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Editor’s key points

† Earlier work found a
decrease in respiratory
parameters in the
immediate postoperative
period after general and
regional anaesthesia.

† In this study, irrespective
of the type of anaesthesia
administered, lung
function parameters
decreased after operation.

† Postoperative decrease in
forced vital capacity was
greater after total i.v.
anaesthesia than after
balanced anaesthesia
with sevoflurane.

Background. We investigated the effects of total i.v. anaesthesia (TIVA) and balanced
anaesthesia (BAL) with sevoflurane on postoperative lung function in patients undergoing
surgery in the prone position.

Methods. Sixty patients, aged 21–60 yr, undergoing elective lumbar disc surgery in the
prone position were randomly allocated to undergo TIVA (propofol–remifentanil) or BAL
(fentanyl–nitrous oxide–sevoflurane). Forced vital capacity (FVC), forced expiratory
volume in 1 s, mid-expiratory flow (MEF 25–75), and peak expiratory flow were measured
before and after general anaesthesia.

Results. Both groups were similar with respect to patient characteristic data and
preoperative lung function parameters. Irrespective of the type of anaesthesia
administered, lung function parameters decreased after operation, with the decrease in
FVC being greater after TIVA than after BAL with sevoflurane.

Conclusions. In patients emerging from general anaesthesia, postoperative reduction in
FVC is greater after TIVA than after BAL with sevoflurane.
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After awakening from general anaesthesia, patients regu-
larly show a more or less strongly pronounced impairment
of lung function. Such a decrease in respiratory parameters
in the immediate postoperative period has been found
after general and regional anaesthesia,1 2 in patients after
intra-abdominal or superficial surgery3 and in normal
weight and overweight patients.4

Although von Ungern-Sternberg and colleagues already
showed that the decrease in postoperative lung function is
significantly smaller after spinal anaesthesia than after
general anaesthesia,5 studies are lacking on possible other
effects of balanced anaesthesia (BAL) or total i.v. anaesthesia
(TIVA) on postoperative lung function. The choice of various
anaesthesia procedures (i.e. TIVA, BAL) is made largely on
the basis of the anaesthetist’s personal experience and exper-
tise with the particular procedure. Many anaesthetists use BAL
techniques with halogenated anaesthetics, that is, because of
their bronchodilatory effects5 and the low risk of awareness,6

whereas the advantages of TIVA are, for example, that it is
easy to control and has shorter recovery times.7

Whether the known negative effects of a general anaes-
thesia on lung function affect all parameters to the same
extent, or whether various parameters are affected differ-
ently by BAL or TIVA, has not yet been investigated.

For this reason, we aimed in the current study to detect
such a possible different influence on the part of TIVA or
BAL with sevoflurane on the various postoperative lung func-
tion parameters in patients undergoing general anaesthesia
in the prone position.

Methods
Study population

After institutional ethics committee approval, 60 patients
(ASA I–II) undergoing lumbar disc surgery in the prone pos-
ition were enrolled after giving written informed consent.
Exclusion criteria included diagnosed obstructive sleep
apnoea syndrome, significant cardiopulmonary disease,
morbid obesity, patients with compromised liver and kidney
functions, or neurological disorders.

General anaesthesia

No premedication was given before anaesthesia. Routine
anaesthesia monitoring consisted of ECG, pulse oximetry,
non-invasive arterial pressure at 3 min intervals, capnogra-
phy, end-tidal concentration of volatile anaesthetics, and
train-of-four (TOF) monitoring (Datex Engstrom AS/3 Anaes-
thesia Monitor; Helsinki, Finland). After random allocation
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according to a randomization list, patients received either
remifentanil 1 mg kg21 (TIVA group) or fentanyl 3 mg kg21

(BAL group), and anaesthesia was induced with propofol
2.5 mg kg21 followed by rocuronium 0.6 mg kg21 after loss
of consciousness. Tracheal intubation was performed under
the direct laryngoscopic view by a consultant. We used tra-
cheal tubes with high-volume, low-pressure cuffs, 7.5 mm
internal diameter for women and 8.5 mm internal diameter
for men (Mallinckrodt Inc., St Louis, MO, USA). The cuff was
inflated with air, and cuff pressure was monitored and main-
tained at 20 mbar throughout the procedure. Anaesthesia
was maintained either with remifentanil 0.25 mg kg21

min21 and propofol 100 mg kg21 min21 and an air/oxygen
mixture (TIVA group), or with sevoflurane 2 vol% and
nitrous oxide 70% in oxygen (BAL group). Controlled venti-
lation was adjusted to end-tidal CO2 of 4.6 (SD 0.5) kPa. The
patient was placed in the prone position on a Wilson
frame. Fifteen minutes before the end of surgery, all patients
received diclofenac 75 mg for postoperative analgesia. Extu-
bation was performed at an O2 concentration of 80%.8

Return of neuromuscular function was confirmed using TOF
peripheral nerve stimulation. In the case of residual block,
neostigmine and glycopyrrolate were administered. Before
extubation, four equal twitches in the TOF without tetanic
fade (50 Hz over 5 s) were required (GE Healthcare Finland
Oy Helsinki Type E-NMT-00). After surgery was completed,
anaesthetic agents (sevoflurane or remifentanil/propofol)
were discontinued. After resumption of spontaneous venti-
lation, the trachea was extubated while applying suction
through the tube when patients opened their eyes, lifted
their head, or attempted self-extubation. After extubation,
the patient was directly transferred from the knee-elbow
position to a bed. Any episode of bronchospasm, laryngo-
spasm, or desaturation (SpO2

,95%), and also the duration
of surgery, was recorded.

Spirometry

On arrival in the operating area before surgery, a baseline
spirometry (SPIRO preoperative) measurement was taken
after a thorough demonstration of the correct usage. Spiro-
metry was standardized with each patient in a 308 head-up
position.

Forced vital capacity (FVC), forced expiratory volume in 1 s
(FEV1), mid-expiratory flow (MEF 25–75), and peak expiratory
flow (PEF) were measured. At each assessment time, spiro-
metry was performed at least three times to be able to
meet the criteria of the European Respiratory Society (ERS);
the best measurement was recorded.

After surgery, the patient was discharged to the post-
anesthesia care unit (PACU). Pain was assessed using visual
analogue scale (VAS) and, if necessary, analgesic therapy
performed. In both groups, postoperative basic analgesia
consisted of paracetamol 1000 mg i.v. and diclofenac 75
mg i.v. starting directly at the end of the operation. Adequate
analgesia was defined as a VAS score ,3. If pain persisted in
the PACU, a morphine bolus of 3 mg was given. As soon as

the patient was alert and fully cooperative and VAS pain
score ,3, we performed spirometry for the second time
(SPIRO postoperative). In each patient, pre- and postopera-
tive spirometry was performed by the same anaesthesia
care nurse trained to use the spirometer and blinded with
regard to the randomization group.

Statistical analysis

The change between pre- and postoperative FEV1 was used
to predict the sample dimension. Preliminary data indicated
that a sample size of 27 in each group will have 80%
power to detect a difference in means of 20.820 (difference
between a Group 1 mean of 4.580 and a Group 2 mean of
5.400), assuming that the common standard deviation (SD)
is 1.040 using a two-group t-test with 0.05 two-sided signifi-
cance level. The study population was thus prospectively set
at 60 patients.

The analysed data are normally distributed as evaluated
by the Kolmogorov–Smirnov test. Data are shown as mean
and SD. Comparisons between the groups were performed
with an unpaired t-test for parametric data; differences
between SPIRO preoperative and SPIRO postoperative in
each group were tested with a paired t-test.

Results
Thirty patients in the TIVA group and 30 patients in the BAL
group were enrolled in the study. Except for three patients in
the TIVA group and two patients in the BAL group, who were
unable to completely perform pre-/postoperative pulmonary
function tests and whose data were therefore excluded from
analysis, all patients were able to do a complete spirometry
sequence consisting of one preoperative measurement and
one measurement within the first hour after extubation. No
adverse events were observed in any of the patients during
the study. The ratio FEV1/FVC did not change in either
group throughout the study period, thereby indicating restric-
tive changes in lung function. No difference was found
between the TIVA group and the BAL group with respect to
patient characteristics, but in relation to the proportion of
smokers (Table 1).

Forced expiratory volume in 1 s, mid-expiratory flow,
and peak expiratory flow

In both groups, preoperative values for FEV1, MEF 25–75, and
PEF were within the normal ranges and decreased signifi-
cantly after emergence from general anaesthesia when com-
pared with preoperative values, but no difference was
observed between the two groups (Table 2).

Forced vital capacity

In both groups, baseline values were within the normal range,
decreasing after anaesthesia irrespective of the type of anaes-
thesia (Table 2). A significantly greater decrease in FVC was
observed in the TIVA group than in the BAL group (Table 2).
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Discussion
Similar to the results of previous investigations,1 2 5 we found
a decrease in respiratory parameters (FVC, FEV1, MEF 25–75,
and PEF) in patients emerging from general anaesthesia. A
new finding made in our study is that after general anaesthe-
sia, FVC decreased less in patients after BAL with sevoflurane
than in patients who had undergone TIVA.

The decrease in lung function with simultaneously
unchanged FEV1/FVC ratio observed in both groups points
to a restrictive disturbance in lung function, as already
described in previous investigations.3 9 10 Rothen and col-
leagues11 showed that these restrictive changes are due to
the development of atelectasis after induction of general
anaesthesia, whereby the extent of the atelectasis in turn
influences the extent to which FVC or FEV1 is reduced.12 13

Although mechanical ventilation and especially patient
position (i.e. prone position) applied intraoperatively during
general anaesthesia can even improve lung volumes and
oxygenation of patients,14 restrictive lung function disorder
after general anaesthesia is a constant, reproducible
finding that can be observed starting in the early publications
by Diament and Palmer1 right up to today in all subsequent
studies.15 Olimpio and colleagues16 already showed that
prone extubation after lumbar spine surgery is safe and
offers greater haemodynamic stability and less coughing
than is the case in patients extubated after returning to
the spine position.17 Further studies should evaluate a poss-
ible influence of the patient position (supine vs. prone) on the
lung function after general anaesthesia. At our clinic, extuba-
tion after uncomplicated interventions and in the prone

position has been a standard procedure for more than 20
yr and has shown excellent results. When lung function
after operation begins to normalize is unclear. This is deter-
mined not only by the type of anaesthesia procedure admi-
nistered, but also by the location and scope of the surgical
intervention.18

The occurrence of atelectasis with subsequent changes in
FVC appears to be caused by an anaesthetic-induced
decrease in respiratory muscles, especially a loss of diaphrag-
matic tone.19 The findings with regard to halogenated
anaesthetics are contradictory. Although Langeron and col-
leagues20 found no effect of isoflurane or halothane in an
isolated rat diaphragm, others demonstrated a negative
effect of sevoflurane on diaphragmatic contractility in dogs,
predominantly of the crural part.21 In a recently published
study, Zhang and colleagues22 found a decline in twitch dia-
phragmatic pressure in humans after a single bolus of propo-
fol of 2 mg kg21. Although Jensen and colleagues23 found no
difference in the scope of atelectasis after TIVA or BAL, they
also did not perform spirometry in their study.

In a previous study, we found a significantly higher inci-
dence of coughing in patients after emerging from BAl with
sevoflurane than after emerging from TIVA.24 As coughing
is similar to a vital capacity manoeuvre (inflating the lungs
to 40 cm H2O for 15 s), which has been shown to be effective
in reducing the incidence of atelectasis,24 it may be specu-
lated that such an otherwise unwanted side-effect could
have contributed to the better results found in the BAL
patients in our study.

Moreover, volatile anaesthetics are well-known bronchodi-
lators, in that they deplete sarcoplasmic reticulum Ca2+

stores. An in vitro experiment showed halothane, isoflurane,
and sevoflurane to prevent sarcoplasmic reticulum refilling
by inhibiting store-operated Ca2+ entry. Such interactions
likely result in substantial airway relaxation and may help
maintain anaesthetic-induced bronchodilation.25

Already clinical experience leads us to suspect that the
type and location of the surgical intervention influence the
changes in lung function occurring after the operation and
anaesthesia. Various studies confirm that impairment of
lung function is greater after intra-abdominal interventions
than after peripheral surgery.3 In order to minimize this sur-
gical factor when assessing lung function, we felt that
lumbar hemilaminectomy would be the typical suitable
operation.

Premedication, even in small amounts, affects results of
spirometry, possibly by depressing the activity of respiratory

Table 1 Patient characteristics. Data are mean (range) or mean
(SD) or total number of patients

TIVA group (n527) BAL group (n528)

Age (yr) 41 (21–60) 41 (24–59)

Sex ratio (M/F) 15/ 12 22/ 6

Weight (kg) 79 (12) 82 (15)

Height (cm) 178 (8) 180 (9)

BMI (kg m22) 24 (3) 25 (3)

Smokers 6 (22%) 11 (39%)

Time of surgery (min) 97 (25) 100 (35)

Time interval (min)

SPIRO preoperative 158 (40) 168 (40)

SPIRO postoperative

Table 2 Absolute and relative values for FVC, FEV1, PEF rate and MEF rate for patients before (SPIRO preoperative) or after (SPIRO postoperative)
TIVA or BAL. Values are mean (SD). Significant changes within groups (+) and between groups (*) are indicated

FVC FEV1 PEF MEF 25–75

TIVA BAL TIVA BAL TIVA BAL TIVA BAL

SPIRO preoperative 4.7 (1.1) 5.1 (0.7) 3.6 (0.9) 3.8 (0.7) 8.4 (2.1) 8.8 (1.7) 3.2 (1.2) 3.1 (1.0)

SPIRO postoperative 4.4+,* (1.1) 4.9+,* (0.7) 3.4+ (0.9) 3.6+ (0.6) 7.3+ (2.0) 7.6+ (1.8) 2.9+ (1.2) 2.9+ (0.9)
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muscles and by exerting sedative effects.2 3 26 Sedative after-
effects of general anaesthesia can also distort measurement
readings, which is why we performed spirometry in our study
as soon as patients were alert and cooperative.

Since postoperative pain also contributes significantly to
temporary deterioration in lung function, especially vital
capacity,27 it was important to avoid a pain-induced influ-
ence on postoperative measurements. For this reason, spiro-
metry was performed in our study in alert patients and when
lung function reached a predefined threshold (VAS ,3) that
was identical for both study groups. All patients were able
to do a spirometry measurement according to the ERS cri-
teria in the first hour after extubation. We also did not
compare the requirement for postoperative analgesia/
opioids, because Gunaydin and colleagues28 showed that
FVC and FEV1 did not change, not even for constant opioid
administration in alert patients. This is also confirmed by
results reported by others,29 who found no difference in post-
operative lung function after desflurane/remifentanil anaes-
thesia or desflurane/sufentanil anaesthesia, provided that
spirometry was performed at a similar VAS score after admin-
istration of various morphine doses.

In conclusion, our study confirms the results of previous
investigations showing a decrease in lung function par-
ameters after general anaesthesia, but demonstrates for
the first time that in the first postoperative hour, the
decrease in FVC is significantly less after BAL with sevoflur-
ane than in patients who underwent TIVA with propofol
and remifentanil. The aim of this study was to investigate
the effects of general anaesthesia in patients with normal
lung function. On the basis of our findings, further studies
should evaluate the clinical effects of different anaesthesia
regimes in patients with compromised lung function.

However, whether such reduction in FVC after TIVA should
influence the clinician’s decision at this time when choosing
between TIVA and a BAL-specific anaesthetic technique
depends on the particular clinical situation, possible other
disorders, and the surgical demands.

Conflict of interest
None declared.
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