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1. Introduction 

In 1847 John Snow in his work On the Inhalation of 
the Vapour of Ether recognised that elderly patients 
recovered more slowly than younger patients. He also 
documented that post-operative nausea and vomiting 
(PONV) and respiratory depression were important 
recovery complications. In addition he also noted a 
period during recovery when the ‘mind wanders’. A 
century ago mortality was the major concern following 
general anaesthesia whilst anaesthetists in day surgery 
units now expect a good quality, swift recovery with 
pain well controlled and a low incidence of PONV. The 
aim of this article will be to define what recovery really 

Table I 
Properties of an ideal intravenous anaesthetic agent 
--..---__-_- 
1. Rapid onset (requires high lipid sohtbility and un-ionised 

at blood pH to allow penetration of blood-brain barrier) 

2. 

7 
4: 
5. 
6. 

I. 
8. 
9. 
10. 

11. 

12. 
13. 

Rapid recovery (rapid redistribution and metabolism with 
no accumulation) 
Analgesia at sub anaesthetic concentrations 
Minimal cardiovascular and respiratory depression 
No emetic effects 
No excitatory phenomena (e.g. coughing, hiccough, in- 
voluntary movements) on induction 
No emergence phenomena (e.g. nightmares) 
No epileptiform activity 
No interaction with neuromuscular blocking drugs 
No pain on injection. venous sequelae and safe if injected 
inadvertently into an artery 
No toxic effects on other organs with no stimulation of 
porphyria 
No hypersensitivity reactions or release of histamine 
Water-soluble formulation with long shelf-lift 

* Corresponding author. Day Surgery Unit, Addenbrooke’s NHS 
Trust, Cambridge. CB2 200. UK. 

is and to determine the methods used to assess it. Only 
then will it be pertinent to examine which intravenous 
anaesthetic agent either for induction or maintenance, 
will produce the best possible recovery profile. The 
qualities of the ideal intravenous anaesthetic agent are 
outlined in Table 1. 

2. The definition and importance of recovery 

2.1. Recooery phases 

Recovery may be conveniently divided into three 
phases and all anaesthetists should appreciate these 
phases as many relevant pubiications discussing recov- 
ery refer to these time intervals. 

Phase 1 Immediate recovery may be defined as the 
return of consciousness and protective reflexes follow- 
ing general anaesthesia. 

Phase 2 Intermediate recovery lasts for up to 2-- 3 h 
and most day units will continue to nurse these patients 
within their wards. There is a need for patients to 
return to street fitness before being discharged from day 
units. 

Phase 3 Late or full recovery defines the phase when 
all the effects of general anaesthesia have disappeared. 
Usually this relates to a 24-h period after anaesthesia. 

The importance of a early recovery lies in the 
achievement of airway control and protection although 
a shorter stay in the recovery room may have important 
cost saving implications, i.e. the longer the recovery the 
more nursing time has to be resourced. The intermedi- 
ate period of recovery on the ward has been thoroughly 
investigated to determine differences between anaes- 
thetic agents and at this time complications such as 
PONV may occur. Both PONV or a delayed return to 
street fitness on the ward account for approximately 
20% of hospital admissions from a dedicated day unit 
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Table 2 
Common recovery tests in anaesthetic practice 

1. Clinical Tests (a) Orientation 

(b) Sitting unaided 

2. Paper and pencil tests 

3. Psychomotor tests 

(c) Walking in a straight line 
(d) Romberg’s test 
(e) Picking up matches 
(f) Countdown test 
(g) Memory function 
(a) Deletion of ‘P’s 
(b) Triegers’ test 
(a) Maddox wing test 
(b) Flicker fusion test 
(c) Pegboard test 
(d) Post box test 
(e) Reaction timing 
(f) Simulated driving 
(g) EEG recordings 
(h) Critical flicker fusion test 

[l], These admissions will have obvious cost implica- 
tions and may even defeat the cost effectiveness of day 
surgery. Furthermore a rapid and good quality late 
phase of recovery will be important to reduce the loss 
of earnings for day patients. Perhaps of even greater 
importance is the reduction of the risk of motor vehicle 
accidents, home accidents and the avoidance of costly 
litigation. 

2.2. Quantitative measurement of recovery 

Recovery may be assessed in three ways and exam- 
ples of common recovery tests are outlined in Table 2. 

A major problem when comparing the recovery char- 
acteristics of agents is that to determine any differences 
between anaesthetic agents becomes more difficult with 
time, thus more complex tests may be required to show 
these recovery variations. Problems of patient boredom 
and loss of compliance will then appear with more 
complex and accurate tests. No single test has been 
identified which provides reliable recovery information 
for all aspects of psychomotor functions following gen- 
eral anaesthesia. 

Table 3 
Discharge criteria - Addenbrooke’s Day Surgery Unit 1995 

1. Stable vital signs 

2. Alert and oriented 
3. Tolerating oral fluids 
4. Able to sit unaided 
5. Pain controlled, wound checked 
6. Written and verbal discharge instructions 
7. Medication to take home and mobility aids provided 
8. Responsible adult escort with patient 

Table 4 
Approximate elimination half-lives of the agents 

Agent 

Thiopentone 
Propofol 
Methohexitone 
Etomidate 

Half-life (h) 

11.5 
334.8 
4 
1.25 

The criteria for patient discharge from the Adden- 
brooke’s day surgery unit are outlined in Table 3. 
Although this duty may be delegated to the nursing 
staff the responsibility still lies with the anaesthetist 
involved with these day cases. 

3. Agents influencing recovery 

It is now appropriate to consider the various intra- 
venous agents used in day surgery which may influence 
recovery. This consists of two sections, the first being 
the effect of different induction agents on recovery and 
secondly the differences between maintenance with in- 
travenous agents compared with themselves and also 
their volatile inhalation anaesthetic counterparts. Addi- 
tional factors which may potentially delay day case 
recovery times include sedative premeditation and pro- 
phylactic pre-emptive analgesic regimes. 

3.1. Intravenous induction agents 

Propofol is the most popular day case anaesthetic 
induction agent although thiopentone, methohexitone 
and etomidate do have their advocates. So far there 
have been few studies comparing recovery of these 
agents with ketamine in a day case setting. Table 4 
shows the half-lives of these agents. It may be tempting 
to draw Firm conclusions about their recovery perfor- 
mance from this table but much of their activity is 
related to redistribution and not metabolism thus mak- 
ing meaningful comparison difficult. 

Indeed propofol has been compared to other induc- 
tion agents for short procedures and there is evidence 
which records no alteration in post-operative co-ordi- 
nation [2]. One study has reported that discharge time 
was independent of which ever induction agent was 
used, including thiopentone [3]. However evidence 
shows that psychomotor impairment exists for up to 5 
h with thiopentone as compared to 1 h following 
propofol [4,5]. Again there have been claims of a sig- 
nificant difference in sitting up and street fitness times 
together with a reduced incidence of PONV in a propo- 
fol group [6]. Propofol compares favourably with 
methohexitone producing a faster recovery of psycho- 
motor performance although again after 4 h there was 



P.H. Carroll, T. W. Ogg 1 Ambulatory Surgery 4 (1996) I9 -23 ?I 

no difference recorded between thiopentone, metho- 
hexitone or propofol [7]. Other work has noted that 
propofol patients have a better sense of well-being 
compared to other intravenous agents but whether this 
is attributable directly to the agent itself or to lack of 
PONV or barbiturate ‘hangover’ remains unclear [8]. 

When propofol was compared to thiopentone in chil- 
dren it was found that in children less than 5 years old 
only the time to spontaneous eye opening was shorter 
after propofol. However in children aged 5- 11 years 
old, times for spontaneous eye opening, giving name 
and discharge were shorter after propofol induction. 
These results indicate that propofol hastened early re- 
covery in children undergoing day case surgery, but 
earlier discharge occurred only in older children [9]. 

.?.2. Intrucenous anaesthetic ugents for muintenunce 

On examination of recovery following intravenous 
agents when used for of anaesthesia or sedation several 
studies have looked at these agents in comparison with 
each other but perhaps the most interesting debate 
arises when the recovery aspects of intravenous anaes- 
thetic agents are compared with their volatile counter- 
parts. During sedation when propofol, methohexitone 
and midazolam were compared it was discovered that 
the vigilance and concentration of the subjects were 
worse in the midazolam and methohexitone groups 
[lo]. There is also evidence that premeditation with 
midazolam prior to sedation with propofol may even 
increase anxiolysis and sedation without affecting dis- 
charge from the recovery room [ll]. Indeed the use of 
midazolam premeditation prior to general anaesthesia 
does not appear to alter the patients ability to reach 
street fitness times in the day surgery context [12]. 

When propofol and thiopentone were compared as 
maintenance agents for brief surgical procedures the 
recovery in memory and psychomotor performance was 
notably superior in the propofol group. The subjective 
feelings of tiredness, drowsiness and alertness were all 
worse in the thiopentone group even at 24 h [13]. This 
is not surprising given the different pharmacology of 
the agents and the potential for accumulation with 
thiopentone. 

Again methohexitone and etomidate have been stud- 
ied, together with althesin, in the short surgery setting 
and it was found that recovery from methohexitone 
appeared the fastest. It was interesting to note that in 
this study it was found to be too difficult to produce 
good operating conditions with etomidate alone and 
the etomidate group recorded the highest complication 
rate [14]. 

When propofol and methohexitone were compared in 
outpatient anaesthesia propofol was associated with 
fewer side effects e.g. hiccough, PONV and the phase 1 
and 2 recovery times for awakening and ambulation 

were shorter in the propofol group [15]. 
The common theme throughout these studies com- 

paring the intravenous agents against themselves for 
maintenance in day case surgery is not the question of 
recovery. It would appears that propofol has a superior 
recovery profile as shown by psychomotor testing but 
often discharge times are similar. Perhaps of greater 
importance is that the quality of recovery appears 
better in the propofol groups and the incidence of 
peri-operative side-effects and complications is lower 
when propofol is used. Therefore, quality day case 
anaesthesia is probably more important than recovery. 

3.3. Recovery aspects of‘ total intravenous anwsthrsia 
(TWA) compared to volatile anaesthetis mcrintenancc 

TIVA has become popular in many day surgery units 
and the use of propofol for maintenance should be 
compared with the older and newer generation of 
volatile inhalational anaesthetic agents. When propofol 
TIVA was compared to an anaesthetic comprising 
thiopentone or halothane induction together with 
halothane maintenance m children, the TIVA group 
was the slowest to recover with no difference in recov- 
ery even if thiopentone was used for induction instead 
of halothane [16]. Again TIVA recovery has been com- 
pared with an enflurane anaesthetic and the immediate 
recovery was shorter in the propofol group. There 
would appear to be an increase in well-being again 
recorded in the TIVA groups but the time to reach 
discharge criteria was the same in both groups in one 
study [17], but significantly shorter in the propofol 
group in another publication [18]. Finally. both studies 
showed there was an increased incidence of PONV in 
the enflurane group. 

When propofol TIVA was compared with isoflurane 
maintenance conflicting results arose showing minor 
differences in psychomotor test results but overall 
propofol provided a faster recovery [19--221, Again a 
higher incidence of PONV was noted in the isoflurane 
groups. If isoflurane was used to supplement TIVA 
immediate recovery was slowed and the incidence of 
PONV was higher although discharge times remained 
the same [23]. If propofol is used to finish major cases 
using isoflurane immediate recovery was faster but the 
incidence of PONV was still higher than TIVA alone 
[24]. In a direct comparison between TIVA and 
isoflurane in major cases extubation times were longer 
in the TIVA groups but recovery appeared to be similar 
~251. 

The newer agent sevoflurane may offer smooth in- 
halational induction characteristics with a 30% faster 
immediate recovery compared to propofol. However 
the incidence of PONV was high but in the intermedi- 
ate phase of recovery awareness, confusion and co-ordi- 
nation were similar [26]. DesfIurane is known to 
produce a high incidence of airway complications il 
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used for an inhalational induction but it may offer 
rapid recovery even after long surgery and minimal 
metabolism. Desflurane recovery was again faster than 
propofol in the early phase of recovery but by 2 h 
psychomotor test times were equal. Although the street 
fitness times were similar the desflurane group recorded 
a 50% incidence of PONV against the 12% of the 
propofol patients [27-301. 

Finally one group investigated TIVA alone and 
recorded the reasons for prolonged first phase recovery. 
A total of 14 882 patients was studied and prolonged 
awakening, defined as greater than 15 min from the end 
of general anaesthesia, occurred in 6.8% of cases. The 
mean wake up time was 7.2 min and the factors associ- 
ated with this were males, endotracheal intubation, age 
> 65, abdominal surgery, infusion > bolus, addition 
of isoflurane and a total dose of propofol > 8 mg/kg 
[311. 

4. Conclusions 

Total intravenous anaesthesia (TIVA) with propofol 
and alfentanil or fentanyl has its advocates for day case 
anaesthesia in Britain. At the Addenbrooke’s demon- 
stration day unit approximately 35% of anaesthetics are 
TIVA [32] but newer volatile agents have now entered 
the market with rapid recovery profiles. 

Recovery will depend on your definition and care 
should be taken to describe which phase of recovery is 
being tested and by which recovery tests. The duration 
and type of surgery will influence anaesthetic recovery 
as will the expertise of the anaesthetist with whatever 
agent is used. 

As regards the intravenous agents in day surgery it is 
the quality of recovery which is important in addition 
to the incidence of per&operative complications. Etomi- 
date produces PONV and is difficult to use intra-opera- 
tively with methohexitone having a high incidence of 
airway complications. Thiopentone gives similar dis- 
charge times to propofol but hangover effects still 
remain. Therefore, for induction it would appear that 
propofol has a good recovery profile and the suppres- 
sion of laryngeal reflexes assists the introduction of the 
Brain laryngeal mask airway. 

Which agent should be used for the maintenance of 
anaesthesia? The debate is still open and although 
desflurane produces the most consistent early recovery 
there is little evidence to support large significant varia- 
tions in the speed to street fitness with any particular 
technique. Indeed there is a remarkable similarity with 
many recovery tests at 60- 120 min following the cessa- 
tion of general anaesthesia. However, there is little 
doubt that PONV is associated with volatile anaesthe- 
sia and so in this respect propofol TIVA will always 
produce a rapid good quality recovery. 

Recent evidence in the costing of day case anaesthe- 
sia has proven that propofol was indeed more expensive 
than volatile agents [33]. However, this finding will 
have to be offset by the expense of day case hospital 
admission especially with moderate to severe PONV 
after volatile anaesthesia. Basically there is no single 
anaesthetic agent which will produce the overwhelm- 
ingly best recovery profile and for day surgery the 
individual anaesthetist should make his or her own 
choice. However the authors believe that even the most 
recently introduced inhalational agents will find it hard 
to compete with TIVA in the form of propofol and 
alfentanil for day case surgery. 
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