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ABSTRACT

ÖZ

Introduction: This study aimed to compare the effects of
general and spinal anaesthesia on pulmonary function tests
(PFT) in the postoperative period among patients aged ≥65
years.

Amaç: Genel ve spinal anestezinin postoperatif dönemde 65
yaş ve üstü hastalarda solunum fonksiyon testleri (SFT) üzerine
etkisinin incelenmesi amaçlanmıştır.

Methods: This prospective study included a total of 60 patients
aged ≥65 years with American Society of Anesthesiologists
I-III. General anaesthesia was applied to group I while spinal
anaesthesia was applied to group II. PFTs were performed in all
the patients in the preoperative evaluation and were repeated
at the 2nd and 24th postoperative hours. Comparison of the
results was done both within and between the groups.

Yöntemler: Bu ileriye dönük çalışmada Amerikan
Anesteziyoloji Derneği I ile III aralığında 65 yaş ve üstü
toplam 60 hasta değerlendirilmiştir. Genel anestezi uygulanan
hastalar grup I, spinal anestezi uygulananlar ise grup II olarak
sınıflanlandırılmıştır. Tüm olgulara ameliyat öncesi ve ameliyat
sonrası 2. ve 24. saatlerde SFT yapılmıştır. SFT sonuçları gruplar
arasında analiz edilmiştir.

Results: A comparison between the groups showed that both in
the preoperative and postoperative periods, forced expiratory
volume in the first second (FEV1), forced vital capacity (FVC),
the ratio of FEV1 to FVC (FEV1/FVC, Tiffeneau ratio), forced
expiratory flow between 25% and 75% of the FVC (FEF2575), peak expiratory flow and forced expiratory time values
were not statistically significant (p>0.05). However, when
the patients were compared within the groups, a statistically
significant decrease in FEV1 and FVC values was found in
the postoperative spirometric measurements in both groups
compared to the preoperative period (p<0.05).

Bulgular: Birinci saniye zorlu ekspiratuvar volüm (FEV1), zorlu
vital kapasite (FVC), birinci saniye zorlu ekspiratuvar volümün
(FEV1’in FVC’ye) zorlu vital kapasiteye oranı (FEV1/FVC, Tiffeneau
oranı) zorlu ekspirasyon ortası akım hızı (FEF25-75), tepe akım
hızı, zorlu ekspiryum zamanı değerlerinde gruplar arasında
istatistiksel olarak anlamlı farklılık saptanmadı (p>0,05).
Bununla birlikte genel anestezi ve spinal anestezi uygulanan
hastalar grup içi değerlendirildiğinde her iki grupta da FEV1
ve FVC değerlerinde preoperatif döneme göre postoperatif
spirometrik ölçümlerde istatistiksel olarak anlamlı bir azalma
gözlendi (p<0,05).

Conclusion: General or spinal anaesthesia adversely affects
PFTs in elderly patients.

Sonuç: Yaşlı hastalarda genel veya spinal anestezi SFT’lerini
benzer şekilde olumsuz etkilemektedir.

Keywords: Elderly, general anaesthesia, spinal anaesthesia,
pulmonary function tests
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Introduction

has been extended similar to that of the rest of the world. The elderly

Ageing is a physiological process affected by multiple factors such as
lifestyle, environment, genetics, social environment, work environment
and chronic diseases. It involves changes in physiological functions that
occur over time without any particular disease. According to the World
Health Organization, people aged ≥65 years are defined as “old” while
people aged ≥80 years as “late elderly”. Life expectancy in our country

population is increasing along with related diseases that increase
with ageing and require surgery. Accordingly, surgery and anaesthesia
applications in elderly patients are becoming increasingly frequent (1,2).
With ageing, major changes are observed in all systems. One of the
most obvious changes occurs in the respiratory system. The risk of
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perioperative pulmonary complications increases due to changes
in the lung structure, lung mechanics and pulmonary blood flow in
the elderly (3). Therefore, pulmonary function tests (PFT) can be an
important assessment tool for predicting postoperative pulmonary
complications. They provide more objective data than medical history
and physical examination in demonstrating the presence and severity
of respiratory dysfunction in patients to undergo surgery (4). In addition
to the changing physiology, the anaesthesia techniques to be used are
highly important in elderly patients with planned surgery. The effects
of different anaesthesia methods on the respiratory function of elderly
patients vary and their superiority to each other is controversial (5-7).
To our knowledge, there is a limited number of publications in the
literature that compare the effects of general anaesthesia and spinal
anaesthesia on PFTs (8,9). Therefore, this study aimed to compare the
effects of general and spinal anaesthesia on PFTs in elderly patients with
planned extremity surgery.

Methods
The study was approved by the Ethics Committee of Gaziosmanpaşa
University, Gaziosmanpaşa (13-KAEK-236) and was registered as a
clinical trial at ClinicalTrials.gov (http://www.clinicaltrials.gov) with the
identification number NCT03399201 (decision no: 83116987-036, date:
27.01.2014). In addition, informed consent was obtained from each
patient. The study included 60 patients aged ≥65 years with American
Society of Anesthesiology (ASA) scores I-III, and who were to undergo
general or spinal anaesthesia in the Research and Application Center of
the Faculty of Medicine at Gaziosmanpaşa University between February
and December 2018.
Patients with contraindications for spinal anaesthesia, those with known
respiratory diseases or obesity (body mass index >30 kg/m2) or those
whose surgery was in a position other than the supine position were
excluded. Patients randomised using the closed envelope technique were
divided into two groups: Group I (general anaesthesia) (n=30) and group
II (spinal anaesthesia) (n=30). In all patients, venous vascular access was
performed from the back of the hand or the antecubital fossa with a
20 gauge (G) branule in the operation room. Electrocardiogram (ECG),
peripheral oxygen saturation and non-invasive blood pressure monitoring
were performed using a bedside monitor (GE Datex-Ohmeda F-CM1-05
Anesthesia Monitor, Helsinki, Finland). Patients in group I were preoxygenated through spontaneous breathing, with the mask containing
100% O2 and fresh gas flow at 5 L/min for three minutes. Induction was
performed with 1-2 mcg/kg fentanyl and 5-7 mg/kg thiopental. After
achieving muscle relaxation with 0.6 mg/kg rocuronium, the patients
were intubated with an appropriate diameter endotracheal tube. In
the maintenance anaesthesia, 1 minimum alveolar concentration
sevoflurane and 50% O2-air mixture was used. The mode of mechanical
ventilation in the anaesthesia machine (GE-Datex-Ohmeda S/5 Avance,
USA) was the “synchronized intermittent mandatory ventilation mode”
with a tidal volume of 7-10 mL/kg, breathing frequency of 12/min, I: E
ratio of 1:2 and positive end-expiratory pressure of 4-5 cm H2O. At the
end of the surgery, the patients were extubated with neostigmine at 0.03
mg/kg IV and atropine at 0.01 mg/kg IV to restore the neuromuscular
blockage. In group II, 12.5 mg (2.5 mL) of 0.5% hyperbaric bupivacaine

was applied in the sitting position using a 25 G atraumatic spinal needle
(Egemen® spinal needle, Egemen International, Turkey) from the L3-4 or
L4-5 range, with a midline spinal puncture. After the spinal anaesthesia,
the sensory block level was determined by a pin-prick test. The loss of
stinging/pain sensation to a needle tip was evaluated down the middle
clavicular line. The T6-8 levels were the sufficient sensory block levels
for the surgery. The surgery was started when the block reached these
levels. The patients were given 3 L/min oxygen by nasal cannula during
the surgery.
In the preoperative evaluation, all the patients were explained how
the PFT was performed and the same practitioner performed the tests
when the patients’ numerical pain score was three and below. PFTs
were performed in the sitting position using a portable spirometry
device (Spirodoc class IIA/Roma Italy) before the surgery, and at the
postoperative 2nd and 24th hours. Forced expiratory volume in the first
second (FEV1), forced vital capacity (FVC), the ratio of FEV1 to FVC (FEV1/
FVC, Tiffeneau ratio), forced expiratory flow between 25% and 75% of
the FVC (FEF25-75), peak expiratory flow (PEF) and forced expiratory
time (FET) values were recorded as well as the demographic information
and duration of the surgery.
Statistical Analysis
All the data were evaluated using the software Statistical Package
for Social Sciences 20.0 (SPSS Inc. Chicago, IL). P<0.05 was accepted
as statistically significant. The Kolmogorov-Smirnov test was used
to evaluate the compliance of the data to a normal distribution.
Descriptive data are presented as mean (standard deviation) for normally
distributed data and as median for non-normally distribution data. The
distance between quarters is presented as 25th and 75th percentiles, and
categorical data are presented as number (frequency). The categorical
data were compared using Pearson’s chi-square test or Fisher’s Exact
chi-square test. The independent t-test was used to compare the groups
when the continuous data was normally distributed, and the MannWhitney U test was used to compare the groups when the continuous
data was not normally distributed. Analysis of Variance was used to
compare repeated measurements. Bonferroni-corrected multiple
comparisons were used to determine the different groups. Friedman’s
test was used for repeated measurements that did not fit the normal
distribution. Dunn’s test with Bonferroni correction was applied to
determine different groups. It was used as a multiple comparison test.

Results
There was no statistically significant difference between the groups in
terms of demographic data, sex, duration of operation, smoking and ASA
score (Table 1) (p>0.05). FEV1, FVC, FEV1/FVC, FEF25-75 and PEF values
were compared among the patients included in the study. There was no
significant difference in the preoperative period, at the postoperative
2nd hour and 24th hour in the intergroup evaluation (Table 2) (p>0.05).
According to the comparison within the groups, the FEV1 value
decreased significantly in both groups over time. There was a significant
difference in FEV1 at the basal-postoperative 2nd hour (p=0.002) and
24th hour (p=0.004) in group I; in FEV1 at the basal-postoperative 24th
hour (p=0.001) in group II (Figure 1). We found a statistically significant
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decrease in FVC over time in both groups. The difference in FVC was as
follows: with regard to the basal-postoperative 2nd hour (p=0.035) and
24th hour (p=0.011) values in group I, and the basal-postoperative 2nd
hour (p=0.007) and 24th hour (p=0.001) values in group II (Figure 2).

Discussion
Due to developments in the field of health and advances in social life,
the number and proportion of the elderly in the total population are
steadily increasing. Depending on the increase in the elderly population
and the diseases requiring surgery with ageing, it is predicted that

surgery and anaesthesia applications will be more frequent in the
future. The respiratory system among other systems experiences the
most changes with ageing (10). A study evaluating the effect of ageing on
pulmonary function parameters demonstrated a progressive decrease
in PFT parameters with ageing in patients >60 years (11). Studies to
determine spirometric reference values in the elderly have associated
the following with a decrease in spirometric values: in addition to known
respiratory system diseases, the use of cardiac glycoside, beta-blockers,
diuretics, theophylline and diabetic drugs; smoking for more than five
packs per year; conditions such as exertional dyspnoea, hypertension,

Table 1. Demographic data and operation times
Group I (n=30)

Group II (n=30)

p*

Age (years) median (lower limit - upper limit)

70 (65-82)

67.5 (65-93)

0.32a

Sex (M/F) n

10/20

11/19

0.79b

Length (cm) mean ± SD

160.87±7.11

162.83±8.40

0.33c

Weight (kg) mean ± SD

78.4±14.78

78.10±12.23

0.93c

Operation duration (min) median (lower limit - upper limit)

145 (75-250)

126 (90-225)

0.096a

ASA (I/II/III) n

4/11/15

2/15/13

0.86a

Smoking (yes/no)

10/20

8/22

0.56b

*Comparison between groups, aMann-Whitney U test, bPearson’s chi-square test, cIndependent t-test
SD: Standard deviation, ASA: American Society of Anesthesiology, M: male, F: female, min: minute

Table 2. Preoperative and postoperative pulmonary function test measurements
Group I (n=30)

Group II (n=30)

p

Preoperative median (lower limit-upper limit)

1.86 (1.12-3.33)

1.91 (1.12-2.91)

0.78a

2 hour median (lower limit-upper limit)

1.58 (0.93-3.14)

1.67 (0.83-3.24)

0.37a

24 hour median (lower limit-upper limit)

1.54 (1.14-3.35)

1.61 (0.90-3.00)

0.81a

Preoperative median (lower limit-upper limit)

2.39 (1.12-4.62)

2.45 (1.12-3.58)

0.80a

2nd hour median (lower limit-upper limit)

1.97 (0.93-3.88)

2.28 (1.10-3.60)

0.68a

24 hour median (lower limit-upper limit)

1.93 (1.21-4.15)

2.06 (1.24-3.35)

0.24a

Preoperative median (lower limit-upper limit)

1.79 (1.00-3.83)

1.98 (1.01-5.09)

0.64a

2nd hour median (lower limit-upper limit)

1.85 (0.76-3.33)

2.01 (0.72-4.75)

0.35a

24 hour median (lower limit-upper limit)

1.95 (1.04-3.51)

1.85 (0.59-4.58)

0.68a

Preoperative median (lower limit-upper limit)

3.68 (1.94-6.91)

3.66 (1.34-8.77)

0.85a

2 hour median (lower limit-upper limit)

3.33 (1.82-6.97)

3.69 (1.87-9.84)

0.12a

24th hour median (lower limit-upper limit)

3.51 (1.67-7.21)

3.51 (1.45-9.84)

0.61a

Preoperative median (lower limit-upper limit)

4.07 (0.93-6.52)

3.84 (0.63-6.28)

0.93a

2 hour median (lower limit-upper limit)

3.12 (0.86-6.50)

3.43 (1.27-9.71)

0.24a

24th hour median (lower limit-upper limit)

3.38 (0.95-6.12)

3.92 (2.06-7.01)

0.29a

Preoperative median (lower limit-upper limit)

0.78 (0.54-1.00)

0.81 (0.51-1.00)

0.45a

2nd hour median (lower limit-upper limit)

0.79 (0.57-1.00)

0.82 (0.58-1.05)

0.13a

24 hour median (lower limit-upper limit)

0.82 (0.59-1.44)

0.80 (0.51-0.90)

0.30a

FEV1
nd

th

FVC

nd

FEF25-75

th

PEF
nd

FET
nd

FEV1/FVC

th

Mann-Whitney U test, FEV1: volume in the first second, FVC: forced vital capacity, FEF25-75: forced expiratory flow between 25% and 75% of FVC, PEF: peak expiratory flow, FET: forced
expiratory time, FEV1/FVC: the ratio of forced expiratory FEV1 to FVC
a
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major ECG anomalies, previous history of thoracic surgery and evidence
of pretibial oedema (12,13). In our study, preoperative FEV1 and FVC
values were lower compared to those of studies conducted to determine
spirometric reference values in the elderly. Our study excluded cases
with primary lung disease. However, 90% of our study population
had accompanying conditions that are known to result in a decrease
in PFTs such as hypertension, diabetes and beta-blocker use. This may
have contributed to the lower PFT values. With advanced age, smoking,
immobilisation and the supine position cause the closing capacity to
be higher than the functional residual capacity (FRC), which results in
atelectasis (8). Our study group included orthopaedic patients who were
elderly and with limited mobilisation. This may have caused spirometric
measurements to be low due to a possible underlying atelectasis.
Anaesthesia methods used during surgery have their advantages and
disadvantages when compared with each other. General anaesthesia
reduces regional ventilation by lowering the FRC. As the FRC approaches
the closing capacity, small airways collapse, atelectasis occurs and
perioperative atelectasis worsens underlying chronic lung diseases
(14,15). Several studies in the literature have shown a statistically

Figure 1. Comparison of volume in the first second mean values within and
between the groups
FEV1: Volume in the first second

Figure 2. Comparison of forced vital capacity mean values within and
between the groups
FVC: Forced vital capacity

significant decrease in the postoperative spirometric values of patients
who underwent general anaesthesia compared to the preoperative
period (16-19). Similarly, we observed a statistically significant decrease
in FEV1 and FVC values in the postoperative period compared to the
preoperative period in group I patients, while no significant difference
was found in FEV1/FVC, FEF25-75, PEF and FET values. It is compatible
with the spirometric restriction that the FEV1/FVC ratio is normal
while FEV1 and FVC are low. This measurement occurs in cases of true
restriction, mixed obstruction-restriction or non-specific ventilation
pattern, and the diagnosis is made through a detailed evaluation
(20). The result of our spirometric measurements suggests that the
development of atelectasis due to general anaesthesia in our cases
highlights a restrictive type postoperative respiratory dysfunction and
requires detailed evaluation.
Spinal anaesthesia can also have negative effects on pulmonary function
parameters. Studies evaluating the respiratory functions before and after
the intervention in surgeries with spinal anaesthesia found a statistically
significant decrease in spirometric values in the postoperative period
compared to the preoperative period (21-23). Oğurlu et al. (1) evaluated
50 patients to examine the effects of spinal anaesthesia on PFTs. They
reported a statistically significant decrease in basal FVC, FEV1 and FEF2575 values in patients (in the 60-85 age group) with spinal anaesthesia
above the thoracic 6th (T6) level in the postoperative 40th minute
compared to the preoperative period. However, the mean FVC, FEV1 and
FEF25-75 values were lower in the 40th minute postoperatively compared
to the preoperative period in patients with a spinal anaesthesia level
below the T6 level, albeit not significant. Similar to the literature data,
our study found a statistically significant decrease in the postoperative
FEV1 and FVC values of group II patients compared to the preoperative
period (1,21-23). In the same group, there was no statistically significant
difference in the mean FEF25-75, PEF, FET values and FEV1/FVC ratio
at the 2nd and 24th postoperative hours compared to the preoperative
period. In spinal anaesthesia, the level of the motor block above the T6
level affects the accessory expiratory muscles, causing a decrease in vital
capacity and FVC. The lack of ventilation caused by this situation and
the supine position may lead to atelectasis (8). We think that a restrictive
type of respiratory dysfunction occurred after spinal anaesthesia, similar
to that in group I.
There is a very limited number of publications in the literature that
compares the effects of regional and general anaesthesia on pulmonary
functions. Ungern-Sternberg et al. (8) recorded the basal spirometric
values of patients by examining the effects of general and spinal
anaesthesia on perioperative spirometric values in 84 patients aged
between 22-84 years, with a planned gynaecological surgery. Then,
by applying the preferred anaesthesia technique, they repeated the
spirometric measurement at the 20th minute, 1st hour, 2nd hour and 3rd
hour postoperatively. A statistically significant decrease was recorded
in all values after premedication compared to the basal values in both
groups. There was also a decrease in all postoperative values, and this
decrease was statistically significant in the general anaesthesia group
compared to the spinal anaesthesia group. Another study examined 100
cases between 39-47 years of age to compare the effects of spinal and
general anaesthesia on pulmonary functions. PFTs showed a statistically
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significant decrease in the general anaesthesia group in the postoperative
period compared to those who received spinal anaesthesia. In addition,
when the preoperative and postoperative values were compared, there
was a statistically significant decrease in the postoperative values in
both anaesthesia groups compared to the preoperative period (9). In
our study, the spirometric values of both groups were significantly
decreased in terms of the FEV1 and FVC in the postoperative period
compared to the preoperative period. However, we did not find a
statistically significant difference between group I and group II. Since
the preoperative spirometric values of our patients were lower than the
reference values, we may not be able to show the difference between
the groups that may occur in the postoperative period compared to the
preoperative period. In addition, the decrease in both groups in the
postoperative period compared to the preoperative period may be due
to the increase in the closing capacity that occurs with ageing, and the
decrease in the FRC due to the supine position and anaesthesia effect,
both contributing to the development of atelectasis.
The limitations of our study were as follows: The number of cases was
small. The condition of the lungs before and after the surgery could
not be evaluated by computed tomography, chest radiography or
ultrasound. The absence of a lung disease was based only on a verbal
declaration. Preoperative spirometric values were lower than the
reference values.

Conclusion
We found that the preoperative PFTs of elderly patients with planned
extremity surgery are quite low compared to those reported in the
literature. Both anaesthesia methods led to a similar decrease in PFTs.
Although new studies are needed to confirm the results, we think that a
preoperative examination of the respiratory system, a good evaluation
of respiratory functions and lung capacity may be much more beneficial
compared to the choice of the anaesthesia technique in the anaesthesia
management of elderly patients.
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