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Abstract: Objective To investigate the effectiveness and safety of prone position ventilation in treating critically ill patients with
neurosurgical-related diseases complicated by severe pneumonia providing reference for the treatment of severe pneumonia.
Methods A retrospective analysis was conducted on the clinical data of 41 patients with neurosurgical-related diseases and severe
pneumonia admitted to the neurosurgical intensive care unit of Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing
University Medical School, from January 2023 to November 2024. All patients experienced progressive worsening of pulmonary
inflammation and severe hypoxemia after conventional treatment, and were given prone position ventilation. Changes in blood
gas analysis [pH, arterial oxygen tension (PaO2) , arterial carbon dioxide tension (PaCO2) , oxygenation index] and hemodynamics
[heart rate (HR) , mean arterial pressure (MAP) ] were compared before prone positioning, and at 1 day, 3 days, 5 days, and
7 days after resuming supine position following prone position treatment. Results The average hospitalization duration in the
neurosurgical intensive care unit for the 41 patients was (20.49 + 5.14) days. The oxygenation index before prone positioning
and at 1 day, 3 days, 5 days, and 7 days after resuming supine position were (104.12+ 11.09) mmHg, (118.67 + 1858) mmHg,
(14820 + 29.17) mmHg, (23721 + 56.91) mmHg, and (303.26 + 66.78) mmHg, respectively, showing a significant
upward trend (/=164.657, P<0.01) . PaO. values followed a similar pattern:  (79.63+4.8) mmHg, (89.90+6.83) mmHg, (106.98
+12.26) mmHg, (130.40+12.03) mmHg, and (135.68+13.95) mmHg, also demonstrating a significant increase (F=219.963,
P<0.01) . No statistically significant differences were observed in PaCO:, pH, HR and MAP before and after prone position ventilation
(P>0.05) . Conclusion Prone position ventilation effectively improves the oxygenation index in critically ill neurosurgical patients
with severe pneumonia. As treatment duration increases, the oxygenation index gradually improves without significant impact on
hemodynamics, proving it to be both safe and effective for such patients.
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Patients admitted to the Neurosurgical Intensive Care
Unit (NICU) are primarily critically ill neurosurgical
patients, including those with traumatic brain injury,
intracerebral hemorrhage, severe subarachnoid hemorrhage,
and cerebral infarction, who often present with altered
consciousness and require the placement of an artificial
airway for mechanical ventilation. This may lead to the
occurrence of pulmonary inflammation, and some patients
may progress to severe pneumonia, causing life-threatening
hypoxemia [1]. Prone position ventilation can promote the
reopening of collapsed alveoli, alter lung compliance, and
improve the ventilation/perfusion ratio. Previous studies
have extensively researched the use of prone positioning in
patients with acute respiratory distress syndrome (ARDS)
[2-4]. However, there is limited research on its application
in patients with severe pneumonia, and even fewer studies
have focused on neurosurgical ICU patients with severe
pneumonia, possibly due to the challenges of managing
intracranial pressure in patients with intracranial
hypertension undergoing surgery, as well as difficulties in
assessing intracranial pressure during the prone position,

which may exacerbate intracranial conditions. This study
retrospectively analyzed the clinical data of 41 patients with
neurological diseases complicated by severe pneumonia
admitted to the neurosurgical ICU, evaluating the value of
prone positioning in mechanical ventilation in the
neurosurgical ICU.

1. Patients and Methods
1.1 Study Subjects

A retrospective analysis was conducted on the clinical
data of 41 patients with severe pneumonia who admitted to
the Neurosurgical Intensive Care Unit of Nanjing Drum
Tower Hospital, The Affiliated Hospital of Nanjing
University Medical School, from January 2023 to October
2024. These patients exhibited progressive worsening of
severe pneumonia that could not be improved by routine
treatments. All family members of the patients were
informed and signed informed consent before the prone
position ventilation was implemented.
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1.2 Inclusion and Exclusion Criteria

Inclusion criteria: (1) Patients who meet the diagnostic
criteria for severe pneumonia [5]; (2) Patients whose
pneumonia worsened progressively and developed
hypoxemia despite routine treatments such as antibiotics; (3)
Patients who were assessed by cranial imaging and did not
exhibit significant intracranial hypertension. Exclusion
criteria: (1) Unstable circulation; (2) Multiple rib fractures;
(3) Concurrent injuries to the thoracic or abdominal organs.

1.3 Data Collection

Clinical data were collected, including gender, age,
body mass index (BMI), medical history (hypertension,
diabetes), therapeutic interventions (antibiotics, nasogastric
feeding), and duration of stay in the NICU. Arterial blood
gas analysis was performed before prone position
ventilation, and on days 1, 3, 5, and 7 days of treatment.
Parameters such as pH, partial pressure of oxygen (Pa0O,),
partial pressure of carbon dioxide (PaCO,), fraction of
inspired oxygen (FiO,), and the oxygenation index
(PaO,/Fi0; ratio) were recorded. Changes in hemodynamic
parameters, including heart rate (HR) and mean arterial
pressure (MAP), were also documented. Chest CT scans
were performed before the prone position ventilation, 3 and
7 days after treatment to compare the improvement in
pulmonary inflammation.

1.4 Monitoring Indicators

All patients had artificial airways inserted and were
continuously  mechanically  ventilated using the
synchronized intermittent mandatory ventilation (SIMV)
mode with volume and pressure control. Tidal volume (VT)
was set at 8-10 mL/kg, respiratory rate at 15-20 beats/min,
FiO, at 0.40-1.00, and positive end-expiratory pressure
(PEEP) at =5 cmH,0. Nasogastric tubes were routinely
inserted before prone position ventilation. During the prone
position, continuous nutritional support through the
nasogastric tube ensured adequate nutrition intake. Sedation
was provided for restless patients. Every 2 hours, the
patient's head and pressure points was adjusted to prevent
pressure and edema at dependent body areas. The prone
position was maintained for more than 7 days, with each
session lasting 6-8 hours. The artificial airway was carefully
monitored for secretions, which were cleared in a timely
manner. Continuous electrocardiogram monitoring was
performed during prone ventilation, and fluctuations in
blood pressure and oxygen saturation were -closely
monitored. If vital signs became unstable, prone ventilation
was immediately discontinued.

1.5 Statistical Methods

SPSS 27.0 software was used for statistical analysis.
Normally distributed data are presented as x+s, and
comparisons were made using one-way analysis of variance.
Non-normally distributed data are presented as M (Q;, O3),

and comparisons were made using the Kruskal-Wallis test.
Count data were presented as case (%). P-value of <0.05
was considered statistically significant.

2 Results
2.1 General Information

Among the 41 patients, 28 were male and 13 were female.
The age range was from 20 to 88 years, with an average age
of 64.98+13.91 years. Disease types included 24 cases of
intracerebral hemorrhage (in the basal ganglia, cerebellum,
brainstem, cerebral lobes, and ventricles), 7 cases of
traumatic brain injury, 6 cases of severe subarachnoid
hemorrhage, 1 case of cervical spinal cord hemorrhage, 1
case of hydrocephalus, 1 case of chronic subdural hematoma,
and 1 case of Guillain-Barré syndrome. Except for the 2
cases of cervical spinal cord hemorrhage and Guillain-Barré
syndrome, the remaining 39 patients exhibited varying
degrees of consciousness disturbance. Among these, 34
patients had a Glasgow Coma Scale (GCS) score 3-8, and 5
patients had a GCS score 9-11. Surgical treatment was
performed in 33 cases, while 8 cases received conservative
treatment. The BMI ranged from 18.52-37.87 kg/m?, with an
average of 26.05+4.11 kg/m?. Thirty-three patients had a
history of hypertension, and 7 patients had a history of
diabetes. The length of hospital stay ranged from 11 to 33
days, with an average of 20.49+5.14 days. All patients had
an artificial airway, including 35 cases of tracheostomy and
6 cases of endotracheal intubation.

2.2 Comparison of Blood Gas Analysis Parameters at
Various Time Points during Prone Position Ventilation

Before prone position therapy and on days 1, 3, 5, and
7 of treatment, PaO, and oxygenation index gradually
increased, while FiO, gradually decreased, with statistically
significant differences (P<0.05). However, there were no
statistically significant differences in PaCO, or pH values at
any time point (P>0.05). See Table 1.

2.3 Hemodynamic Parameter Changes

Before prone position ventilation, the blood pressure of
all patients was within the normal range. For those with
hypertension,  antihypertensive =~ medications  were
administered to stabilize their blood pressure. There were no
statistically significant differences in heart rate (HR) or
mean arterial pressure (MAP) before and after prone
position ventilation (P>0.05). See Table 2.

2.4 Improvement in Pulmonary Inflammation

Chest CT scans were performed before, 3 days, and 7
days after prone position ventilation treatment, and showed
a gradual improvement in pulmonary inflammation
(Figure 1, Figure 2).



R 02 F kR

Chin J Clin Res, August 2025, Vol.38, No.8

Tab.1 Comparison of arterial blood gas before and after prone position (n=41)

Time PaOx(mmHg, X+s) FiO2[M(01,03)] PaCOz(mmHg, X+s) pH(x+ts) Pa0,/FiO2(mmHg, x+ts)
Before treatment 79.63+4.81 0.75 (0.70,0.83) 43.12+6.41 7.39+0.07 104.12+11.09

1 d after treatment 89.90+6.83 0.70 (0.70,0.80) 42.20+8.23 7.40+0.08 118.67+18.58

3 d after treatment 106.98+12.26 0.70 (0.70,0.80) 39.78+7.41 7.42+0.06 148.20+29.17

5 d after treatment 130.40+12.03 0.60 (0.50,0.60) 40.23+9.23 7.41+0.07 237.21£56.91

7 d after treatment 135.68+13.95 0.40 (0.40,0.50) 39.89+3.89 7.41+0.06 303.26+66.78

F/H value 219.963 71.063 1.790 0.661 164.657

P value <0.001 <0.001 0.132 0.524 <<0.001

Tab.2 Hemodynamic changes before and after prone position (n=41, X+s)

Indicator Before treatment 1 d after treatment 1 d after treatment 1 d after treatment 1 d after treatment F value P value
HR 97.63+24.00 95.76+21.96 88.41+20.41 87.68+17.24 89.98+19.92 1.923 0.108
MAP 92.49+7.65 90.66+9.15 89.71£10.72 89.02+8.26 89.44+10.68 0.889 0.471

Note: The patient was a 70-year-old elderly male who developed hydrocephalus after intracranial aneurysm intervention. During the course of the disease, he

developed pulmonary inflammation, which could not be relieved by conventional treatment. Therefore, prone positioning ventilation was implemented. A showed

the condition before prone positioning treatment; B showed the condition after 3 days of prone positioning; C showed the condition after 7 days of prone positioning.
Fig.1 Lung images of a 70-year-old man before and after prone ventilation

Note: The patient was a 72-year-old elderly male who underwent hematoma evacuation due to cerebral hemorrhage. During the course of the illness, he developed

a pulmonary infection, which did not respond to conventional treatment. Therefore, prone position ventilation was administered. A showed the condition before

prone position ventilation;B showed the condition after 3 days of prone position ventilation;C showed the condition after 7 days of prone position ventilation.
Fig.2 Lung images of a 72-year-old man before and after prone ventilation

2.5 Incidence of Adverse Events who have undergone surgery for severe neurological

During the treatment, no patients experienced
intracerebral hemorrhage, increased intracranial pressure,
or cerebral infarction on imaging. There were no incidents
of circulatory instability, aspiration, or displacement of the
artificial airway. Only a few patients developed pressure-
induced swelling on the face and head, which improved
after returning to the supine position.

3 Discussion

Neurosurgical critically ill patients are often those

conditions, presenting with altered consciousness,
diminished or absent cough reflex, and artificial airways
with mechanical ventilation, making them prone to varying
degrees of pulmonary infections. Intracranial
hypertension-induced nausea and vomiting, the use of
antibiotics, and the difficulty in effectively draining deep
sputum while in the supine position can lead to
complications such as aspiration pneumonia, atelectasis,
and pulmonary consolidation [6-7]. Due to the body's
catabolic state, neurosurgical critically ill patients often
remain in negative nitrogen balance, with impaired
immune function, thus increasing the risk of infection.
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Severe pneumonia is a critical stage in the development of
pulmonary inflammation, and even in intensive care units,
it still carries a high mortality rate [8-9], leading to
prolonged hospitalization. In this study, the average length
of hospital stay for the 41 patients was (20.49 + 5.14) days,
significantly longer than the duration in general wards,
which increases the economic burden on patients.
Currently, clinical treatment strategies include oxygen
therapy, anti-infection treatment, expectoration, and
supportive therapies [10]. Supportive therapies mainly
involve mechanical ventilation. Supine position
mechanical ventilation can, to some extent, improve
oxygenation and alleviate clinical symptoms; however, it
has limitations in correcting severe hypoxemia and
improving  ventilation-perfusion matching [11-12].
Traditional mechanical ventilation techniques may fail to
restore alveolar function and sometimes even cause
overexpansion of normal alveoli, leading to barotrauma
[13]. Prone position mechanical ventilation is a therapeutic
adjunctive intervention. This position alters diaphragmatic
movement and position, improving pulmonary blood flow
distribution and gas exchange in non-gravity-dependent
lung regions. It not only facilitates the reopening of
collapsed alveoli and reduces the loss of pulmonary
surfactant but also significantly decreases the incidence of
pulmonary edema, accelerates the recovery of spontaneous
breathing, and shortens ICU length of stay [14].
Furthermore, it ameliorates cardiac and mediastinal
compression on the lungs and adjusts chest wall
compliance, thereby improving oxygenation, correcting
refractory hypoxemia, and reducing patient mortality [15-
[17]. A study by Tang et al. [18] found that prone
positioning has a certain effect in correcting hypoxemia in
patients with traumatic brain injury. Compared to the
supine position, prone positioning combined with
percussion facilitates drainage of sputum from the lungs,
promotes airway secretion clearance, effectively controls
infection, and is rarely associated with aspiration [19].
Previous studies have also shown that implementing prone
ventilation during hospitalization can reduce levels of
inflammatory factors such as C-reactive protein, thereby
effectively controlling infection [20].

Currently, prone ventilation has been extensively
studied in patients with ARDS, with favorable results
reported [21-22]. However, research in patients with
severe pneumonia is limited, and even less exists for
neurosurgical critically ill patients. Due to the potential for
prone positioning to increase intracranial pressure and
worsen the condition, neurosurgical critically ill patients
often present with impaired consciousness and agitation,
requiring artificial airways, particularly tracheostomies,
which carry a risk of accidental extubation. Additionally,
neurosurgical  conditions such as  hypertensive
intracerebral hemorrhage and severe subarachnoid
hemorrhage frequently occur in obese patients; the mean
BMI in this study's 41 patients was 26.05 + 4.11 kg/m?.
Consequently, prone positioning requires significant
manpower, leading to poor compliance in some institutions
and a paucity of research reports in this population.The
authors selected patients with severe pneumonia who

showed no improvement despite conventional treatments
including antibiotics, bronchoscopy, and vibratory sputum
clearance for prone ventilation. All patients had a disease
course exceeding one week prior to treatment and stable
intracranial conditions; cranial imaging excluded severe
intracranial hypertension and cerebral edema. Favorable
outcomes were achieved in all cases. Some patients
underwent continuous intracranial pressure monitoring;
real-time intracranial pressure monitoring allowed for
timely therapeutic adjustments, mitigating adverse
outcomes related to prone position-induced intracranial
hypertension. Regarding the optimal duration and
frequency of prone ventilation therapy, no unified standard
currently exists. Previous studies suggest that patients
undergoing prone positioning for 12 hours or longer daily
experience greater improvements in oxygenation and
derive more significant benefits [23]. Due to the specific
nature of neurosurgical patients, and to reduce the risk of
increased intracranial pressure caused by prolonged prone
positioning, this study included 41 patients, with a fixed
daily prone position duration of 6 to 8 hours, and a duration
of prone positioning for more than 7 days. The study by
Demir et al. [24] suggested that adequate analgesia and
sedation, along with mechanical ventilation, have minimal
impact on intracranial pressure during prone positioning.
In this study, individualized analgesia and sedation
treatment were applied based on vital signs for patients in
the prone position. For patients experiencing agitation, an
appropriate analgesia and sedation regimen was
particularly important. Arterial blood gas measurements
taken before prone positioning, and on the 1st, 3rd, 5th, and
7th days of treatment, showed significant increases in PaO»
and oxygenation index, with a gradual decrease in FiO,.
Dynamic reexaminations of cranial CT scans did not show
any intracranial hemorrhage or worsening of cerebral
edema. Chest CT scans before prone ventilation, and on
the 3rd and 7th days of treatment, showed significant
improvement in pulmonary inflammation. Hemodynamic
indicators monitored before and after prone positioning did
not show any signs of circulatory instability or other
adverse reactions. Some patients might have experienced
facial and head skin compression and swelling, but since
the prone position duration was short and the patient’s head
and limbs were repositioned every 2 hours, all such issues
improved upon returning to the supine position. No serious
adverse reactions, such as extubation, occurred during the
treatment in any of the patients. Previous literature has
reported suspending enteral nutrition support during prone
positioning. However, in this study, patients routinely had
nasoenteric tubes inserted and received normal enteral
nutrition support during prone positioning without
experiencing vomiting or aspiration. This allowed for
effective nutritional support during treatment, potentially
reducing the risk of poor prognosis.

In conclusion, for neurosurgical intensive care unit
patients with severe pneumonia, prone positioning
ventilation can improve pulmonary oxygenation index,
lung ventilation, and reduce pulmonary inflammation
without significant impact on hemodynamics, provided
there is no severe intracranial hypertension. However,
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there are limitations to this study. First, it is a single-center
study with a small sample size. Future research should
explore more effective non-invasive methods for
monitoring intracranial pressure in neurosurgical critically
ill patients, such as the potential for estimating pressure
indirectly through ultrasound-guided jugular vein pressure,
and determine the optimal duration and frequency of prone
positioning that minimizes ICP or has the least impact on
it. Further large-scale, multi-center studies are needed.
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Abstract: Objective To investigate the effectiveness and safety of prone position ventilation in treating critically ill
patients with neurosurgical - related diseases complicated by severe pneumonia, and to provide reference for the
treatment of severe pneumonia. Methods A retrospective analysis was conducted on the clinical data of 41 patients
with neurosurgical-related diseases and severe pneumonia admitted to the Neurosurgical Intensive Care Unit of Nanjing
Drum Tower Hospital, the Affiliated Hospital of Nanjing University Medical School, from January 2023 to November
2024. All patients experienced progressive worsening of pulmonary inflammation and severe hypoxemia after
conventional treatment, and were given prone position ventilation. Changes in blood gas analysis [pH, arterial partial
pressure of oxygen (PaQ,), arterial partial pressure of carbon dioxide (PaCO.), oxygenation index ] and hemodynamics

[heart rate (HR) , mean arterial pressure (MAP) ] were compared before prone positioning, and at 1 day, 3 days, 5
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days, and 7 days after resuming supine position following prone position treatment. Results The average hospitalization
duration in the neurosurgical intensive care unit for the 41 patients was (20.49+5.14) days. The oxygenation index
before prone positioning and at 1 day, 3 days, 5 days, and 7 days after pone positioning were (104.12+11.09) mmHg,
(118.67 + 18.58) mmHg, (148.20 + 29.17) mmHg, (237.21 £ 56.91) mmHg, and (303.26 + 66.78) mmHg,
respectively, showing a significant upward trend (F=164.657, P<0.01). PaO, values followed a similar pattern:
(79.63+4.81) mmHg, (89.90+6.83) mmHg, (106.98+12.26) mmHg, (130.40+12.03) mmHg, and (135.68+13.95)
mmHg, also demonstrating a significant increase (F=219.963, P<0.01). No statistically significant difference was
observed in PaCO,, pH, HR and MAP before and after prone position ventilation (P>0.05). Conclusion Prone
position ventilation effectively can improve the oxygenation index in critically ill neurosurgical patients with severe
pneumonia. As treatment duration increases, the oxygenation index gradually improves without significant impact on
hemodynamics, proving it to be both safe and effective for such patients.

Keywords: Neurosurgical intensive care unit; Prone position ventilation; Severe pneumonia; Oxygenation index
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Fig.1

Lung images of a 70-year-old man before and after prone ventilation
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Fig.2 Lung images of a 72-year-old man before and after prone ventilation
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