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Abstract Ambulatory surgery is becoming increasingly

adopted and today more complex procedures and not only

ASA 1–2 patients are scheduled to undergo surgery

according to a fast track concept. Rapid recovery and

resumption of capacity to stand, walk, void, eat and drink is

essential for safe discharge. There is, however, an

increasing need for better way to assess and measure

recovery and outcome after surgery and anaesthesia.

Morbidity and unplanned admission are no longer deemed

adequate for assessing quality of performance or to use as

tool to measure efforts to improve the medical care and or

logistics. There are several aspects that should be consid-

ered when analysing the recovery process and measuring

outcome after ambulatory surgery and anaesthesia. The

Postoperative Quality of Recovery scale is a multi-

dimensional tool that has been shown to be able to quantify

and discriminate the recovery process. This review will

provide an overview of recovery and outcome following

ambulatory surgery/anaesthesia.

Keywords Ambulatory surgery � Outcome � Recovery �
Assessment

Introduction

Ambulatory surgery is increasing. There are several rea-

sons for the increasing interest in and adoption of ambu-

latory surgery. The introduction of new less invasive

surgical techniques, the increased understanding of the

pathophysiology associated with the surgical trauma and

thus general efforts to reduce the stress response associated

with surgery are of importance. These factors have without

a doubt had a major impact on the transition of in-hospital

to ambulatory surgery for an increasing number of proce-

dures. Minimal invasive surgery and tension free tech-

niques have had an influence on the surgical stress as well

as on postoperative pain. Modern anaesthesia/anaesthetic

and postoperative pain management techniques have also

contributed to a more rapid emergence from general

anaesthesia. The multimodal or so called balanced anal-

gesia regime has improved the recovery process and

facilitates discharge with acceptable pain scores. Collabo-

ration between surgeons, anaesthesiologists and nurses in

the preoperative area as well as scrub nurses and postop-

erative unit personnel is also a factor of significant

importance for efficient patient turnover. Fast tracking,

enhanced recovery and early ambulation and discharge are

nowadays concepts encountered in a majority of medical

specialities. Enhanced recovery, early ambulation and

discharge from hospital reduce the morbidity associated

with bed rest such as thromboembolic and pulmonary

complications. Reducing time in hospital may also reduce

risk for hospital related infections and the risk in the elderly

for cognitive impairment related to change in environment.
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The reduction in cost associated with reduced hospital stay

is also of importance.

There are several aspects that need to be considered

when recovery, follow-up and outcome associated with

ambulatory surgery and anaesthesia are discussed. Major

morbidity, mortality, unplanned hospital admission/pro-

longed hospital stay and readmission rate are traditional

measures of outcome related to surgery in general but also

to ambulatory anaesthesia/surgery.

There are also quality aspects that are commonly

assessed. Pain and incidence and severity of postoperative

nausea and vomiting (PONV) are patient factors of huge

importance for quality of care.

Time events, emergence, time in recovery room and

time to home-readiness and discharge are commonly used

measures.

Assessment of quality of recovery after discharge;

resumption of activities of daily living (ADL) is also

increasingly used. The assessment of quality of recovery

should also include assessment of emotional and cognitive

performance.

American Association for Anaesthesiology has provided

guidelines and a web-page covering papers around ambu-

latory anaesthesia http://www.asahq.org/coveo.aspx?q=

Ambulatory%20anaesthesia.

Major Complications and Re-admission

Major complications and morbidity are today rare events.

There are several studies documenting most reassuring

results. The classic study by Warner et al. [1] showed a

most reassuring safety from the follow-up. A total of

38,598 patients aged 18 years and older undergoing 45,090

consecutive ambulatory procedures and anaesthetics were

studied. Contact rates for 72 h and 30 days were 99.94 and

95.9 %, respectively. The complication rate was indeed

low. Thirty-three patients either experienced major mor-

bidity or died (1:1,366 [proportional risk]). Four patients

died (1:11,273), two of myocardial infarction and two in

automobile accidents. No patient died of a medical com-

plication within 1 week of surgery. Of the 31 patients who

developed a major morbidity (1:1,455), 14 (45 %) had

myocardial infarction (1:3,220), seven (23 %) had a central

nervous system deficit (1:6,441), five (16 %) had pul-

monary embolism (1:9,018), and five (16 %) had respira-

tory failure (1:9,018). Four events (13 %) occurred within

8 h of surgery (1:11,273), 15 (48 %) in the next 40 h

(1:3,006), and 12 (39 %) in the next 28 days (1:3,758).

Mezei and Chung [2] found similar outcome in a study

from 1999. Preoperative, intraoperative and postoperative

data were collected on 17,638 consecutive patients under-

going ambulatory surgery. One hundred ninety-three

readmissions occurred within 30 days (readmission rate

1.1 %). Six patients returned to the emergency room, 178

patients were readmitted to the ambulatory surgical unit

and 9 patients were readmitted as inpatients. Twenty-five

readmissions were the result of surgical complications and

one resulted from a pulmonary embolism. The complica-

tion-related readmission rate was 0.15 % (1 in 678 proce-

dures). No anaesthesia-related re-admissions or deaths

were identified.

There are two more recent studies from Denmark

assessing return to hospital following day surgery in the

Copenhagen area.

Engbeak et al. [3] studied 16,048 patients who under-

went 18,736 day surgery operations including 4,829 sur-

gical abortions. Patients were retrospectively analysed for

contacts to Danish hospitals within 60 post-operative days

and the associated morbidity and mortality. Altogether 113

patients (not including the surgical abortions) were read-

mitted to hospitals with 117 complications definitely or

likely related to day surgery. The most common compli-

cations were haematomas or haemorrhage (0.40 %) and

infections (0.29 %). Morbidity after the two most common

procedures, hernia repair and knee arthroscopy, was

observed in 1:39 patients and 1:220 patients, respectively.

More serious complications included four patients with

septic arthritis of the knee and six patients with venous

thromboembolism. After surgical abortion, pelvic inflam-

mation and bleeding were observed in 3.1 and 2.2 %,

respectively, with centre differences. Altogether no myo-

cardial infarctions, central nervous system deficits, pneu-

monias or deaths were recorded that could definitely or

likely be related to day surgery. Majholm et al. [4••] pro-

spectively recorded data from 57,709 day surgical proce-

dures performed in eight day surgery centres over a 3-year

period. The overall rate of return to hospital visits was

1.21 % [95 % confidence interval (CI) 1.12–1.30 %]

caused by a wide range of diagnoses. No deaths were

definitely related to the surgical procedure. The most

common return to hospital visits were due to haemorrhage/

haematoma 0.50 % (95 % CI 0.44–0.56 %), infection

0.44 % (95 % CI 0.38–0.49 %) and thromboembolic

events 0.03 %. Major morbidity was rare. Procedures with

the highest rate of complication were tonsillectomies

11.4 %, surgically induced abortions 3.13 % and inguinal

hernia repairs 1.23 %.

There is an increase in obese patients and Joshi et al. [5]

published in November 2013 a systematic review of studies

published between 1948 and May 2012, assessing periop-

erative outcome in adult obese patients undergoing ambu-

latory surgery. A total of 106,119 patients were included in

the analysis with 62,476 patients included in the prospec-

tive trials and 43,643 patients included in the retrospective

trials. Of these, 39,548 patients underwent bariatric sur-

gery. The super obese (body mass index [BMI] [ 50 kg/m)
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appeared to be at higher risk of complications. Still they

did not find overall any major increased risk for unplanned

admission. The lack of increase in unanticipated admission

rate in this patient population may of course be related to

thorough preoperative assessment and avoidance of

patients with co-morbid conditions.

Mathis et al. [6•] conducted a multi centre study looking at

morbidity or mortality within 72 h. Intraoperative complica-

tions included adverse cardiovascular events; postoperative

complications included surgical, anaesthetic, and medical

adverse events. They found a reassuringly low complication

rate. Of 244,397 surgeries studied, 232 (0.1 %) experienced

early perioperative morbidity or mortality. They found over-

weight being one out of increased risk factors along with

chronic obstructive pulmonary disease, history of transient

ischaemic attack/stroke, hypertension, previous cardiac sur-

gical intervention, and prolonged operative time.

The data around morbidity and need for return to hos-

pital following ambulatory surgery should be put into the

perspective of recent studies on re-admission following in-

hospital major surgery. There are 2 recent papers on in-

hospital surgery looking at readmission with a time win-

dow analysed readmission within 30-days. Kohlnhofer

et al. [7] collected data on patients undergoing inpatient

general surgery procedures, institutional National Surgical

Quality Improvement Project database from 2006 to 2011.

They found 9 % of patients readmitted within 30 days after

discharge. Multivariable analysis demonstrated age, dysp-

noea, and American Society of Anesthesiologists class to

be independent risk factors for readmission. In addition,

patients who suffered from multiple complications had a

decreased risk for readmission as length of stay increased.

Patients with \2 postoperative complications had an

increased risk for readmission as length of stay increased.

Kassin et al. [8] collected data at a single academic

centre between 2009 and 2011. They found that the com-

mon reasons for readmission were gastrointestinal prob-

lem/complication (27.6 %), surgical infection (22.1 %) and

failure to thrive/malnutrition (10.4 %). Co-morbidities

associated with risk of readmission included disseminated

cancer, dyspnoea and preoperative open wound (P \ 0.05

for all variables). Surgical procedures associated with

higher rates of readmission included pancreatectomy,

colectomy and liver resection. Postoperative occurrences

leading to increased risk of readmission were blood

transfusion, postoperative pulmonary complication, wound

complication, sepsis/shock, urinary tract infection and

vascular complications.

Outcome, the Recovery Process

There is no unequivocal definition of postoperative

recovery. Outcome must be assessed not only by major

morbidity, admission and readmission but by analysis of

recovery, resumption of capacities following surgery and

anaesthesia. The recovery process is complex and involves

not only the elimination of anaesthetics and associated

administered drug effects but also a variety of aspects

triggered by surgery, the surgical trauma and potential

secondary effects caused by the anaesthetic drugs admin-

istered. Pain, PONV, recovery of ADL, becoming street fit,

full restitution of physical and cognitive capacity are all

factors that should somehow be assessed after surgery and

anaesthesia. Surgical impacts on health-related Quality of

Life (HRQoL) and patients’ satisfactions are also variables

that should be taken into account. Recovery is complex,

and there are still limited studies as well as well-defined

tools for their assessment.

Impact of Anaesthetic Technique

There are several anaesthetic techniques used for ambula-

tory surgery. All are seemingly safe and efficacious, and

there are limited data showing that there are any significant

differences by one or the other [9]. Indeed, the risk for

major morbidity and mortality is low in conjunction to

ambulatory anaesthesia and the most recent meta-analysis

by Guay et al. [10••] published in 2014 could not find hard

evidence for major protecting properties of one anaesthetic

technique over the other in general. The authors merely

concluded that compared with general anaesthesia, a cen-

tral neuraxial block may reduce the 0–30-day mortality for

patients undergoing surgery with intermediate to high

cardiac risk (level of evidence, moderate). Gupta et al. [11]

conducted a systematic review published in 2004. They

found small differences and concluded that the choice of

the main anaesthetic should be guided by the experiences

of the individual physician. The routines and equipment at

the department are also of importance. The specific

anaesthetic had only minor role in outcome after ambula-

tory surgery. There is a recent meta-analysis done by

Vaughan et al. [12•] around anaesthetic technique for

elective laparoscopic cholecystectomy and outcome,

showing a similar result. They found no clear evidence of a

difference in the proportion of patients who were dis-

charged on the same day between any of the comparisons.

Overall, 472/554 patients (85 %) included in the review

were discharged on the day of surgery. Return to activity

and return to work or any quality of life measure were not

reported in any of the trials.

Emergence—Awakening from Anaesthesia

There are studies showing differences in emergence of

desflurane-based anaesthesia providing the most rapid and

predictable emergence [13, 14, 15]. Likewise Liu [16]
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conducted a meta-analysis showing beneficial effects from

the drug titration by BIS-monitoring. He found that the use

of BIS monitoring reduced anaesthetic consumption, risk

of nausea and vomiting and recovery room time; however,

these benefits did not reduce time spent in the ambulatory

surgery unit. The early recovery may also be assessed by

the classical Aldrete [17] score as well as the possibility to

by-pass the recovery room altogether and transporting the

patient directly to a low dependency facility. Both White

et al. [18] and Fanelli et al. [19] found desflurane and

sevoflurane based ambulatory anaesthesia to provide an

equally high number of patients eligible for fast-tracking

through by-passing the recovery room.

Impact of Pain Management

The positive effects of multi-modal or balanced postoper-

ative analgesia were shown decades ago and have become

standard of care for ambulatory surgery [20, 21]. The

combination of local anaesthesia, acetaminophen, NSAIDs

and the lowest effective dose of opioid have reduced the

well-known side-effects associated with opioid analgesics

and is today a well-established practice [22]. White et al.

[23] compared celecoxib and ibuprofen in a placebo-con-

trolled study and showed both substances to have a positive

effect on recovery. Both ibuprofen (1,200 mg/day) and

celecoxib (400 mg/day) significantly decreased the need

for rescue analgesic medication in the early post-discharge

period, leading to an improvement in the quality of

recovery and patient satisfaction with their pain manage-

ment after outpatient surgery. The Oxford league table of

analgesics in acute pain provides a comprehensive over-

view of most common oral analgesics.1

Impact of PONV

PONV, the little big problem has major impact on quality

of care and time to discharge [24]. Risk scoring and risk

score-based multi-modal PONV prophylaxis is today

commonly adopted [25]. The adoption of risk scoring and

subsequent multi-modal PONV prophylaxis is not a guar-

antee for the avoidance of emetic symptoms [26]. Efforts

are warranted in order to improve the prevention and

treatment of PONV reducing the early as well as late risks

for emetic sequelae? [27]. There are new consensus

guidelines providing update around risk assessment and

strategies for prevention and treatment of both early and

delayed PONV [28••].

Resumption of ADL

Wong et al. [29] described in 2009 the Functional

Recovery Index, a simple and easy to use tool for assess-

ment of functional recovery. The 14 simple and straight-

forward questions around every day living activities with a

response scale ranging from; Not difficulty at all to—

Extremely difficult was shown to have excellent reliability,

good validity, responsiveness and acceptability. The

authors suggest this test to be a good instrument for

assessing functional recovery of ambulatory surgical

patients. Studies about the subjective experience are sparse.

Berg et al. [30] asked patients about their perception of the

recovery following surgery/anaesthesia they found that

patients commonly experiences a comprising of mixed

internal and external prerequisites; changes in ordinary life

and an extensive shift about responsibility at home. Pakzad

et al. [31] suggested that more extensive information and

‘education’ could be of value.

The Postoperative Recovery Scales

There are several aspects that need to be assessed in order

to describe the recovery process after surgery and anaes-

thesia. During the last decades a number of recovery

assessment tools have been introduced. Herra et al. [32]

conducted a systematic review of postoperative recovery

outcome measurements after ambulatory surgery in 2007.

They assessed available tool from eight dimensions and

concluded that only one instrument, the 40-item Quality of

recovery score, fulfilled all the eight criteria. It was,

however, commented that this instrument was not specifi-

cally designed for ambulatory surgery and anaesthesia.

Stark et al. [33] showed that a condensed version of the

QoR 40 score, the Quality of Recovery-15 provides a valid,

extensive, and yet efficient evaluation of postoperative

recovery. The recovery scores are constructed on repeated

measures of various domains, with base-line preoperative

performance as the level of performance that should be

regained in order to fulfil the definition of ‘‘recovered’’.

There are of course several pitfalls with repeated tests,

possibility of learning effect, low level bias because of bad

initial performance and ceiling bias because the test does

not provide sufficient strength to document postoperative

changes. Bost et al. compared the numeric rating scale

(NRS) pain score, the 8-item Short-Form Health Survey

(SF-8), and the 40-item Quality of Recovery from Anaes-

thesia (QoR) during the first 4 days after ambulatory knee

surgery with regional anaesthesia. They found weaknesses

with all the scales and suggested that a composite was

needed to gain a full recovery profile. DeVine et al. con-

ducted a meta-analysis aiming at evaluating the correlation

and responsiveness of patient-reported pain with function

1 http://www.medicine.ox.ac.uk/bandolier/booth/painpag/Acutrev/

Analgesics/Leagtab.html
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and quality-of-life outcomes after spine surgery. They

observed little correlation between the change in pain and

the change in HRQoL outcome measures. They suggest

that when evaluating the surgical outcomes for CLBP in

the clinical-research setting, a shorter version for measur-

ing general HRQoL (e.g. SF-12, EQ-5D) to minimize cli-

nician and patient burden should be used. The

Postoperative Quality of Recovery scale PQRS was intro-

duced and validated in 2010 [34••]. It is a 6-dimensional

repeated performance recovery assessment tool. It assess

six domains of recovery; physiologic, nociceptive, emo-

tive, ADL, cognitive, and overall patient perspective.

Baseline testing in all domains is performed between 1 and

14 days preoperatively. Early measurement is performed at

40 min (T40) after cessation of anaesthesia and is princi-

pally designed to assess recovery at the point of discharge

from the postoperative anaesthesia care unit. Late recovery

refers to the measurements performed in the first week after

surgery at 1 and 3 days postoperatively (D1 and D3). Long-

term recovery may be assessed at 3 months postoperatively

(M3). In late and long-term measurements, the focus

changes from basic physiologic and home-readiness

recovery to cognitive recovery and return to previous or

expected level of functioning at home or workplace. The

PQRS has been shown to be easy to use clinically and a

sensitive measure of the recovery process being able to

differentiate between common procedures such as tonsil-

lectomy and nasal surgery [35].

Persistent Postoperative Pain

Long-lasting pain following surgery is also one outcome

variable that should be taken into account following

ambulatory surgery. Long-lasting, persistent postsurgical

pain (PPP) is a major concern [36] and has been reported

following breast cancer surgery (BCS), groin hernia repair

(GHR), and lung cancer surgery (LCS) in 13, 2, and

4–12 %, respectively [37]. Attempts have been made in

order to identify risk factors and subsequent interventions

to minimise the risk for long-lasting pain. Aasvang et al.

[38] found in a recent study that 12.4 % had ‘‘moderate/

severe’’ PPP at 6 months among patients that had under-

gone open or laparoscopic transabdominal preperitoneal

elective GHR. Logistic regression analysis identified four

risk factors for PPP: high preoperative Activity Assessment

Scale (AAS) score, preoperative pain to tonic heat stimu-

lation, 30-day postoperative pain intensity and sensory

dysfunction in the groin at 6 months (nerve damage) (all

P \ 0.03). A risk prediction model of only preoperative

factors and choice of surgical technique revealed increased

preoperative AAS score, increased preoperative pain to

heat stimulation, and open surgery to increase the risk for

PPP (all P \ 0.02). There is a need for standardisation,

structured data collection and potential for a common data

base in order to better understand the core risk associated to

the development of long-lasting pain after surgery [39].

This is in line with the Cochrane review by Caparro et al.

[40] who reviewed 40 randomized controlled trials and

warranted additional evidence from more well-designed,

large-scale trials in order to more rigorously evaluate

pharmacological interventions for the prevention of

chronic pain after surgery.

Neurocognitive Effects of Surgery and Anaesthesia

Surgery triggers a neuro-inflammatory response that may

cause prolonged effects on cognitive functions. Postopera-

tive cognitive dysfunction is not uncommonly seen in the

elderly following major surgical trauma. The neuro-inflam-

matory response has been suggested to be one of major

factors influencing the occurrence of POCD. Experimental

data suggest that the neuro-inflammatory response to surgery

triggers also changes in the younger brain [41]. The potential

benefit from EEG based depth-of-anaesthesia monitoring in

reducing the risk early as well as protracted cognitive dys-

function has been suggested. Jildenstål et al. [42] found AAI-

titrated (the use of a depth of anaesthesia monitor based on

processed auditory evoked potential technique) desflurane

anaesthesia to reduce the incidence of low cognitive test

performance at 24-h after ophthalmologic day surgery. Chan

et al. [43•] have shown similar beneficial effects from BIS-

titrated anaesthesia in elderly undergoing major surgery, a

reduced risk for postoperative delirium and cognitive

decline. Their study results would translate into that for every

1,000 elderly patients undergoing major surgery, anaesthetic

delivery titrated to a range of BIS between 40 and 60 would

prevent 23 patients from POCD and 83 patients from delir-

ium. Whether these findings are applicable also to elderly

undergoing ambulatory procedures warrants further studies.

Ultimate Health-Related Quality of Life Measures

Broad general tools for the assessment of HRQoL have

been used and should be considered alternatives for the

assessment of outcome. The SF-36 is a multi-purpose,

short-form health survey with only 36 questions.2 It yields

an 8-scale profile of functional health and well-being

scores as well as psychometrically based physical and

mental health summary measures and a preference-based

health utility index. It is a generic measure, as opposed to

one that targets a specific age, disease or treatment group.

Accordingly, the SF-36 has proven useful in surveys of

general and specific populations, comparing the relative

burden of diseases, and in differentiating the health benefits

2 http://www.sf-36.org/tools/sf36.shtml
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produced by a wide range of different treatments. The EQ-

5D3 is another well-validated general health assessment

tool. The EQ-5D-3L essentially consists of 2 pages—the

EQ-5D descriptive system (page 2) and the EQ visual

analogue scale (EQ VAS) (page 3). The EQ-5D-3L

descriptive system comprises the following 5 dimensions:

mobility, self-care, usual activities, pain/discomfort and

anxiety/depression. Each dimension has 3 levels: no

problems, some problems, extreme problems. The Euro

Quality 5-dimension score EQ-5D has been used by

Brattwall et al. [44]. They found procedure-specific chan-

ges in the postoperative health profile after day surgery.

Specifically arthroscopy patients recovered more slowly

compared with inguinal hernia repair and cosmetic breast

surgery patients. It was concluded that the time for final

evaluation differs significantly between procedures. Ve-

lanovich [45] used the SF-36 when assessing the health

impact difference between open and laparoscopic surgery.

He found that the laparoscopic technique was associated to

better quality-of-life outcomes than open surgery for cho-

lecystectomy, splenectomy and oesophageal surgery.

However, open hernioplasty has at least as good, if not

better, health status outcomes than laparoscopic repair.

Dhankhar et al. [46] used SF-36 looking for differences

between two hernia repair techniques made under local

versus general anaesthesia. They showed that Lichtenstein

repair under local anaesthesia is as good as totally extra-

peritoneal repair under general anaesthesia.

Summary and Conclusion

Outcome of anaesthesia is not well defined. Basic require-

ments are adequate intraoperative anaesthesia and safety.

Awareness with recall is the most rare but catastrophic event

[47]. Major morbidity and mortality associated to ambula-

tory surgery and anaesthesia is rare. It is hard to predict

whether we will see an increase in morbidity and re-admis-

sion to hospital as ambulatory surgery is increasingly

adopted also for the elderly and more fragile patients as well

as being utilized with more extensive surgical procedures.

There is a growing interest in whether there are differ-

ences between anaesthetics with regards to their potential

risk for neurotoxicity in the developing brain, when used in

neonates and especially in pre-term neonates. There are an

increasing number of studies evaluating the development

of the subtle but annoying experience of Postoperative

Cognitive Dysfunction [48]. POCD is most commonly seen

in the elderly and follows major surgery and it has been

suggested that ambulatory surgery and enhanced recovery

pathway may be associated with less cognitive impairment

as compared to traditional in-hospital care [49, 50]. There

is likewise an interest in if and how anaesthetics and POCD

can eventually impact the processes associated with

dementia [51].

Recent interest in whether anaesthetic technique and

influence in immune response could have an impact on the

risk for cancer recurrence has emerged. It seems reasonable

to conclude that there is still lack of robust Clinical data to

assess and change practice [52, 53]. There is also a debate

around whether anaesthetics e.g. halogenated inhaled ana-

esthetics could have protecting effects, ameliorating the

ischaemia reperfusion injury [54].

Outcome and recovery associated to ambulatory anaes-

thesia is still much based on time events and logistics and

subsequent economical and health care resource utilisation;

emergence/awakening characteristics having an impact on

theatre turnover. The benefits of rapid awakening and

resumption of protecting reflexes should, however, not be

neglected from a safety perspective. Fast-tracking meaning

the possibility to by-pass the recovery room high depen-

dency area is also of interest. Time to discharge and un-

planned hospital admissions are important factors relating

both to obvious factors such as presence of pain and PONV

but also to other practicalities such as timing for the escort.

Recovery in a more protracted perspective how patients

resume ADL, is of increasing interest and tools like the

PQRS provide a simple and validated option. HRQoL

measures such as the EQ-5D and the SF-36 questionnaires

are tools to be used in order to evaluate new surgery and

anaesthetic techniques and major changes in practice.
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