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Prone positioning during operation is associated with signifi-
cant challenges to anesthesiologists. Wilson Frame was intro-
duced to reduce abdominal pressures. However, when it is ap-
plied inappropriately, it can increase peak airway pressure (PIP) 
and decrease dynamic compliance (Cdyn) by compromising the 
diaphragm movement [1].

Spinal cord injury (SCI) patients have a probability to get 
pressure sore operations in prone position under general anes-
thesia. Patients with quadriplegia have decreased chest wall and 
lung compliance, increased abdominal wall compliance. Their 
rib cage stiffness and paradoxical chest wall movements also 
result in an increase in the work of breathing. Expiratory muscle 
function is more compromised than inspiratory muscle function 
among subjects with quadriplegia and high paraplegia, which 
can result in ineffective coughing, accumulation of mucus and 
atelectasis. Vagal activity is high and baseline airway caliber is 
reduced in patients with quadriplegia [2]. Pulmonary function 
in SCI is compromised by most lesions of the spinal cord, even 
in those with paraplegia [3]. 

Therefore, it is questionable which ventilator mode is more 
effective on systemic oxygenation and safer during prone posi-
tion in these patients, but these issues have not been well estab-
lished. We are to investigate which ventilation method is effec-
tive to decrease peak inspiratory pressure (PIP) and to maintain 
systemic oxygenation. 

This study was performed from January 2013 to March 2014. 

After obtaining the Institutional Review Board’s approval (IRB 
No. H-1302/027-001), 20 adult patients scheduled for debride-
ment under general anesthesia were enrolled in this study. Pa-
tients who were neurologically stable SCI patients (quadriplegia 
and high level [above T4] paraplegia) for more than 2 years were 
included. Patients who were older than 75 years, or had severe 
pulmonary disease were excluded. Patients were randomized to 
either volume-controlled ventilation (VCV, n = 9) or pressure-
controlled ventilation (PCV, n = 9) group.

Patients were not premedicated. Patients were applied non-
invasive blood pressure cuff, electrocardiogram, pulse oximetry 
in the operating room. General anesthesia was induced with 40 
mg lidocaine, 1.5 mg/kg propofol, and 0.5 mg/kg rocuronium. 
After tracheal intubation with plain endotracheal tube, anes-
thesia was maintained with 0.8 to 1.2 vol% sevoflurane in N2O 
and oxygen (FIO2 = 0.5). Patient’s lung was ventilated as follows; 
VCV group ventilated 10 ml/IBW (ideal body weight) and PCV 
group ventilated at PIP adjusted to same tidal volume with VCV 
group. Thirty minutes after induction, arterial PaO2, mean blood 
pressure (MBP), heart rate (HR), peak inspiratory pressure (PIP), 
mean inspiratory pressure (Pmean), respiratory rate (RR) and 
expired tidal volume (VT) were recorded. Then, patient position 
was changed to prone and the same procedure was repeated as 
above.

Statistical analyses were performed with SPSS 16.0 (SPSS Inc., 
Chicago, IL). Data were presented as means ± SD or number of 
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patients. Data between VCV and PCV group were compared us-
ing a paired t test after pairing patients. A P < 0.05 was consid-
ered statistically significant.

There were no statistical differences in age, body mass index, 
male-to female ratio, quadriplegia —to- high level paraplegia ra-
tio, anesthesia time, and operation time between the two groups.

The PIP increased after prone positioning in both groups. 
PIP in PCV group was lower than in VCV group. The RR and 
Cdyn decreased after prone positioning in both groups. The 
PaO2 also decreased after prone positioning but SpO2 was main-
tained above 98% in all patients during the study. There were no 
statistical differences in MBP and HR in both groups (Table 1). 

In the present study, ventilation in PCV mode decreased PIP 
more in the prone position, but this does not mean to improve 
systemic oxygenation. Although SpO2 was maintained over 98% 
during operation time, it is difficult to conclude that due to a 
decreased PIP, PCV mode is more beneficial in quadriplegia or 
high-level paraplegia patients. 

We presumed that our SCI patients have decreased pulmo-
nary function. There are several studies supporting this pre-
sumption [3-5]. Almenoff et al. [3] presented SCI/pulmonary 
function investigation, studying 165 male military veteran out-

patients. They found statistically significant correlations of SCI 
level with forced vital capacity (FVC), forced expired volume in 
1 second (FEV1), and peak expiratory flow rate (PEFR). Linn et 
al. [4] reported that the higher the SCI level, the more decreased 
in percent predicted forced vital capacity (FVC %). They inves-
tigated the relationship between SCI level and FVC % with 455 
patients. Especially in SCI patients above the T4 level, the FVC 
% presented below 80% of normal findings [5]. Since our study 
included quadriplegia or above T4 level paraplegia patients, it 
may be postulated that at least FVC %, FEV1, and PEFR were 
decreased in our patients. Another limitation of this study is 
small sample size. For resolving this problem, we used pairing 
methods in which two patients in each group were paired ac-
cording to age, height, weight, and spinal cord injury level. Since 
the data showed normal distribution, we could use a paired  
t-test. Further larger-scale studies to explore these issues will be 
required. 

In conclusion, it is suggested that when high-level SCI pa-
tients are ventilated under general anesthesia in prone position, 
PCV may decrease PIP more than VCV but oxygenation effect 
seems to be similar in both ventilation.
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Table 1. Mean Values of Intraoperative Variables

VCV (n = 9) PCV (n = 9)

Supine Prone Supine Prone

VT (ml)
PIP (cmH2O)

Pmean (cmH2O)
ETCO2 (mmHg)
PaO2 (mm Hg)

RR (breaths/min)

MV (L/min)

Cdyn (ml/cmH2O)

HR (beats/min)
MBP (mmHg)

667.4 ± 77.6
15.1 ± 3.4

4.2 ± 0.9
34.6 ± 1.3

349.5 ± 98.7

9.9 ± 0.9

6.4 ± 1.0

46.6 ± 13

86 ± 16.7
79 ± 13.4

674.2 ± 82.1
19.4 ± 4.4*
(P = 0.001)
4.6 ± 0.8

33.8 ± 1.4 
279.9 ± 106.5* 

(P = 0.001)
8.3 ± 1.3*

(P = 0.005)
5.6 ± 0.6* 

(P = 0.017)
36.4 ± 10.1*
(P < 0.001)
89.8 ± 9.5
87.3 ± 14.0

652.4 ± 63.1
13.3 ± 3.4† 
(P = 0.014)

4.8 ± 1.5
33.7 ± 1.5
347 ± 90

9.7 ± 1.3

6.2 ± 1.6

51.5 ± 12.2†

(P = 0.039)
95 ± 5.6
85 ± 10.5

652.4 ± 63.1
17.1 ± 5.5*,† 

(P = 0.001)(P = 0.043)
5.3 ± 1.0

32.9 ± 0.6
217.5 ± 60* 

(P = 0.002)
7.9 ± 1.2*

(P = 0.009)
5.2 ± 0.9
(P = 0.05)

39.8 ± 10.5* 
(P < 0.001)

90 ± 14.2
78 ± 11.3

Values are means ± SD. Cdyn: dynamic compliance of the respiratory system, ETCO2: end-tidal carbon dioxide tension, MV: minute volume, PCV: 
patients with pressure-controlled ventilation, Pmean: mean airway pressure, Ppeak: peak airway pressure, Prone: at 30 minutes after the prone 
positioning, RR: respiratory rate, Supine: after induction of anesthesia in the supine position, VCV: patients with volume-controlled ventilation, VT: 
tidal volume. *P < 0.05, compared with supine position within the group. †P < 0.05, compared with VCV group.
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