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ABSTRACT
Background. General anesthesia could imply that the closing capacity exceed the functional residual capacity. This
phenomenon, associated with a reduction of maximal expiratory flow, could lead to expiratory flow limitation
(EFL). The aim of our study was to verify 1) a new method of determining EFL during anesthesia (PEEP test); 2) if
anesthesia could be associated with the development of EFL; 3) if the use a small amount of PEEP is able to reverse
the possible negative effects of low lung volume ventilation.
Methods. Fifty two patients scheduled for abdominal surgery were prospectively randomized in: 1) group ZEEP,
ventilated at PEEP 0 H,O and 2) group PEEP ventilated at PEEP 5 cm H,O. The presence of EFL was determined
by the negative expiratory pressure (NEP) test the day before surgery and by the PEEP test during surgery. Data of
respiratory mechanics were calculated at the beginning and at the end of anesthesia.
Results. 1) The PEEP test allows the detection of EFL; 2) anesthesia was associated with EFL: 8 patients developed
EFL after induction. At the end of surgery, 7 more patients became flow limited in the group ZEEP, while only 1
in the group PEEP. The group ZEEP exhibited a marked decrease of expiratory flow and a worsening of respiratory
mechanics at the end of surgery.
Conclusion. The PEEP test allowed to verify that EFL during anesthesia is a valuable phenomenon. The use
of 5 cmH,0 of PEEP was helpful to prevent the deterioration of lung mechanics that occurs during surgery.
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eneral anesthesia is associated to a decreased

functional residual capacity (FRC),! which
is related to various mechanisms such as anesthe-
sia induction by itself,2 atelectasis development
with high fraction of inspired oxygen,? muscle
paralysis, supine position,? 4 increased extravas-
cular lung water due to peri-operative fluids
therapy and pro-inflammatory mediators pro-
duced during surgery.> ¢ Moreover, this reduc-
tion of FRC can be enhanced by the presence of
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several co-morbidities, such as obesity or heart
failure.”. 8

The reduction of FRC could imply that the
closing capacity (CC) exceeds the FRC.? Leblanc
et al. found a marked age-dependence of closing
capacity.? The age-related increase of CC reflects
both loss of lung recoil and decreased resistance to
collapse of the peripheral airways.10- 11 In supine
position CC exceeds FRC at the mean age of about
44 years, because of the gravity-dependent de-
crease in FRC.9 This phenomenon happens much
earlier during anesthesia (about 30 years).12 Hence
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the decreased FRC related to general anesthesia,
associated with an unaltered CC,!3 renders older
individuals more susceptible to “tidal airway clo-
sure”, particularly in supine position.!2

With advancing age there is a preferential re-
duction of maximal expiratory flow (V’max) at
low lung volume.!4 Although the nature of this
phenomenon is multifactorial, the increase in
closing volume with advancing age probably
plays a pivotal role. Indeed, since the peripheral
airways close at higher lung volume in the eld-
etly, their V’max decreases because the lung units
served by the closed airways cease to contribute
to expiratory flow. As a result of the preferential
reduction of V’max in the tidal volume range,
elderly patients are susceptible to tidal expira-
tory How limitation (EFL), particularly in supine
position.!5 The presence of tidal EFL implies in-
creased inhomogeneity of ventilation distribution
16 with risk of peripheral airway injury, which is
characterized histologically by rupture of the al-
veolar attachments to the respiratory bronchi-
oles, damage of the brochiolarepithelium and
increased number of polymorphonuclear leuco-
cytes in the alveolar walls, and functionally by
increased airway resistance.!”> 18 Hence it could
be of clinical interest to verify whether a patient
could develop EFL during surgery. In spontane-
ously breathing patients, the use of the negative
expiratory pressure (NEP) test is considered the
gold standard for detecting the presence of EFL.
However, this test is cumbersome and difficult
to apply in ventilated patients during anesthesia
because of the use of a closed circuit and other
technical difficulties (connection between the
NEP system and the expiratory port of the venti-
lator). An alternative method has been previously
proposed;1? it is based on the variation of the tidal
expiratory flow in presence or absence of low level
of PEEPe. However, its application in the clinical
setting is not established yet. The first aim of our
study was to verify the ability of this method to
detect the presence of EFL and, conversely, if an-
esthesia is associated with EFL in elderly patients
undergoing major abdominal surgery.

Moreover, although postoperative impairment
could be transient and respiratory function can
recover shortly after surgery, some patients may
develop respiratory complications both in the in-
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traoperative or postoperative period. Postopera-
tive pulmonary complications occur in 3 -10%
of patients undergoing elective abdominal sur-
gery.20 We hypothesized that the consequence of
low lung volume ventilation can be avoided by
application of small levels of positive end expira-
tory pressure (PEEP). Hence the second aim of
our study was to verify if the use of PEEP is able
to reverse the negative effects of low lung volume
ventilation eventually associated with EFL.

Materials and methods

Study population

Candidates for this prospective randomized
study were patients with age >65 years under-
going major abdominal surgery from January to
May 2010 at the S. Anna University Hospital
of Ferrara. This study was approved by the eth-
ics committee of our institution and informed

consent was obtained from each subject. The
EudraCT number is 2011-00513339.

Detection of expiratory flow limitation

The day before surgery, the presence of EFL
was evaluated by using the NEP test. Patients
were evaluated both in supine and seated posi-
tion while breathing through a flanged mouth-
piece and wearing a nose-clip. The NEP method
used to detect tidal expiratory flow limitation
has been previously described in detail.2! Flow
(V’) was measured with heated pneumotacho-
graph linear over the experimental range of V.
Volume was obtained by numerical integration
of the V’ signal. Pressure at the airway open-
ing was measured through a side port of the
pneumotachograph. After reaching steady state
breathing, a series of three to five test breaths
were performed in which NEP of -3 cmH,0
was applied at the beginning of expiration and
maintained throughout the ensuing expiration.
The expiratory flow-volume loops generated
with NEP are compared by superimposition
with those obtained during the immediately pre-
ceding breaths. Patients in whom V’ is greater
with NEP over the entire range of the tidal expi-
ration are considered as not flow limited (Figure

November 2012



COPYRIGHT® 2012 EDIZIONI MINERVA MEDICA

RESPIRATORY MECHANICS AT DIFFERENT PEEP LEVEL DURING GENERAL ANESTHESIA IN THE ELDERLY

1). By contrast, subjects in whom the applica-
tion of NEP does not elicit an increase in V’ are
considered flow limited.2!

The day of surgery, patients were randomized
by computerized method in two groups, the
first in which the level of PEEPe was set to zero
(group ZEEP) for the entire duration of surgery;
and the second in which that level was set to 5
cmH,O (group PEEP) for the entire duration of
surgery. Anesthesia was induced with propofol
(1.5 mg/kg), fentanyl (3 mcg/Kg), and vecuro-
nium bromide (0.1 mg/kg) and maintained with
sevoflurane and air-oxygen mixture 50%-50%.

All patients were intubated via endotracheal
low pressure cuffed tube, with an internal di-
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ameter ranging between 7.5 and 8.0 mm. They
were ventilated in volume controlled mode, with
a tidal volume and a respiratory rate aimed to
maintain normocapnia. The presence of EFL
during general anesthesia was assessed by using
the PEEP test. The latter is based on a sudden
decrease of expiratory resistance obtained by a
subtraction of 3 cmH,O of PEEPe during ex-
piration.’ A patient was judged having EFL
when the subtraction of PEEPe was not able to
increase the expiratory flow when compared to
the previous test breath; otherwise, the patient
was considered not flow limited (Figures 1, 2).
The PEEP test was performed at the beginning

and at the end of surgery, together with calculation
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Figure 1.—A) Flow — volume curves of a representative patient in which the NEP test was performed the day before surgery in
supine f5)05ition. The application of 3 cmH,O of NEP was able to increase the expiratory flow and hence the patient was classified

as not

ow limited; B) flow — volume curves of the same patient at the end of anesthesia. The subtraction of 3 cmH,O of PEEP

did not increase the expiratory flow. Hence the patient became flow limited at the end of surgery.
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Figure 2.—Flow — volume curves of a representative patient (group ZEEP) undergoing PEEP test immediately (A) and after the
end (B) of anesthesia. Note that the expiratory flow increases due to the subtraction of 3 cmH,O of PEEP was much higher at the
beginning compared to the end of anesthesia. Dotted line represents the AV’ at 50% of the expired volume.
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Figure 3.—Flow — volume curves of a representative patient (group PEEP) undergoing PEEP test immediately (A) and at the end
(B) of anesthesia. Note that the expiratory flow increase due to the subtraction of 3 cmH,O of PEEP was equal at the beginning
and at the end of anesthesia. Dotted line represents at AV’ at 50% of the expired volume.

of quasi-static compliance (Cgst,rs) of respiratory
system and airway flow resistance (Rmin,rs).

Determination of respiratory mechanics parameters

Respiratory mechanics parameters were cal-
culated by using the end-inspiratory and end
expiratory occlusion technique. Cqst,rs was cal-
culated as tidal volume / (end inspiratory pla-
teau pressure — PEEPtot), where PEEPtot is the
end-expiratory pressure at period of no-flow.22
Rmin,rs was determined as (Peak — P,) / V’,
where Ppeak is the peak inspiratory pressure, P,
is the airways pressure at the point of zero flow
and V’ is the inspiratory flow.23

Finally, in patients without EFL detected
both before and during surgery, the difference
in expiratory flow (AV’) between the test breath
and the ensuing breath during which PEEPe was
subtracted, was calculated at 50% of the expired
Vr (Figures 1, 3).

The degree of muscle paralysis was monitored
by ulnar nerve stimulation. Determination of
respiratory mechanics parameters was performed
in presence of no reaction at the train of four test.

Additional experiment

Since the presence of EFL was assessed by two
different methods (i.e. the NEP and the PEEP
test), we performed an additional experiment

to assess the validity and the congruity of both
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methods in detecting the presence of EFL. The
determination of the presence of EFL is part of
daily monitoring of the respiratory function of
our ICU patients. The NEP and the PEEP test
were applied in random order in 10 consecutive
intensive care patients able to breathe sponta-
neously (Table I). The set up used for the NEP
and the PEEP test was previously described in
the Methods section. The NEP test was applied
when the patients were spontaneously breathing,
while the PEEP test was done when the same pa-
tients were mechanically ventilated. As previously
pointed out,! the results of the NEP and PEEP
test were in good agreement since both tests were
able to detect the presence / absence of EFL (Fig-
ure 1). In this connection it should noted that

TasLe I.—Clinical characteristics of the 10 ICU patients en-
rolled in the study. Value are mean + SD.

Age (years) 7143
BMI (kg/m?) 2542
Sex (M/F) 6/4
Smokers (number) 6
Tidal volume (mL) 420+30
EFL (number) 5
Cause of ARF

COPD 3
Recent surgery 6
Pneumonia 1

AREF: acute respiratory failure; COPD: chronic obstructive
pulmonary disease; EFL: expiratory flow limitation; BMI:
body mass index.
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the 7 patients who were flow limited the day be-
fore surgery continued to be flow limited after
anesthesia induction and at the end of surgery.

Data analysis

The recorded pressure and flow signals were
stored on a portable computer and amplified,
filtered and digitized by an analogue-to-digital-
converter (Direc Physiologic Recording System,
Canada). Data analysis was performed with two
software: ANADAT (ANADAT 5.1, RHT-In-
foDat, Montreal, Quebec, Canada) and ANA-
LYSER 2.2 (ICU-Lab KleisTEK 2.2).

Statistical analysis

Statistical analysis was carried out using a soft-
ware package SigmaStat for Windows v. 3.5. To
detect a difference in compliance of 5 with an
SD of 4, with a type I error of 0.05 and a power
of 0.80, 24 patients had to be recruited, 12 in
each group. We decided to enrol 15 patients
each group because of a possible drop out of se-
lected patients.

The normal distribution of data was calculat-
ed for each parameter by using the Kolmogorov-
Smirnov test. In presence of normally distributed
data, as it was the case of our study, differences

MARANGONI

between baseline and end of surgery or between
the two groups were calculated with the Student
t test.

All data are expressed as mean (SD). The dif-
ference between the two groups were considered
statistically significant for probability (P) values
<0.05.

Results

Fifty two (52) patients were enrolled, 26 each
group. Respiratory mechanics parameters were
calculated in 30 patients, 15 each group.

The two groups were not statistically different
in terms of age, sex, BMI, duration of surgery,
amount of fluids administered and number of
co-morbidities (Table II).

None of the patients was flow limited before
surgery in seated position, while 7 patients were
flow limited in supine position (Table III). The
presence of EFL in these patients was associated
to a smoke history (1 patient), BMI >30, <35
(2 patients), asthma (1 patient), advanced age (1
patient, 90 year old), chronic heart failure (1 pa-
tient), hypertension (1 patient).

The PEEP test was able to correctly detect
the presence of EFL during surgery (Figure 4).
Immediately after anesthesia induction, 8 pa-

tients (15%) developed EFL, 4 in both groups

TasLg I1.—Clinical characteristics of the 52 patients enrolled in the study. Data are expressed as mean+SD. Comorbidities are
expressed as a total number; in brackets the number of patients who exhibits expiratory flow limitation during the periopera-
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tive period.
Group ZEEP Group PEEP

Age (years) 74+8 74+6
BMI (kg/m?) 27+4 25%5
Sex (M/F) 13/13 10/16
ASA physical status I/II/III 1/6/8 1/5/9
Tidal volume (ml) 578+88 544+83
Duration of surgery (min) 181465 179+60
Intraoperative fluids (ml/kg-h-1) 13.1£5 13.6£6
Co - morbidities

Smokers 9 [4] 9 [2]

Hypertension 11 [3] 10 [0]

COPD 2 [0] 3 (1]

Chronic heart failure 3 (2] 3 2]

Asthma 1 [0] 2 (2]

Obesity (BMI>30<35) 6 [5] 7 [0]

Diabetes mellitus 2 [0] 3[0]

Age > 80 year 7 2] 5 [0]

COPD: chronic obstructive pulmonary disease; BMI: body mass index; ASA: American Society of Anesthesiologists physical status.
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Figure 4.—Expiratory flow-volume curves of representative ICU patients in which both NEP and PEEP test were applied. A)
Both NEP and PEEP test detected the absence of EFL; B) both NEP and PEEP test detected the presence of EFL. Note that the
NEP test was applied in spontaneously breathing patient, while the PEEP test was used in the same patient during mechanical
ventilation.

TasLe HL.—Number of patients with expiratory flow limitation (EFL) before surgery and of those who developed EFL during

surgery.
Group ZEEP Group PEEP
Day before surgery 4 3
After anaesthesia induction 4 4
End of anesthesia 7 1
Total 15 8
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TaBLE IV.—Respiratory mechanics parameters at the beginning and the end of surgery. Values are mean+SD.
Group ZEEP Group PEEP
Beginning End Beginning End
Cgst,rs (ml/emH,0) 44+2.5 37+1.6 *A 46+3.3 46+3.7 A
Rmin,rs (cmH,O0*1/s) 5.7¢2.3 6.4£2.5* 5.9+3.5 5.9+£3.9
AV’ (I/s) 0.1+0.01 0.06+0.01 *A 0.09+0.04 0.09+0.02 A

*P<0.05: comparison with baseline values

AP<0.05: comparison between the two groups

Cagst,rs: quasi static compliance of the respiratory system
Rmin,rs: airflow resistance of the respiratory system
AV’: difference in flow at 50% of the expired volume

(Table III). At the end of surgery, 7 more pa-
tients became flow limited in the group ZEEP,
while only 1 in the group PEEP. Hence 42%
of the patients ventilated at ZEEP exhibited
EFL during surgery (Table III). Furthermore
the two groups behave differently in terms of
respiratory mechanics parameters calculated
during surgery (Table IV). Although the values
of quasi-static compliance and flow resistance
were similar among the two groups at the be-
ginning of surgery, only the group ZEEP exhib-
ited a worsening of respiratory mechanics at the
end of surgery (Table IV). Finally, the expira-
tory Aflow was markedly reduced in the group
ZEEP compared to the group PEEP (Table IV;
Figures 2, 3).

Discussion

The most relevant results of the present study
are that: 1) The PEEP test allows to verify the
presence of EFL; 2) anesthesia induction can
promote the development of EFL; 3) during
surgery, the respiratory system compliance and
airways resistance can worsen and the expiratory
flow can decrease up to the development of EFL
(Tables III, IV, Figure 3); 4) the worsening of
respiratory mechanics during surgery can be lim-
ited by the use of low level of PEEP (Table IV,
Figure 3).

The presence of EFL during anesthesia should
be considered carefully. Anesthesia induction is
associated to a decreased FRC. This reduction
could imply that the closing capacity might ex-
ceed FRC.? Moreover, with advancing age there
is a preferential reduction of maximal expira-
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tory flow at low lung volume and hence elderly
patients are susceptible to tidal EFL. The pres-
ence of EFL can produce lung injury, which is
generally attributed to cyclic opening/closure of
the relatively small airways with concomitant
generation of abnormal shear stresses, respon-
sible for the mechanical and histological dam-
age in bronchioles with a concomitant increase
of airway resistance.'”- 18 In this connection it
should be pointed out that the increase in air-
ways resistance (Table IV) is associated with an
inflammatory response and marked alteration
of alveolar-bronchiolar coupling.!7- 18 Till now,
determination of EFL during surgery was dif-
ficult. The use of NEP test, which is the gold
standard for detecting the presence of EFL, is
cumbersome and complicated during anesthe-
sia, the main reasons for this inconvenience be-
ing the use of a closed circuit and the connec-
tion between the NEP system and the expiratory
limb of the ventilator. Hence a simpler method
was required for detecting the presence of EFL
during anesthesia. Rossi ez /.19 proposed a new
method for detecting EFL in ventilated patients,
which is based on the effect on the tidal expira-
tory flow of application/removal of low level of
PEEPe. However, the validity of this method
was not corroborated in subsequent studies, nor
in ICU patients neither in patients undergoing
general anesthesia, remaining only a speculative
test. Our data clearly show that the results ob-
tained with the application of the PEEP test are
superimposed to those obtained with the NEP
test (Figure 4). Hence the PEEP test is able to
easily detect the presence of EFL during anesthe-
sia.
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Expiratory flow limitation was detected in
supine position in the 10% of the patients at
the pre-surgery evaluation. However, this per-
centage increased to 52% at the end of surgery.
In other words, 42% of the patients of the
group ZEEP became flow limited during sur-
gery. These results underline that EFL could be
an important phenomenon during surgery not
only because elderly patients can be flow limited
before surgery, but, more interestingly, because
they can develop EFL during surgery. There are
numerous clinical situations associated with
the presence of EFL, such as heart failure,8 24
chronic obstructive pulmonary disease,2! obes-
ity,25 sleep apnea,26 bronchiectasis.2” Surprising-
ly, anesthesia is not considered as a risk factor
for developing EFL, although the induction of
a general anesthesia is characterized by a reduc-
tion of FRC. In presence of a reduced expira-
tory flow, as it is in elderly patients, the decrease
of FRC can cause the maximal expiratory flow
to be equal to the expiratory flow obtained dur-
ing tidal ventilation. The direct consequence is
the development of EFL. This is clearly shown
in Figure 1, in which the flow-volume curves of
a representative patient are presented. Although
no flow limitation was detected before surgery
(A), the patient became flow limited during
anesthesia. However, patients can develop EFL
not only because of lung aging, but also because
of the presence of comorbidities that can fur-
ther influence the lung volume and the expira-
tory flow, such as obesity, chronic heart failure,
COPD, and asthma (Table II).

About 27% of patients not flow limited af-
ter anesthesia induction developed EFL to-
ward the end of surgery, making evident that
the worsening of the respiratory parameters is
a phenomenon that continues till the end of
surgery and it is not related only to anesthe-
sia induction. In this connection it should be
noted that surgery is associated with progressive
decline of the expiratory flow, the reduction of
which is around 50% of the value obtained im-
mediately after anesthesia induction (Table IV,
Figure 2). This reduction could be due to 1)
a further reduction of FRC; 2) a progressive
increase of expiratory resistance in presence of
decreased compliance, as it was the case of the
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group ZEEP; 3) both mechanisms. In any case,
this phenomenon could indicate a deterioration
of respiratory mechanics which is easily and
frequently evaluated bedside by the PEEP test.
From the physiological point of view, FRC can
be increased by using PEEPe. The latter should
partially counterbalance the negative effect of
low lung volume ventilation. Indeed PEEPe
seems helping patients to avoid the reduction
of the expiratory flow (Table IV, Figure 1), in
this way decreasing the possibility of develop-
ing EFL at the end of surgery. Indeed the lead-
ing mechanism responsible of the development
of EFL is the decrease of expiratory flow during
tidal ventilation.

As for the A expiratory flow (Table IV), the
respiratory mechanics parameters had a differ-
ent behaviour whether patients were ventilated
at ZEEP or PEEP 5 cmH,O. Our results show
that respiratory mechanics parameters, such as
respiratory system compliance and airways re-
sistances worsen during anesthesia only in the
ZEEP group (Table IV). These variations can
be partially prevented by application of 5 cm-
H,O of PEEP (Table IV, Figure 3). The expla-
nation why the respiratory mechanics param-
eters worsen and the expiratory flow decreases
during surgery is not completely understood
yet. However, we can hypothesize that several
factors may be involved. As previously pointed
out, anesthesia implies a reduced FRC. Since
flow resistance increases as lung volume decreas-
es, it is axiomatic that the reduction of FRC im-
plies greater inspiratory flow resistance. How-
ever resistance, compliance and expiratory flow
continued to worsen toward the end of surgery
only in the ZEEP group. Hence other factors
promoting a further FRC reduction should be
involved, such as low lung volume ventilation,
monotone ventilation without deep breath, flu-
ids therapy and pro-inflammatory cytokines.
It has been previously demonstrated that sur-
gery is associated with an over-production of
pro-inflammatory mediators.> These mediators
can alter microvascular permeability and thus
they increase lung oedema. Furthermore, FRC
might be reduced in case of obesity and heart
failure.24. 25 Finally, atelectasis could be consid-
ered as a possible explanation for the worsening
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of respiratory mechanics. However, the devel-
opment of more atelectasis than those obtained
immediately after anesthesia induction is ques-
tionable the since abdominal surgery adds little
to atelectasis?8 In any case, whatsoever is the
cause(s) of the reduction of the expiratory flow
and worsening of respiratory parameters, our
results show that the use of 5 cmH,O of PEEP
can prevent this fall of the expiratory flow, as
well as the decrease of Cgst,rs and the increase
of flow resistance (Table IV).

Our results are partially in contrast with
those of Pelosi and co-workers, who found no
differences in terms of respiratory mechan-
ics and gas exchange by using 10 cmH,O of
PEEP in normal patients undergoing general
anesthesia.” The opposite was true for obese pa-
tients in whom the same level of PEEP amel-
iorates resistance, compliance and oxygenation.
Hence the authors concluded that the use of
PEEP during anesthesia is recommended only
in obese patients. However, there are significant
differences between the two studies. First, our
patients were much older (43 vs. 73 years) and
hence with the possible occurrence of a closing
capacity higher than FRC in supine position.
In this position, after induction of anesthesia,
this phenomenon could happen even in normal
subject at the age of about 30 years. Further-
more we calculate the respiratory mechanics
parameters not only at the beginning but also
at end of surgery, measuring the changes fol-
lowing anesthesia induction that can further
reduce the respiratory function during surgery.
Finally, we applied a lower value of PEEP (5
cmH,0 vs. 10 cmH,0).

Conclusions

The presence of EFL can be easily detected
during general anesthesia by using the PEEP
test. The latter could also help to evaluate the
progressive reduction of the expiratory flow
that might occur during surgery (Figure 2, 3)
since this phenomenon implies a worsening of
respiratory mechanics. The use of low level of
PEEP seems able to prevent the deterioration
of respiratory mechanics that occurs during
surgery.

of expiratory flow limitation during anesthe-
sia; anesthesia can be associated to the devel-
opment of expiratory flow limitation.

crease toward the end of surgery; the use of
5 cmH,0O of PEEP partially prevents the ef-

fects of low lung volume ventilation.

Key messages

— The PEEP test can detect the presence

— The expiratory flow continues to de-
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