Heart Study discovered that cognitive dysfunction is associated
with higher patient morbidity and mortality [63]. This finding might be applicable
to perioperative anaesthesiologic patient care, as suggested by research investigating
non-cardiac surgical patients [64], which is why a preoperative evaluation of cogni-
tive function seems to be beneficial. However, a complete neuropsychiatric examina-
tion including multiple psychometric tests would last about 60-120 minutes, and the
specific types of tests usually vary depending on the specific hospital. The latter along
with inconclusive research results underpin the difficulty of testing for cognitive dys-
function during the perioperative period. In addition, perioperative neuropsychiatric
testing may be further complicated by various other factors (e.g. restless surround-
ings, pain and sleep disturbances).

The PostopQRS is a simple web-based digital tool to assess clinical outcomes in
surgical patients related to the quality of postoperative recovery. Accordingly, the
main domains of postoperative recovery consisting of physiologic, nociceptive,
functional, cognitive and emotional recovery are assessed over time. The develop-
ment of the PostopQRS was started in 2007 by an international research group [65].
Subsequently, a refinement was performed in accordance with sector good practices
such as the United States Food and Drug Administration (FDA) guidance. Ongoing
developments have further suggested that the PostopQRS allows for analysing normal
cognitive performance variability, discriminating changes between patient groups
and detecting cognitive decline prior to surgery. In addition, the PostopQRS has been
validated for surgical patients >6 years, can be completed within 5-6 minutes and can
also be done using a pen and paper completion questionnaire [65-67].

Since the quality of life after patient discharge from the hospital is of crucial
importance, further simple tools evaluating the quality of recovery after major sur-
geries appropriate for clinical practice such as the PostopQRS may gain in importance
in the future [67, 68].

3.4 Screening for dementia by psychometric tests

Psychometric tests can be used to screen for specific stages of demen-
tia, which plays an important role in perioperative patient care. In 1975, the
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Mini-Mental-Status-Exam (MMSE) has been established as clinical tool allowing
for grading perioperative cognitive dysfunction. Using MMSE, cognitive function
is assessed by 30 tasks examining temporal and spatial orientation, retentiveness,
memory capability, attention, language and speech comprehension, reading and
writing capability, drawing and calculating. Each successfully resolved task gives
one point and accordingly achievable a maximum score of 30 points. Typically, a
score < 25 represents a mild cognitive impairment (MCI), a score < 20 a moderate
cognitive impairment and a score < 10 a severe cognitive impairment or dementia—
however, these cut-off points may not be appropriate for each patient [69, 70].

Although the MMSE can be used as an efficient clinical psychometric test for both
grading cognitive impairment and detecting dementia perioperatively, sensitivity
and specificity may be impaired by various features including patient age, individual
education, reduced visual and hearing performance, tremors, difficulties in reading,
a preceding stroke or TIA, nervousness, pain and the hospital environment. Hence,
another psychometric test, the Montreal Cognitive Assessment (MoCA), has been
developed, which might be superior to the MMSE—in particular in detecting MCI
[70]. One more test, the Functional Assessment Staging Test (FAST) allowing for
grading AD (1-7f) has been developed in 1984 [71, 72].

Finally, since, for one thing, MCI and dementia increase related to a growing
elderly population and, on the other hand, improved cognitive abilities can be
observed in individual elderly people, psychometric tests should be regularly updated
to stay accurate in clinical practice [73].

3.5 Neuroimaging using magnetic resonance imaging (MRI) and computed
tomography (CT) scan

Modern MRI algorithms have significantly contributed to current knowledge
about perioperative neuropsychiatric morbidities, in particular concerning impaired
perfusion of the white matter of the brain [41]. The term subcortical vascular demen-
tia incorporates lacunar strokes, Binswanger’ disease and vascular dementia. Lacunar
strokes represent small-sized infarcts based on the occlusion of small cerebral arteries
penetrating the basal ganglia, the brain stem and the white matter—potentially asso-
ciated with cerebral microangiopathy based on hypertension. Binswanger’ disease is
represented as WMH using MRI, which shows bilaterally spotted brain areas dif-
fusely localised in the white matter. In the T2 weighted image—one of the basic pulse
sequences of MRI highlighting differences in the T2 relaxation time of tissues—WMH
can be displayed. These WMH are probably caused by reduced perfusion of the white
matter, while the grey matter is typically normally perfused [74]. Histopathologically,
a gliosis, a demyelination and a loss of neuronal axons can be seen. Currently, it
remains unclear whether vascular dementia is primarily based on a disturbed BBB
or on chronic hypoperfusion inducing an inflammatory brain response—potentially
depending on microangiopathy. MRI studies suggest that WMH may be a predictor
for POCD onset [75]. The early clinical sign of a gait disorder with a tendency to fall
can be seen in both vascular dementia and Binswanger’s disease.

Diffusion tensor imaging (DTI)—an MRI technique that uses anisotropic diffu-
sion to estimate the white matter organisation of the brain—may allow for detecting
early stages of cerebral injuries. In particular, pathological changes in the white
matter can be precisely displayed, which can be used in the diagnosis of early strokes
within the white matter. Further applications include the detection of an early onset
of AD, schizophrenia, focal cortical dysplasia, MS including plaque assessment, early
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identification of peripheral nerve pathology and presurgical planning. Finally, fibre
tractography is a three-dimensional reconstruction technique based on DTT to assess
white matter tracts [76].

CT scans are less exact than modern MRI techniques; however, they are much
more widely available. In clinical practice, performing a perioperative CT scan is quite
easier than an MRI—in particular with critically ill patients. Therefore, CT scans are a
good option to detect cerebral bleeding, while ischaemic strokes are later and less pre-
cisely seen on a CT scan than on MRI. Furthermore, computed tomography angiogra-
phy (CTA)—using an injection of a contrast media into a venous blood vessel—allows
for detecting blood vessel diseases like aneurysms, stenoses and occlusions. Both CT
scans and MRI can beneficially support individual perioperative patient care.

3.6 Non-invasive screening tools for neuropsychiatric morbidities

Modern non-invasive screening tools to detect neuropsychiatric morbidities
include measuring the intima-media thickness (IMT), TCD ultrasound, NIRS and
processed EEG (pEEG).

Assessing the IMT allows for detecting subclinical atherosclerosis and should
be done in every asymptomatic adult perioperative patient having a moderate risk
for cardiovascular disease and in hypertensive patients. An IMT > 0.9 mm accord-
ing to the ESC or over the 75th percentile according to the American Society of
Echocardiography (ASE) is considered as pathological. A carotid artery ultrasound
scan is the method of choice for measuring the IMT. However, the results of IMT may
be biased by different factors including the present haemodynamic, blood pressure
levels and the stretching of cerebral vessels [77].

Since 1982, intracerebral vessels can be evaluated by TCD ultrasound [48].
Currently, an advanced, multifrequency pulsed TCD ultrasound is the device of
choice to investigate in particular both middle cerebral arteries through the temporal
acoustic window. The cerebral blood flow velocity (CBFV) can be continuously
recorded, and a reduced CBFV can potentially indicate that a reduced cerebral
perfusion is present. However, a wide range of the mean CBFV (38-86 cm/s) of the
middle cerebral artery—which further depends on the angle of the transducers’
position—has to be considered. Calculating the pulsatility index (PI [PI = (Systolic
velocity — diastolic velocity)/mean velocity]) allows for examining cerebrovascular
resistance. A PI >1 indicates an elevated vascular resistance typically combined with
reduced vascular compliance—which is often based on arterial hypertension and
other cardiovascular risk factors [78].

According to current literature, a high patient age is associated with a reduced
CBFV and an elevated PI [79]. TCD ultrasound enables the detection of various
cerebrovascular pathologies in real time including cerebral ischaemia [78]. Notably,
reduced cerebral perfusion is suggested to be associated with higher cardiovascular
and non-cardiovascular mortality [2].

A further application of TCD ultrasound is measuring dynamic cerebral auto-
regulation using CBFV and MAP as input signals [48]. This approach may optimise
blood pressure adjustment perioperatively, which may be especially important since a
disturbed cerebral autoregulation commonly impairs cerebral perfusion. Importantly,
dynamic cerebral autoregulation may be frequently impaired in the elderly popula-
tion and in multiple neuropsychiatric and other morbidities including MCI, AD,
sepsis, hypothermia, anaemia, hypercapnia, obstructive sleep apnoea and acute
respiratory distress syndrome—which all may occur during perioperative patient care
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[78]. In addition, modern multifrequency TCD devices allow for quantifying cerebral
microemboli and further differentiate microemboli into gaseous or solid ones by TCD
software algorithms [80]. Cerebral microemboli are for example detectable distal of a
stent or during postoperative intensive care if patients are treated with extracorporeal
circuits such as dialysis or ECMO—especially venoarterial ECMO may induce a high
number of cerebral microemboli (Figure 1) [10]. According to current research, the
clinical consequences of cerebral microemboli remain unclear—suggesting that they
could play a role in the pathophysiology of more subtle neuropsychiatric morbidities
like POCD and MCI [18, 81].

Currently, TCD ultrasound is routinely performed in neurocritical care patients,
while in other critically ill patients, it is rarely done during the perioperative period.
The main limitation of TCD ultrasound is an inadequate temporal acoustic window
(10-15%) [78].

NIRS uses near-infrared light (wavelength of 700-900 nm) being able to pene-
trate living tissue. The technical principle is based on the fact that the ratio of infrared
light absorbed to that scattered by haemoglobin changes depending on the degree of
haemoglobin binding with oxygen. NIRS calculates this rate of change and the change
in oxygenated haemoglobin concentration. These changes in rSO, correlate with
the regional cerebral oxygenation, estimating roughly regional cerebral blood flow.
To indicate regional cerebral oxygenation, the tissue oxygen index (TOI; standard
value = 50%) is calculated. NIRS-based analyses may indicate a reduced regional cere-
bral perfusion since rSO, accordingly decreases, which is displayed as a lower level
of TOI—a TOI < 35% indicates potential tissue damage based on cerebral ischaemia.
However, rSO, depends additionally on other features such as body temperature and
present haemoglobin values. Nonetheless, NIRS provides an easily applicable tool to
monitor rSO, during the perioperative period [82].

Continuous pEEG monitoring is technically complex and rather prone to artefacts.
During the last decades, different pEEG methods have been developed such as the
bispectral index (BIS) and Narcotrend, to reduce, in particular, intraoperative aware-
ness. In addition, pEEG monitoring should help anaesthesiologists in both targeting an
optimised depth of anaesthesia and shortening the anaesthetic recovery phase [83]. The
prevalence of intraoperative awareness is about 0.5-2/1000 patients. After reviewing the
available literature, it remains unclear whether pEEG monitoring significantly reduces
intraoperative awareness. In line with current research, pEEG-guided TIVA based on
propofol may reduce intraoperative awareness, while a minimum alveolar concentra-
tion (MAC)-guided volatile anaesthesia may be equally effective [84-86]. Accordingly,
PEEG-guided anaesthesia may be a beneficial tool but cannot replace the intraoperative
clinical evaluation of the depth of anaesthesia (e.g. heart frequency, blood pressure
levels, ventilation patterns, sweating and slight body movements) [86]. Finally, current
research may show whether pEEG monitoring can be beneficially used during postop-
erative patient care—in particular in critically ill patients.

4. Treatment recommendations for perioperative anaesthesiologic care of
non-cardiac surgical patients with neuropsychiatric morbidities
4.1 Perioperative hypotension and cerebral hypoxia

Multiple studies have shown that intraoperative hypotension is associated with
increased general organ impairment, which may be also applicable to the brain [87].
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Prolonged intraoperative hypotension during major surgeries may elevate the risk for
postoperative stroke—however, research has produced inconclusive data [33, 87, 88].
In line with current knowledge, the accumulation of intraoperative hypotensive peri-
ods giving the complete time of intraoperative hypotension seems to be of significant
clinical importance, since clinical practice has shown that multiple hypotensive peri-
ods during intraoperative anaesthesia can frequently happen. Accordingly, increasing
total hypotensive periods may elevate in non-cardiac surgical patients the risk for
postoperative cerebral impairment and may increase the postoperative mortality in
elderly patients, while short periods of the lowest acceptable intraoperative blood
pressures are suggested to be better tolerated [89].

Currently, it can be recommended to target blood pressure adjustment intraop-
eratively—applicable to both adults and infants—in relation to baseline levels present
in a calm preoperative waking state within a range of +20% (maximally +30%),
concerning additionally the evidence suggesting that a MAP threshold <55-60 mmHg
is frequently associated with organ injury [90, 91]. Importantly, this threshold may
be unsafe for individual patients including those with coronary artery or cerebro-
vascular disease potentially requiring a significantly higher MAP [91]. Accordingly,
perioperative blood pressure adjustment should be performed based on individual
patient demand, since an optimised blood pressure is crucial for sufficient cerebral
oxygenation. Similar to the potential harm of intraoperative accumulation of hypo-
tensive periods [89], an accumulation of diffuse cerebral hypoxia impairs postopera-
tive recovery in patients undergoing major general surgeries [92]. Considering clinical
practice, in non-cardiac surgical patients, an intermittent cerebral hypoxia, can occur
in up to one out of four patients and is associated with POCD and a longer hospital
stay—in particular in the elderly patient population [93].

4.2 Triple-low

The term triple-low has been established by Sessler’s research group in 2012 and
refers to a low BIS (<45), alow MAP (<75 mmHg) and a low MAC (<0.8) during
surgery—which has been shown being associated with an increased risk for patient
mortality [94].

Since an association between a BIS <45 and postoperative mortality has been
reported in non-cardiac surgical patients, the depth of anaesthesia has been discussed
by many clinicians to be causally related to this finding [94]. However, aside from
inducing hypotension, there is currently no evidence that anaesthetic agents are
directly toxic to the brain or other organs. In addition, one would expect a decreased
mortality in surgical patients undergoing regional instead of general anaesthesia—
which could not be shown according to current research [91]. Although a cumulative
time of BIS <45 in cardiac surgery has been related to postoperative patient mortality,
a BIS <45 was paradoxically not associated with an increased volatile anaesthetic
exposure. Even more surprisingly, an increased volatile anaesthetic exposure was not
associated with patient mortality [95]. Hence, the occasional dissociation between a
low BIS and a high volatile anaesthetic concentration remains to be elucidated.

Sessler’s large study including a non-cardiac surgical population showed that
triple-low was highly predictive of postoperative death [94]. However, regarding con-
troversies in science, some studies did not support this association [91]. Accordingly,
Goodman’s study group recommended a standard approach for judging research
reproducibility [96]. The main reason for conflicting study results is suggested to be
the BIS algorithm. While both blood pressure and volatile anaesthetic concentrations
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can be measured using quantifiable units such as mmHg and kPa, allowing for a reli-
able comparison between patients, BIS algorithm includes a concept of a linear scale
from 100 to 0, reflecting the depth of anaesthesia. This scale concept is further not
supported by a biological rationale, and in addition, BIS algorithm has been regularly
revised over time—which probably leads to a lack of reliable patient comparison.
Furthermore, the BIS scale does not decrease consistently with the depth of anaesthe-
sia and sometimes paradoxically increases though volatile anaesthetic concentration
increases [97]. In addition, aside from being vulnerable to artefacts (e.g. extracranial
electrical activity), the sole application of neuromuscular blocking agents signifi-
cantly decreases BIS [98]. Hence, a low BIS might not be a reliable parameter within
the triple-low concept to predict patient mortality, while other intraoperative EEG
features like electrical suppression are related to impaired postoperative outcome [91].

Finally, in line with current knowledge, triple-low events can significantly predict
a higher postoperative mortality rate but in particular a low BIS may be not related to
the underlying causality [91, 99].

4.3 The 2-hit model of cerebral impairment
In line with current knowledge, an individually adapted perioperative anaes-

thesiologic patient care—including an optimised intraoperative anaesthesia—
seems to be crucial for postoperative patient outcome [87, 91]. The 2-hit model of

2) Pathophysiological
ageing processes

1

' Preoperative patient
! :

i v l
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1) Major surgeries
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Figure 3.
The 2-hit model of cerebral impairment. While the first hit may be well compensated by individual elderly
patients, the second hit seems being much more difficult to be compensated.
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perioperative cerebral impairment describes a hypothetical theory based on current
research [39, 89, 99] similar to a suggested 2-hit model of PTSD [100]. In particular,
pre-existing cerebrovascular diseases (i.e. macro- and microangiopathy) together
with a pathophysiological ageing process may lead to a first cerebral impairment
(first hit) [39], which may be well compensated by individual elderly patients [41].
Subsequently, perioperative surgical and anaesthesiologic patient care may induce a
second cerebral impairment (second hit), which seems to be much more difficult to
compensate by the patient—particularly in cases of major surgeries, critical illness
and postoperative intensive care [8, 18].

Depending on the severity of the first and second hit, considering individual
patients’ resilience such as CR or patient age, neuropsychiatric morbidities may be
induced (Figure 3). Concerning postoperative patient outcome, it is of major impor-
tance to significantly reduce the second hit by individually optimised perioperative
anaesthesiologic patient care [91].

5. Conclusions

In summary, neuropsychiatric morbidities play a significant role in perioperative
anaesthesiologic patient care—including preoperative assessment, intraoperative gen-
eral or regional anaesthesia and postoperative intensive care in case of critical illness
or major surgeries—due to their associated impaired postoperative quality of life and
their affection of overall patient outcome. Therefore, a key factor is the maintenance
of an individual’s patient homeostasis. Accordingly, this concept includes that baseline
levels (e.g. blood pressure, heart frequency and specific blood values such as natrium
and CO,) the individual patient has been getting used to potentially over the years,
should be only adapted within a rather small range (i.e. + 20%). In case of unknown
preoperative baseline levels, the following targets should be aspired to: normotension,
normovolaemia, normocapnia, normoxaemia, normothermia and normoglycaemia.
Patients at higher risk for neuropsychiatric morbidities may benefit from additional
neuromonitoring tools (e.g. NIRS, TCD ultrasound and pEEG-guided anaesthesia). In
addition, surgical patients profit from early mobilisation, an optimised pain therapy
and an early return to everyday life as soon as possible after surgery. Considering
in particular postoperative intensive care and critical illness, these treatment steps
should be completed with further individual anaesthesiologic patient care (e.g. early
weaning from the respirator or at least targeting spontaneous breathing and a treat-
ment of postoperative delirium in line with current guidelines). Finally, the develop-
ment of new neuromonitoring techniques will may allow for reducing perioperative
neuropsychiatric morbidities in the future.
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Abstract

Perioperative preparation for emergency patients is paramount, as it entails a
comprehensive approach to ensure the safety, well-being, and successful outcomes of
individuals facing urgent surgical interventions. In the preoperative phase, rapid but
essential steps are taken, such as assessing the patient’s medical history, conducting
diagnostic tests, and stabilising their condition to minimise risks during surgery. So in
this chapter, we will discuss the importance of formation of the multidisciplinary team,
efficiency improvements, identifying the need for emergency department (ED) to
operating room (OR) Handoff Standardisation, and integration of ED nurses into the
OR. It begins by establishing the criteria for identifying patients needing urgent surgery,
encompassing traumatic injuries and acute medical conditions. It extensively covers the
interdisciplinary collaboration required among ED staff, OR teams, anaesthesiologists,
surgeons, and nurses. The scope includes patient assessment and stabilisation procedures
conducted in the ED, focusing on diagnostics, interventions, and life-saving measures.
Furthermore, the chapter delves into handoff protocols and communication strategies,
highlighting their crucial role in ensuring safe and efficient patient transfers. It addresses
resource allocation, emphasising the optimisation of operating rooms, equipment, and
personnel. The chapter also acknowledges the importance of patient and family engage-
ment, stressing clear communication, informed consent, and emotional support.

Keywords: perioperative preparation, emergency patients, emergency room,
operating room, emergency department

1. Introduction
1.1 Perioperative care

Perioperative care, as defined in the discussion, is a comprehensive system of
medical strategies to ensure patient well-being throughout the surgical journey [1]. It
comprises three essential phases: preoperative, intraoperative, and postoperative care.

147 IntechOpen



New Insights in Perioperative Care

In the preoperative phase, healthcare professionals meticulously prepare patients for
surgery through assessments such as blood tests, scans, and psychological counsel-
ling, ensuring they are physically and mentally ready for the procedure. During the
volatile intraoperative phase, nurses and anaesthesiologists monitor vital signs, main-
tain a sterile environment, and prioritise safety in the operating room. Postoperative
care focuses on patient recovery, including pain management, wound care, and
monitoring progress in the Post Anaesthesia Care Unit (PACU) [2]. Comprehensive
perioperative care is vital as it not only enhances the patient experience by alleviat-
ing stress but also contributes to better health outcomes, enabling patients to return
to normal life faster and reducing healthcare costs per capita. Integrating digital
health solutions, such as the Buddy Care Platform, further streamlines and enhances
perioperative care by facilitating remote monitoring, patient engagement, and data
collection, ultimately making healthcare more accessible and patient-centred [2].
Essentially, perioperative care encompasses a holistic approach to surgical patients’
well-being, from preparation to recovery, focusing on safety, comfort, and efficient
healthcare delivery.

1.2 Importance of perioperative preparation for emergency patients

Perioperative preparation for emergency patients is paramount, as it entails a
comprehensive approach to ensure the safety, well-being, and successful outcomes of
individuals facing urgent surgical interventions. In these critical moments, when time
is of the essence, the significance of perioperative care pathways becomes evident.
These preoperative, intraoperative, and postoperative phases offer a structured
framework for healthcare professionals to navigate the complexities of emergency
surgeries. In the preoperative phase, rapid but essential steps are taken, such as assess-
ing the patient’s medical history, conducting diagnostic tests, and stabilising their
condition to minimise risks during surgery. The surgical team takes centre stage in the
intraoperative stage, meticulously monitoring vital signs, maintaining sterile condi-
tions, and responding swiftly to unforeseen challenges that may arise, especially in
emergencies involving life-threatening conditions such as trauma or ruptured organs.
While shorter in emergency cases, postoperative care is equally critical, involving
continuous monitoring, pain management, and vigilance against complications,
ensuring a smooth recovery process.

Beyond the immediate medical aspects, perioperative care pathways also prioritise
the patient experience, recognising emergency situations’ emotional and psycho-
logical tolls. Compassionate and comprehensive care reduces patient anxiety and
enhances their satisfaction with the healthcare system. Moreover, efficient periopera-
tive care pathways contribute to cost-effectiveness by optimising resource allocation,
minimising hospital stays, and preventing complications. With the rising demand for
surgical interventions, particularly in emergencies, these pathways help healthcare
systems meet the challenges of an evolving healthcare landscape. Central to peri-
operative care is collaboration among healthcare professionals, including surgeons,
anaesthesiologists, nurses, and specialists, fostering an interdisciplinary approach
that enhances patient safety and care quality. In essence, perioperative preparation
for emergency patients is a holistic endeavour, ensuring that individuals receive the
best possible care during critical junctures in their healthcare journey, where timely,
effective, and compassionate care can make all the difference in their outcomes and
overall well-being (Figure1).
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Figure 1.
Perioperative care journey. Source [2].

1.3 Overview of the transition from the emergency department (ED) to the
operating room (OR)

According to Atzema and Maclagan [3], the transition from the emergency depart-
ment (ED) to the operating room (OR) involves a standardised handoff process that
was developed by a multidisciplinary team to improve patient care and efficiency.
This process was motivated by the success of similar handoff processes in other
departments, such as from the OR to PICU and NICU to the OR. Here is an overview
of the transition from the ED to the OR:

1.3.1 Formation of the multidisciplinary team

The journey to standardise the transition from the emergency department (ED) to
the operating room (OR) began with the formation of a multidisciplinary team. An
adverse event did not prompt this initiative but rather the success of standardising
handoff processes in other hospital departments [3]. The team comprised frontline
staff from various departments, including Respiratory Therapy, ICU Nursing, OR
Nursing, Anaesthesiology, and Paediatric Intensivists. The motivation behind this
collaboration was to establish a more structured and intentional transition of care for
patients moving from the ED to the OR.

The team did not anticipate the level of efficiency the new handoff process would
bring. Anaesthesiology teams could transport patients to the Paediatric Intensive Care
Unit (PICU) significantly faster than before. This initiative also encouraged staff to ask
more pertinent questions during handoffs and created an environment where parents
could observe the process without hesitation. These initial successes fuelled the team’s
determination to continue improving the handoff process. Also, it is crucial to include
the emergency drugs in “Critical Medication Bag” including basic ACLS medicines for
all critical patient transports for the management of any emergency scenarios.

1.3.2 Efficiency improvements

One of the remarkable outcomes of the new handoff process was the substantial
improvement in efficiency. For example, the Anaesthesiology teams saw a 25% reduc-
tion in the time it took to transfer patients to the PICU. Similarly, in the Neonatal
Intensive Care Unit (NICU), report times decreased from an average of 16 minutes to
just 6 minutes, even when including the transfer of the baby from the cart to the bed
[3]. These improvements directly resulted from enhanced communication and a more
streamlined handoff process that became integral to daily healthcare routines.

149



New Insights in Perioperative Care

The success of this transition process was built on the idea that when all stake-
holders in patient care are involved in the process improvement efforts, the results
can be exceptional. The team’s collaboration involved six different departments and
seven distinct roles, emphasising the importance of each component in deliver-
ing efficient and safe patient care. As the handoff process continued to evolve and
improve, ongoing engagement with staff from the Emergency Department, OR, and
Anaesthesiology was crucial to maintaining these positive outcomes. The experience
revealed that the best solutions often emerge when those directly involved in patient
care come together, making the standardisation of the ED-to-OR handoff a prime
example of healthcare improvement [4].

1.3.3 Identifying the need for ED to OR handoff standardisation

While standardisation of handoff processes existed in various healthcare settings,
the transition of patients from the emergency department (ED) to the operating
room (OR) had yet to be thoroughly addressed [4]. This was a critical gap in patient
care, especially for Class A surgeries that required swift and efficient transfers. The
relationship between the ED and the OR was often strained due to the urgency of
these cases, which further underscored the need for a standardised process.

1.3.4 Identifying key roles

While developing the standardised handoff, the team recognised that the ED nurse
often possessed the most comprehensive information about the patient, including
vital situational awareness. This information was highly relevant to Anaesthesiology
and OR Nursing, as it impacted their ability to provide timely and appropriate care
to the patient [4]. Realising that the ED nurse played a pivotal role in the handoff
process was a crucial insight that guided the subsequent improvements.

1.3.5 Integration of ED nurses into the OR

The team decided that the ED nurse and the Surgical Resident would accompany
the patient directly to the assigned OR room to facilitate a seamless handoff process,
especially in emergencies. This proactive approach ensured the ED nurse could
provide essential information and context during the handoff. It was a practical solu-
tion that eliminated ambiguity about whether ED nurses were welcome in the OR, a
concern that had previously hindered efficient handoffs. Additionally, the minimal
requirement for the ED nurse to don a surgical mask and hat streamlined the transi-
tion further.

1.3.6 Importance of full attention during handoff

Recognising the importance of focused attention during the handoff, the team
scripted specific steps to ensure effective communication. The Surgical Resident
would announce critical patient details and procedures upon entering the OR room.
Anaesthesiology would call for a moment of quiet, and the ED nurse would deliver a
report tailored to the severity of the patient’s condition. This scripting provided clar-
ity and emphasised the need for everyone involved to actively engage and concentrate
on the handoff.
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1.3.7 Continued collaboration

The success of the transition from the ED to the OR was a testament to the power
of collaboration among various departments and roles within the hospital. This
complex process involved six departments and seven distinct roles, all essential to its
improvement. These groups’ ongoing collaboration and engagement were crucial for
the continued success and sustainability of the standardised handoff process [4]. The
experience underscored the principle that those closest to work often have the best
insights into solving the associated problems, making this process a shining example
of healthcare improvement through teamwork and communication.

1.4 Purpose and scope of the chapter

The chapter on “Perioperative Preparation of Emergency Patients from ED to
OR?” serves a critical purpose by exploring the intricacies of transitioning emergency
patients from the ED to the OR. Its primary objective is to enhance the clinical under-
standing of healthcare professionals, equipping them with the knowledge and skills
necessary to navigate the unique challenges presented by critically ill patients requiring
surgical intervention following emergencies. This chapter prioritises patient safety and
resource efficiency, emphasising the importance of standardised protocols for informa-
tion exchange, equipment readiness, and interdisciplinary collaboration. It begins by
establishing the criteria for identifying patients needing urgent surgery, encompassing
traumatic injuries and acute medical conditions. It extensively covers the interdisciplin-
ary collaboration required among ED staff, OR teams, anaesthesiologists, surgeons,
and nurses. The scope includes patient assessment and stabilisation procedures con-
ducted in the ED, focusing on diagnostics, interventions, and life-saving measures.

Furthermore, the chapter delves into handoff protocols and communication strat-
egies, highlighting their crucial role in ensuring safe and efficient patient transfers.
It addresses resource allocation, emphasising the optimisation of operating rooms,
equipment, and personnel. The chapter also acknowledges the importance of patient
and family engagement, stressing clear communication, informed consent, and
emotional support.

2. The role of the emergency department in patient evaluation and
stabilisation

2.11Initial assessment and triage in the ED

Initial assessment and triage in the ED are a critical process that is pivotal in
providing timely and appropriate care to patients, especially in paediatric cases. The
Paediatric Assessment Triangle (PAT) is a valuable tool for rapidly and systemati-
cally evaluating a child’s condition upon arrival at the ED [5]. The first step in triage
involves a quick assessment of appearance, breathing, and circulation (ABC) using
PAT. This initial visual and auditory assessment helps categorise the patient’s illness
as stable or unstable. Unstable conditions are further classified into life-threatening
and non-life threatening. Patients in the former category, such as those with cardiac
arrest, cardio-respiratory failure, decompensated shock, deep coma, or severe stridor,
require immediate resuscitation (Figure 2).
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Circulation

Figure 2.
Paediatric assessment triangle (PAT) (source: [5]).

Once a child is on the path to stabilisation, the primary assessment (ABCDE
approach) is conducted. This involves a detailed examination of the airway (A),
breathing (B), circulation (C), neurologic abnormalities (D), and a head-to-toe
examination (Exposure). This thorough assessment, completed within 1-3 minutes,
helps determine the patient’s physiological abnormalities and assigns them to one of
five levels of acuity: Resuscitation, Emergent care, Urgent care, Less urgent, or Non-
urgent care [5].

The goals of the triage system in the ED are to ensure that the right patient receives
the right care from the right provider at the right time to achieve the right outcome.
This involves rapidly identifying patients with life-threatening illnesses, initiating
appropriate first-aid measures, and continuously monitoring paediatric patients who
can deteriorate rapidly. The general PAT assessment is crucial in identifying patients
requiring immediate life-saving interventions. Appearance, work of breathing, and
circulation are assessed to determine the child’s condition. Abnormal findings in any
of these categories may indicate a need for urgent attention.

2.2 Diagnostic procedures in the ED

Advancements in medical technology over the last 25 years have revolutionised
emergency medicine, particularly in diagnostic procedures. EDs faced limitations
in obtaining diagnostic information in the past, relying mainly on basic lab tests
and plain radiographs [6]. However, the landscape has shifted dramatically with
the advent of cutting-edge diagnostic tools and improved accessibility to these tests.
Today, the emergency department serves as a hub for diagnostic testing, where physi-
cians can efficiently coordinate a patient’s care, and most test results are available
within a few hours. This rapid turnaround time is critical in initiating prompt and
definitive care, significantly impacting patient outcomes. Advanced diagnostic imag-
ing modalities such as ultrasounds, CT scans, and even MRI studies can be obtained
swiftly, allowing for timely diagnoses of conditions such as intracranial haemorrhage,
pulmonary embolism, aortic aneurysm, and more [7].
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Nevertheless, the ease of obtaining these diagnostic studies comes at a cost. The
American College of Radiology reports that diagnostic imaging is the fastest growing
medical expenditure in the United States, with an annual growth rate of 9%, triple
that of general medical expenditures [6]. Over the past decade, the number of MRI
and CT scans performed in EDs quadrupled, and ultrasounds more than doubled.
Despite these technological advances, it is crucial to emphasise that diagnostic testing
should differ from the importance of a thorough history and physical examination
(H&PE) [8]. Before ordering any diagnostic test, clinicians should consider several
key questions. They should contemplate how the test results will guide their actions,
whether the test will help confirm or exclude a diagnosis, and how the results will
impact their overall diagnostic strategy, management plan, or final decision regarding
patient disposition. These questions are valuable guides when deciding whether to
order a diagnostic test, whether a simple blood test or a costly imaging study.

It is important to note that diagnostic tests should primarily aim to rule in or rule
out specific conditions based on the patient’s presenting symptoms and the differen-
tial diagnosis generated from their H&PE [7]. However, tests are often ordered for
various reasons, including clinical suspicion, established practices, perceived stan-
dard of care, requests from consultants or primary care physicians, patient requests,
and risk management considerations. Sometimes, diagnostic workups may be
influenced by pattern recognition and anecdotal experience, highlighting the blend
of art and science in medicine. Consultant physicians can also influence the choice
of diagnostic tests [6]. For instance, when a patient presents with abdominal pain, a
consultant may request specific tests. However, normal test results should not sway
the clinician’s clinical suspicion, and it is an opportunity to educate colleagues about
the utility of certain tests in specific contexts.

Statistical considerations play a crucial role in understanding diagnostic testing.
Sensitivity and specificity are fundamental concepts. Sensitivity refers to the likelihood
of a test being positive in the presence of a disease. At the same time, specificity pertains
to the likelihood of a negative test without disease. Tests with high sensitivity are effec-
tive at ruling out disease, whereas those with high specificity are good at ruling it in.
Positive and negative predictive values (PPV and NPV) consider the prevalence of dis-
ease in the population and influence the reliability of a test result [7]. Communication
with patients about the rationale behind test orders is essential to manage expectations.

The concept of pretest and post-test probability is also valuable in evaluating
the significance of diagnostic test results. It involves considering the patient’s risk
factors, clinical presentation, and test outcomes. While evidence-based guidelines
exist for many conditions, medicine encompasses science and art, and there may
be times when a particular test is not indicated. Bedside ultrasound by emergency
physicians has become increasingly prevalent in recent years [6]. This technology
allows for rapid assessments and has been shown to improve patient outcomes and the
efficiency of care in the ED. It aids in making decisions regarding speciality consul-
tations, operative management, and patient dispositions, often reducing the time
needed for these critical determinations.

2.3 Communication between ED and OR teams

Effective communication between the ED and OR teams is paramount in ensuring
patient safety and seamless care transitions, particularly in high-stress situations
where quick decisions and rapid responses are essential. The significance of com-
munication in healthcare settings, including the ED, has been underscored by various
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studies, acknowledging that patient safety incidents often occur due to communica-
tion breakdowns. A study published in The Journal of Emergency Medicine high-
lighted the critical role of communication in the ED and its implications for patient
care excellence [9]. The authors found that poor ED communication contributed
significantly to unfortunate patient outcomes. One prominent issue was inadequate
and ineffective staff communication, a challenge exacerbated within the demand-
ing environment of the ED. Problems with the transfer of medical information and
orders, especially during shift handoffs, were identified as communication-based
factors impacting patient safety. Instances where changes in vital signs were not
promptly communicated to attending physicians led to patient safety incidents.
Delays in treatment due to communication failures were documented, illustrating the
dire consequences of inadequate communication within the ED [9].

Medication management issues, such as incorrect doses, medication errors, delays,
and miscalculations, were also attributed to communication problems within the ED.
Compliance with patient safety protocols, such as infection control, proper clerical
and laboratory processes, and complete discharge instructions, was emphasised as
areas where communication lapses could compromise patient safety [10]. Strategies
for improving ED outcomes have been proposed to address these communication
challenges. One key issue is ambient noise within the ED, which can hinder effective
communication. Solutions include noise monitoring, equipment alarm adjustments,
and using single-person rooms to reduce noise levels. Communication schemes,
such as urgency-based plans and limited overhead paging, have effectively enhanced
communication efficiency [10]. Recognising that different healthcare roles require
tailored communication approaches and acknowledging the varying communication
needs of physicians, nurses, and staff can improve information transfer.

Attention to team dynamics is also crucial. Provider organisations with strong
teamwork and communication principles deliver higher-quality care while reducing
costs. The Joint Commission has identified communication failures as a common
cause of sentinel events. Therefore, promoting teamwork and effective communica-
tion within the ED is essential [10]. Implementing daily interdisciplinary huddles,
establishing communication channels for departmental information sharing, and
encouraging feedback from frontline staff can enhance communication and foster a
culture of continuous improvement.

3. Preoperative assessment and planning
3.1 Transfer of care from ED to surgical team

A patient transitioning from the Emergency Department to the surgical team
marks the crucial starting point of preoperative assessment and planning. This transi-
tion is the foundation for ensuring the patient’s safety and well-being throughout
the surgical process. It involves establishing a solid partnership between the anaes-
thesiologist and the patient. This partnership is built upon mutual understanding,
which involves outlining the anaesthesia technique and recognising any associated
risks. Simultaneously, it aims to offer premedication drugs and carry out necessary
interventions before surgery [11]. A key aspect of risk assessment involves tailored
investigations and referrals from other medical specialities. Effective preoperative
assessment helps prevent last-minute delays or postponements of surgery, ensuring a
smoother and more efficient process.
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3.2 Comprehensive patient evaluation

A thorough preoperative evaluation is the cornerstone of optimal surgical
preparation. It encompasses a detailed patient history, comprehensive physical exami-
nation, and essential laboratory investigations. The history-taking process delves
into past adverse reactions to anaesthesia, difficulties with intravenous access, airway
management complications, extended recovery times, postoperative nausea and
vomiting, and delirium experiences. It also considers specific details, such as whether
the patient is scheduled for elective or emergency surgery, if they have cardiac issues
undergoing non-cardiac procedures, or if they are taking anticoagulants, among
other factors [12]. Assessing functional status through comprehensive measures is
crucial for geriatric patients to identify those at risk and anticipate potential compli-
cations. This comprehensive evaluation includes recording all medications, doses,
and a detailed history of over-the-counter and herbal drugs, illicit substance use,
addiction history, malignant hyperthermia susceptibility, and other adverse reac-
tions [11]. Anthropometric measurements and hemodynamic parameters should also
be documented. The examination must carefully inspect the airway and spine and
systematically review various organ systems, ensuring a holistic understanding of the
patient’s health.

3.3 Identifying comorbidities and special considerations

The healthcare landscape has evolved over the years, resulting in many surgical
candidates with advanced age and multiple comorbidities, often on multiple medica-
tions. This shift has necessitated adaptations in perioperative patient care. Identifying
comorbidities and addressing special considerations are critical steps in preoperative
planning. Risk assessment tools, such as the American Society of Anaesthesiologists
physical status (ASA PS) grading, aid in shaping the anaesthesia plan. However,
while valuable, these tools may only encompass some preoperative physiological
and functional aspects, the type of surgery, and postoperative care [13]. To enhance
comorbidity assessment, age-adjusted scores, such as the National Surgical Quality
Improvement Programme (NSQIP) model, the Charlson comorbidity index (CCI),
or the revised cardiac risk index (RCRI), are recommended, particularly for cardiac
perioperative risk stratification. Functional status, often measured in metabolic
equivalents (METS), quantifies an individual’s exercise capacity and ability to with-
stand surgical stress. Cardiopulmonary exercise testing (CPET) provides a more
in-depth assessment but requires specialised facilities and trained personnel [12].
Surgical risk varies based on the type of procedure, with minor surgeries presenting
lower cardiovascular risk and major surgeries, such as peripheral vascular or trans-
plant surgeries, associated with higher-risk percentages.

3.4 Informed consent and shared decision-making

Preoperative assessment tools must align with patient sensitivities in an era of
heightened patient awareness, knowledge, and safety expectations. Informed consent
and shared decision-making have taken on greater significance. Patients should
be informed about the planned surgery, potential risks, and alternative options.
Engaging patients in these discussions empowers them to actively participate in their
care journey [12]. Additionally, when evaluating patients for surgery, special attention
should be given to identifying risk factors related to obstructive sleep apnoea (OSA).
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Although polysomnography is the gold standard for diagnosing OSA, its routine use
as a screening tool is impractical [11]. Various questionnaires, such as the STOP-Bang
questionnaire, can aid in identifying patients at risk for OSA. These assessments help
tailor perioperative care plans to mitigate OSA-related complications. Preoperative
investigations should be guided by protocols, such as those outlined by the Indian
Society of Anaesthesiologists, taking into account the patient’s circumstances and
validity periods of previous tests [14].

3.5 Preoperative optimisation/prehabilitation

Preparing patients for surgery involves assessing risks and optimising their
physical condition. Preoperative optimisation minimises perioperative complica-
tions, such as bronchospasm, aspiration, pulmonary infections, wound infections,
and myocardial events [11]. Optimisation strategies may include lifestyle modifica-
tions such as smoking and alcohol cessation, adjustments to antihypertensive and
antidiabetic treatments, incentive spirometry to improve lung function, management
of anaemia, and enhancement of exercise tolerance [12]. Prehabilitation, a related
concept, focuses on improving physical functionality through exercises tailored to
specific surgical procedures. While direct evidence of its impact on postoperative pain
and functionality remains under investigation, prehabilitation has shown promise
in reducing rehabilitation unit admissions. Emotional and psychological support
through preoperative counselling also helps alleviate patient anxiety and fear, enhanc-
ing their overall surgical experience [15].

3.6 Decision to defer surgery

Finally, the decision to defer surgery is a patient-specific assessment that considers
factors such as medication use, the severity of comorbidities, surgical risk, and
hypertension control. Different types of surgeries have varying thresholds for post-
ponement. Urgency, institutional practices, monitoring capabilities, and clinician and
patient preferences all influence this decision. High-risk procedures, especially those
impacting airway or cardiopulmonary function, may necessitate a lower threshold
for surgery delay, particularly for patients with uncontrolled obstructive sleep apnoea
(OSA) [11, 16]. Preoperative evaluation clinics play a vital role in making these
determinations, along with the availability of sleep testing when needed.
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