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Ventilation Mode and Epidural Bleeding in Microdiscectomy: 
Comparison of Two Ventilation Techniques 

ABSTRACT

of the patient may affect peak and plateau airway pressure 
due to the increase in intra-abdominal pressure that causes 
epidural venous engorgement via inferior caval system (12). 
Most studies have focused on the type of patient position but 
ignored ventilation modes for lumbar disc surgery. Not only 
the position of the patient but also differences in ventilation 
mode can shift peak and plateau airway pressures through 
both sides. Although the conventional high-volume anesthetic 
ventilation protocol is still widely using one side, low-volume 

█    INTRODUCTION
Even minor bleeding from epidural venous plexus can 
obstruct the surgeon’s field of vision resulting in difficulties in 
microsurgical manipulation (5, 22). Apart from dissatisfaction 
of the surgeon, bleeding can cause unfavorable surgical 
outcomes and prolonged hospitalization (8, 11). Numerous 
studies have been performed on this issue, mainly regarding 
the surgical positioning of the patient in order to minimize 
the epidural bleeding of microdiscectomy (18). The position 

AIm: Two different ventilation protocols during general anesthesia have been compared regarding their effects on amount of epidural 
bleeding during lumbar microdiscectomy in the prone position. Previous studies have not not revealed a relationship between 
ventilation mode and epidural bleeding in the prone position while measuring the intra-abdominal pressure (IAP) level.    
mATERIAl and mEThODS: This study was conducted on 40 American Society of Anesthesiologists (ASA) I and II patients that 
underwent a single level, unilateral lumbar microdiscectomy in the prone position. The anesthetic protocol was the same except 
the ventilation modes that were used in the study: (1) high volume–low frequency technique in group A, and (2) low volume–high 
frequency technique in group B. Pulmonary and hemodynamic parameters were noted. The patients also had urinary bladder catheter 
to measure the intra-abdominal pressure during surgery. Epidural bleeding was measured in every patient after microdiscectomy by 
using the aspiration volume. A convenience scale was used to assess the surgeon’s satisfaction.    
RESUlTS: Although intra-abdominal pressure remained within normal ranges in both groups, peak and plateau pressures were 
slightly higher in group A. Mean epidural bleeding after ligamentum flavum resection was 43.9 ± 11.82 ml in group A, and 26.35 ± 
6.59 ml in group B. The difference was statistically significant. Also the surgeon’s satisfaction according to convenience scale was 
better in group B.  
CONClUSION: Decreasing epidural venous engorgement depends on the ventilation technique and may lead to surgical convenience. 
It may be suggested that high frequency-low tidal volume ventilation during general anesthesia for lumbar microdiscectomy can be 
useful in minimizing epidural bleeding by using low peak and plateau pressure during surgery.         
KEywORDS: Lumbar microdiscectomy, Epidural bleeding, Lung protective ventilation
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ventilation as a lung-protective strategy is spreading rapidly 
in recent years among anesthesiologists, especially those 
who are working in intensive care units (9). However, studies 
examining the impact of the lung-protective strategy on 
surgical convenience are relatively rare.

Different tidal volumes and frequencies change peak and pla-
teau airway pressures that may impact the amount of epidural 
bleeding during the microdiscectomy procedure. Our aim was 
to investigate how different ventilation protocols influence 
epidural bleeding and the surgeon’s convenience during this 
procedure in a single-center prospective randomized study.  

█    mATERIAl and mEThODS
This single-center prospective study was conducted on 40 
patients. The hospital ethics committee approved the study 
(2012/An-006), and written informed consent was obtained 
from each patient. All patients were classified as status I or 
II according to the American Society of Anesthesiologists 
(ASA) classification. None of the patients had a history of 
previous abdominal or spinal surgery. All patients underwent 
a single level and unilateral lumbar microdiscectomy, with 
the diagnosis of L4-5 or L5-S1 disc herniation. All patients 
with a body mass index less than 30 were operated by the 
same experienced neurosurgeon (SK) who was blind to which 
ventilation mode was used to minimize the variability of such 
an evaluation and possible differences in surgical techniques. 
Patients with hypertension, cardiac disease, renal disease, 
liver disease and lung disease were not included in the 
study. Patients with bleeding tendency and those receiving 
anticoagulant or antiplatelet medication were excluded.

The same anesthetic protocol except the ventilation method 
was used in each patient. All patients received a 10 ml.kg-1 
bolus of 0.9% NaCl solution prior to induction, followed by 
4 ml.kg-1.h continuous intravenous infusion. Anesthesia was 
induced by fentanyl (2 µg.kg-1 and propofol (2 mg.kg-1), and 
endotracheal intubation was facilitated by rocuronium bromide 
(0.5 mg.kg-1). Additional doses of rocuronium bromide (0.15 
mg.kg-1) were administered in every 30 minutes. A mixture 
of 40-60% O2-air, sevoflorane 1-1.5%, and remifentanyl HCl 
infusion (0.2 µg.kg-1.min) were used for the maintenance of 
anesthesia in both groups. 

We used standard routine monitoring for this type of operation 
such as electrocardiogram with 3 derivations, non-invasive 
arterial pressure measurement, peripheral hemoglobin satu-
ration and end tidal carbon dioxide. Heart rate and mean 
arterial pressure were noted at several stages including before 
and after anesthesia induction, before and after the beginning 
of surgery in the prone position, at the 45th minute of the 
operation, and at the end of the operation in both the prone and 
supine positions. These values were noted after extubation 
of the patient in the prone position. Oxygen saturation (SpO2) 
was kept between 95% and %100, and end-tidal CO2 (ETCO2) 
was kept between 35 and 40 mmHg in every patient and in 
each group. A rescue strategy that was stepwise increase of 
FiO2 and PEEP was assigned for the patients in whom oxygen 
saturation fell to less than 95% without airway problems.         

The ventilation mode was randomized by the anesthesiologist 
for each patient.

The patients were divided randomly into two groups according 
to the ventilation technique. There were 20 patients in each 
group. The ventilation technique used in group A was a high-
volume low-frequency technique as in conventional practice. 
The respiratory rate was 8-10 per minute and the tidal volume 
was 10 ml/kg. In group B, low volume with low PEEP and 
high frequency was used. Patients were ventilated with a tidal 
volume of 6 ml/kg and a respiratory rate of 16-18 breaths per 
minute. While zero external PEEP was applied in group A, 
the PEEP level was 3 cm H2O in group B as a lung-protective 
technique (7). Peak and plateau pressures were noted after 
anesthesia induction, before and after the beginning of 
the surgery in the prone position, at the 45th minute of the 
operation, and at the end of the operation in both the prone 
and supine positions. 

A transurethral bladder catheter was placed before positioning 
the patient. Patients who had any contraindications to the 
placement of a transurethral bladder catheter or who had any 
difficulty during placement or in positioning of the catheter 
were excluded. Bladder pressure, as a technique for the 
measurement of intra-abdominal pressure, was noted within 
the same periods when peak and plateau pressures were 
measured. An additional measurement was also done after 
extubation in the supine position for bladder pressure. The 
technique used to measure intra-abdominal pressure was 
based on the fact that the wall of urinary bladder behaves 
as a passive diaphragm when bladder volume is between 50 
and 100 ml in an adult patient (21). As a measuring technique, 
the bladder was continuously emptied before measurements 
and the top of the symphysis pubis bone was used as the 
reference zero point. The measurement method of intra-
abdominal pressure was the same as described by Kron et 
al. (13). Sterile saline (50 cc) is injected into the empty bladder 
through an indwelling Foley catheter. The sterile tubing of 
the urinary drainage bag is cross-clamped just distal to the 
culture aspiration port. The end of the drainage bag tubing 
is connected to the indwelling Foley catheter. The clamp 
is released just enough to allow the tubing proximal to the 
clamp to allow fluid flow from the bladder and then reapplied. 
A 16-gauge needle is then used to connect the pressure 
transducer through the culture aspiration port of the tubing to 
the drainage bag. The mean pressure values were recorded 
at the end of the expiratory phase, avoiding the pressure 
changes during the ventilation phases.

All patients were operated in the prone position resting on 
silicone frame pads. A safe and stable positioning of the 
patient with good spinal lumbar flexion and minimal thoracic 
and abdominal compression by supporting with a cylindrical 
bolster from shoulder to iliac crest on both sides was arranged. 
Both anesthesiologist and neurosurgeon verified the correct 
position of the patient.

Epidural bleeding was determined accurately by measuring 
blood in the suction bottle that was used only for epidural level 
after resection of ligamentum flavum. The volume of irrigation 
solution used during microdiscectomy was subtracted from 
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the volume in the suction bottle. Epidural bleeding was the 
concern of the study so only the bleeding after resection of 
ligamentum flavum was measured. At the end of the surgery, 
the surgeon was asked to rate the level of impairment of the 
visual field by blood, regarding the clarity of the field, on a 
convenience scale of 0 to 3 in which 0 was no impairment, 1 
slightly impaired, 2, impaired, and 3 heavily impaired (21). The 
chi-square test was used for both gender and the convenience 
scale while the independent sample t-test was used for other 
parameters as statistical analysis and p values less than 0.05 
was accepted as statistically significant. 

█    RESUlTS
All patients were discharged without any surgical or anesthetic 
complications on the day after the operation. There were 9 
females and 11 males in group A (n=20) and 8 females and 12 
males in group B (n=20). The mean age was 42.9 ± 9.72 years 
in Group A and 43.35 ± 8.29 years in Group B. The Mean Body 
Mass Index (BMI) was 26.19 ± 2.52 in Group A and 26.62 ± 
6.59 in Group B. No significant intergroup difference was 
observed for age, sex or BMI. Mean operation time was 63.75 
± 5.7 minutes in group A and 62.95 ± 4.62 minutes in group B. 

The difference was not statistically significant (Table I).

As a part of the study, oxygen saturation (SpO2) and end-tidal 
CO2 (ETCO2) were kept between certain values (95% to 100% 
for SpO2 and between 35 to 40 mmHg for ETCO2). Only 2 
patients needed a slight increment in FiO2 in group B. Other 
ventilation parameters were not changed and the procedure 
was performed as it was planned before the operation. 
Hemodynamic parameters were compared statistically in both 
groups (Table II).

Intra-vesicular pressures are listed in Table III and the 
differences were not statistically significant. Both peak and 
plateau pressures were high in group A and also in the prone 
position. 

Mean epidural bleeding after ligamentum flavum resection 
was 43.9 ± 11.82 ml in Group A, and 26.35 ± 6.59 ml in Group 
B. The difference was statistically significant (p<0.001). Table 
IV shows the results of convenience scale according to the 
assessment of the surgeon. The convenience scale was 
compared for both groups by using chi-square; the difference 
was statistically significant (p= 0.002, p<0.05). 

Table I: Demographic Data 

Group A Group B

Gender (Female/Male) 9 F / 11 M 8 F / 12 M

p: 0.749*

Age (year) 42.9 ± 9.72 (29-63) 43.35 ± 8.29 (29-56)

t: -0.158 / p: 0.876*

Body Mass Index (BMI) 26.19 ± 2.52 (21.94-29.7) 26.62 ± 6.23 (21.07-29.82)

t: -0.540 / p: 0.592*

Operation time (min.) 63.75 ± 5.7 (55-73) 62.95 ± 4.62 (52-71)

t: 0.488 p: 0.629*

(*) p > 0.05 insignificant, (**) p < 0.05 significant.

Table II: Hemodynamic Parameters 

Parameters
Groups Preop supine After induct. After prone After surg. 

incision
45 min. of 

oper.
Before extub. 

in sup After extub.

hR
(beats/ min)

A 84.35±9.8 78.3±7.91 77.7±6.66 72.1±10.8 69.35±9.64 76.6±12.01 81.35±8.2

B 84.15±10.65 77.95±6.46 76.6±6.23 71.9±8.2 68.55±5.91 76.95±4.21 82.15±5.51

t & p values t: 0.062
p: 0.951

t: 0.153
p: 0.879

t: 0.540
p: 0.593

t: 0.066
p: 0.948

t: 0.317
p: 0.753

t:-0.123
p: 0.903

t:-0.362
p: 0.719

mAP
(mmhg)

A 95.75±9.69 83.8±7.49 83.55±9.01 77.6±7.26 77.7±7.71 83.9±9.51 92.2±7.59

B 95.05±5.71 84.85±5.67 83.1±4.35 77.11±6.68 77.65±5.73 86.55±7.84 92.75±8.28

t & p values t: 0.278
p: 0.782

t:-0.500
p: 0.620

t: 0.201
p: 0.842

t: 0.227
p: 0.822

t: 0.023
p: 0.982

t:-0.962
p: 0.342

t:-0.219
p: 0.828

p < 0.05 significant.
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Many of the papers on the subject have focused on patient 
positioning. The main focus has been minimizing the increase 
in intra-abdominal pressure by avoiding abdominal compres-
sion. Böstman et al. stated that intra-operative bleeding was 
significantly lower in patients positioned in a frame-supported 
kneeling position (2). Lee et al. showed that inferior vena cava 
pressure was significantly lower in patients positioned on a 
Relton-Hall frame (14). Sunden et al. introduced a new device 
called “vacuum pillow” and stated that intra-operative bleed-
ing was significantly lower in patients positioned on this pil-
low (24). Other investigators have claimed that the effect of 
positioning on epidural bleeding is minimal under the usual 
conditions (21).

Although the main objective in all studies was to lower the 
intra-abdominal pressure in order to reduce intra-operative 
bleeding, statistical data was not consistently supportive. 
Böstman et al. demonstrated a minimization of bleeding in 
their study, but intra-abdominal pressures were not measured 
(2). Lee et al. showed a decrease in inferior vena cava pressure, 
but it was not correlated with intra-operative bleeding (14). 
Rigamonti et al. performed a study and stated that there was 
no correlation between intra-abdominal pressure and epidural 
bleeding (21). Han et al., in a study focusing on the effects 
of body mass index on intra-operative bleeding, stated that 
although the intra-abdominal pressure was slightly lower in 
the less bleeding group, the difference was not statistically 
significant (5). 

The classic prone position resting on silicone frame pads, 
which is the most commonly used in these types of surgery, 
was used in our study in both groups. The position of the 
patient was checked by the same experienced neurosurgeon 
and anesthesiologist. Intra-abdominal pressure was also 
measured throughout the whole operation. Our findings 
showed a slight increase in abdominal pressure in the prone 

█    DISCUSSION
Epidural bleeding is an undesirable circumstance in spinal 
surgery and many attempts have been made to avoid it. 
Surgical experience, hemodynamic parameters, the patient’s 
body mass index, the position of the patient, intra-abdominal 
pressure changes and finally airway pressure changes 
depending on position were expressed by researchers to 
reduce surgical bleeding (2, 5, 10, 12, 16, 21, 27). 

The epidural venous system, which has anatomically thin 
walls and a valveless communication with the inferior vena 
cava, is characterized by low blood pressure. Therefore any 
changes in intra-abdominal pressure are easily transmitted 
to the inferior vena cava, resulting in venous engorgement of 
epidural veins and increased epidural bleeding during surgery 
(1, 15).

Table III: Bladder Pressure & Pulmonary Parameters

Parameters
Groups After induct. After prone After surg. 

incision 45 min. of oper. Before extub. in 
sup After extub.

Pbladder

(mmhg)

A 7.85±2.6 9.05±2.61 9.4±2.21 8.45±2.39 7.75±1.94 6.91±2.07

B 7.81±2.61 8.9±2.2 9.4±1.47 8.95±1.01 8.05±1.43 7.1±1.41

t & p values t: 0.061
p: 0.952

t: 0.197
p: 0.845

t: 0.000
p: 1.000

t:-0.862
p: 0.394

t:-0.556
p: 0.582

t:-0.356
p: 0.723

Ppeak
(cm h2O)

A 13.95±1.15 17.5±1.15 17.6±0.88 17.25±0.85 13.85±1.04 X

B 10.7±1.53 14.3±1.26 14.25±0.85 14.3±0.66 10.9±1.02 X

t & p values t: 7.619
p<0.001**

t: 8.396
p<0.001**

t: 12.222
p<0.001**

t: 12.274
p<0.001**

t: 9.053
p<0.001** X

Pplateau
(cm h2O)

A 12.05±1.28 14.75±1.37 14.46±1.27 14.7±0.86 12.15±0.99 X

B 8.8±1.67 11.95±1.61 11.8±1.6 11.95±1.47 9.05±1.46 X

t & p values t: 6.906
p<0.001**

t: 5.931
p<0.001**

t: 6.221
p<0.001**

t: 7.219
p<0.001**

t: 9.162
p<0.001** X

(*) p<0.05 significant, (**) p<0.001 highly significant.

Table IV: Amount of Bleeding & Convenience Scale  

Group A Group B

Bleeding (cc) 43.9 ± 11.82 26.35 ± 6.59

t: 5.799 / p<0.001*

Convenience Scale  Group A Group B

0 3 (15%) 10 (50%)

1 2 (10%) 7 (35%9

2 6 (30%) 2 (10%)

3 9 (45%) 1 (5%)

p: 0.002**
(*) p< 0.001 highly significant, (**) p< 0.05 significant
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whole study. The same neurosurgeon who was blind about 
ventilation mode evaluated bleeding and surgical convenience. 
However, it must be remembered that the convenience scale 
that was used in our study has a limitation. “Single center” and 
“same neurosurgeon” were the other limitations of the study. 
Further consideration in multicentric model and definition of 
a more extensive scoring system regarding the quantitative 
assessment may be required. 

Demographic data including body mass index and hemody-
namic parameters showed no statistical difference between 
the groups. Previous studies have suggested that prone or 
somewhat position or frame was preferred by the surgeon 
equally affects epidural bleeding (16). Moreover, positioning of 
the patients and intra-abdominal pressure changes that might 
affect epidural bleeding were the same in our both groups. 

The only variable with respect to epidural bleeding we had 
in this study was ventilation mode. The main question is that 
how this variable impacts epidural bleeding while all other 
parameters were in normal range and stable during surgery. 
There is no previously described valid method to measure 
epidural venous pressure directly. We think that the valveless 
and thin wall veins of the epidural area that has low venous 
pressure may easily reflect any changes of pressure in the 
inferior vena cava even if we could not determine this with any 
method as a result of the compensating mechanism due to 
the peak and plateau pressure effect on venous return. 

Although these results are preliminary, it may be suggested 
that low tidal volume ventilation during general anesthesia 
for lumbar microdiscectomy is not only protective for the 
pulmonary system but might also be useful in minimizing 
epidural bleeding intra-operatively. On the other hand, surgical 
convenience seems to be better than in the high tidal volume 
group, although differences in the epidural bleeding amount 
were relatively small. 
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