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The effect of low versus high tidal volume ventilation on
inflammatory markers in animal model undergoing lung
ventilation: A prospective study

ABSTRACT

Background and Aims: Mechanical ventilation (MV) with high tidal volume (Vt.) may induce or aggravate lung injury in
critically ill patients. It might also cause an overwhelming systemic inflammation leading to acute lung injury (ALI), diffuse
alveolar damage (DAD) and multiple organ failure (MOF) with subsequent high mortality. The objective of this study was to
compare the effects of different Vt. on the inflammatory markers of the broncho-alveolar lavage (BAL) fluid and lung biopsy
in a group of animal model (Beagle dogs).

Methods: A two-phased prospective study involving 30 Beagle dogs (15 dogs/phase), each phase divided into three
groups (each 5 dogs/group). In the first phase each group received MV with Vt. of 8 (low), 10 (normal, control group), and
12 (high) ml/kg body weight (b.w.) respectively. BAL fluid was obtained at the time of induction of anesthesia immediately
following tracheal intubation and one hour later following MV to count the macrophages, neutrophils and lymphocytes. In the
second phase of the experiment, in addition to obtaining (BAL) fluid similar to the phase one, mini thoracotomy and lung biopsy
obtained from the upper lobe of the right lung at same timings for histopathological examination study. Mann-Whitney-Wilcoxon
test was used for statistical analysis of the data obtained.

Results: BAL fluid analysis showed increase in the counts of macrophages and lymphocytes with Vt. of 12 ml/kg b.w.
compared to the control group (10 mil/kg b.w.) (P < 0.05). in the second phase, similar findings obtained. The histopathological
study of the lung tissue obtained in the second phase of the study from the group that received a high Vt. of 12 ml/kg b.w.
showed significant inflammatory changes with presence of neutrophil infiltration and edema in the bronchial wall compared
to the control group (10 ml/kg b.w.) (P < 0.05).

Conclusions: The use of high Vt. in ventilated animal lung model may increase the risk of inflammation and subsequent
damage in healthy lungs, these findings may help physicians to avoid using high Vi. in short-term mechanically ventilated
patients in the operating room setting.
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Introduction

Surgical interventions continue to grow with its known
complications. According to the Center for Disease Control
and Prevention (CDC), 51.4 million surgical procedures were
performed in the United States alone, with a crude mortality
rate as high as 0.5-5%."" Manecke G. et al. assessed the costs
of post-surgical complications in patients who underwent
10 major abdominal, urologic, and orthopedic procedures
and found that there was a 72% increase in hospital costs.!"
One of the postoperative complications that researchers
opted to investigate, was the ventilation associated
pulmonary complications.**! However, the prevention of
such complication via manipulating the ventilation settings
is a controversial matter.>*l MV may injure healthy lungs, a
phenomenon known as ventilator-induced lung injury (VILI),
or it may worsen pre-existing lung disease.”” Pneumonia, for
example, is a frequent complication of long term MV that is
better known as ventilator-associated pneumonia (VAP). It is
one of the known risk factors of acute lung injury (ALI) and
adult respiratory distress syndrome (ARDS).* ALl and ARDS
might lead to a serious complication known as multiple
organ dysfunction syndrome (MODS) with subsequent high
mortality rate.l>®

There was one animal study reported conflicting findings
of VILI with high Vt. which did not support stretch-induced
injury in the lungs of healthy mice.”l MV can influence
the inflammatory response in patients with pre-existent
lung injury.®®9! In those individuals, being ventilated with
high Vt. of >10 ml/kg b.w. and low to moderate positive
end expiratory pressure (PEEP) led to increased levels
of intra-alveolar and systemic inflammatory mediators
release.” However, it is not clear if MV is solely responsible
for triggering lung inflammation in patients without any
previous lung injury.!'”

The aim of this study was to compare the injurious effects of
ventilation on healthy animal model lungs using conventional,
low and high Vt. We hypothesized that low Vt. does not cause
significant inflammatory changes. On the other hand, high
Vt. can cause and enhance inflammatory reactions in healthy
lungs. In this study, the counts of macrophages, neutrophils
and lymphocytes were examined in the BAL fluid along with
the examination of lung tissue samples taken during this
experiment. This is one of the few studies conducted using
animal models of a large size with the ability of performing
proper ventilation at different Vt. settings.

Although there are, few similar reports on humans studied
the effect of low versus high tidal volume ventilation on

inflammatory markers in healthy individuals undergoing
surgeries and ventilation."2

Methods

An IRB approval from the Research Committee Chair of
the Department of Surgery, College of Medicine, King
Saud University, was obtained. This study was conducted
in the surgical experimental laboratory in our institute.
International Guidelines of using Animals in Scientific
Procedures was observed fully according to the ARRIVE
Guidelines for Reporting Animal Research.!"3!

A total of 30 healthy Beagle dogs weighing 16-18 kg were
recruited in this two phased study (15 dogs/each phase), all
the dogs, included in this study, were all a similar age and
weight.

Preoperativelg .M. cefuroxime was given to all dogs.
Anesthesia was induced with I.M. ketamine and xylazine
(2 mg/kg b.w.) followed by tracheal intubation and MV with
Fi 02 of 100% to maintain tissue oxygen saturation 92-100%
monitored using pulse oximetry fixed at the tongue to
prevent hypoxia, as the relationship between the hypoxia and
the inflammation is very well documented in the literature./
However, pulse and the oxygen saturation were monitored
throughout the experiment.

After tracheal intubation, the Beagle dogs were randomly
connected to MV with different Vt. In both phases, the
control group (n = 5) received Vt. of 10 ml/kg b.w. The two
other groups received a low (n = 5) and high (n = 5) Vt. of
8 and 12 ml/kg b.w., respectively. The respiratory rate was
adjusted to 25-30 breath/min monitored with capnography
and the duration of volume-controlled ventilation was 60 min
with FiO, of 0.5.

In both phases, 30 cc sterile normal saline (NS) was instilled
through the tracheal tube at the time of induction and
one hour after MV. The recovered (BAL) fluid was sent to
the immunology and cytology laboratory to measure the
macrophages, neutrophils and lymphocytes counts.

Biopsy from the upper lobe of the right lung were obtained
during the second phase of the experiment, at the time
of induction and one hour after MV via right-sided
mini-thoracotomy. The tissues were handled very carefully
to the histopathology laboratory and examined immediately
by staff histopathologist, who was blinded of the samples,
to identify any signs of inflammation and for polymorphs
and neutrophils infiltrations counts. All the dogs were
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post-operatively looked after and had not been sacrificed,
and all survived [Figure 1].

Statistical analysis

Our statistical analysis aim was to detect any statistical
difference in the (BAL) fluid samples’ cell counts in the pre
and post ventilation status during the first and the second
phase of the study. All statistical analyses were performed
using a statistical software package (SAS 9.3 for Windows 8;
SAS Institute, Cary NC). Mann-Whitney-Wilcoxon test was
done using the PROC NPARTWAY procedure. P < 0.05 was
considered statistically significant.

Results

During the first phase, the counts of macrophages,
neutrophils and lymphocytes obtained from the BAL fluid
were comparable between normal versus low Vt. groups
(P > 0.05) [Table 1]. Comparing between the high versus
normal Vt. showed significant increase of the macrophages
and lymphocytic counts in the high Vt. group (P < 0.05) at
both induction and one-hour later in all the three groups
[Table 2].

During the second phase of the experiment, there was no
statistical significance found between the control groups
with Vt. 10 ml/kg b.w. compared with the group that received
a low Vt. of 8 ml/kg b.w. However, the BAL fluid one hour
after induction showed a statistically significant increase
in the counts of macrophages and lymphocytes with Vt. of
12 ml/kg b.w. (P < 0.05) [Tables 3 and 4].

During the second phase of the study, lung biopsies
obtained showed that the samples acquired from the
groups that received Vt. of 8 and 10 ml/kg b.w. didn’t show
any significant signs of inflammation [Figure 2a and b].
However, those obtained from the group that received high
Vt. of 12 ml/kg b.w. showed an inflammatory picture with
neutrophils invading the lamina propria of the bronchioles
[Figure 3a and b].

Discussion

During the first phase of the study, the BAL fluid content
showed no differences between using a low versus normal
Vt. This indicates that using low Vt. is as safe as using normal
one. However, using higher Vt. of 12 ml/kg b.w. caused an

A total of 30 healthy beagle dogs

Phase one
15 Dogs

Phase two
15 Dogs

Control group (n=5 Dogs) Low Vt group (n=5 Dogs) High Vt group (n=5 Dogs) Control group (n=5 Dogs) Low Vt group (n=5 Dogs) High Vt group (n=5 Dogs)
Received Vt. of 10 mi/kg b.w. Received Vt. of 8 mi/kg Received Vt. of 12 mi/kg Received Vt. of 10 mi/kg Received Vt. of 8 mi/kg Received Vt. of 12 mli/kg
b.w. b.w. b.w. b.w. b.w.
‘A nduct After one Atinduction, After one Atinduction, After one
Atinduction, After one At induction, After one Atinduction, Alter one induction, hour, 30 cc. 30 cc sterile hour, 30 cc 30 cc sterile hour, 30 cc
30 cc sterile. hour, 30 cc 30 cc sterile hour, 30 cc 30 cc sterile hour, 30 cc. 30 ce sterile sterile normal saline sterile normal saline sterile
normal saline sterile normal saline sterile normal saline sterile ;‘Ofﬂ;lfa‘me normal saline for (BAL) normal saline for (BAL) normal saline
for (BAL) normal saline for (BAL) normal saline for (BAL) normal saline ﬂ“’é ) for (BAL) fluid for (BAL) fluid for (BAL)
fluid . for (BAL) fluid for (BAL) fluid for (BAL) ul fluid fluid . fluid .
fluid fluid fluid

At induction, After one

Atinduction, After one
Biopsy from hour, Biopsy

Biopsy from hour, Biopsy Biopsy from hour, Biopsy
the upper from the the upper from the the upper from the
lobe of the upper lobe of lobe of the upper lobe of lobe of the upper lobe of
right lung the right lung right lung the right lung right lung the right lung
obtained obtained obtained. obtained. obtained obtained.

Atinduction, After one

Figure 1: The Flow chart of the Beagle dogs which were recruited in this two phased study

Table 1: Comparison of Macrophages, Neutrophils and Lymphocytes counts of Control group and Low Vt. group of First Phase

Inflammatory Cell Types Group n Minimum Maximum Mean rank Sum of ranks P

Macrophages Control 5 10 38 5.9 29.5 0.655
Low TV 5 15 30 5.1 25.5

Neutrophils Control 5 50 80 49 245 0.514
Low TV 5 60 80 6.1 30.5

Lymphocytes Control 5 0 30 5.5 215 1.000
Low TV 5 5 20 5.5 21.5
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Table 2: Comparison of Macrophages, Neutrophils, and Lymphocytes counts of the Control group and High Vt. group of the First Phase

Inflammatory Cell Types Group n Minimum Maximum Mean rank Sum of ranks P

Macrophages Control 5 10 38 4 20 0.015*
High TV 5 5 80 7 35

Neutrophils Control 5 50 80 4 20 0.114
High TV 5 10 95 7 35

Lymphocytes Control 5 0 30 4.5 22.5 0.046*
High TV 5 0 10 6.5 32.5

*Significant P P < 0.05 was considered statistically significant, as all these bold values are less than 0.05, (P < 0.05)

Table 3: Comparison of Macrophages, Neutrophils and Lymphocytes counts in the Control group and Low Vt. group of Second Phase

Inflammatory Cell Types Group n Minimum Maximum Mean rank Sum of ranks P

Macrophages Control 5 35 50 5.9 29.5 0.674
Low TV 5 10 63 5.1 25.5

Neutrophils Control 5 40 55 5.7 28.5 0.832
Low TV 5 18 80 5.3 26.5

Lymphocytes Control 5 3 13 4.5 22.5 0.281
Low TV 5 8 20 6.5 32.5

Table 4: Comparison of Macrophages, Neutrophils, and Lymphocytes counts in the Control group and High Vt. group of Second Phase

Inflammatory Cell Types Group n Minimum Maximum Mean rank Sum of ranks P

Macrophages Control 5 35 50 3 15 0.009*
High TV 5 10 34 8 40

Neutrophils Control 5 40 55 4 20 0.104
High TV 5 40 80 7 35

Lymphocytes Control 5 3 13 35 17.5 0.031*
High TV 5 10 50 15 375

*Significant P P < 0.05 was considered statistically significant, as all these bold values are less than 0.05, (P < 0.05)

exaggerated inflammatory response, with a statistically
significant increase in the levels of macrophages and
lymphocytes. During the second phase, no difference in
the levels of macrophages and lymphocytes between low
versus normal Vt. When comparing high Vt. with the normal
one, higher levels of macrophages and lymphocytes were
obtained with a statistically significance changes, which
meant that high Vt. can caused an inflammatory response
in healthy lungs.

Lung tissues obtained during the second phase of this study
at the time of induction and one-hour after ventilation,
showed that using a high Vt. of 12 ml/kg b.w. caused a
polymorphs nuclear leukocytes and neutrophils invasion.
This can be explained by the release of mediators that
send a signal to the immune system, which plays an
important role in starting the inflammatory process.
Those cells (neutrophils) interact with other inflammatory
cells (such as macrophages and lymphocytes) as well as
alveolar lining cells by releasing more chemical mediators,
which causes an up regulation of the inflammatory
response.!'>'® This interaction plays a crucial role in the
pathogenesis of VILLI""!

Few studies have addressed the effects of MV using a
high Vt. strategy on pulmonary inflammatory response
in patients without lung disease, mostly during major
Surgery‘[n,]z,]s-zo]

Evidence suggests that low Vt. used for ventilating patients
with ALI and ARDS (6-8 ml/kg b.w.) decreases mortality in
comparison to using high Vt. of 12 ml/kg b.w.?'l In those
patients Vt. reduction is the standard of care.”” However,
there is no consensus of opinion on the effects on patients
with healthy lungs. Some researchers push for the use of
protective lung ventilation strategy.*'-?I

The association between the use of high Vt. and the initiation
of inflammation in patients with normal lungs has been
demonstrated in many studies.!"*?" On the other hand, such
association was contradicted by other studies that did not
make similar observations.!'724

Lung injury that occurs during MV is attributed to cyclic
opening and closing of the airways. It coincides with the
generation of uncoordinated shear forces that are responsible
for the histological damage of the bronchioles. Those shear
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D i . condli p :

Figure 2: (a and b) H/E stain x200 and 400 respectively. Section of Lung
obtained from the animal group, which received low tidal volume
ventilation. Note the absence of significant inflammation in alveolar and
bronchial walls and lining

forces happen in accordance with an increase in the airway
resistance.!"’!

To the best of our knowledge, this study is one of the very
few studies on the adverse effects of MV conducted on larger
sized animals. Using Beagle dogs as an animal model allowed
us to conduct this experiment in an environment similar to
the one that anesthetists and surgeons experience in the
operation room (OR) while ventilating patients or in this
case, Beagle dogs.

The major purpose of this study was to test the lung-protective
ventilation methods. Those methods decrease the previously
mentioned stretch of alveolar walls and alveolar inflammation.
However, it is still unclear whether MV itself is the main trigger
of inflammation or if it is merely one of the factors that aggravate
the inflammatory response induced by a stimulus such as the
surgery itself. However, the results of this study showed that
using high Vt. can cause an inflammatory reaction in healthy
lungs. Recent consensus recommendations by an international
expert panel resulted in a few statements which supported our
study results concerning the use of lung protective ventilation
during the surgery like the use of low FiO2, low Vt <6-8 ml/Kg
b.w. and positive end expiratory pressure (PEEP) =5 cm H20.?!

This study had some limitations, as the sample size was
relatively a small number. Another limitation was that we

Figure 3: (a and b) H/E stain X200 and 400 respectively. High power view
of a section of lung obtained from animals receiving high tidal volume
ventilation. Note the presence of neutrophils infiltration (arrowhead) and
edema in bronchial wall

used short-term mechanical ventilation for an hour after
induction of anesthesia, which is a relatively short period.

In conclusion, conventional and low Vt. have no effect on
healthy lungs in this animal model. The results of this study
showed that using higher Vt. could cause an inflammatory
reaction in healthy lungs. This is supported by analysis of
the retrieved BAL fluid and histologically via studying the
lung biopsies obtained intra-operatively. These findings
may help physicians to avoid using high Vt. in short-term
mechanically ventilated patients in the operation room
setting.
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