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Editor’s key points

† Patient-centred outcome
measures after surgery
can include a quality of
recovery score.

† Female patients typically
have a poorer quality of
recovery after surgery.

† Total i.v. anaesthesia can
improve recovery
characteristics in some
settings.

† Individually titrated
anaesthetic drug
administration may
improve the quality of
recovery after surgery.

Background. Two common general anaesthetic methods are total i.v. anaesthesia (TIVA) and
inhalation anaesthesia, but it is unclear whether this affects the patient’s perception of their
quality of recovery. The Quality of Recovery-40 questionnaire (QoR-40) is a valid and reliable
method to evaluate the extent of functional recovery after surgery with general anaesthesia.
This study therefore compared patient recovery using the QoR-40 in surgical patients who
received TIVA with those who received desflurane anaesthesia.

Methods. Eighty females (20–65 years old) undergoing thyroid surgery were prospectively
recruited and randomized to either the TIVA (effect-site target controlled infusion using
propofol and remifentanil) or DES (desflurane inhalation with manual infusion of
remifentanil) groups. The QoR-40 was administered by an investigator blind to group
allocation before surgery, and postoperative days 1 and 2 (POD1 and POD2). Additional data
including the incidence of nausea or vomiting, the consumption of antiemetic and
analgesic agents in the post-anaesthesia care unit, and the duration of the hospital stay,
were collected in all cases.

Results. The QoR-40 score on POD1 was significantly higher in the TIVA group compared with
the DES group (174 vs 161, respectively; P¼0.004), indicating a better quality of recovery in the
TIVA group. Among the five dimensions of the QoR-40, physical comfort and physical
independence were significantly better on POD1 and POD2 in the TIVA group.

Conclusion. This study demonstrates that the quality of recovery for female thyroid surgery
patients is significantly better with TIVA compared with desflurane anaesthesia.

Clinical trial registration. www.clinicaltrials.org; ref.: NCT01760018.
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Anaesthesia and surgery have certain inevitable negative
impacts on the quality of life of patients, manifest as various
discomforts after surgery even without specific complications.
Moreover, prolonged recoveryafter surgery can lead to delayed
hospital discharges and increased costs, which can impact re-
source utilization and mitigate patient satisfaction.1 2 As the
clinical environment moves to perform more surgeries as am-
bulatory procedures with quicker discharge rates, anaesthe-
siologists must consider techniques that provide both fast
and high quality recovery that minimizes both minor morbid-
ities and the time to resume daily activities.3

The two most common general anaesthesia techniques are
total i.v. anaesthesia (TIVA) and inhalation anaesthesia.4 Most

studies, however, have analysed primarily fragmentary mea-
sures such as recovery time, cardiorespiratory perturbations,
pain, nausea and vomiting, duration of the hospital stay, or
other various adverse sequelae.5 6 Such piecemeal factors do
not sufficiently reflect patient recovery from general anaesthe-
sia. A measurement that probes quality of life from the per-
spective of the patient is therefore an important factor in
clinical studies that wish to investigate the effect of anaesthe-
sia and surgery on patient recovery and satisfaction.5

The Quality of Recovery-40 questionnaire (QoR-40) probes a
patient’s recovery from general anaesthesia using five dimen-
sions of health: physical comfort, physical independence, emo-
tional state, psychological support, and pain. The validity,

& The Author 2014. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

British Journal of Anaesthesia 114 (4): 663–8 (2015)
Advance Access publication 10 December 2014 . doi:10.1093/bja/aeu405

 at U
niversidade de SÃ

¯Â
¿Â

½
o Paulo on M

ay 8, 2015
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

mailto:leejeongrim@gmail.com
mailto:leejeongrim@gmail.com
www.clinicaltrials.org
www.clinicaltrials.org
www.clinicaltrials.org
http://bja.oxfordjournals.org/


reliability, ease of use, and responsiveness of the QoR-40 has
been confirmed in previous studies,2 6 and has been used suc-
cessfully to assess the degree of recoveryafter several different
surgical and anaesthetic techniques. Few if any studies have
used the QoR-40 to probe recovery outcomes after the admin-
istration of TIVA compared with volatile anaesthetics. We
therefore compared recovery outcomes between patients
who received effect-site target controlled infusion (TCI) of pro-
pofol and remifentanil (i.e. TIVA) and patients who received
desflurane anaesthesia supplemented with remifentanil. The
QoR-40 questionnaire was administered before surgery and 1
and 2 days post-surgery (POD1 and POD2, respectively) in
female patients scheduled for thyroidectomy who were ran-
domly assigned to receive either propofol and remifentanil
(TIVA group) or desflurane and remifentanil (DES group).

Methods
This double-blind, randomized trial was approved by the Insti-
tutional Review Board at Severance Hospital (4-2012-0748)
and registered with ClinicalTrials.gov (NCT01760018). Written
informed consent was obtained from all participants.

We enrolled female patients aged 20–65 yr old with an ASA
physical status I–II who were undergoing thyroid surgery for
neoplasm. Patients who were taking any sedative, opioid, or
sleep aid drugs, who had an allergic history of any study drug,
who were obese as defined by a BMI of more than 30 kg m22,
or who were pregnant or breastfeeding, were excluded
from the study.

Each patient was randomly assigned to the TIVA or DES
group. Patients in the TIVA group were administered anaesthe-
sia using an effect-site TCI of propofol and remifentanil, and
patients in the DES group were administered anaesthesia
using desflurane and a manually controlled infusion of remi-
fentanil. Randomization was done on the morning of surgery
using a web-based random-number generator available at
www.random.org. Because of significant differences between
the two anaesthetic techniques, the attending anaesthesiolo-
gist could not be blinded to group identity. Both the patient and
the investigators were however blinded to group identity.

Study patients did not take any medications before surgery.
Routine monitoring, including SpO2

, electrocardiogram, non-
invasive arterial pressure, nasopharyngeal temperature, and
measurement of the bispectral index (BIS VISTA Monitoring
System; Aspect Medical Systems, Inc., Norwood, MA, USA)
were commenced upon arrival to the operating theatre. Each
measure was recorded every 1–5 min. Patients randomized
to the TIVA group received an effect-site TCI of propofol and
remifentanil using a commercial TCI pump (Orchestraw Base
Primea, Fresenius Vial, Brezins, France). TCI pump operation
was based on Schnider’s pharmacokinetic model for propofol
and Minto’s model for remifentanil.7 8 Induction and mainten-
ance was achieved with TCI propofol, 2–6 mg ml21, and remi-
fentanil, 2–6 ng ml21. In contrast, anaesthetic induction was
achieved in the DES group with a bolus administration of
1.5–2 mg kg21 of propofol and 1–2 mg kg21 of remifentanil,
and anaesthesia was maintained using 4–7% desflurane with

an adjuvant i.v. infusion of 0.05–0.2 mg kg21 min21 of remifen-
tanil. Rocuronium, 0.6 mg kg21, was injected to facilitate tra-
cheal intubation in all patients. Tracheal intubation was
performed in all patients using a 6.5 mm (internal diameter) tra-
cheal tube. Cuff pressure was maintained at 20–25 cm H2O
throughout the procedure. Mechanical ventilation was main-
tainedwithatidal volume of8mlkg21 and ventilatoryfrequency
was adjusted to maintain an end-tidal carbon dioxide concen-
tration of 4.6–5.3 kPa with an air/oxygen mixture (fraction of
inspired oxygen 0.5). Body temperature was maintained at
36–378C. In both groups, the anaesthetic depth was titrated
to maintain a BIS range between 40 and 55, and mean arterial
pressure within 20% of pre-induction values.

Ramosetron, 0.3 mg, was used for antiemetic prophylaxis
and ketorolac, 0.5 mg kg21, was used for analgesia, i.v. admi-
nistered 30 and 10 min before the end of the surgery, respect-
ively. Upon completion of the surgery all anaesthetics were
discontinued, and 0.07 mg kg21 of neostigmine with 0.05 mg
kg21 of glycopyrrolate was administered i.v. to reverse possible
residual neuromuscular blocking. The tracheal tubewas removed
after consciousness was regained and sufficient spontaneous
respiration was confirmed. After stable vital signs and respir-
ation were confirmed, the patients were transferred to the
post-anaesthesia care unit (PACU).

Pain, and postoperative nausea and vomiting (PONV), were
measured using an 11-point numeric rating score upon arrival
in the PACU and every 5 min thereafter. Fentanyl, 50mg, or meto-
chropromide, 10 mg, were administered for pain or PONV, re-
spectively, if the rating of each respective item exceeded 4. The
patients were discharged to the post-recovery ward when the
Aldrete score was 9 or more.9

The quality of postoperative functional recovery was as-
sessed using the QoR-40 questionnaire, which assesses five
dimensions of recovery: physical comfort (12 items), emotional
state (9 items), physical independence (5 items), psychological
support (7 items), and pain (7 items). Each item was rated on a
five-point Likert scale: none of the time, some of the time,
usually, most of the time, and all of the time. The total score
on the QoR-40 ranges from 40 (poorest quality of recovery) to
200 (best quality of recovery). The QoR-40 was administered
three times, the day before surgery, POD1, and POD2,
between 6 and 8pm. The primary outcome of interest was
the QoR-40 score on POD1. The following data were collected
as additional outcomes of interest: intraoperative and immedi-
ate postoperative vital signs, the total amount of remifentanil
used during surgery, the duration of time between the dis-
continuation of anaesthetic agents and response to a verbal
command (response time), the duration of time between the
discontinuation of anaesthetic agents and extubation (extu-
bation time), the duration of the PACU stay, and the incidence
of nausea in the ward.

Statistical analyses

The primary outcome was the global QoR-40 score on POD1.
Our sample size calculation was based on the assumption
that a difference in QoR-40 score of 10 or more would be
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clinicallysignificant because a 10-point difference represents a
15% improvement in the quality of recovery.10 Sample size cal-
culations revealed that 34 subjects per group were required to
achieve a power of 90% with a type 1 error of 0.05. In order to
allow for a drop-out rate of up to 20%, we enrolled 80 subjects.
Categorical data were compared using Fisher’s exact test.
Ordinal data and non-Gaussian continuous data (presented
as the median and range) were compared between groups
using the Wilcoxon rank-sum test. Normally distributed data
(presented as the mean and SD) were compared between
groups using a two-sample independent t-test. A P-value of
,0.05 was considered statistically significant.

Results
A total of 96 patients were assessed for eligibility and 80
patients were consented and randomly assigned into the
study. Four of these 80 patients were withdrawn from the
study. We therefore collected and analysed data from 76
patients. The flowchart in Figure 1 outlines the number of
patients at each stage of the study and includes the reasons
for exclusion at each stage. The patient characteristics of the
patients who were included in the study are presented in
Table 1. The duration of anaesthetic usage was comparable
between both groups (Table 1).

The preoperative, POD1, and POD2 QoR-40 scores are pre-
sented in Table 2. The preoperative QoR-40 score was similar

between the two groups (P¼0.46). A significant difference
(P¼0.004) in QoR-40 scores was observed between the two
groups on POD1 (174 vs 161 between the TIVA and DES
groups, respectively). This difference seemed to persist, but

Assessment for
eligibility (n=96)

Excluded (n=16)
Did not meet inclusion criteria (n=3)

Patient dit not consent (n=13)

Informed consent (n=80)
Pre-operative QoR–40

TIVA group (n=40) DES group (n=40)

Follow up (n=39)
Lost to follow up (n=1)
•  Refused to respond

Follow up (n=38)
Lost to follow up (n=1)
•  Refused to respond

Follow up (n=38)

Follow up (n=38)
Lost to follow up (n=2)
•  Refused to respond

Analysed
(n=76)

Randomization

QoR–40
POD1

QoR–40
POD2

Fig 1 A flowchart that outlines patient selection, randomization, and analysis.

Table 1 Patient characteristics of patients in the TIVA and DES
groups. Data are presented as mean (range) for age, mean (SD), or
number of patients (%) as appropriate. TIVA, total i.v. anaesthesia;
DES, desflurane; MBP, mean blood pressure; PR, pulse rate

TIVA group (n538) DES group (n538)

Age (yr) 43.6 (23–60) 40.0 (25–61)

Height (cm) 160.1 (3.8) 160.1 (5.7)

Weight (kg) 59.2 (8.0) 56.6 (6.5)

BMI 23.1 (3.0) 22.1 (2.8)

ASA class I/II 19 (50)/19 (50) 24 (63)/14 (37)

Hospital stay duration
(days)

5.13 (0.7) 5.16 (0.6)

Anaesthetic duration
(min)

107.6 (44.5) 127.9 (55.9)

Robotic surgery/open
surgery

11 (29)/27 (71) 17 (45)/21 (55)

Baseline vital signs

MBP (mm Hg) 72 (14) 85 (20)

PR (beats min– 1) 72 (9) 75 (12)

QoR-40 after total i.v. or desflurane anaesthesia BJA
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was not statisticallysignificant (P¼0.056), on POD2 (185 vs 176
between the TIVA and DES groups, respectively). Among the
five dimensions of the QoR-40, physical comfort and physical
independence scores were significantly higher in the TIVA
group compared with the DES group on POD1 and POD2.

In the TIVA group, scores for the physical independence and
pain dimensions were statistically reduced in POD1 compared
with preoperative scores; however, they were restored to their
preoperative scores on POD2. The other three dimensions did
not change significantly after surgery in the TIVA group. In
the DES group, the scores on all dimensions, except psycho-
logical support, were reduced significantly on POD1 compared
with preoperative scores, and these reductions persisted on
POD2.

The perioperative data are presented in Table 3. Heart rate
and the BIS around the time of tracheal extubation were sig-
nificantly higher in the DES group, and the amount of remi-
fentanil administered was higher in the TIVA group. The
recovery response time and the tracheal extubation time
were similar between the two groups. During the PACU stay,
7 patients in the DES group and 1 patient in the TIVA group
complained of nausea, and 5 patients in the DES group took
an additional antiemetic. On the ward, 26 patients in the
DES group complained of nausea on POD1 compared with
17 patients in the TIVA group (P¼0.037); this difference
waned on POD2.

Discussion
The present study demonstrated a significant improvement in
the patient’s perceived quality of recovery in those receiving
TIVA compared with those receiving desflurane anaesthesia.
TIVA resulted in significantly less reduction of the QoR-40
score on POD1 compared with the preoperative score, and was
associated with a significantly higher score compared with des-
flurane anaesthesia. This difference seemed to persist to POD2,
but the difference was no longer statistically significant.

Several comparisons between TIVA and volatile anaesthetics
have been conducted previously. Traditionally, anaesthesiolo-
gists have regarded a desirable recovery as one in which con-
sciousness is restored quickly with stable vital signs, and all
perioperative physicians have regarded a desirable recovery to
be free of serious complications with early hospital discharge.
Patients, however, regard a good recovery to include improved
comfort and impact on their quality of life in the early post-
operative period.11 12 Conventional measures typically used by
anaesthesiologists and surgeons often do not address patient
quality of recovery, the time to restoration of normal daily

Table 2 QoR-40 scores between the TIVA and DES groups
preoperatively, and on postoperative days 1 (POD1) and 2 (POD2).
Data are presented as mean (SD). QOR-40, The 40-item Quality of
Recovery 40 questionnaire; TIVA, total i.v. anaesthesia; DES,
desflurane

TIVA group DES group P-value

Preoperative

Emotional status 39 (7.3) 41 (4.8) –

Physical comfort 54 (8.6) 55 (5.4) –

Psychological support 32 (3.9) 32 (3.6) –

Physical independence 24 (2.6) 24 (2.7) –

Pain 31 (5.4) 33 (2.8) –

Total QoR-40 181 (24) 184 (14) –

POD1

Emotional status 40 (4.8) 38 (5.4) 0.11

Physical comfort 52 (5.9) 47 (8.6) 0.002

Psychological support 33 (2.8) 31 (3.8) 0.004

Physical independence 21 (3.4) 18 (4.7) 0.002

Pain 28 (4.3) 27 (4.5) 0.33

Total QoR-40 174 (17) 161 (22) 0.004

POD2

Emotional status 42 (5.3) 40 (6.3) 0.14

Physical comfort 56 (5.0) 52 (7.5) 0.008

Psychological support 33 (3.5) 32 (3.6) 0.32

Physical independence 23 (2.5) 22 (3.4) 0.019

Pain 31 (4.7) 31 (4.0) 0.81

Total QoR-40 185 (18) 176 (21) 0.056

Table 3 Perioperative data comparisons between the TIVA and DES
groups. Data are presented as mean (SD). TIVA, total i.v.
anaesthesia; DES, desflurane; PR, pulse rate; BIS, bispectral index;
Response time, time from cessation of main anaesthetics to
patients’ response to verbal command; tracheal extubation time,
time from cessation of anaesthesia to tracheal extubation;
remifentanil usage, total amount of remifentanil during
intraoperative period; PACU, post-anaesthesia care unit; POD1,
postoperative day 1; POD2, postoperative day 2

TIVA group DES group P-value

Intraoperative period

PR, 10 min after induction
(beats min– 1)

69.8 (9.4) 81.5 (15.7) 0.000*

PR, cessation of main
anaesthetics (beats min–1)

62.3 (11.3) 69.6 (13.2) 0.012*

PR at tracheal
extubation (beats min– 1)

74.0 (12.0) 98.1 (21.3) 0.000*

BIS at tracheal extubation 80.7 (5.5) 85.5 (8.1) 0.004*

Response time (min) 5.5 (2.7) 5.0 (5.8) 0.32

Tracheal extubation time
(min)

6.3 (2.9) 5.8 (1.7) 0.35

Remifentanil usage (mg) 715.7 (322.8) 652.8 (260.7) 0.35

PACU

PR, admission to PACU
(beats min– 1)

68.7 (12.7) 92.5 (19.3) 0.024

PR, discharge from PACU
(beats min– 1)

64.1 (8.9) 82.2 (15.0) 0.025

Duration in PACU
(beats min– 1)

42.2 (13.1) 38.0 (11.3) 0.14

Nausea 1 7 0.056

Use of antiemetic drug 0 5 0.069

Postoperative period

Nausea on POD1 17 26 0.037

Nausea on POD2 7 11 0.28
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activities,andoverallpatientsatisfaction.Fewstudieshavecom-
pared the overall quality of recovery between TIVA and the vola-
tile anaesthetic agentdesflurane from the patient’s perspective.
Our results show that the anaesthetic method influences
patient-perceived quality of recovery.

The most significant differences between the TIVA and DES
groups were on the physical comfort and physical independ-
ence dimensions. The items on these dimensions include
breathing, sleeping, eating, tiredness, nausea/vomiting, shi-
vering, and the ability to perform daily physical activities
such as working, writing, communicating, and washing. The
physical comfort dimension is known to capture additional in-
formation about side-effects and may provide valuable
insights into when these problems subside in patients under-
going outpatient surgery.13 For example, prior studies have
shown that TIVA reduces PONV compared with volatile anaes-
thesia.14 – 17 Less nausea and vomiting was observed among
patients who received TIVA in our study, which may have
improved their perception of physical comfort compared with
the DES group.

Alongside the impact on PONV, the other reason why
physical comfort may have been rated higher in the TIVA
group in our study is that each anaesthetic method could
have differentially affected the modulation of the stress re-
sponse.4 Anaesthesia and surgical trauma inevitably stimulate
immunological and inflammatory responses. Studies have
shown that the preoperative use of dexamethasone enhances
patient satisfaction and quality of recovery,3 11 which suggests
that the modulation of inflammatory and stress responses is
associated with an improvement in the quality of recovery.
Compared with volatile anaesthesia, i.v. anaesthesia with pro-
pofol may limit stress-related hormone and pro-inflammatory
cytokines and to generate marked increases in anti-
inflammatory cytokines.4 Additionally, serum glucose increase
induced by surgical stress is also attenuated in TIVA.18 Together,
these differences in the modulation of stress hormones and in-
flammatory responses between propofol and volatile anaes-
thetics suggest an effect on comprehensive recovery after
general anaesthesia. In contrast however, some studies have
found more positive outcomes with volatile anaesthesia.19 20

Attention is therefore required in the interpretation of these
studies because different surgical types induce various types
and degrees of stress and inflammation. In addition, another
possible reason of our result is that anaesthesia with desflurane
may lead to significantly impaired bronchociliary clearance
compared with TIVA, which can lead to the retention of secre-
tions, atelectasis, and lower respiratory tract infections and
may therefore influence a patient’s physical comfort.21

Some studies have also reported better neuroprotective and
analgesic properties after TIVA compared with volatile anaes-
thetics.22 – 24 In the present study, the pain dimension of the
QoR-40 was not different between the TIVA and DES groups.
The questionnaire, however, includes items about extra-
surgical pain such as headache, muscle pain, back pain, sore
throat, and sore mouth. Pain comparisons across different
anaesthetic techniques must therefore also account for the
type of surgery that has been performed.

The QoR-40 was developed in 2000 by Myles and collea-
gues,5 and to date remains the only quality of recovery
measurement instrument that fulfils the requirements for
appropriateness, reliability, validity, responsiveness, precision,
interpretability, acceptability, and feasibility.6 25 In a systemat-
ic review and meta-analysis the mean QoR-40 score in those
without and with complications were 170 and 159, respective-
ly, with a weighted mean difference of 11.6 The QoR-40 has
been used in patients of both sexes and across all adult age
groups, diverse cultural backgrounds, and different surgical
types and anaesthetic techniques. The results of the QoR-40
can be generalized, therefore, to different situations.6 In the
present study, the QoR-40 score in the TIVA group was 174
compared with a score of 160 in the DES group on POD1 with
a difference of 14 points. Our results, therefore, seem to
show a significant and large differential effect of TIVA and
desflurane anaesthesia on functional recovery. The quality
of recovery on the day after an anaesthetic procedure is
known to be associated with recovery weeks and perhaps
years afterwards. For example, a poor QoR-40 score on post-
operative day 3 after cardiac surgery predicted poor quality
of life 3 months after the surgery.26 Although we did not
conduct a long-term follow-up in the patients who participated
in the present study, these results suggest value in a patient’s
later health status.

Poor quality of recovery negatively affects both the patient
and the medical team. From the patient’s perspective, a
delayed return to normal activity lowers the patient’s satisfac-
tion for the medical services they received, and the patient also
may suffer from significant postoperative discomfort. A pro-
longed stay in the recovery room or a delay of hospital
discharge has a significant impact on resource utilization for
the medical team. Every effort should be devoted, therefore,
to improve patient satisfaction and resource utilization, espe-
cially in minor less-invasive surgeries.

There were several limitations to this study. First, we used
the Korean written version of the QoR-40 questionnaire,27

which has not been formally validated. However, a previous
study has used the Korean version of the QoR-40 with reliable
results.28 In addition, the range of scores obtained in the
present study is comparable with several prior studies. The
mean total score in the DES group was 160.5, which is similar
to the score of 161 observed in a control group who underwent
minor surgery.3 The language difference, therefore, may not
have skewed the results of the present study. A second
limitation is that the sample size was calculated for the detec-
tion of differences in the total QoR-40 score between the TIVA
and DES groups. This sample size may therefore be inadequate
to compare each of the different dimensions between groups.
Thirdly, the enrolled patients were relatively healthy, young
and female undergoing relatively minor surgery. So our results
may not be generalized to those with serious comorbidities or
those undergoing more complex surgery.

In conclusion, we demonstrated that female patients under-
going thyroid surgery who were randomized to the TIVA group
perceived a better quality of recovery on POD1 and POD2 com-
pared with patients in the DES group. TIVA is less likely to

QoR-40 after total i.v. or desflurane anaesthesia BJA

667

 at U
niversidade de SÃ

¯Â
¿Â

½
o Paulo on M

ay 8, 2015
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

http://bja.oxfordjournals.org/


decrease a patient’s physical function, which leads to better
recovery. TIVA should be considered an anaesthetic technique
of choice to facilitate a patient’s rapid return to their normal
activity.
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