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Abstract. – OBJECTIVE: To investigate the 
protective effects and mechanism of ketamine 
on acute lung injury induced by mechanical ven-
tilation.

PATIENTS AND METHODS: 63 patients with 
acute lung injury caused by mechanical ventila-
tion in our hospital between June 2014 and May 
2015 were chosen and divided into three groups: 
group A, B, and C. Group A (20 cases) received 
conventional treatment. Group B (21 cases) was 
treated with propofol and group C (22 cases) 
with ketamine. The ventilator application time, 
the success rate of weaning, the mortality rate, 
inflammation index (IL-1, Caspase-1, and NF-κB), 
pulmonary function index and oxygen saturation 
were compared.

RESULTS: The ventilator application time and 
the mortality rate of group B and group C were 
significantly (p < 0.05) lower than those of group 
A. The success rate of weaning of groups B and 
C was higher (p < 0.05) than that of group A. 
There was no difference between groups B and 
C. After intervention, the levels of PaO2 and SpO2 
in the three groups increased, while the level of 
PaCO2 decreased with better improvement in 
group B and group C than in group A (p < 0.05), 
groups B and C being similar (p > 0.05). After the 
intervention, the levels of FEV1, FEV1/FVC, FVC 
and PEER in the three groups increased, but 
more remarkably in group B and group C (p < 
0.05), in which there was no difference. 

After the intervention, the levels of IL-1β, 
Caspase-1, and NF-κB in the three groups de-
creased with the levels of group C obviously 
lower (p < 0.05) than those of groups B and A, 
the highest. 

CONCLUSIONS: Both ketamine and propo-
fol can improve the blood gas and pulmonary 
function index of patients with acute lung inju-
ry caused by mechanical ventilation. They short-
en the application time of ventilator, improve the 
success rate of weaning and reduce the mor-
tality rate which is probably related to the re-
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Introduction

As an indispensable technology support for life 
in treating severe cases with a respiratory disor-
der. The mechanical ventilation is more effective 
in alleviating lung injury as well as in removing 
respiratory disorder, ensuring support for bre-
athing and reducing mortality than the absolute 
medicine therapy1. 

However, it is also a “double-edged sword” 
with the occurrence rate of Ventilator Induced 
Lung Injury (VILI) that was about 1-3%. The 
occurrence rate of ventilator-associated pneu-
monia was about 2-5%. The occurrence rate of 
ventilator-induced inflammation comprehensive 
syndrome or of multiple organ dysfunctions was 
about 0.3-0.8%, and ventilator related mortality 
was about 0.2-1.5%2,3. Studies4 have found that 
mechanical ventilation would increase alveolar 
capillary permeability, thus causing acute lung 
injury even when the ventilation pressure is re-
strained in the normal range of 25-30 cm H2O. 
When the ventilation pressure reaches 45 cm H2O 
over the normal range, fatal emphysema will oc-
cur5. During mechanical ventilation, the alveolar 
close and open repeatedly, causing shear force, 
excessive expansion and local lung collapse whi-
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ch can induce or aggravate the inflammatory re-
action. The release of a variety of inflammatory 
mediums and cytokines further aggravates the 
acute lung injury. Failing to find that or delayed 
treatment can lead to high mortality6. Ketamine 
is a commonly used intravenous anesthetic which 
can dilate bronchial. In recent years, it has been 
found that it has an anti-inflammatory effect as it 
can inhibit pro-inflammatory cytokine7. Aerosol 
inhalation can reduce the degree of VILI so as to 
reduce the level of inflammation8. Propofol has 
a good inhibitory effect on cytokine cell factor 
and has an antioxidant function. It can alleviate 
lung injury due to its regulation on chemotactic 
factors of inflammatory cells9. The current work 
aims at comparing the effect of ketamine on VILI 
and provide new ideas for the prevention and tre-
atment of VILI.

Patients and Methods

Patients
The current study has obtained the approval of 

the Ethical Committee of our hospital and infor-
med consent of patients and their families. 63 ca-
ses of patients, diagnosed as VILI in our hospital 
from June 2014 to May 2015, were continuously 
selected. Inclusion criteria: 1) without application 
history of respirator in the past, without acute lung 
injury confirmed by thoracic X-ray or CT before 
the application of respirator; 2) performances of 
VILI were the acute attack at any time during the 
application of respirator, combined with pulmo-
nary barotraumas, lung volume injury, biological 
damage, inflammation and immune system dy-
sfunction; 3) effective drug treatment. 

Exclusion criteria: 1) poisoning, aspiration 
lung injury or any other primary disease that mi-
ght lead to acute lung injury; 2) combined severe 
heart, liver, kidney and other organs dysfunction, 
endocrine, immune, neurological and psychiatric 
disorders; 3) with severe disease, the expected 
survival time was less than 3 months, or was 
expected to have difficulty in breathing without 
ventilator.

Patients were divided into three groups, A, B 
and C, by using random numbers on the compu-
ter. Among which, 20 cases in group A were gi-
ven with routine treatment, with 12 males and 8 
females; aging from 40-80 with an average age 
of (57.7±17.6) years old; 11 cases of underlying 
disease including chronic obstructed pulmonary 
disease or respiratory failure, 5 cases of cardiac 

disease including acute coronary syndrome and 
acute heart failure, 4 cases of cerebral disease in-
cluding hemorrhagic and ischemic stroke, 2 cases 
of trauma and post operation. 21 cases in group 
B were given with propofol treatment, with 11 
males and 10 females; aging from 40-85 with an 
average age of (59.5±18.3) years old; 12 cases of 
pulmonary disease, 5 cases of cardiac disease, 3 
cases of cerebral disease and 1 case of trauma and 
post operation. 22 cases in group C were given 
with ketamine treatment, with 13 males and 9 fe-
males; aging from 45-80 with an average age of 
(58.6±19.4) years old; 13 cases of pulmonary dise-
ase, 4 cases of cardiac disease, 3 cases of cerebral 
disease, 2 cases of trauma and post operation. Ba-
seline data of groups were comparable.

Research Methods
All patients received mechanical ventilation 

and their arterial blood gas was monitored. We 
adopted a protective lung ventilation strategy, 
limiting airway pressure and tidal volume and 
reducing hyperventilation. This ventilation stra-
tegy gave a higher level of positive end-expira-
tory pressure (PEEP) and increasing PaCO2 to a 
high level. We also adopted continuous airway 
positive pressure with the positive airway pres-
sure at 2.92 kPa and used recruitment maneuver 
for 20s to improve lung compliance. According 
to the situations of the patients, we could adjust 
the ventilation mode to the mode of small tidal 
volume mechanical ventilation for 3 hours. This 
consisted of respiratory rate at 30 times/min, 
PEEP 0 mm Hg, tidal volume 6 ml/kg, oxygen 
concentration 40%, and used recruitment maneu-
ver. Group A was treated with conventional me-
dicine, including tracheal humidifying, regular 
sputum excretion, antibiotics to prevent bacterial 
infection, nutritional support, sedation and basic 
diseases treatment when necessary, etc. Group B 
was injected with propofol by micro pump at the 
speed to 10 mg/kg/h. Group C received aerosol 
inhalation of the solution mixed by ketamine hy-
drochloride injection and 1% normal saline with 
albumen (1 g albumen dissolved in 100 ml of nor-
mal saline) in the ratio of 1:3 once a day. Each 
time was completed within 30 minutes, using 50 
ml of ketamine mixture.

Observation Index
Compared respirator application time; wea-

ning success rate and mortality rate of patien-
ts in three groups; improvement of pulmonary 
function index and blood gas index; lung fun-
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ction index included force vital capacity (FVC); 
forced expiratory volume of 1st second (FEV1); 
FEV1/FVC; peak expiratory flow rate (PEER); 
blood gas index included PaCO2; PaO2 and blood 
oxygen saturation (SpO2). Serum inflammatory 
factor level before and after intervention inclu-
ded interleukin-1 (IL-1b); Caspase-1 and NF-κB 
level. Peripheral venous blood of 5 ml was ex-
tracted; centrifuging at 3000 g for 20 minutes 
and preserving in -20°C; and ELISA was adop-
ted to test; kits were purchased from Beijing 
Zhongshan Golden Bridge Biological Co., Ltd, 
and microplate reader purchased from Beijing 
Liuyi Instrument Factory. Procedures were in 
strict accordance with instructions.

Statistical Analysis 
SPSS20.0 software (SPSS Inc., Chicago, IL, 

USA) was used for data processing. measure-
ment data were expressed by the mean ± stan-
dard deviation (SD). Comparisons among groups 
were analyzed by One-way ANOVA, comparison 
between two groups was tested by LSD method, 
comparison within group was tested by paired 
t-test; count data were expressed by rate and te-
sted (corrected) by X2-test. p < 0.05 referred to 
that the differences were statistically significant.

Results

Comparison of Respirator Application 
time, Weaning Success Rate and 
Mortality Rate

Respirator application time and mortality rate 
of group B and C were significantly lower than 
those of group A, while weaning success rate was 
significantly higher than group A (p < 0.05). Con-
versely, there was no difference between group B 
and C (Table I).

Comparison of Blood Gas Index
Before the intervention, the levels of PaO2, 

PaCO2, SpO2 were similar in the three groups (p 
> 0.05). However, levels of PaO2 and SpO2 was 
increased in all the three groups after the inter-
vention, while the level of PaCO2 was decreased. 
These suggest that, whereas there was no diffe-
rence between group B and C, they both impro-
ved more significantly (p < 0.05) than group A 
(Table II).

Comparison of Pulmonary 
Function Index

Before intervention, the levels of FEV1, FEV1/
FVC, FVC, and PEER were statistically no signifi-

Table I. Comparison of respirator application time, weaning success rate and mortality rate.

    Respirator  Weaning success
Group Case application time (d) rate [case (%)] Mortality rate [case (%)]
  
Group A 20 8.6±1.5 11 (55.0) 8 (40.0)
Group B 21 5.2±1.0 18 (85.7) 2 (9.5)
Group C 22 5.3±1.2 19 (86.4) 3 (13.6)
F (X2)  5.320 6.882 6.489
p  0.027 0.032 0.039

Note: group A, routine treatment group; group B, propofol treatment group; group C, ketamine treatment group.

Table II. Comparison of blood gas index.

  PaO2 (mmHg) PaCO2 (mm Hg) SpO2 (%)

 Before  After Before After Before After
Group intervention intervention intervention intervention intervention intervention
  
Group A 62.5±4.3 76.4±6.5 78.9±6.3 65.5±6.7 90.3±3.4 92.5±5.4
Group B 60.8±4.2 80.2±7.5 80.2±6.4 43.2±8.3 88.9±3.5 95.1±6.7
Group C 63.4±4.0 82.3±7.4 81.3±6.5 42.7±9.6 91.2±3.7 96.6±8.2
F 0.234 6.201 0.238 6.435 0.325 5.237
p 0.768 0.019 0.758 0.015 0.639 0.028

Note: group A, routine treatment group; group B, propofol treatment group; group C, ketamine treatment group.
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cantly different among the three groups. These pa-
rameters were significantly improved in groups C 
and B, compared to group A (p < 0.05). There was 
no difference between group B and C (Table II).

Comparison of Inflammatory Factor Levels
Comparison of levels of IL-1β, Caspase-1 and 

NF-κB before intervention revealed no significant 
differences among the three groups. The levels 
of above-mentioned inflammatory factor were all 
decreased after intervention in the three groups, 
but with the specificity that group C was signifi-
cantly lower than group B (p < 0.05). However, 
the highest level was seen in the group A, but with 
no statistically significant differences (Table IV).

Discussion

To improving gas exchange and lung com-
pliance, reducing the inflammatory reaction in 
the lung can further increase the success rate 
of the treatment of acute lung injury. Cells get 
hypoxia or ischemic injury when the lung is in 
hypoxia or hypopnea. After mechanical ven-
tilation, hypoxic tissue may get reperfusion 

injury. The oxygen gets into the terminal lung 
tissue after recruitment maneuver, causing re-
active pulmonary vascular expansion, thus in-
tensifying acute lung injury. Mechanical ven-
tilation can induce the production and release 
of interleukin-1, also known as lymphocyte 
stimulating factor, which acts on receptor IL-1 
and regulates pro-inflammatory factors. This 
may play an important role in the pathogenesis 
of VILI10. Studies11 have shown that high tidal 
volume mechanical ventilation can activate in-
flammasome NLRP3, an activator of Caspase-1, 
activating the proteolysis of Caspase-1. Then, 
Caspase-1 cuts interleukin-1 (IL-1β) and matu-
rates it, increasing the synthesis and secretion 
of IL-1β, which initiates the lung inflammatory 
reaction.

Propofol, as an anesthetic, is similar to endoge-
nous antioxidant structure12. It can release oxygen 
atoms to combine with oxygen-free radicals. The 
consequence is the inhibition of lipid peroxidation 
and the regulation of inflammatory cell chemo-
tactic factors so as to reduce the lung injury cau-
sed by inflammatory cells13. The alleviating lung 
injury mechanism of Ketamine can effectively re-
duce inflammasome NLRP3 and the release of IL-

Table III. Comparison of pulmonary function index of two groups.

  FEV1 (%) FEV1/FVC (%) FVC (L) PEER (L/s)

 Before  After Before After Before After Before After 
Group intervention intervention intervention  intervention  intervention intervention intervention  intervention

Group A 66.2±7.0 70.6±6.9 66.3±10.2 75.8±9.2 2.2±0.7 2.4±0.6 3.0±0.8 3.4±1.2
Group B 65.7±7.5 75.3±6.6 67.2±12.4 83.2±10.5 2.1±0.8 2.7±0.8 3.1±0.6 4.2±1.3
Group C 66.4±7.6 75.8±6.8 65.9±11.6 81.9±14.2 2.3±0.6 2.6±0.9 3.0±0.7 4.2±1.4
F 0.128 5.127 0.532 5.637 0.532 5.327 0.421 5.865
p 0.857 0.029 0.549 0.023 0.627 0.027 0.638 0.023

Note: group A, routine treatment group; group B, propofol treatment group; group C, ketamine treatment group.

Table IV. Comparison of inflammatory factor levels.

  IL-1b (pg/ml) Caspase-1 (μg/ml) NF-kB (pg/ml)

 Before  After Before After Before After
Group intervention intervention intervention intervention intervention intervention

Group A 32.6±5.6 22.5±8.2 92.5±13.4 65.7±10.2 28.4±6.6 20.3±5.4
Group B 34.5±5.5 16.6±8.4 94.2±14.7 42.8±12.5 30.5±7.4 17.6±5.7
Group C 33.6±5.7 13.3±9.5 93.6±14.8 32.6±13.2 31.6±8.5 15.4±5.6
F 0.324 7.235 0.532 8.627 0.965 6.968
p 0.827 0.000 0.649 0.000 0.127 0.013

Note: group A, routine treatment group; group B, propofol treatment group; group C, ketamine treatment group.
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1β from bronchial alveolar, producing an anti-in-
flammatory effect14. At the same time, it can inhibit 
neutrophils, macrophages and other inflammatory 
cytokines in vitro15. Ketamine produces no nerve 
damage in its inhibition of pulmonary inflamma-
tory reaction. Aerosol inhalation can increase the 
drug concentration in blood in local tissues, fast 
acting and dose-saving, reducing the occurrence of 
systemic side-effects. Its sympathomimetic activi-
ty and anticholinergic effect are remarkable in alle-
viating airways spasm16,17. 

The ventilator application time and the mor-
tality rate of groups B and C were significantly 
lower than those of group A and the success rate 
of weaning of the two groups was higher than 
that of group A. The differences were statistical-
ly significant (p < 0.05). There was no differen-
ce between groups B and C. After intervention, 
the levels of PaO2 and SpO2 in the three groups 
increased while the level of PaCO2 decreased 
with better improvement in groups B and C re-
latively to the group A (p < 0.05). There was no 
difference between group B and group C. After 
intervention, the levels of FEV1, FEV1/FVC, 
FVC and PEER in the three groups all increased 
and more remarkable results appeared in group 
B and group C (p < 0.05). There was no diffe-
rence between group B and group C. These data 
suggest that ketamine and propofol have almost 
equally effective actions in improving the blo-
od gas and pulmonary function indexes of acute 
lung injury induced by mechanical ventilation. 
They also have effects in shortening the ventila-
tor application time, increasing the success rate 
of weaning and in reducing the mortality rate. 
The levels of IL-1β, Caspase-1 and NF-κB in the 
three groups decreased after intervention with 
the levels of group C lower than those of group 
B and those of group A, the highest. All the dif-
ferences were statistically significant.

Conclusions

Ketamine is more effective in reducing in-
flammatory reaction than propofol. Further stu-
dies making accents on the increase in sample 
size and longer duration of follow-up are welco-
med since they could make our conclusions more 
reliable. 
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