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Background: To investigate the protective effects of additional ipsilateral ventilation of low tidal volume and high frequen-
cy on lung functions in the patients receiving lobectomy.

Material/Methods: Sixty patients receiving lung lobectomy were randomized into the conventional one-lung ventilation (CV) group
(n=30) and the ipsilateral low tidal volume high frequency ventilation (LV) group (n=30). In the CV group, pa-
tients received only contralateral OLV. In the LV group, patients received contralateral ventilation and addition-
al ipsilateral ventilation of low tidal volume of 1-2 ml/kg and high frequency of 40 times/min. Normal lung
tissues were biopsied for the analysis of lung injury. Lung injury was scored by evaluating interstitial edema,
alveolar edema, neutrophil infiltration, and alveolar congestion.

Results: At 30 min and 60 min after the initiation of one-lung ventilation and after surgery, patients in the LV group
showed significantly higher ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen
than those in the CV group (P<0.001). Lung injury was significantly less severe (2.7+0.7) in the LV group than
in the CV group (3.1+0.7) (P=0.006).

Conclusions: Additional ipsilateral ventilation of low tidal volume and high frequency can decrease the risk of hypoxemia
and alleviate lung injury in patients receiving lobectomy.
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Background

One-lung ventilation (OLV) is commonly used in thoracic sur-
geries. By ventilating the contralateral lung and collapsing the
ipsilateral lung, OLV avoids pollution of the contralateral lung
by the excretions and blood from the ipsilateral lung, and pro-
vides a clear surgical field vision. However, intraoperative hy-
poxemia is a common complication of OLV [1-5]. OLV is also
an important reason for postoperative acute lung injuries in
patients receiving thoracic surgeries [6-10]. Acute lung injury
is one of the major causes of death after thoracic surgery [11].
Ventilator-induced lung injury during OLV is further supported
by the association between tidal volume exceeding 7-8 ml/kg
predicted body weight and the release of systemic and pul-
monary inflammatory mediators [12]. Various lung-protective
strategies have been tried, such as lower tidal volume com-
bined with positive end-expiratory pressure (PEEP) [13], pre-
conditioning [14], dexmedetomidine [15], therapeutic hyper-
capnia [16], and protective ventilation modes [17,18].

In this study, we investigated the lung protective effect of ad-

ditional ipsilateral ventilation of low tidal volume and high fre-
quency in patients receiving lung lobectomy.

Material and Methods

Patients

A consecutive 60 patients receiving lung lobectomy from
October 2012 to May 2014 at our hospital were included in
this study. There were 48 males and 12 females with a mean
age of 52.9 years (range, 39-50 years). The American Society
of Anesthesiologists grade was | to Il. Patients were exclud-
ed from the study if they had smoking history, intraoperative
transfusion, OLV <1 hour, operation time >4 hour, or conver-
sion to total lung resection. This study was approved by the
Ethics Committee of our hospital. Informed consent was ob-
tained from the patients or their legal surrogates.

Ventilation protocol

Patients were randomly assigned into the conventional OLV
(CV) group (n=30) and the ipsilateral ventilation of low tidal
volume and high frequency (LV) group (n=30). At 30 min be-
fore anesthesia, all patients received intramuscular injection
of 3 mg midazolam and 0.5 mg penehyclidine hydrochloride.
General anesthesia was induced with intravenous injection of
midazolam (0.05-0.1 mg/kg), sufentanil (0.3 pg/kg), and ve-
curonium bromide (0.1 mg/kg). The patient was intubated with
a double-lumen tube (Sheridan, Mexico) connected to a venti-
lator (Aestiva/5 7900, GE Healthcare, USA). The fraction of in-
spired oxygen (FiO,) was 100% with a flow rate of 1.5 L/min.
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The end-tidal carbon dioxide partial pressure (P.,CO,) was
maintained at 35-45 mmHg.

Tow-lung ventilation was performed using the following pa-
rameters, tidal volume 10 ml/kg, ventilation frequency 12
times/min, and inspiratory-to-expiratory time (I/E) ratio 1:1.5.
For OLV in the CV group, the following parameters were used,
tidal volume 8 ml/kg, ventilation frequency 14 times/min, I/E
ratio 1:1.5, and PEEP 5 cm of water. For OLV in the LV group,
the contralateral lung ventilation was performed with tidal vol-
ume 6 ml/kg, ventilation frequency 12 times/min, and I/E ra-
tio 1:1.5. Meanwhile, the ipsilateral lung was ventilated using
the same type of ventilator with tidal volume 1-2 ml/kg, ven-
tilation frequency 40 times/min, and I/E ratio 1:1.5.

Remifentanil 0.2-0.4 pg/kg/min was continuously pumped to
maintain anesthesia. Midazolam and vecuronium bromide were
intermittently added. The bispectral index was maintained with-
in 40 to 50. If the ipsilateral ventilation affected the surgical
procedure, ventilation was temporarily paused. Ephedrine 10
mg was administered if the systolic blood pressure dropped
below 20% of the baseline value. Atropine 0.2-0.5 mg was
administered if the heart rate was less than 50 beats/min.

Evaluation

Arterial blood samples were collected from the femoral artery
before OLV (T,), at 30 min (T,) and 60 min (T,) after the ini-
tiation of OLV, and after the surgery (T,). Blood gas analyses
were performed (ABL700, Radiometer, Denmark). Partial pres-
sure of arterial carbon dioxide (PaCO,), partial pressure of ar-
terial oxygen (Pa0,), and FiO, were measured.

Normal lung tissues were harvested 5 cm away from the le-
sions at a mean time of 102.4 min (range, 73-123 min). A tis-
sue sample of 1.0x1.0x1.0 cm was fixed in 10% formaldehyde
for 24 hours. The tissue was embedded in paraffin and cut into
4-m sections. The sections were stained with hematoxylin and
eosin and observed under a light microscope. Interstitial ede-
ma, alveolar edema, neutrophil infiltration, and alveolar con-
gestion were evaluated. Lung injury was assessed using a
previously reported score system [19]: O point, no pathologi-
cal changes; 1 point, mild pathological changes; 2 points, in-
termediate pathological changes; 3 points, severe pathologi-
cal changes; 4 points, extremely severe pathological changes.

Statistical analysis

Continuous data were presented as mean +standard deviation
and categorical data as frequencies. Comparison was made
using Student’s t-test or chi-square test when appropriate. All
statistical analyses were performed using SPSS 17.0 (SPSS,
Chicago, IL, USA). P<0.05 was considered statistically significant.
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Table 1. General information and surgical data of the CV and LV groups.

CV group (n=30)

LV group (n=30)

Sex — male/female 20/10

CAge-yr 5403:338
' Body mass index - kg/m? 240451032
surgical side - left/right 1515

Urine volume — ml 404.03+13.26

15/15 0.194
"""""""" s263t411  00%
"""""""" 453080 008
"""""""""" s o1
o 13s3ns 005t
O wes7el4e 0609
"""""" 1869.8746591 0059
"""""""" 4078:1763 0298

OLV - one-lung ventilation.

Table 2. Comparison of the PaO,/FiO, between the CV and LV groups.

Time point CV group (n=30)

T 478.37+48.61

242.57+33.22

230.97+26.84

T 364.53+72.82

LV group (n=30) P-value

480.67+47.44 0.860
""""""" 20233:4220 <001
""""""" 317743339 <001
""""""" 39130:4482 0012

Results

The CV and LV groups were similar in general information, sur-
gical side, OLV time, operation time, intraoperative fluid in-
fusion, and urine volume (Table 1). At time point T, the two
groups showed no significant difference in ratio of the par-
tial pressure of arterial oxygen to the fraction of inspired ox-
ygen (Pa0,/Fi0,) (P=0.860, Table 2). However, at time points
T, through T, patients in the LV group showed significant-
ly higher PaO,/FiO, than those in the CV group (P,,<0.001,
P,,<0.001, P,,=0.012). The normal lung tissue of the CV group
showed significantly more severe pathological changes of in-
terstitial edema, alveolar edema, neutrophil infiltration, and
alveolar congestion than the LV group (Figure 1). In addition,
the lung injury score was 2.7+0.7 in the LV group, which was
significantly lower than 3.1+0.7 in the CV group (P=0.006). It
was suggested that patients in the LV group had significantly
less severe lung injury than those in the CV group.

Discussion

In this randomized study, we compared the lung protective
effects of two ventilation modes in patients receiving lobec-
tomy. In the CV group, patients received only contralateral
OLV. In the LV group, patients received contralateral ventila-
tion and ipsilateral ventilation of low tidal volume and high

frequency. We found that patients in the LV group had signif-
icantly higher PaO,/FiO, and significantly less severe lung in-
jury than those in the CV group.

In our study, the ipsilateral ventilation was started with a tid-
al volume of 1 ml/kg and gradually increased to 2 ml/kg, with
a ventilation frequency of 40 times/min. This technique can
minimize the effects on surgical procedures, and in the mean-
while, moderately inflate the collapsed lung and improve venti-
lation and oxygenation. After the initiation of OLV, the PaO, at
time points T, and T, was lower than that at T  in both groups.
However, the LV group showed significantly lower reduction in
Pa0, than the CV group (P<0.001). Pa0,/FiO, reflects damag-
es of the lung vessels and alveoli. Lower PaO,/FiO, indicates
more severe lung injury and is a commonly used diagnostic
criterion for acute lung injury. We found that at time points T,
through T,, patients in the LV group showed significantly high-
er Pa0,/FiO, than those in the CV group (P ,<0.001, P,,<0.001,
P,,=0.012). These results suggest that the ipsilateral ventila-
tion of low tidal volume increased oxygenation.

Patients in our study all had lung diseases. To exclude any pos-
sible disturbing factors, we chose patients without smoking
history, and no inhalation anesthetics were used for maintain-
ing anesthesia. The pathological changes of interstitial ede-
ma, alveolar edema, neutrophil infiltration, and alveolar con-
gestion were significantly less severe in the LV group than in
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Figure 1. The pathological changes of normal lung tissues (hematoxylin and eosin staining). Interstitial edema, alveolar edema,
neutrophil infiltration, and alveolar congestion were significantly less severe in the LV group (A) than in the CV group (B).

the CV group. We speculate that the ipsilateral ventilation of
low tidal volume might avoid excessive collapse of the alveoli
and decrease the surface tension. This may result in reduced
sucking effect of the surface tension in the alveoli and less
fluid effusion from the capillaries, leading to alleviated lung
injury. In addition, the ipsilateral ventilation might help to al-
leviate lung injury by reducing the release of oxygen radical
and attenuating the neutrophil infiltration during restoration
of two-lung ventilation [12,20-22].

References:

—

. Ishikawa S, Lohser J: One-lung ventilation and arterial oxygenation. Curr
Opin Anaesthesiol, 2011; 24: 24-31

. Khalil MA: Smoking as a risk factor for intraoperative hypoxemia during
one lung ventilation. J Anesth, 2013; 27: 550-56

. Kitabjian L, Bordi S, Elisha S et al: Anesthesia case management for video-
assisted thoracoscopic surgery. AANA J, 2013; 81: 65-72

. Liu TJ, Shih MS, Lee WL et al: Hypoxemia during one-lung ventilation for ro-
bot-assisted coronary artery bypass graft surgery. Ann Thorac Surg, 2013;
96: 127-32

. Lohser J: Managing hypoxemia during minimally invasive thoracic surgery.
Anesthesiol Clin, 2012; 30: 683-97

. Della Rocca G, Coccia C: Acute lung injury in thoracic surgery. Curr Opin
Anaesthesiol, 2013; 26: 40-46

. Jeon K, Yoon JW, Suh GY et al: Risk factors for post-pneumonectomy acute
lung injury/acute respiratory distress syndrome in primary lung cancer pa-
tients. Anaesth Intensive Care, 2009; 37: 14-19

. Olivant Fisher A, Husain K, Wolfson MR et al: Hyperoxia during one lung
ventilation: inflammatory and oxidative responses. Pediatr Pulmonol, 2012;
47:979-86

. Pfitzner J: Potential for acute lung injury following one-lung ventilation:
alveolar overdistension from partial bronchial obstruction. Anaesthesia,
2006; 61: 906-7

10. Sugiyama Y, Shimizu F, Shimizu S et al: Severe re-expansion pulmonary
edema induced by one-lung ventilation. Respir Care, 2015; 60(8): e134-40

11. Licker M, Fauconnet P, Villiger Y et al: Acute lung injury and outcomes af-
ter thoracic surgery. Curr Opin Anaesthesiol, 2009; 22: 61-67

N

w

IS

v

[=))

~

=)

o

12. Schultz MJ: Lung-protective mechanical ventilation with lower tidal vol-
umes in patients not suffering from acute lung injury: a review of clinical
studies. Med Sci Monit, 2008; 14(2): RA22-26

Conclusions

The use of ipsilateral low tidal volume ventilation and contra-
lateral conventional ventilation can successfully isolate the
bilateral lungs in lobectomy. The use of additional ipsilateral
ventilation also decreases the risk of hypoxemia and allevi-
ates postoperative lung injury.

13. Licker M, Diaper J, Villiger Y et al: Impact of intraoperative lung-protective
interventions in patients undergoing lung cancer surgery. Crit Care, 2009;
13: R41

14. Cheng YD, Gao Y, Zhang H et al: Effects of OLV preconditioning and post-
conditioning on lung injury in thoracotomy. Asian J Surg, 2014; 37: 80-85

15. Gao S, Wang Y, Zhao J et al: Effects of dexmedetomidine pretreatment on
heme oxygenase-1 expression and oxidative stress during one-lung venti-
lation. Int J Clin Exp Pathol, 2015; 8: 3144-49

16. Gao W, Liu DD, Li D et al: Effect of therapeutic hypercapnia on inflammato-
ry responses to one-lung ventilation in lobectomy patients. Anesthesiology,
2015; 122: 1235-52

17. Kim SH, Choi YS, Lee JG et al: Effects of a 1:1 inspiratory to expiratory ratio
on respiratory mechanics and oxygenation during one-lung ventilation in
the lateral decubitus position. Anaesth Intensive Care, 2012; 40: 1016-22

18. Yang M, Ahn HJ, Kim K et al: Does a protective ventilation strategy reduce
the risk of pulmonary complications after lung cancer surgery?: a random-
ized controlled trial. Chest, 2011; 139: 530-37

19. Douzinas EE, Tsidemiadou PD, Pitaridis MT et al: The regional production of
cytokines and lactate in sepsis-related multiple organ failure. Am J Respir
Crit Care Med, 1997; 155: 53-59

20. Lan C, Wang J, Li L et al: Effects of different tidal volume ventilation on para-
quat-induced acute lung injury in piglets. Med Sci Monit, 2015; 21: 452-58

21. Kredel M, Muellenbach RM, Johannes A et al: Hepatic effects of lung-pro-
tective pressure-controlled ventilation and a combination of high-frequency
oscillatory ventilation and extracorporeal lung assist in experimental lung
injury. Med Sci Monit, 2011; 17(10): BR275-81

22. Fujita Y, Uchiyama A, Mashimo T et al: Permissive hypercapnia, instituted
via reduction of pressure amplitude on pulmonary tissue protection dur-
ing high frequency oscillatory ventilation, is not protective in a rat model
of acid-induced lung injury. Med Sci Monit, 2009; 15(8): BR207-12

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]  [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




