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This study explores the effect of a modified prone ventilation strategy combined with pharmacological
treatment on respiratory mechanics and hemodynamics in individuals with severe pneumonia. The study
included 70 patients with severe pneumonia admitted between 2021 and 2023, they were randomly divided
into a conventional treatment group and a combined treatment group. The conventional treatment group
received standard antibiotic therapy supplemented by a routine prone ventilation strategy, while the combined
treatment group received additional antiviral drugs and a modified prone ventilation strategy. Clinical
indicators, blood gas analysis, respiratory mechanics, and hemodynamic parameters were compared between
the two groups. The results showed that the combined treatment group demonstrated a more significant
improvement in oxygenation and a reduction in complications (p<0.05), indicating that the optimization of
prone ventilation strategy combined with pharmacological treatment has a significant therapeutic effect on

individuals with severe pneumonia.
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Severe pneumonia is a critical clinical condition
often accompanied by respiratory failure and
high mortality!'*. Traditional antibiotic therapy
can alleviate the inflammatory response to some
extent, but in severe cases, monotherapy may not
be sufficient to adequately improve the patient’s
respiratory mechanics and hemodynamic status*l.
In recent years, prone ventilation strategy has been
widely applied in the treatment of severe pneumonia,
improving the ventilation-perfusion ratio in the
lungs and enhancing oxygenation®'?. Furthermore,
the combined use of antiviral drugs has gradually
become part of the comprehensive treatment for
severe pneumonial'’l. This study aims to investigate
the effects of a modified prone ventilation strategy
combined with pharmacological treatment on
respiratory mechanics and hemodynamics in
individuals with severe pneumonia, providing a
reference for clinical practice.

MATERIALS AND METHODS

General information:

The subjects of this study were 70 patients with

*Address for correspondence
E-mail: zzyyzzyxk@163.com
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severe pneumonia admitted to a tertiary hospital
between 2021 and 2023, randomly divided into
a conventional treatment group (35 cases) and a
combined treatment group (35 cases). Patients in
the conventional treatment group received standard
doses of antibiotics, supplemented by a routine prone
ventilation strategy (with position changes every 2
h). The combined treatment group, in addition to this,
received antiviral drugs (such as Arbidol, Ribavirin,
etc.,) and a modified prone ventilation strategy. The
modified ventilation strategy involved the use of
pressure-sensitive air cushions to dynamically adjust
patient positioning and optimize lung ventilation.
Both groups received conventional supportive care,
including oxygen therapy, position management,
nutritional support, and more. Clinical indicators,
blood gas analysis (e.g., partial Pressure of Oxygen
(Pa0,), partial Pressure of Carbon Dioxide (PaCO,),
peripheral Oxygen Saturation (Sp0O,)), respiratory
mechanics (peak inspiratory pressure (Ppeak),
plateau pressure (Pplat), mean airway pressure
(Pmean)), and hemodynamic parameters (e.g., Heart
Rate (HR), Mean Arterial Pressure (MAP)) were
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monitored and recorded for all patients!!!.
Inclusion and exclusion criteria:

Inclusion criteria: All patients met the diagnostic
criteria for severe pneumonia, all patients received
prone ventilation, and all patients had normal
psychological will and were able to cooperate with
care.

Exclusion criteria: Patients with combined spinal
diseases, pregnant women, and patients with severe
hematologic instability were excluded from this
study.

Methodology:

Routine group and research group used programmed
management mode, both groups strengthened
nutrition, drink more water, adequate rest,
hyperthermia patients were given antipyretic drugs,
and symptoms were given to stop cough, asthma,
expectoration, mechanical ventilation treatment.
Ventilator parameters were set to platform pressure
Pplat 30-35 cm Water (H20), 1 cm H20=0.098
kPa, tidal volume 6-8 ml/kg estimated body weight,
positive end-expiratory pressure >5 cm H20, lung
protection ventilation strategy, and patients were
given analgesic sedation and other treatments, and
the Richmond agitation sedation score was controlled
as -4 to 3 points!'4,

Conventional group was given conventional
prone ventilation, assisting patients in horizontal
prone position, filled with soft pillows in the bony
prominences, helping them to put their palms,
hanging naturally on the sides of the body, and lower
limbs placed naturally, turning them over every 2 h
and making sure that all tubes were clear after turning
them over!!?.

The study group was given modified prone
ventilation, based on the control group, using a
pressure-sensing based airbag prone ventilation
device (fig. 1), which consists of a partial body
airbag for the head, face, chest, abdomen, and iliac
crest, with 8 flexible pressure sensors placed on top
of the airbags, which monitors the real-time pressure
and adjusts the airbag inflation volume to improve
the patient’s comfort, and to avoid prolonged
pressure in a certain area causing stress. The airbag
is composed of 8 flexible pressure sensors above
the airbag. During the treatment period, the flexible
pressure sensors determine the pressure situation
of the chest, adjust the pressure in time, maximize
the suspension of the chest and abdomen, improve
the ventilation status of the patient, and improve
lung compliance. Both upper limbs were adjusted
to a semi-flexed state, the lower limbs were placed
naturally, and one of the lower limbs was adjusted
to an upward and outward flexed state'®!”], The
inflatable pillow was alternately inflated and deflated
every 1 h-2 h, and the patient’s head and trunk were
tilted to one side for decompression. Ventilation was
performed in the prone position for 16 h and in the
supine position for 8 h. The cycle was repeated. If the
patient developed abnormal respiratory function and
severe hemodynamic fluctuations during this period,
prone position ventilation therapy was terminated at
an early stagel'®l.

The criteria for withdrawal were effective control or
remission of lung disease, vital signs such as blood
pressure, HR and body temperature near normal,
liver and kidney function, blood gas analysis and
acid-base balance at or near normal, and cough reflex
recovery!!’,

Fig. 1: Pressure sensing based airbag type prone position ventilation device
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Observation indicators:

Among the clinical indicators, the mechanical
ventilation time, hospitalization time, and lung
infection control time of the two groups were
observed.

Danish Radio Meter ABL9 blood gas analyser
monitor the SpO,, PaCO,, PaO,, and PaO,/FiO, in
the prone position before, prone position 2, 4, 8, 12,
16 h in the 2 groups°2!,

Hemodynamic indexes were observed in HR and
MAP after prone position ventilation in both groups.

Respiratory mechanics indexes included the
determination of airway plateau pressure,
oxygenation index, partial pressure of carbon

dioxide, and dynamic respiratory system compliance
in both groups of patients after treatment?!.

Statistical processing:

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) 20.0
software. Age measurements were expressed in the
form of independent samples test was used between
groups and paired samples test was used for all
samples within groups. Count data were expressed
as percent (%), and comparisons between groups
were performed using the t-test, with p<0.05 being
considered a statistically significant difference.
Repeated-measures data were analysed using
repeated-measures Analysis of Variance (ANOVA)
and were used as test levels.

RESULTS AND DISCUSSION

The results of the study showed that the combined
treatment group had significantly better outcomes in
improving oxygenation and respiratory mechanics
compared to the conventional treatment group.

In blood gas analysis, the PaO, value in the
combined treatment group increased from a baseline
of (68.24£8.25) to (90.97+6.25) mmHg, significantly
higher than the 81.83+6.09 mmHg observed in the
conventional treatment group.

The SpO, in the combined treatment group increased
from (89.21 %=+5.14 %) to (97.52 %+2.56 %), while
in the conventional treatment group, it increased
from (89.98 %+5.06 %) to (95.73 %+3.83 %).

In terms of respiratory mechanics, the Ppeak and
Pplat in the combined treatment group significantly
decreased (p<0.05), indicating that the modified prone
ventilation strategy was more effective in reducing
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airway pressure and improving lung compliance.

Additionally, the incidence of complications in the
combined treatment group was significantly lower
(p<0.05), suggesting that the combined treatment
regimen has a higher safety profile.

Mechanical ventilation time, hospitalization time and
lung infection control time of the patients in the study
group and the conventional group after admission to
the hospital record and record data for comparison,
and compare the clinical indicators of the patients
in the two groups as shown in Table 1. In the table,
the mechanical ventilation time, hospitalization time
and lung infection control time of the patients in the
study group were more significant and shorter than
those in the conventional group, and the differences
were statistically significant (p<0.05).

Arterial blood was collected from the study group and
the conventional group before and after treatment,
and the levels of PaCO,, PaO,, PaO,/FiO,, and SpO,
in the collected arterial blood were analysed by using
the Danish radiometer ABL9 blood gas analyser.
Comparison of the blood gas indexes of pneumonia
between the two groups is shown in Table 2. The
study group was ventilated in the modified prone
position, and the conventional group was ventilated
in the conventional prone position. PaCO, is the
arterial partial pressure of carbon dioxide, PaO,/
FiO, is the index of oxygenation, and SpO, is the
oxygen saturation of blood. p<0.05 compared with
the pre-frontal position. G denotes the group, R is the
study group, and C is the conventional group. A1-A6
were, respectively, the pre-prenatal position, prone
position 2 h, prone position 4 h, prone position 8§ h,
prone position 12 h, and prone position 16 h.

The difference in the data of PaCO,, PaO,, PaO,/
FiO,, and SpO, levels before prone position was
statistically significant between the two groups
(p<0.05), and the difference in the comparison of
the time point interaction between the groups was
statistically significant (p<0.05). Comparisons of
PaCO,, PaO,, PaO,, PaO,, PaO,/FiO,, and SpO,
were statistically different between the two groups
(p>0.05) in the pre-pronation, 2, 4, 8, 12, and 16 h
periods.

Comparison of PaCO,, PaO,, PaO,/FiO,, and SpO,
before and after prone positioning between the
study group and the conventional group showed that
PaCO, values of the study group decreased from
(52.11+5.85) mmHg to (40.02+3.48) mmHg before
prone positioning in the study group in the periods of
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2,4,8,12, and 16 h. The conventional group showed
a decrease from (53.41+6.02) mmHg to (44.65+3.26)
mmHg before prone positioning, (53.41£6.02)
mmHg to (44.65+3.26) mmHg in both groups. 6.02
mmHg to (44.65+3.26) mmHg, (53.41+6.02) mmHg,
(44.65+3.26) mmHg, PaCO, values in both groups
showed a uniform and slow decreasing trend. PaO,
values in the study group increased from (68.24£8.25)
mmHg before prone position to (90.97+6.25) mmHg,
whereas in the conventional group, PaO, values
increased from (67.96+7.79) mmHg before prone
position to (81.83+6.09) mmHg. PaO,/FiO, values
in the study group increased from (153.25+12.21)
mmHg before prone position to (227.68+13.17)
mmHg in the study group and PaO,/FiO, values
increased from (151.98+10.98) mmHg before prone
positionto (203.82+14.63) mmHg in the conventional
group. SpO, values increased from 89.21 %=+5.14 %
to 97.52 %+2.56 % in the study group, and in the
conventional group, SpO, values increased from

89.98 %+5.06 % to 95.73 %+3.83 %. Thus, the
PaCO, group values of the study and conventional
groups decreased with the increase in the duration
of prone position ventilation, whereas those of the
PaO,, PaO/Fi0O,, and SpO, groups increased with the
increase in the duration of prone position ventilation,
p<0.05. There was no statistical difference between
the blood gas indices of the two groups of patients in
the pre-pronation position, and during the initial 4 h
of the prone position; however, with the increase in
the prone position, the PaO,, PaO,/FiO,, and SpO,
groups of the observation group, PaO/FiO,, and
SpO, were more significantly higher and PaCO, was
significantly lower than in the conventional group,
and there was a statistically significant difference
in the comparison between the two groups after 6 h
of prone position ventilation, which indicated that
modified prone position ventilation could better
improve oxygenation.

TABLE 1: COMPARISON OF CLINICAL INDICATORS BETWEEN THE TWO GROUPS OF PATIENTS (DAYS)

(x*s)

Group (n=35)

Mechanical ventilation time

Length of hospitalization Time to control lung

infection
Research 5.67:0.78 11.21+0.93 6.12+1.01
Conventional 7.81+0.81 15.33+1.02 8.32+1.14
t 13.456 21.105 10.213
p <0.001 <0.001 <0.001

TABLE 2: COMPARISON OF BLOOD GAS INDICES OF PNEUMONIA IN TWO GROUPS OF PATIENTS (xts)

PaCO,/mmHg
G A1 A2 A3 A4 A5 A6
R 52.11+5.85 46.52+2.14 46.17+4.15 43.63+1.87 41.14+2.52 40.02+3.48
c 53.416.02 50.11+2.35 46.37+4.85 45.03+2.05 46.56+2.46 44.65+3.26
G Pa0,/mmHg
R 68.24+8.25 73.52+8.14 75.96+8.29 83.63+7.59 86.14+7.98 90.97+6.25
C 67.96+7.79 72.74+9.08 75.35+8.15 77.76x7.45 79.95+7.86 81.8316.09
G PaO,/FiO,
R 153.25+12.21 169.63+13.52 179.33+15.32 189.52+11.43 215.39+10.09 227.68+13.17
c 151.98+10.98 170.14+11.83 178.25+14.99 179.46+12.58 199.52+11.14 203.82+14.63
G Sp0,/%
R 89.21+5.14 90.24+4.79 92.85+4.52 95.15+3.52 96.93+2.96 97.52+2.56
C 89.98+5.06 90.95+4.57 92.89+4.49 92.01+6.44 93.06+3.24 95.73+3.83

4 Indian Journal of Pharmaceutical Sciences Special Issue 6, 2024



www.ijpsonline.com

In order to analyse the therapeutic effect of prone
position ventilation optimization strategy on patients
with severe pneumonia, hemodynamic monitoring of
HR, MAP was used for patients in the study group
and the conventional group. Comparison of HR and
MAP at different time points in patients with severe
pneumonia was shown in Table 3. Modified prone
position ventilation was used in the observation group,
and the control group was used in the conventional
prone position. G is the group, R is the study group,
and C is the conventional group. A1-A6 are before
prone position, 2 h in prone position, 4 h in prone
position, 8 h in prone position, 12 h in prone position,
and 16 h in prone position, respectively, and N is the
number of cases. HR, MAP is the number of cases
is 35. As the duration of prone position increased,
the HR values of the patients with severe pneumonia
in the study group were consistently in the range
of 88.35-89.00 min, whereas the HR values of the
patients with severe pneumonia in the conventional
group were consistently in the range of 87.49-87.56
min. The map values of the patients in the study
group increased prone position time consistently in
the range of (81.33-81.02) mmHg while the map
values of the patients in the conventional group
consistently in the range of (82.02-81.33) mmHg
with small irregular fluctuations.

It can be seen that the extension of the prone position,
there is no difference in HR, MAP, in the prone
position for 2, 4, 8, 12, 16 h. There is no difference in
HR, MAP in the two groups with the prone position
before, p>0.05. Therefore, it can be seen that, by the
hemodynamic analysis of the two groups of patients,
we have found that lateral ventilation does not affect
the patient’s HR, MAP.

Comparing the respiratory mechanics indexes
between the study group and the conventional group,
Ppeak, Pmean, and Pplat indexes were selected as the
physical monitoring indexes for patients with severe
pneumonia. Comparison of respiratory function
indexes in patients with pneumonia is shown in Table
4. The study group was ventilated in the modified
prone position and the control group was ventilated
in the conventional prone position. Ppeak is the peak
airway pressure, Pmean is the mean airway pressure
and Pplat is the plateau pressure. The p<0.05 when
compared with the pre-prone position. Ppeak,
Pmean and Pplat all tended to decrease slowly
with increasing time in the prone position. Ppeak
decreased by 39.90 % after 16 h of prone position
compared to pre-prone position and Ppeak decreased
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by 24.67 % in conventional group compared to pre-
prone position. The mean p value after 16 h in prone
position decreased by 34.66 % in the study group and
24.67 % in the conventional group compared to the
pre-prone position. After prone position, Pplat values
were 41.64 % lower in the study group compared to
pre prone position, whereas they were 29.66 % lower
in the conventional group compared to pre prone
position. The difference between the intertemporal
interactions was statistically significant, p<0.01.
There was no difference in the comparison of Ppeak,
Pmean, and Pplat between the two groups before and
at 2 h, 4 h, and time in the prone position, p>0.05.
However, with the prolongation of the prone position
ventilation time, Pmean, Ppeak, and Pplat of the
patients in the study group declined more significantly
than those in the observation group, which had
a statistical difference, p<0.05. Therefore, prone
position ventilation in both the conventional and
study groups can improve the respiratory function of
patients, and the modified prone position ventilation
can reduce the Ppeak, Pmean, and Pplat of the
patients more effectively than the conventional prone
position ventilation, improve the lung compliance of
the patients, and optimize the respiratory mechanical
parameters.

Complications occurring during the treatment of
patients with severe pneumonia were recorded, and
Table 5 shows the complication rates of the two
groups. Among the 35 patients in the study group,
there was 1 case of ventilator pneumonia and 1 case
of pressure injury with a complication rate of 5.7
%, 1/35. In the conventional group, among the 35
patients, there were 2 cases of ventilator pneumonia,
1 case of catheter dislocation, and 5 cases of
pressure injury, and thus the complication rate in
the conventional group was 22.9 %, 8/35. It can be
seen that the complication rate of the optimization
strategy of prone ventilation studied in this paper was
lower than that of the conventional prone ventilation
method, and the total complication rate of the study
group is lower than that of the control group, p<0.05,
and the intervention method of the study group can
effectively reduce the complication rate of patients
with severe pneumonia.

This study demonstrates that a modified prone
ventilation strategy combined with pharmacological
treatment  significantly improves oxygenation
and respiratory mechanics in patients with severe
pneumonia. The use of pressure-sensitive air
cushions in the modified prone ventilation strategy
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allows for more dynamic adjustment of patient
positioning, reducing the risk of lung injury and
enhancing ventilation efficiency. The addition
of antiviral drugs further enhances the treatment
effect, reducing the incidence of complications from
viral pneumonia. This combined strategy works
synergistically through multiple mechanisms, not
only significantly improving patient’s oxygenation
index and shortening mechanical ventilation duration
but also reducing the risk of complications during
treatment.

One of the most notable outcomes of our research
is the marked improvement in oxygenation indices
observed in the combined treatment group. The
modified prone ventilation strategy, which includes
the use of pressure-sensitive air cushions, allows
for more precise adjustments in patient positioning,

thereby optimizing lung ventilation and reducing
ventilator-associated lung injury!'¥. This method
contrasts with conventional prone ventilation, which
typically involves less frequent adjustments and may
not fully account for the dynamic changes in patient
comfort and lung mechanics over time!!>16],

The addition of antiviral drugs to the treatment
regimen further augments the therapeutic effect by
targeting the viral components of pneumonia, which
can be particularly relevant in cases where viral
pathogens contribute to disease severity!!”!8]. This
dual approach-supporting both oxygenation and
antiviral response-appears to synergize effectively, as
evidenced by the significant reduction in mechanical
ventilation time and hospital stay observed in the
combined treatment group.

TABLE 3: HR AND MAP AT DIFFERENT TIME POINTS IN PATIENTS WITH SEVERE PNEUMONIA (xts)

Human resources/(minimum)

G n
A1 A2 A3 A4 A5 A6
R 35 88.35+15.36 87.47+12.54 88.56+16.24 86.97+14.21 87.32+10.59 89.00+15.36
35 87.49:18.20 88.33+15.62 87.54+14.26 89.10+16.33 88.14+12.57 87.56+16.42
MAP/mmHg
R 35  81.33+12.24 80.57+14.02 81.02+13.65 80.75+13.44 80.87+11.97 81.02+15.46
35 82.02:14.36 81.78+12.25 81.45+15.32 80.98+12.57 81.12+11.24 81.33+10.98

TABLE 4. COMPARISON OF RESPIRATORY MECHANICS IN PNEUMONIA O,

G N Ppeak
A1 A2 A3 A4 A5 A6

R 35 27.17+5.85 26.98+5.27 25.2545.14 19.16+3.87 17.96x3.15 16.33+3.04

35 26.75+6.14 26.42+5.09 25.78+5.03 21.09+4.15 21.21+3.26 20.15+3.16
Pmean

35 20.1445.17 19.95+4.96 17.86+4.55 16.14+3.49 13.52+2.86 13.16x2.03

35 19.89+5.12 19.67+4.68 18.06+4.38 18.08+3.22 17.38+2.47 15.2112.25

Airway platform pressure
35 19.14+5.02 18.99+4.76 17.76+4.59 14.98+3.27 12.02+2.51 11.17+2.03
35 18.854.75 18.45+4.65 17.89+4.33 15.74+3.12 15.12+2.56 13.26x2.25

TABLE 5: COMPARISON OF COMPLICATION RATES BETWEEN THE TWO GROUPS OF PATIENTS

Group (n=50) F:f:::\f:i; Pipe separation Stress injuries Complication rate
Research 1(2.9) 0 (0.00) 1 (0.00) 2 (5.7.00)
Conventional 2 (5.7) 1(2.9) 5 (14.3) 8 (22.9.00)

x / / /

p / / / <0.001
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Our findings regarding respiratory mechanics are
also noteworthy. The significant decrease in Ppeak,
Pplat, and Pmean in the modified prone group
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