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Introduction
The activities of sympathetic nervous system and 

cardiac sensory afferent nerves are actively involved in the 

pathology of acute myocardial ischemia and infarction [1-

5]. The catecholamines could reach such a high level as 

100-1000 times of normal concentration1 and such a high 

concentration of catecholamines could induce apoptosis 

in myocytes [6], which is associated with over activation of 

PKA [7]. In a recent study, we demonstrated that cardiac 

sensory nerves play an important role in cardioprotection 

in acute myocardial infarction [8]. However, the molecular 

profiles of the mechanism underlying the protective effects 

remain elusive.

Substance P (SP), a main neurotransmitter of sensory 

afferent nerves, belongs to the family of neurokinins 

(NKs), which are widely distributed in the central and 

peripheral nervous systems. It was found that SP was 

significantly up-regulated in the cardiac sensory neurons 

[5,9] and myocardium [10] during acute myocardial infarction. 

The cardiac effects of SP have been reported indicating 

that the peptide may participate in the pathology of 

acute myocardial infarction [11-13]. It was demonstrated 

that denervation of sensory afferent nerves resulted in 

exacerbation of myocardial injury, including myocardial 

apoptosis, and down-regulation of SP in myocardium 
[8] during acute myocardial infarction, implied that SP 

may play a role in the cardioprotection. In this study, we 

investigated the potential anti-apoptotic effect of substance 

P in cultured rat cardiomyocytes. 

Materials and Methods
Protocol
The experiments were conformed to the guidelines for 

the care and use of experimental animals (National Institute 

of Health Guide for the Care and Use of Laboratory 

Animals, NIH Publications No. 80-23, revised 1996) 
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and approved by the Institutional Animal Care and Use 

Committee of Shanxi Medical University. The experiment 

was carried out using cultured ventricular myocytes of 

neonatal Sprague-Dawley rats of either sex. The effects 

of SP on the norepinephrine induced apoptosis and the 

changes in the activity of the cAMP-dependent protein 

kinase A (PKA) of the cultured myocytes were examined.  

Myocyte Isolation and Culture
Primary myocyte cultures were prepared according to 

the previous report [14,15]. Briefly, the hearts were removed 

from 1 day old neonates under ether anesthesia and 

processed in chilled phosphate buffered solution (PBS, pH 

7.4), containing (in mmol/L) NaCl 137, KCI 2.7, Na2HPO4 

10 and K2HPO4 2. The ventricles were washed three times 

with chilled PBS and then were cut into 1 mm3 pieces in 

PBS. The myocardium were digested by collagenase (1 mg/

ml, Type II, Invitrogen Corporation, California, USA) for 

3 minutes at room temperature with gentle pipetting. The 

primal supernatant was discarded. The procedure was 

repeated 4-5 times till all tissues were digested. The free-

floating cardiomyocytes were centrifuged in cold culture 

medium contain fetal bovine serum at 800 rpm for 3 

minutes. The cells were re-suspended in 12 ml of DMEM 

(Dulbecco's modified eagle medium) in a 90 mm culture 

dish and incubated for 60 minutes at 37°C in a carbon 

dioxide incubator with a gas phase of 5% CO2 in humidified 

air. The floating cardiomyocytes were collected and cell 

numbers were adjusted to 5 x 105 cells/ml in DMEM 

supplemented with 10% fetal bovine serum and 0.1 μM 

5-Bromo-2`-deoxyuridine (Sigma-Aldrich, Missouri, USA) 

to prevent NMCs proliferation, while the non-myocardial 

mesenchymal cells (NMCs) attached to the bottom of the 

culture dishes after 60 min of incubation. Three milliliters 

of the cell suspension were loaded and inoculated in each 

well of a six-well cell culture cluster (Corning Gilbert Inc, 

Arizona, USA), with coverslips (pretreated with Poly-L-

Lysine) for TUNEL assay and without coverslips for PKA 

assay. After 48 hours of incubation, more than 70% of the 

cells adhered to the culture dish or to the coverslip. 

TUNEL Assay
The apoptosis of ventricular myocytes was assessed 

using terminal deoxynucleotidyl transferase-mediated 

dUTP nick end labeling (TUNEL), using an in situ cell 

death detection kit (Roche, Germany) according to the 

manufacturer’s instructions. The cells were exposed to 

one of the test agents or the combination of agents for 

15 min in separate wells: (1) control vehicle solution, (2) 

norepinephrine (NE, 10-5mol/L), (3) NE (10-5mol/L) + SP 

(at 10-8mol/L, 10-7mol/L and 10-6mol/L), (4)NE(10-5mol/

L)+a PKA inhibitor, H89(3×10-6mol/L)and(5)NE(10-5mol/L)+SP 

(10-6mol/L) + D-SP (10-7mol/L), a blocker of neurokinin-1 

receptor. Then the cells were washed with PBS and fixed 

in 4% paraformaldehyde for 60 minutes. After washout 

with PBS, the cells were incubated in penetrating solution 

(0.1% Triton X-100, 0.1% sodium citrate) for 2 minutes. 

The cells were then rinsed with PBS and incubated with 

the TUNEL reaction mixture for 1 hour at 37°C, in a 

humidified chamber. After washout with PBS, the cells were 

incubated with Converter-POD for 30 minutes at 37°C 

and then rinsed with PBS. DAB (3,3N-diaminobenzidine 

tertrahydrochloride) was added substrate for about 1 

minute before counterstaining with hematoxylin. The cells 

were washed with PBS then rinsed in 75% ethanol, 85% 

ethanol, 95% ethanol and 100% ethanol then in xylene, 

consecutively. The coverslips were mounted with slides 

and analyzed under light microscope. The percentage of 

apoptosis myocytes was measured by counting the cells 

exhibiting brown nucleus in 10 randomly chosen fields (40x) 

in triplicate plates. The ratio of apoptotic myocytes was 

calculated using the formula:

 

In the formula, RA stands for ratio of apoptosis; NpA, 

the number of positively stained apoptotic myocytes; Nt, 

the total number of myocytes counted.

The doses of NE, H89 and D-SP were determined by 

the pilot studies of our research group.

Array of PKA Activity
The PKA activity was determined according to the 

reports [15,16]. The cultured myocytes were re-fed with culture 

medium without fetal bovine serum for one hour before 

being exposed to the test agents for 15 min in separate 

wells: (1) control vehicle solution, (2) NE (10-5 mol/L), (3) 

NE (10-5mol/L)+SP(10-6mol/L), NE(10-5mol/L)+H89(3×10-6mol/

L) and NE (10-5 mol/L) + SP (10-6 mol/L) + D-SP (10-7 
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mol/L). The dose of SP was determined according to the 

results of the TUNEL assay. Then cells were scraped off the 

culture cluster with a plastic lifter (Corning Incorporated, 

New York, USA) and removed into 1.5 ml centrifuge tubes, 

separately. The suspension containing about 5 × 106 cells 

were incubated in the PBS for 30 min at room temperature 

then 25 μl of cold PKA extraction buffer containing: 25 

mM Tris-HCl (pH 7.4), 0.5 mM EDTA, 0.5 mM EGTA, 

10 mM j-mercaptoethanol, 1 μg/ml leupeptin, 1 μg/ml 

aprotinin, 0.5 mM PMSF (Phenylmethanesulfonyl fluoride) 

were added and then the cells were lysed and homogenized 

on ice. The homogenate was centrifuged at 14,000 × g for 5 

minutes at 4°C. The resulting supernatant was assayed for 

PKA activity using the PepTag non-radioactive PKA assay 

kit (Promega, Madison, Wisconsin, USA) as described in 

the Promega Technical Bulletin. The assay was based on 

changes in the net charge of the fluorescent PKA substrates 

before and after phosphorylation. The phosphorylated 

substrate migrated toward the positive electrode, while 

the nonphosphorylated substrate migrated toward the 

negative electrode, when electrophoresed. The results 

were normalized with the quantity of the protein in each 

respective supernatant.

Statistical Analysis
The values were presented as mean ± S.D. One-

way ANOVA followed by a post hoc Bonferroni's test 

was performed to analyze the changes of the parameters. 

Statistical significance was defined as p < 0.05.

Results
Apoptosis
An apoptotic ratio of 29% ± 4% was observed in the 

NE treated cells, which was statistically higher than that in 

the control group (19% ± 5%, p < 0.05, Fig. 1). SP (at 10-8 

mol/L, 10-7 mol/L and 10-6 mol/L) significantly attenuated 

the NE induced apoptosis of the cardiomyocytes (p < 0.05, 

Fig. 2), when the SP and the NE were co-administrated. 

The anti-apoptosis effect of SP could be reversed by D-SP, 

resulting in an apoptotic ratio of 27% ± 4% when the NE 

(10-5 mol/L), SP (10-6 mol/L) and D-SP (10-7 mol/L) were 

given simultaneously, indicating the anti apoptosis effect of 

SP was mediated by specific neurokinin-1 receptor (Fig. 3).

A similar anti-apoptotic effect (21% ± 2% of the 

apoptotic ratio) on the NE induced apoptosis was induced 

by H89, a specific inhibitor of PKA, at a similar dose to SP 

(Fig. 3). 

PKA activity
NE, at a concentration of 10 -5 mol/L, induced 

significant increase in the activity of PKA in the cultured 

myocytes, by 44% (p < 0.05), compared with the control. 
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Co-treatment of the myocytes with NE (10-5 mol/L) plus 

SP (10-6 mol/L) resulted in a reduction of PKA activity 

by 36%, which was similar to that induced by the same 

concentration (10-6 mol/L) of H89. 

(38% reduction of PKA activ ity, Fig . 4), when 

compared with the PKA activity induced by NE alone. And 

the effect of SP could be antagonized by co-administration 

of D-SP (Fig. 4), indicating that SP inhibited PKA activity 

through the mediation of neurokinin-1 receptor. SP(10-6 

mol/L) given alone failed to cause any obvious change in the 

PKA activity (Fig. 5).

Discussion
Apoptosis may play important roles in a variety of 

cardiovascular diseases, including ischemic heart disease 
[17-19]. Excessive apoptosis of cardiomyocytes may cause 

the loss of the contractile cells and the strength for a 

functioning heart. Among the conventional medical 

therapy strategies, preservation of contractile mass based 

on the number of myocytes is a major goal in a multimodal 

therapeutic approach for cardiac disease. Therefore one 

of the aims of cardioprotection is preserving myocytes in 

acute myocardial infarction. 

Over activation of sympathetic nervous system in 

acute myocardial ischemia and infarction is associated with 

myocardial injury, including apoptosis of cardiomyocytes 
[1,6,7]. We observed in previous research that substance P 

was up-regulated in the myocardium in acute myocardial 

infarction in experimental animals [4] and reduction of SP in 

the sensory nerve denervated animals was accompanied by 

severer myocardial injury after coronary artery occlusion, 

which raises the possibility of a protective role for SP in the 

pathology of ischemic myocardial injury. In this study, we 

established a set of experiments, inducing apoptosis of the 

cultured myocytes by a high dose of norepinephrine and 

then the difference in the apoptotic ratio of myocytes, in the 

presence and the absence of the treatment with exogenous 

SP and H89 was analyzed. In this study a baseline apoptosis 

ratio of 19% ± 5% of the cultured ventricular myocytes 

was obtained, which was reproducible and constant. The 

results of current study showed a significant increase in 

the apoptotic ratio in the myocytes when norepinephrine 

was introduced in the culture, which was in accord with 

previous study [6]. However, a significantly lower apoptotic 

ratio of the myocytes was observed when SP was co-

administrated, at a range of concentrations of 10-8mol/L, 

10-7mol/L and 10-6mol/L, with NE, indicating a protective 

effect of SP on the NE induced apoptosis of myocytes, 

Figure 3: The anti-apoptotic effect of SP on NE induced apoptosis 
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while the substance P alone did not produce any obvious 

effect on apoptosis (Fig. 2). The anti-apoptotic effect 

of SP could be blocked by D-SP, a specific antagonist of 

neurokinin-1 receptor, indicating an involvement of a 

specific neurokinin-1 receptor in mediation of the effect of 

SP. Although a dose response pattern was not induced by 

the range of doses of SP in this study, an inhibitory effect of 

SP was observed with all the doses, which may indicate that 

lower doses might be effective in the anti-apoptosis. 

Activation of PKA was observed when norepinephrine 

was administrated in this study, which is shown to be 

critically associated with myocardial apoptosis.7 The 

results of current study showed a close association of NE-

induced increase in the apoptosis with an increase in the 

PKA activity in the myocytes, which in agreement with 

previous reports [6,7]. Substance P shown anti-apoptotic 

property when it was co-administrated with NE, resulted 

in reduction of PKA activity, which were reversed by 

D-SP, suggesting SP suppresses the NE induced increase in 

PKA activity and apoptosis via the specific neurokinin-1 

receptor. The specific PKA inhibitor, H89, produced anti-

apoptotic effect on NE induced apoptosis of the myocytes, 

served as a control supporting the notion that SP exerts 

anti-apoptotic effects on NE induced apoptosis of myocytes 

via modulation of the activity of PKA. However, opposite 

observations were reported demonstrating an anti-

apoptotic effects of adrenergic stimulation [20] and up-

regulation of PKA [20,21]. Taken together, the findings may 

suggest that adrenergic activity and PKA may play different 

roles when the adrenergic and PKA activity were at different 

stage.

The findings of this study demonstrate an anti-

apoptosis effect of substance P via modulation of PKA 

activity, which may indicate that NK-1 activity may be 

benefit for the myocardium insulted by acute myocardial 

infarction. 

Acknowledgements
The research work has been supported by National 

Natural Science Foundation of China (30772083 and 

30972860 to Dr. Guo). 

REFERENCES

–

ß

Cover Thesis

Figure 5:  In the upper panel, lane 2 and lane 1 presents the 
activity of PKA of the ventricular myocytes, treated with 
SP (10-6!	�+�'� ##^�� 	�� ��
� �	���	�'� ���
� ��� ��	�
�(���	��
statistically different from that of the control (treated with 
��
�������
�	��&'����
�#�7����
�^��������
����	(���
��
�����
�
�����	����
��	���	���
�
����
�&7



Laboratory and Clinical Investigation FAM 2012 Mar/Apr  Vol.19 Issue 2

Ubiquitin Reduces Expression of Intercellular Adhesion Molecules 
�������	
���
	�������	
��� ��� ����� ������� 	�� ����
��������
Acute Lung Injury
�����!���	"��	#���	$���	
Department of Critical Care Medicine, Hainan Provincial Hospital, Haikou, 570311, China
W������(��L�	�
��#�+�������W�X��������?
��
��+��$����
��?�
��#�{���
� Number |�����%���&}}~�&�

Abstract
Background{� <������		�	��� ����
��� V�	���	�>z� �<���>z�� ��� �����	��� ��		� ����
��� V�	���	�>z� �����>z�� ���� �\�� 
V�������� ����|
���� 
��


���VV��������������!�\�
���V���
�������		
����������
������;����	��|����������	�V��������!�\�
	��V��	��
��������	������V��;
	
������������V��
�
V�^�����������
���V�	���	�������		���������������������V��|����������
���
������
��������������	���������	
�	���		�^���V���������
�������������Q'>���
is a key factor to induce the expression and production of the above cell adhesion molecules. However, it remains to be elucidated whether exogenous 
�;
?�
�
���]���������������������������|
����
������
�>
������Y<^�

Methods{�"
]���V
���\������
������V	��
���������������\
����\�	���V
���
������������!�
�^��YK������!�"���������!���z��������zjV��|��!�
��`���������V��|�����������������zV��|��^��
������"��������������\�������V�������
��!��������������������������\�����YK̂ �"
]�������������
�������!�V
��������������������������
����;
?�
�
��;������	���
��
�����
���\�
	���YK����"��������������
������
�	�^�"������������������������!�;	���
���	���������		�V
���\������		����^�<���>z!�����>z�����Q'>��	���	�������	������V���������������V��Q'>��	���	�\����V�������;��=Y<"�^�

Results{� K�	V������ <���>z!�����>z�����Q'>�� 	���	� ��� ������ ���������� \���� 	�\��� ����� �YK���� "���������!� ��� ������ \���� ������	�
��V���
�����\
���������
��
��		���
��
������
��������^�"���V��Q'>��	���	��������������������\�����	
���	��	�\���������YK������!�;��������
����������
"���������^�K�	V������<���>z�	���	!�����>z�	���	��������V��Q'>��	���	��������������\����	�\����������z������`������!����������\�����
�
��
������
���������
������>z�;��\�������������z������^�K�	V�������Q'>��	���	��������������\����	
���	���
������������z������`������^

Key Words{��;
?�
�
���������	����
�������<������		�	�����		�����
���V�	���	�>z�������	�����		�����
���V�	���	�>z����V���������
��������>�
Corresponding Author:  Zhen-yang He =>V�
	{��*�zz�������^��V^��

Introduction
Ubiquitin is a peptide of 76 amino acids found in 

all eukaryotic cells. Because of its participation in one 

selective protein degeneration pathway, the intracellular 

and extracellular role of ubiquitin has been the subject 

of laboratory investigations for decades. Recent studies 

have demonstrated that extracellular ubiquitin may 

modulate inflammatory response [1]. Furthermore, 

exogenous ubiquitin also exerts both anti-inflammatory 

effect by inhibiting septic or non-septic inflammation and 

immunodepression by inhibiting immune responses as well 

as prolonging survival of grafts [1-3].

Exper iments w i th sw ine mode l s o f s ep t i c or 

hemorrhagic shock demonstrate that exogenous ubiquitin 

significantly decrease the fluid requirement for volume 

resuscitation, and improve ventilation and oxygenation 
[1]. In our preliminary study in septic mice model induced 

by cecal ligation and perforation (CLP), exogenous 

ubiquitin prevents sepsis-induced acute lung injury 

(ALI), by inhibiting formation of pulmonary edema and 

inflammatory infiltrates [2].

Intercellular adhesion molecule-1 (ICAM-1) and 

vascular cell adhesion molecule-1 (VCAM-1) are two 

important cytokines in inflammatory response, which 

may induce rolling and adhesion of both leukocytes and 

lymphocytes, while modulating vascular permeability at 

the same time. These adhesion molecules usually serve 

as surrogate markers of activation and injury of vascular 

endothelial cells. However, it remains to be elucidated 

whether exogenous ubiquitin exerts any effect on the 

adhesion molecules in sepsis-induced ALI.

The objective of our study is to demonstrate the 

effect of exogenous ubiquitin on pulmonary cell adhesion 

molecules in mice model of CLP-induced ALI. Moreover, 

pulmonary and serum levels of tumor necrosis factor–

� (TNF-�) are measured, due to the fact that TNF-� is a 

key factor to induce the expression and production of the 

above cell adhesion molecules [4, 5]. Potential dose-effect 

relationship of ubiquitin is also investigated.

Materials and Methods
Animal  Protocol
All procedures were performed in accordance with 

the National Institutes of Health Guidelines for Use of 

Laboratory Animals and approved by the Institutional 

Ethics Committee.

Sixty male Kunming mice, weighing 18 to 23 g, age 

8 weeks, were allocated randomly into 5 groups (n = 12 
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in each group). In CLP group, mice were subjected to 

CLP (14-gauge needle) as previously described[2]. A sham 

operation (laparotomy and cecal exposure without any 

more manipulation) was performed in SHAM group as 

negative control.

Six hours after CLP in three intervention groups, mice 

received a normal saline solution containing ubiquitin 

(LSA14199, Bioworld, USA) at the dose of 10 mg/kg body 

weight (UB1 group), 5 mg/kg body weight (UB2 group), 

and 1 mg/kg body weight (UB3 group), respectively, 

through caudal vein, while mice in CLP and SHAM groups 

received vehicle injection of the same volume.

Seven hours after the operation, a midline incision 

from the pubis to the neck was performed to gain access to 

the heart-lung block. A blood sample was drawn from the 

left ventricle for determination of serum level of TNF-� . 

Subsequently, the mice were sacrificed by exsanguination. 

The heart-lung block was rapidly excised, and the 

pulmonary circulation was flushed via the right ventricle 

with 20 ml of normal saline. The serum and separated lung 

specimens were stored at -80°C until further analysis.

Preparation of Lung Homogenates
Immediately before analysis, tissues were homogenized 

1:5 by volume in ice-cold 10 mmol/L Tris/HCl pH 7.4, 100 

mmol/L NaCl, 1 mmol/L ethylenediaminetetraacetic acid, 

1 mmol/L NaF, 0.1% sodium dodecyl sulphate, 1% trition, 

10% glycerol, 0.5% deoxycholate, 1 mmol/L dithiothreitol, 

NaVO4, NaPO3, 0.2 mg/mL phenylmethylsulphonyl 

fluoride, and aprotinin using a Brinkmann-Polytron 

homogenizer (Best-Lab-Deals, Raleigh, NC). Homogenates 

were centrifuged (20,000 g, 5°C, 30 mins), and supernatants 

(or homogenates) were aliquoted.

Cytokine Assays
The concentrations of ICAM-1, VCAM-1, and TNF�� 

in lung homogenates and TNF-� in serum were measured 

by ELISA (EK0538, EK0371, EK0527, Boster, China).

Statistical Analysis
All data are presented as mean ± standard deviation 

(SD).  Data were compared by one-way analysis of 

variance with either LSD test or Tamhane’s test (� = 0.05). 

Correlation between cell adhesion molecules and TNF-  

was analyzed with Pearson correlation efficient. A p value 

of < 0.05 was considered to be statistically significant.

Results
Compared with SHAM group, serum TNF-� level 

significantly increased in CLP group (6803 ± 1375 pg/ml 

vs. 5596 ± 1257 pg/ml, p = 0.012), while ICAM-1, VCAM-

1, and TNF-� levels in lung homogenates did not differ 

significantly (table 1).

Ubiquitin treatment at 6 hours after CLP procedure 

significantly decreased VCAM-1 level in lung homogenates, 

when compared with those of SHAM group and CLP 

group. Moreover, VCAM-1 level was lower in UB3 group 

than UB1 group (p = 0.031). ICAM-1 levels in lung 

homogenates demonstrated a similar profile, although 

statistically insignificant (table 1).

Treatment of ubiquitin also decreased TNF�� level 

in lung homogenates, while the difference only reached 

statistical significance with higher doses of ubiquitin, ie. 5 

and 10 mg/kg body weight (table 1). In contrast, ubiquitin 

did not exert any effect on the CLP-induced increase in 

serum TNF-��level.

Correlation between pulmonar y cel l adhesion 

molecules and TNF-��was shown in table 2. 

Discussion
I C A M - 1 a n d VC A M - 1 a r e t w o m e m b e r s o f 

immunoglobin supergene family. Normally, ICAM-1 is only 

expressed at a low level in endothelial cells and epithelial 

cells, or constitutively on the surface of alveolar cells [4]; 

while VCAM-1 is constitutively expressed on a number of 

SHAM �YK UB1 UB2 UB3
�<���>z�����V	� 244.3 293.9 209.1 217.9 179.9

±77.5 ±96.6 ±36.2 ±46.6 ±33.2*
pVCAM-1 (ng/ml) 43.19 57.08 35.80 30.79 29.63

±6.41 ±15.72 ±3.85*^ ±6.78*^ ±5.08*^
��Q'>������V	� 2797 3170 2483 2563 2732

±508 ±906 ±375* ±382* ±606
��Q'>������V	� 5596 6803 6550 6420 6373

±1257* ±1375 ±832^ ±895 ±1201

�YK!� ����	� 	
���
��� �����������
���� �<���>z!� 
������		�	��� ����
���
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cell types other than vascular cells, such as chondrocytes 

and tissue macrophages, and is not appreciably expressed 

on resting vascular endothelium [5]. High-level expression 

of ICAM-1 and VCAM-1 could be induced by TNF-�, 

IL-1 and IL-6, which probably is due to activation of the 

transcription factors such as nuclear factor kappa B (NF-

kappaB) [4, 5]. Unlike VCAM-1, expression of ICAM-1 is also 

increased on bronchial and alveolar epithelial cells under 

such circumstances [6, 7].

In our study, ICAM-1 and VCAM-1 level in murine 

lung homogenates significantly increased at seven hours 

after CLP, which was inhibited by intravenous ubiquitin, to 

a level similar to or even lower than that of SHAM group. 

This suggests that exogenous ubiquitin could prevent 

ALI secondary to not only sepsis but also other non-

septic etiologies, including surgery and trauma. Moreover, 

ubiquitin exerts dose-dependent inhibition of ICAM-1 and 

VCAM-1, with the most significant inhibition at the dose of 

1 mg/kg. This probably indicates that ubiquitin at the dose 

higher than 1 mg/kg might provide no further benefits.

TNF-�� produced mainly by mononuclear cells in 

vivo, is the core of interactive regulation of cytokine 

network. TNF-� regulates the release and activation of 

different cytokines within inflammatory cascade. In our 

study, ubiquitin inhibited the sepsis-induced production 

of TNF�� in lung homogenates, which might in turn lead 

to decreased pulmonary ICAM-1 and VCAM-1 levels. The 

possible mechanism is that exogenous ubiquitin, when 

transferred into cells, may inhibit the activation of NF-

kappa B which reduces subsequent production of ICAM-

1, VCAM-1 and TNF-�� Similar to ICAM-1 and VCAM-

1, pulmonary TNF-�� level is also affected by ubiquitin. 

However, unlike ICAM-1 or VCAM-1, the production of 

TNF-� is more significantly inhibited with higher dose 

of ubiquitin. The non-parallel changes of TNF-�� ICAM-

1 and VCAM-1 in lung homogenates suggest that TNF-��
is not the major modulator of expression of cell adhesion 

molecules.

Similar to the study by Majetschak and his colleagues 

in lethal sepsis model of swine [8], we found that exogenous 

ubiquitin did not affect serum TNF-�� level significantly. 

It seems that ubiquitin does not show any inhibition of 

TNF-��overproduction in sepsis, therefore its effect can not 

be predicted by serum TNF�� level.

Overwhelming systemic inflammatory response in 

sepsis leads to tissue and organ damages. ALI, characterized 

by pulmonary edema and parenchymal infiltrates, represents 

pulmonary manifestation of the above inflammatory 

response [9]. Therefore, functional changes of endothelial 

cells in sepsis and ALI are extensively investigated. Although 

pulmonary endothelial cell is only one source of ICAM-

1 production, our results suggest that exogenous ubiquitin 

play a protective role in sepsis-induced ALI, which might 

be supported if function of endothelial cells is tested with 

in-situ technology, or with circulating endothelial cells. At 

last, we believe that further investigation on dose-effect 

relationship is needed since we only observe a significant 

difference of pulmonary VCAM-1 levels between ubiquitin 

1 mg/kg and 10 mg/kg group.

Conclusion
Exogenous ubiquitin not only significantly inhibits the 

increases of pulmonary ICAM-1, VCAM-1 and TNF-� level 

in acute lung injury of mice induced by CLP, but also lowers 

the increases elicited by operation and stress. But ubiquitin 

doesn’t effect serum TNF�� obviously. With a decline in 

doses, ubiquitin’s inhibition of pulmonary ICAM-1 and 

VCAM-1 level gradually increases while inhibition of 

pulmonary TNF-� level decreases. 
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Stable Fetal Heart Rate after Phenylephrine Infusion during 
Spinal Anesthesia for Cesarean Delivery
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Abstract
Background: Use of phenylephrine for prevention of hypotension following spinal anesthesia in women undergoing caesarean delivery can 
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metabolism in the fetus compared with ephedrine. 

Methods: Sixty women having elective cesarean delivery under spinal anesthesia randomly received ephedrine 4 mg/ml (Group ) or phenylephrine 
�j�¤���V	��L���� ) titrated to maintain the systolic blood pressure near baseline. The fetal heart rate, maternal heart rate and maternal blood pressure 
were measured at various time points after medicine infusion. At delivery, maternal arterial, umbilical arterial, and umbilical venous blood samples were 
taken for measurement of blood gases and plasma concentrations of lactate and glucose.

Results: Compared with baselines, fetal heart rate after ephedrine infusion in group �\����
��
�����	��
���������K�¢�j^j��!��������	������������
after phenylephrine infusion in group �
������
��
�����	����������K�¥�j^j��^��V;
	
��	������
�	�����������������;�����]�����\����	�\���
��������  
than in group ��K¢j^j��^���V�����\
�������� , umbilical arterial plasma concentrations of lactate (median 4.23 [interquartile range 2.28-6.18] vs 2.23 
[1.57-2.89] mmol.l-1!�K¢j^j��!��V;
	
��	������������������
������	��������V�
������
����?����
	���^z`�¨z^�j>�^��©����z^���¨z^��>`^zz©�VV�	^	-1!�K�¢�j^j��!�
umbilical arterial PCO2 and plasma concentrations of glucose were higher in group ��K�¢�j^j��^�

Conclusions: Compared with ephedrine, the fetal heart rate after phenylephrine infusion maintains stable, which may be one of mechanisms that 
phenylephrine can improve fetal acid-based status.
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Introduction
Spinal anesthesia is widely used for cesarean delivery, 

but hypotension, a frequent complication, may result in 

cerebral hypoperfusion, gut hypoperfusion on the mother 

and decreased uteroplacental bloodflow on the fetus.1.2,3 

Ephedrine was historically recommended as a choice 

of vasopressor for prevention of hypotension following 

spinal anesthesia in women undergoing caesarean delivery, 

as it can preserve the uteroplacental circulation better.4, 

5Some studies have suggested that phenylephrine may, in 

fact, be safe alternatives to ephedrine in management of 

arterial blood pressure during cesarean delivery under 

spinal anesthesia, for ephedrine crosses the placenta to a 

greater extent and has a propensity to decrease fetal pH and 

base excess.6-10 Recently, moreover, Ngan et al11 reported 

that phenylephrine had similar efficacy in the treatment 

of parturient hypotension following spinal anesthesia for 

cesarean delivery while improving the fetal oxygen supply 

and demand balance by increasing fetal pH and base excess 

without causing fetal academia when compared with 

ephedrine. He supposed that maybe the �� receptor could 

not be excited by phenylephrine in the fetus so that the fetal 

metabolism dropped.

We know the fetal heart rate which is regulated 

by� � receptor in the heart, as a vital factor of fetal 

haemodynamics, has not been included when comparing 
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between ephedrine and phenylephrine before. Thus, we 

designed this study to compare the effects of ephedrine 

and phenylephrine on fetal heart rate (FHR) and fetal acid-

based status during spinal anesthesia in women undergoing 

cesarean delivery in order to explore whether the fetal heart 

rate is stable in this situation.

Methods
After institutional ethics committee approval and 

written informed consent were obtained, 60 parturient 

women with singleton, ASA physical status and  

aged 18 to 35 years, scheduled for elective cesarean delivery 

under spinal anesthesia were included in this study. 

The maternal prenatal care and preoperative liver and 

kidney function of all selected puerperants were within 

normal range. All parturient women had no history of 

cardiopulmonary diseases and fetal screening showed no 

abnormality. Exclusion criteria were hypertension (systolic 

blood pressure (SBP) greater than 140 mmHg or diastolic 

blood pressure greater than 90mmHg), cardiovascular 

or cerebrovascular diseases, known fetal abnormality, 

contraindications to spinal anesthesia, diabetes and other 

endocrine disorders and intraoperative supine hypotension 

syndrome.

Based on computer ized random numbers , a l l 

parturient women were randomly divided into two groups: 

group  was intravenously infused ephedrine 4 mg/ml and 

group  infused phenylephrine 50 μg/ml. As previously 

described, the potency ratio between ephedrine and 

phenylephrine was 1:80 (ephedrine 8 mg = phenylephrine 

100 μg) 12.

All parturient women preoperative fasted for more 

than 10h, with no premedication. On arrival in the 

operating room, patients were positioned in the left-tilted 

supine position for 5 minutes, and noninvasive monitoring 

(BSM-2301 bedside monitor, Nihon Kohden Kogyo Co., 

Ltd) was applied to measure systolic blood pressure, 

maternal heart rate (MHR) and FHR for 3 minutes. The 

mean of three successive measurements was calculated as 

the baseline of MAP, MHR and FHR. During the study 

period, no oxygen was administered in all patients.

After an intravenous catheter was inserted into the 

forearm superficial vein and compound sodium lactate 

solution 10 ml /kg was pre-infused, patient was placed in 

a left lateral position and needle was inserted at L3~4 space. 

On discovering the cerebrospinal fluid, 0.5% hyperbaric 

bupivacaine 2.0 ml was injected, with a speed of 0.2 ml/

s. Then, the patient was returned to a left-tilted supine 

position and vasoconstrictor drug selected for each group 

was infused with a speed of 60 ml/h, using a micro-

infusion pump (TCI-  type of thinking high injection 

pump, high-tech Development Co., Ltd. Beijing idea), until 

uterine incision. One minute after stopping drug infusion, 

maternal MAP, MHR and FHR were measured every 2 min. 

If SBP was lower than baseline, delivery vasoconstrictor was 

sustained. If SBP was higher than the baseline, then delivery 

vasoconstrictor was stopped. If SBP was less than 80% of 

baseline, 1-ml vasoconstrictor was intravenously injected; 

If HR was less than 50 beats /min, atropine 0.5 mg was 

intravenously administered. When the SpO2 was less than 

95%, 100 % oxygen was supplemented via a facemask.

After disinfecting the operative field, the probe of the 

foetus ECG monitor was inserted into the sterile cover of 

the laparoscope, and applied below the surgery paster for 

FHR monitoring.

After infusion of vasoconstrictor, MAP, MHR and FHR 

were recorded at the following time points: 1min, 3min, 

5min, 10min, skin incision and uterine incision. Time from 

the intrathecal drug infusion to the fetus delivery (I-D 

interval) and time from uterine incision to the fetus delivery 

(U-D interval) were recorded. Before the baby was delivered, 

2 ml blood were drawn from the maternal dorsal artery to 

analyze the arterial blood gases with the GEM Premier 3000 

automatic blood gas analyzer (Instrumentation Laboratory, 

USA). After the baby was delivered, the selected umbilical 

Table1 General information of the parturients in two 
groups

Group Group 

Age, yr 27.2±2.8 27.6±3.1

Height, cm 161.1±4.0 160.7±4.7

%���#�`��� 71.1±9.5 70.1±7.3

Block height, dermatome 5.3±0.8 5.3±0.9

��
������
$����	�=���`��� 1675.0±166.7 1700.3±75.4

Induction-to-delivery interval, min 19.1±2.2 19.0±3.4

Incision-to-delivery interval, min 4.1±1.7 3.8±1.6

Uterine incision-to delivery interval,s 86.0±48.7 90.7±55.6
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cord was closed immediately with two vascular clamps, and 

1 ml collect umbilical artery (UA) blood and 1 ml umbilical 

vein (UV) blood were collected for blood gas analysis. The 

glucose and lactate concentrations were also measured. The 

Apgar scores of the fetus and heart rates at 1 min and 5 min 

after delivery were recorded.

The total doses of ephedrine and phenylephrine were 

calculated. Furthermore, the incidents of nausea, vomiting 

and other maternal side effects were noted.

Statistical analysis 
Descriptive statistics were calculated for continuous 

variables as mean ± standard deviation and as frequency 

distr ibution and percentage (n [%]). The datas in 

one group were compared with variance for repeated 

measurement data and the comparison between the two 

groups used covariance analysis. The count datas were 
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compared with c2 test. P < 0.05 was regarded as statistically 

significant. SPSS 13.0 for Windows statistical software (SPSS 

Inc, Chicago, IL, USA) was used for statistical analysis.

Results
There were no significant differences in the maternal 

age, weight, height, anesthesia methord, operative time, 

intraoperative fluid volume, bleeding volume and infants’ 

weight between the two groups (Table 1). In group 1, 

MHR and FHR were significantly increased after infusion 

of ephedrine (P <0.05). In group 2, the MHR after the 

infusion of phenylephrine was significantly slower (P 

<0.05) (Fig.1 A), but the FHR did not evidently change (P 

> 0.05) (Fig. 1B).

The umbilical artery and vein pH and base excess were 

lower in group 1 than those in group 2 (P < 0.05). The 

PCO2 and concentrations of blood lactic acid and glucose 

were higher in the group 1 than in the group 2 (P < 0.05) 

(Table 2).

There was no significant difference between the 1 min 

and 5 min Apgar scores and the 1 min and 5 min HR of 

the newborns between the two groups. The incidence of 

maternal hypotension, nausea and vomiting as well as the 

highest SBP in group  were higher than those in group 

(P < 0.05). There was no significant difference in the 

lowest SBP and the dose of vasoconstrictor of the two 

groups.

Discussion 
Hypotension after spinal anesthesia for cesarean 

delivery has an incidence up to 70%, which may cause 

intrauterine death of the fetus. Currently, various clinical 

measures were taken to prevent maternal hypotension, 

including postural adjustments, pre-anesthetic pre-

expansion, stretched bar leg veins, reducing the amount of 

Table2 Blood gas of umbilical arteries and umbilical 
�
�	������(	���	����V���

pH PCO2 PO2 Glucose Y���
����
 HCO3- BEecf
7.29±0.09a 49.6±8.5a 24.5±4.5 4.2±0.7a 3.1±1.3a 23.4±2.0 -3.3±2.9a

7.34±0.03 46.6±5.3 24.9±5.2 3.7±0.4 1.8±0.3 24.9±1.7 -0.9±1.5
7.20±0.10a 66.8±13.9a 12.3±4.8 3.3±0.6a 4.2±2.0a 25.1±1.9 -3.1±3.1a

7.28±0.03 56.2±5.6 14.4±3.5 3.0±0.4 2.2±0.7 26.4±1.7 -0.3±1.7}���������]��������������V������"}^���V�����\
���;���	
����¡K�¢j^j���
Compare with group 2, #�K�¢j^j� �V;
	
��	���������������V;
	
��	���
����������V�����\
��������� �K�¢j^j�
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local anesthetic and slowing the speed of injection of local 

anesthetic. However, these can not effectively eliminate the 

incidence of hypotension, and the vasoconstrictor drugs 

were often needed.13

As asympathomimetic drug, ephedrrine not only 

directly excited the 1 receptors in the heart to raise 

blood pressure by accelerating HR and increasing cardiac 

output, but also indirectly stimulated the sympathetic 

nerve endings releasing norepinephrine to contract blood 

vessels. Since the lack of direct sympathetic intervation in 

placental circulation, ephedrrine had a lesser propensity to 

cause vasoconstriction of the uteroplacental circulation.14 

Previous animal experiments 4 have shown that, compared 

with -agonists, ephedrine can better maintain the 

uteroplacental blood flow. So ephedrine used to be the 

preferred vasopressor agent in obstetrics.

Early studies have shown that the declination of fetal 

pH and base excess were associated with the application of 

ephedrine in obstetric anesthesia with a dose-dependent 

manner. 7, 10, 11, 16 Lee et al 17 reported that ephedrine was a 

major factor for the reduction of the umbilical artery pH 

and base excess; Cooper et al 7 confirmed that ephedrine-

induced acidosis was associated with the difference between 

the umbilical arterial and venous blood PCO2, which 

suggested that acidosis may result from the increased CO2 

production. Studies also confirmed that ephedrine could 

more easily cross the placenta to activate -adrenergic 

receptor of the fetus.7, 17 Animal experiments also showed 

that activation of -adrenergic receptor could increase 

oxygen consumption and blood lactate concentration, 

causing decreased blood pH.18 Past studies of ephedrine 

focused mainly on the link between ephedrine and fetal 

acid-based status, but the mechanisms remained elusive. 

Recently Ngan et al11 reported that the mechanism 

underlying the ephedrine-induced fetal acidosis is 

transfer of the drug across the placenta and stimulation of 

metabolic processes in the fetus. And the  receptor could 

not be excited by phenylephrine in the fetus, causing no 

fetal metabolism excitation.

In our study, the umbilical artery and umbilical vein 

pH and base excess of group were less than those in 

group  but umbilical artery and umbilical venous 

PCO2, concentrations of lactic acid and blood glucose of 

group  were higher than those of the group . This result 

showed that use of ephedrine was related to lower values 

for fetal pH and base excess compared with phenylephrine, 

which was in accordance with those of previous studies. 

In group  umbilical arterial pH and base excess had no 

significant decline, and the concentration of PCO2, lactic 

acid and blood glucose of group  was lower than those 

of group , and neonatal 1min and 5min Apgar scores 

had no significant difference. This result suggested that 

phenylephrine could treat maternal hypotension without 

affecting the fetal oxygen supply. Recently no evidence 

has found that the right amount of phenylephrine would 

adversely affect the fetus. 22 Phenylephrine can effectively 

maintain maternal blood pressure, reducing the incidence 

of nausea and vomiting without causing fetal acidosis. 9.10.11.21

Early studies of effects of ephedrine and phenylephrine 

focused on MBP, MHR, blood gases of UA and UV blood 

and Apgar scores, with fewer reports on the changes of 

FHR. In our study we monitored both MHR and FHR. 

After infusing ephedrine, MHR and FHR in group were 

significantly faster, while in group  MHR after the 

infusion of phenylephrine was slower and the FHR had no 

evident change. The results suggested that the increased 

FHR following the infusion was associated with use of 

ephedrine. Compared with phenylephrine, ephedrine had 

a greater extent to cross the placenta to agonist of 1 

receptors of the fetus, which raised the FHR. The faster FHR 

increased oxygen consumption and enhanced organization 

metabolism, leading to more production of CO2 and lactic 

acid. This mechanism may also explain that the UA and UV 

pH and base excess in group were lower than those in 

group , while the PCO2 and the concentration of lactic 

acid and blood glucose of group were higher than group 

. 

Hypotension in spinal anesthesia mainly results from 

wide sympathetic block, leading to the arteriovenous 

expansion. Direct pressor effect of ephedrine is related 

to agonist of 1 receptors on the heart, 23 which is 

insufficient in uterine placenta cycle; While phenylephrine 

can directly contract blood vessels, which is more targeted 

for the prevention of hypotension. This study showed that 

the fetus in ephedrine group had high metabolism and 

increased acid products. In addition, ephedrine had slow 

onset and needed a relatively long maintain time, and its 

accuracy of blood pressure control was lower with some 
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overcompensation. Phenylephrine had rapid onset, short 

duration and timely and accurate control of the blood 

pressure changes. The highest value of SBP in group was 

higher than the highest of group , which suggested that 

the two drugs were different in the onset time and duration.

Our study has a number of limitations. First, objects 

of this study were healthy women undergoing elective 

caesarean delivery, so it may be not valid to extrapolate this 

result to fetus with compromise or emergency caesarean 

delivery. Second, the effect of phenylephrine combined with 

ephedrine on the fetal heart rate is still unknown. Futher 

study is needed in this field.

In summary, we have found that, compared with 

ephedrine, use of the phenylephrine can maintain stable 

fetal heart rate, with no increased oxygen consumption and 

metabolism excitation, which may be one of metabolisms 

of phenylephrine.
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The Improvement of Ventilator:The Manufacture of Expiratory 
Oscillatory System and Cough Simulation Assembly Summary

to reduce the incidence and the total mortality rate of 

pulmonary infection. And it also is the significance of the 

study.

3) Anticipatory results
If the research can get through successfully, it will 

resolve the clinical problems of the prevention and therapy 

of pulmonary infection effectively. Also the assembly will 

become a new type of breathing therapy apparatus, and 

be commercialized later. The assembly can be separately 

used, or be integrated into breathing machine, which will 

consummate the therapy function of breathing apparatus 

and produce a new-type machine.

�7{�
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�
����������	��	�� ��
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����
and foreign research and the basic of study

The declining autonomic clearance of sputum and 

the retention of secretion can directly result in a series of 

serious aftermath such as pneumonia. Clinically many 

patients will have injured competence of removing 

secretion, which brings difficulties to therapy. The present 

manual sputum- clearance only can draw out secretion 

from bigger airway, but be helpless to the secretion from 

deep part. Patients after neurosurgical operations, ones in 

coma, or patients in sub-hypothermia needed to be sedated 

and relaxed fully are prone to have pulmonary infection 

because of the declining, even lost, autonomic clearance 

of sputum. This condition seriously affects the therapeutic 

efficacy.

#7���
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We are going to manufacture active expiratory 

oscillatory assembly with adjustable frequency, and 

at certain frequency the assembly can resonate with 

respiratory system; concurrently the cough simulation 

assembly can simulate the process of cough reflex. 

Equipments of different kinds will be produced, such as 

manual, mechanic, even electric one. The equipment can 

send and draw out gas in fix pressure volume directly, 

then produce high-speed oscillatory airflow, which will 

help to remove secretion from airway more effectively 

if combined with postural drainage. If we integrate the 

assemblies with ventilator, then the modern breathing 

machine can manage respiratory tracts (Respiration 

Therapy) besides the function of ventilation. Finally a series 

of experiments will be designed to evaluate its practical 

value after the samples are manufactured .

2) Main problems to be resolved
Many patients after neurosurgical operations, also 

including other critically severe patients, will have 

pulmonary infection because of the declining autonomic 

clearance of sputum and the retention of secretion. It has 

been recognized that the effective clearance of sputum is 

the key point of therapy of pulmonary infection. However, 

the effect of common measures of manual secretion-

clearance tend to be limited. The research’s objective is to 

resolve the problems of secretion-clearance better, thus 
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For many years, many measures have been taken 

to resolve patients’ clearance of secretion, including 

Forced Expiration Technique (FET), Postural Drainage 

(PD, combined with clapping, oscillatory massage and 

pouting breath), Auto-Drainage (AD). However, these 

physical therapies cost much time, and professional 

breathing therapeutists or medical staffs are necessary. 

Some techniques, such as Postural Drainage, can result in 

occupational diseases. What is more important is that many 

serious patients are not permitted to turn the body over 

that frequent. Also based on present medical conditions, a 

real Postural Drainage is difficult to realize.

CoughAssist manufactured by EMERSON company 

(USA) has been applied in cough-assistance for many 

years, which takes the mode of sending and drawing gas 

in a fix pressure. Since the 90s, based on the theory of 

Controlled Oscillatory System(COS), a new product—

FLUTTER has been manufactured. FLUTTER has been 

proved to be effective by large numbers of experiments.  

However, FLUTTER is just a simple assembly applied in 

conscious patients. Our Expiration Oscillatory System may 

just base on the theory. Functional Electric Stimulation 

(FES) was proposed to be another way, which enhances 

cough strength by stimulate abdominal wall muscles. This 

technique also can be applied to our research of cough 

assembly. Its feature lies in simulating the process of cough 

reflex in vivo directly, changing expiratory phase into a 

initiative process, increasing maximal expiration speed, 

and turning traditional oscillation in vitro into one in the 

airway. The assembly will be applied in all kinds of severe 

patients whose cough reflex have been destroyed partly or 

completely. Most techniques taken are mature and effective 

art in modern breathing machines. We need to bring some 

new ideas to gas-suction   equipment and concert and 

integrate all functions. Now we have had initial ideas, and 

clinical effects are estimated to be obvious. Also the system 

will have some extending value and marketing prospect.

^7"	������	�������	�����	�
The initial designing ideas have been shaped. Most 

techniques to be taken have been utilized in modern 

respiratory apparatus. Fund and cooperation with 

corresponding professional enterprise are the next plans. 

Then the work will set about. The applier has been devoting 

to respiratory therapy, and is familiar with the related 

knowledge. By now, I myself have achieved three state 

patents, one of which is a new respiratory healer—moisture, 

and other two of which are new-type infusion sets. So I 

know the manufacturing process of new products well. The 

patients with declining initiative clearance of secretion are 

easily available in ICU. They will become adequate resources 

of research subjects during later clinical study stage.

�7���
�� �	��
�� study design and key 
points

The study mainly is designed to deal with the clearance 

of secretion, to simulate normal process of cough reflex, 

and to manufacture mechanic orelectric secretion-clearance 

assembly. The chief design plans include:

1) Expiratory Oscillatory System
The system drives expiratory phase airflow to chatter, 

then to resonate with respiratory system because of the 

same intrinsic frequency. The effectual frequency ranges 

from 8 to 16Hz. We can have two ideas about specific 

structures. One is the pure-mechanic structure, such as an 

oscillatory piston with changeable angle (frequency). The 

other structure can chatter at expiratory phase, such as 

electric controlled valve with adjustable frequency, some 

chattering structure based on the theory of high frequency 

oscillatory respiratory apparatus. The structure can be 

integrated to breathing machine as a simple part and switch 

on at a settled time. But its influence on trigger system 

must be resolved. Flow trigger system will be the solution. 

Sampling frequency and time interval should be adjusted. 

The conversion between inspiration and expiration can be 

achieved through the switch of volume or speed. After deep 

inspiration, the pressure of expiratory phase will be reduced 

to negative by drawing gas in negative pressure. Also we can 

combine it with FES to stimulate expiratory muscle, raise 

the maximal expiratory pressure and increase expiratory 

speed. But the expiratory volume must be controlled and 

we must be sure that it will not exceed inspiratory volume, 

and the airway pressure will return to the baseline at end-
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expiration. In clinical research of FLUTTER, the oscillatory 

theory of secretion-clearance has been proved. If matching 

with postural drainage, it will enhance the efficacy of 

secretion-clearance greatly.

2) Gas-Sending/Drawing Systems
For the safe of patients, the mode of definite-volume 

can be taken. It would not be so difficult to add gas-suction 

equipment to gas-sending system of respiratory apparatus. 

The parameters will be set according to the pneodynamic 

characteristic of normal cough reflex. The key point is to 

assure adequate expiratory speed and the less volume of 

gas-suction than that of inspiration. The switch between 

inspiration and expiration can be achieved easily. And 

sputum-collecting equipment must be available, which can 

be used in cooperation with common suction.

3) Expiratory Stimulus System
Electric stimulation synchronized with expiration can 

drive abdominal and other relating muscles to contract. 

The expiratory pressure and speed will be raised; the 

crushing action on lung can be enhanced. Finally the 

efficacy of sputum-clearance is reinforced greatly. The 

system must synchronize with expiratory trigger system of 

breathing machine.

4) Safeguard System
The main danger comes from the sharp alteration of 

airway pressure. Now the pressure-protecting system has 

been mature. We just need to add some adjustment to the 

protection of negative pressure. Through safeguard system 

and volume-trigger synchronizing switch system, airway 

pressure and expiratory speed should be limited in the 

physical range of normal cough reflex.

If the above functions can be integrated to breathing 

machine, it will really have the function of managing 

respiratory tracts. These will consummate respiratory 

apparatus.

?7�
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After manufacturing samples, clinical experiments can 

be carried out.With enough fund support and cooperation 

with proper enterprise, it will be completed within(less 

than) two years in china. 
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According to present information, the same-kind 

products haven’t emerged. If we can carry it out successfully, 

it will be a new assembly of respiratory therapy. More 

new-type respiratory apparatuses will be manufactured. 

Patients will benefit more. If patent is obtained, it will bring 

economic efficacy after spread.

<7����
���&�
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The cost mainly depends on the manufacture and 

improvement of samples. It would not take much to 

perform clinical observation. Referring to the price of a 

top grade respiratory apparatus, it might cost 40,000$. But 

specific expend has been difficult to estimate accurately.

\74����	��	����_	�
Dr. Wang Qiang will take charge of manufacture and 

clinical experiment.
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The Application of Dexmidetomidine in Patients with Obstructive Sleep Apnea 
During General Anesthesia
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may be useful in the postoperative period for patients with OSA.The aim of the review is to describe dexmidetomidine and its clinical application in patients with 
OSA.

Key Words: Dexmedetomidine; Obstructive sleep apnea; Pain;Hemodynamics

Abstract

obstructive sleep apnea syndrome
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As one of novel and hot therapies, ozone treatment has been more and more attractive and widely practiced in recent years. Many clinical and 
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controlling cancer and cancer pain with ozone has made a process. However it’s seldom reported of these studies, and also they lack systematicness. To 
discuss the feasibility and effect of treating cancer pain with ozone, this article reviews the basic research and clinical practice of ozone treating cancer and 
cancer pain regarding it, expecting to explore a new therapy for cancer and bring a good news for patients suffering from it.

Key Words: Ozone; Cancer Pain; Therapy
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Progress in the 2011 Heart Failure

2011
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��������$�����!��}�X��[�����
���%#���� [2]. TCI system has become a kind of 
standard infusion system which through the target control infusion for conveying sedative-hypnotic medicine, medicine and other kind of opiates drug. Today, 
TCI technology has become a routine anesthetic techniques for anesthesia workers. Now overview the progress of the target control infusion in clinical 
anesthesia application as the following.

Key Words: Target control infusion; Intravenous anesthesia 
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Most patients who undergo surgery recover uneventfully and resume their normal daily activities within weeks. Nevertheless, chronic post-surgical 
pain develops in an alarming proportion of patients. In this review, the epidemiology of chronic post-surgical pain is reviewed. Different surgerys involve 
different incidence which is higher than expected. The surgical, psychosocial, genetics, and patient-related factors confer greater risk of developing chronic 
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The Effect of Continuous Renal Replacement Therapy in the Treatment of Sepsis
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now playing an important role in the treatment of sepsis. The timing, modality, dose and termination deserve precise decision according to the clinical setting.
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Risk Factors of Post Craniotomy Hematoma
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Cord Blood Gas Analysis Results
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Methods: One hundred and sixty ASA I~II primipara scheduled for elective Cesarean delivery were enrolled in this prospective and randomized study. 
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of the anesthetic, as well as 1min, 5min Apgar Scores. Blood gas analysis were performed before and after infusion, as well as the umbilical artery blood.
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Conclusion: Preanesthesia volume expansion can ease alkalemia in late trimester pregnancy to some degrees, and can prevent the adverse effect on 
the umbilical artery Blood gas analysis and Apgar scores contribute to the maternal hypotension. 
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cortical neurons and to discuss their possible mechanism. 
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肝素联合胰岛素治疗高甘油三酯血症相关

急性重症胰腺炎1例

王春耀 秦君平 胡小芸

彭劲民 杜  斌
北京协和医院内科ICU，北京，100032

Hypertriglyceridemia-induced Acute Pancreatitis Treated with Intravenous 
Heparin and Insulin: A Case Report and Review of Literature
Chun-yao Wang，Jun-ping Qin，Xiao-yun Hu，Jin-min Peng，Bin Du

Department of ICU, Pecking Union Medical College Hospital,100032

Purpose: A case of hypertriglyceridemia-induced acute pancreatitis who was managed with insulin and heparin is reported. And relevant literatures are 
reviewed.

Summary: A 32-year-old pregnant female with severe acute pancreatitis presented at the emergency department, with Acute Physiology and 
Chronic Health Evaluation II score of 20, and Ranson score of 6. The blood sample exhibited a milky appearance, and blood chemistry confirmed severe 
hypertriglyceridemia (85.04 mmol/L). Hypertriglyceridemia-induced severe acute pancreatitis was diagnosed. Apart from fluid therapy, prophylactic antibiotics, 
and somatostatin to inhibit pancreatic exocrine secretion, combined with intravenous unfractionated heparin (500 IU/L) and insulin, resulting in a rapid decrease 
of serum triglycerides to 15.80 mmol/L at 24 hours, and 3.68 mmol/L at 72 hours after hospital admission. The patient was transferred to the general ward 21 
days later. We reviewed relevant literature thereafter.

Conclusion: Intravenous heparin combined with insulin caused a rapid decrease of serum triglycerides, and might be a promising alternative to 
plasmapheresis in the treatment of hypertriglycideremia induced pancreatitis.

Key Words: Hypertriglyceridemia; Acute Necrotizing Pancreatitis; Heparin 

Abstract

摘要
目的：报道一例静脉联合肝素治疗高甘油三酯血症相关急性重症胰腺炎的病例，并复习相

关文献。

内容：一例急性重症胰腺炎（急性生理和慢性健康评分II 20分，Ranson评分6分）的孕妇患

者来我院就诊。留取静脉血标本时发现明显脂血，总甘油三酯85.07 mmo l/L，诊断考虑高甘油

三酯血症相关急性重症胰腺炎。在治疗过程中除常规的水化、抗感染和抑制胰酶分泌治疗外，通

过静脉肝素联合胰岛素泵入，于24小时后将甘油三酯降至15.80 mmo l/L，并于72小时后将甘油

三酯降低至3.68 mmol/L，从而控制了病情的进展。本文对有关文献进行了综述。

结论：肝素联合胰岛素静脉泵入治疗可以在短时间内有效降低高甘油三酯血症相关急性重

症胰腺炎患者的血清甘油三酯水平，有可能成为一种在该类患者中替代血浆置换的治疗手段。

关键词：高甘油三酯血症；急性重症胰腺炎；肝素

病例摘要
患者女性，32岁，孕28周+5，因腹痛伴呼吸困难1日入

院。

患者入院前1日午餐后出现上腹阵发性绞痛，后加重呈持

续性，伴烦渴、呼吸急促、少尿。于当地医院就医，查腹部B

超提示“胰腺增粗”，考虑急性胰腺炎，遂转至我院急诊。

来我院时患者出现发热，体温38.5C，端坐呼吸，呼吸频率50

次/分，心率200次/分左右，血压130/90mmHg。查体示：双

肺满布湿罗音，腹部膨隆，弥漫压痛。心电图示室上性心动

过速，静脉采血为乳糜样脂血。血常规：白细胞13.75x109/

L，血红蛋白129 g/L，血小板343x109/L；尿常规：酮体

+++。胰功：血淀粉酶1329I U/L，脂肪酶6000I U/L。血糖

17.1mmol/L。血脂：总甘油三酯85.04 mmol/L。动脉血气(储

氧面罩吸氧)：pH 7.16，pCO2 12 mmHg，pO2 122 mmHg，SaO2 

98%，HCO3-4.3mmol/L，BE -21.4mmol/L，乳酸5.7 mmol/L。

腹部超声显示胰腺体部、尾部稍增粗，边界回声欠清晰，胆

总管显示不清，胆囊未见结石及占位。经补液、降糖消酮、

止痛、控制心室率等处置后，患者症状无改善。胎心监测连

续1分钟未见搏动，考虑胎死宫内。遂以急性胰腺炎、糖尿病

酮症酸中毒收入内科重症监护病房(ICU)。患者妊娠期间曾发

现血糖升高，未进一步明确，血脂情况不详。无高脂血症家

族史。入院诊断：高甘油三脂相关急性重症胰腺炎，急性呼

吸窘迫综合征，妊娠相关糖尿病，糖尿病酮症酸中毒。

入院当日即于快速顺序诱导下行经口气管插管、呼吸机

辅助呼吸、去甲肾上腺素泵入，维持平均动脉压70mmHg。入

院时急性生理和慢性健康评分(APACHE) II 20分，Ranson评

分6分。继续静脉输液治疗，同时应用亚胺培南西司他丁钠预

防感染，生长抑素抑制胰酶分泌。因考虑患者系高甘油三酯

血症相关急性胰腺炎，联合应用普通肝素500U/h静脉泵入及

胰岛素持续静脉泵入。血糖水平维持在10mmol/L左右。入院

后24、48和72小时复查血甘油三酯，结果分别为15.80、7.18

和3.68mmol/L。尿常规显示酮体转阴。血淀粉酶从572 U/L下

降至88U/L。遂停用肝素及胰岛素。入院48小时人工破膜后

引产一死婴。同日行CT检查显示腹腔内积液，胰腺周围广泛

渗出，未见胆管结石，考虑CT分期E。遂于CT引导下行腹腔脓

肿及胰腺周围脓肿穿刺引流，患者症状逐渐缓解。入院后第

10日尝试脱机失败。再次复查腹部CT并重新留置腹腔脓肿引

流，引流液培养结果为万古霉素耐药肠球菌。根据药敏结果
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Effects of Dexmedetomidine on the 
Cerebral Function of Patients Undergoing 
Cardiac Valve Replacement Surgery
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O b j e c t i v e :  To  i n v e s t i g a t e  t h e  e f f e c t s  o f 

dexmedetomidine on the cerebral metabolism and changes 

of  biochemical markers of cerebral injury of patients 

undergoing cardiac valve replacement surgery.

Methods: 45 patients undergoing selected cardiac 

valve replacement surgery were enrolled and divided 

into three groups: control group(C) and low doses 

dexmedetomid ine g roup(D1) and midd le doses 

group(D2) . Blood gas analysis of arterial blood and 

jugular bulb blood were tested on time of pre- CPB, 

clipping of ascending aortic released, CPB stopped, 6 

hours and 24 hours after thesurgery. Serum leve ls of 

S-100  and NSE were measured at the same time.

Results: The oxygen saturation of internal jugular 

venous bulb ( SjvO2 ),difference of arterial- venous 

oxygen saturation ( Da-jvO2 ) and oxygen uptake rate( 

CERO2 ) ,serum levels of S100B and NSE in the three 

groups did not vary significantly before CPB( P> 0. 05). 

But when clipping of ascending aortic released, SjvO2 

decreased, correspondence with the Da-jvO2 and the 

CERO2 increased in the C and D1 groups. But it was not 

found in the D2 group. Serum leve ls of S-100  and NSE 

inclined after CPB, and to the peak 6h after the sugery in 

all the patients. And they declined close to the basic level 

24h after the sugery. The D2 group changed moderately 

than the other two groups.

Conclusions: Middle doses of dexmedetomidine 

can reduce the the cerebral metabolism rate of patients 

undergoing cardiac valve replacement surgery and has the 

cerebral protection effect.

Key Words: Dexmedetomidine; Surgery, Cardiac; 

Crebral function; 

Glutamine Improves Vascular Reactivity 
Via O-GlcNAc Modification and Subsequent 
Induced HSP70, Reduced i-NOS Expression
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Object: To investigate the mechanisms of Glutamine 

induced O -linked N -acetyl-glucosamine improving 

vascular reactivity in septic shock rats.

Methods: Forty male SD rats weighting 250-300g were 

randomly divided into 5 groups (n=8 each): group S (sham 

operation group); group C (septic shock group , undergoing 

cecal ligation and puncture); group G (Glutamine, 0.75g/

kg, was injected 1h before CLP); group Q(Quercetin, 0.4 

g/kg was intraperitoneal injected 1h before CLP ); group 

A(Alloxan, 90mg/kg was intraperitoneal injected 1h before 

CLP ). Phenylephrine (PE)of the concentrations of 0.5, 1, 

2, and 2.5 μg/kg was injected intravenously 6 h after CLP 

and the MAP increase percentage was calculated. The 

concentration-response curve of aorta rings from all groups 

rats were obtained by cumulative addition of PE, and PE 

Emax, EC50 were calculated. The serum concentration 

of nitrate/nitr ite, the expression of the O-GlcNAc 

modification, HSP70 and i-NOS in aorta were detected 

from all groups.

Results: The MAP level induced by PE significantly 

decreased 47.73% in group C compared with group 

S(P<0.05).In group G, PE induced MAP level increased 

34.43% compared with group C(P<0.05).The Emax and 

EC50 were significant impaired in group C (P<0.05) 

compared with group S, but partially restored in group 

G (P<0.05). The Emax and EC50 in group Q and A 

were calculated, but there was no statistical different 

between them and group C. The expression of O-GlcNAc 

modification, HSP70 were higher (P<0.05) while i-NOS, 

nitrate/nitrite were lower (P<0.05) in group S than group C. 

Compared with group G, i-NOS, nitrate/nitrite were higher 



Laboratory and Clinical Investigation FAM 2012 Mar/Apr  Vol.19 Issue 2Special Report 148 FAM 2012  Mar/Apr  Vol.19 Issue 2

while the expression of O-GlcNAc modification, HSP70 

were lower in group A, the HSP70 was reduced in group Q. 

Conclusions: Glutamine improves vascular reactivity 

by inducing HSP70, reducing i-NOS, nitrate/nitrite via 

O-GlcNAc modification in septic shock rats.

Key Words: Glutamine, O-GlcNAc modification, Septic 

shock, Vascular reactivity, i-NOS, Heat shock protein 70;

Effects of Remifentanil Preconditioning on 
Adriamycin-induced Heart Failure Following  
Ischemia-reperfusion in Isolated Rat Hearts
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Abstract: Aim To investigate the effects of remifentanil 

precondioning on Adriamycin Heart Failure following 

ischemia-reperfusion in isolated rat hearts. 

Methods: All 60 adult male SD rats received 2 mg/

kg adriamycin as an intravenous tail vein infusion once a 

week for 6 weeks at a total dose of 12 mg/kg to establish 

an adriamycin-induced chronic heart failure model. 60 

heart failure rats randomly divided into 6 groups (10 each): 

control group (Sham), ischemia-reperfusion group(I/R), 

ischemia preconditioning group (IPC), 10 μg/L remifentanil 

precondioning  group (RPC1), 30 μg/L remifentanil 

precondioning group (RPC2), 60 μg/L remifentanil 

precondioning group (RPC3). All heart were linked to the 

Langendorff apparatus. Left ventricular developed pressure 

(LVDP), ±dp/dtmax , heart rate (HR),  coronary effluent 

(CF) were recorded and LDH were measured at the end of 

equilibration and 5 min , 30 min, 90 min of reperfusion.  

Myocardial infarct size were measured with TTC staining 

at the end of reperfusion. After reperfusion, phosphor-Akt 

and total Akt were determined by Western blot analysis.  

Results: No differences in baseline hemodynamics and 

LDH were observed among the groups (P>0.05). Compared 

with group I/R, group RPC2 and group RPC3 resulted in a 

significantly improved functional recovery, had a significant 

increase in LVDP, ±dp/dtmax, CF  and a significant decrease 

in IS(P<0.05). Meanwhile, group RPC2 and group RPC3 

also markedly increased the expression of p-Akt compared 

with group I/R. 

Conclusions: 30 and 60 μg/L remifentanil precondioning 

may effectively protect the hearts against ischemia-

reperfusion injure in adriamycin-induced chronic failure 

isolated rat hearts by activating PI3K/Akt signal pathway.

Key Words: remifentanil;  preconditioning;  ischemia-

reperfusion;  adriamycin;  heart failure;  cardioprotection;  

PI3K-Akt signal pathway;

The Research on the  Acid Lidocaine for 
the Endotracheal Tube's Penetration Ability
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Objective: To determine the infiltration ability to 

endotracheal tube(ETT) cuff of lidocaine carbonate with 

different concentrations. Discuss the proper dosage and 

juncture of drug administration in theory. 

Methods: Eighteen 7.5mm ID ETT were divided into 

three groups, each group contained six. Group L was filled 

with 2% lidocaine chloride 10ml, Group CL1 was filled 

with 0.865% Lidocaine carbonate 10ml and Group CL2 was 

filled with 1.73% Lidocaine carbonate 10ml. All ETT were 

placed in 20ml water for hot bath at 38  for 24h. Samples 

were drawn from bath water at 15min, 30min, 45min, 

60min, 90min, 120min, 150min, 180min, 210min, 240min, 

300min, 360 min. Lidocaine concentration was detected by 

HPLC. 

Results: (1) Each group demonstrated an increase in 

both concentration and dose of lidocaine in the sample 

with time. The highest lidocaine concentration was reached 

in Group CL2 with 820±84μg/ml while 417±28μg/ml in 

Group CL1 and 3.7±0.6μg/ml in Group L. (2) Lidocaine 

infiltration rate in Group LC1 and Group LC2 reached peak 
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at 240min (1954±951μg/h) and 120 min (4434±286μg/

h) respectively, then decreased. (3) By 360min the dose of 

infiltration lidocaine was 16403±1678μg in Group CL2, 

8334±567μg in Group CL1 and 74±12μg in Group L. (4) 

There was no solution precipitation during the whole 

testing time and all cuffs remained intact. 

Conclusion:  Filling ETT cuff with 1.73% lidocaine 

carbonate 90min prior to the end of surgery or filling 

ETT cuff with 0.865% lidocaine carbonate 150min prior 

to the end of surgery can reduce ETT-induced emergence 

phenomena after general anesthesia and extubation 

complications with efficacy and safety.

Keywords : l idocaine carbonate, alkalinization, 

extubation, complication, cough reflex
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Objective: To investigate effects and mechanism of 

acute neonatal exposure to sevoflurane and isoflurane on 

the memory and cognitive function in juvenile SD rats. 

Methods: The model of acute exposure to the inhaled 

anesthetics was set up. 210 SD male rats on postnatal 

day (PND) 7 were randomly equally divided into seven 

groups: control group (CON), sevoflurane group (SEV), 

sevoflurane + muscimol group (SEV+MUS), sevoflurane 

+ bicuculline group (SEV+BIC), isoflurane group (ISO), 

isoflurane + muscimol group (ISO+MUS), isoflurane + 

bicuculline group (ISO+BIC). Muscimol was given 1 mg/kg 

intraperitoneally 0.5 h before exposure in group SEV+MUS 

and ISO+MUS, and bicuculline was given 8 mg/kg in 

group SEV+BIC and ISO+BIC. The rats in group CON 

were exposed to 60% oxygen in air for 6 h, and the rats were 

exposed to 3.6% sevoflurane or 2.3% isoflurane in other 

groups individually. Morris water maze test were carried 

out for the survived rats on PND 21, then the hippocampus 

of animals were collected for immunohistochemistry assay 

and RT-PCR of GABA-A receptor 1 and BDNF.

Results: The latency periods of rats in groups SEV 

and ISO were longer than group CON remarkably, and 

muscimol or bicuculline could not induce significant 

variation. Immunohistochemistry assays: There were 

no significant differences in the protein and mRNA 

expression of GABA-A receptor 1 between group 

CON and other groups. Compared with group CON, the 

protein and mRNA expression of BDNF in group SEV 

and ISO were reduced statistically. Compared with group 

SEV or ISO, Muscimol or bicuculline administrated did 

not change the protein and mRNA expression of BDNF 

significantly.

Conclusion: Exposure of sevoflurane and isoflurane 

could inhibit memory and cognitive function in juvenile 

SD rats significantly. The phenomenon was not induced 

through GABA-A receptor 1.

Key words: Inhaled anesthetics; Acute exposure; 

Memory; GABA-A receptor 1.
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ABSTRACT: Objective  To investigate the effects of 

recruitment maneuvers with sustained inflation SI and 

pressure control ventilation on respiratory mechanics and 

hemodynamics in patients with ARDS. 

Methods: Thirty patients with ARDS were randomized 

in 2 similar groups. One received RM with continuous 

positive airway pressure (CPAP) of 40 cmH2O for 40 

seconds (CPAP recruitment), whereas the other received 

pressure control ventilation with positive-end expiratory 

pressure of 20 cmH2O and pressure control above positive 

end-expiratory pressure of 20 cmH2O for 2 minutes 

(pressure control recruitment maneuver [PCRM]). The 

RMs were performed and repeated once every 12 hours 

lasting 3 days. Parameters of Oxygenation index(PaO2/

FiO2), Peak inspiratory pressure(PIP), Plateau pressure( 

Pplat), Static pulmonary compliance(Cst) and EVLWI of 

patients before the trial and at 12h, 24h, 48h, 72h of the test 

were measured and compared between groups. To monitor 

hemodynamics changes before and after RM. One-Way 

ANOVA, t-test and Fisher probabilities in 2×2 table were 

used to process the data. 

Results: The PaO2/FiO2 and Cst of two groups both 

showed upward trend after treatment and the PIP and 

Pplat of two groups both showed downward trend after 

treatment, but the changes were not significantly different 

between two groups (P>0.05). The EVLWI of two groups 

showed downward trend after treatment(P<0.01), but the 

differences were not significiant at all time points between 

two groups (P>0.05). The MAP and CI of two groups 

both showed downward trend and the HR and CVP of 

showed upward trend during RM( P <0.01). The wave 

amplitude and duration of the Parameters in PCRM were 

lower than those of the other group, and the changes were 

significantly different at the point of 2min after RM and 

5min after RM( P <0.01). Conclusion  RMs with CPAP 

and SI could reduce EVLWI, increase oxygenation and lung 

compliance. The effect of PCRM on hemodynamic was 

lower than SI.

Key Words : Lung recruitment maneuver; Acute 

respiratory distress syndrome; Respiratory function; 

Extravascular lung water index

Sevoflurane Reduces Hepatic Ischemic 
Reperfusion Injury in Rat Via Activation of 
PI3K/Akt Signaling  
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Objective: To evaluate the role of PI3K/Akt signal 

pathway of sevoflurane against hepatic ischemic reperfusion 

injury (HIRI). 

Methods : Forty-eight adult male SD rats were 

randomly divided into 4 groups: sham group (SH group);  

hepatic ischemic reperfusion injury (HIRI, IR group); 

sevoflurane+HIRI (SI group); sevoflurane preconditioning 

+ HIRI+ wortmannin (SW group), while all rats except SH 

group were suffered from segmental hepatic ischemic (70%) 

for 60min and were followed by reperfusion of 3 hours. 

Serum levels of alanine aminotransferase (ALT), aspartate 

aminotransferane (AST) and interleukin-1 (IL-1 )were 

measured. The expression of phosphorylated PI3K, Akt and 

total Akt were examined by Western-Blotting analysis in 

hepatic ischemic reperfusion tissue. 

Results: The levels of ALT, AST and the concentration 

of IL-1 in IR group, SI group and SW group were 

significantly higher than that in SH group after 3h of 

ischemic reperfusion compared to IR group and SW 

group, the levels of ALT, AST and the concentration of IL-

1 of SI group were obviously decreased; the expression of 

phosphorylated PI3K and phosphorylated Akt of SI group 

were significantly increased. 

Conclusion: Sevoflurane can pretect hepatic ischemic 

reperfusion injury. The possibly protective mechanisms 

maybe related to activating the PI3K/Akt signal pathway. 

Key Words: Sevoflurane; Hepar; Ischemic reperfusion 

injury; PI3K/Akt
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A New Video Portable Intubationscope: A Clinical Evaluation 
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Background
Management of airway is a considerable challenge 

for anesthetists, difficult airway is one of the major causes 

of morbidity and mortality. Most of difficult airways can 

be predicted, such as difficulty in opening of the mouth, 

lack of mobility of the atlanto-occipital joint, inability 

to assume the sniffing position, but unexpected difficult 

intubation often present which range from 1.5-8.5% 

according to the literature[1-3]. In recent years, more and 

more technique of optical has begun to play an important 

role in the management of patients with an unanticipated 

difficult or failed intubation. More recently, a new video 

portable intubationscope(Mindhao, Zhuhai, China), 

has been introduced into clinical practice. The present 

clinical study was the first time to evaluate the safety and 

efficacy of this device during routine intubation of general 

anaesthesia.

Methods
The video portable intubationscope(VPIS, Fig.1) is 

a soft optic stylet with a 90°distal bend, which consists 

of three parts: portable liquid crystal display monitor 

(resolution 320×240; 3.5inch), manipulated part and tube. 

The device stem is 88-cm long (with 60cm available for 

use) with a 6-mm external diameter. The tube part enables 

the loaded endotracheal tube for intubation. In contrast 

to fiberscope with an external light source and eyepiece, 

a high-power light-emitting diode(180-200LUX) and 

digital camera locates in the distal point, facilitating direct 

visualization on the video screen. The power is supported 

by lithium-ion battery or AA alkaline battery.
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Figure 1  The portable video intubationscope
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Four anesthetists with experiences of fiberscope above 

2 years were recruited from the hospital. They were asked 

to undergo the same training of performing a tracheal 

intubation with the VPIS on a manikin for one day before 

they using the device on human being (Fig.2). After 

approval of the Institutional Review Board (IRB) and 

obtaining written informed consent, 120 patients (ASA 

physical status  were recruited of either gender 

(68 men,52 women) (age: 18–70 yr; weight: 45–90 kg) 

undergoing elective surgery in the supine position with 

general anesthesia. Preoperatively, we scored the reclination 

of the head, the thyromental distance and the view of the 

oropharynx on mouth opening described. The following 

exclusion criteria were used: a history of difficult intubation, 

risk of gastric aspiration, a Mallampati score of 4, complete 

cervical arthrodesis, interincisor distance at maximal mouth 

opening 3cm and a mental disease.

General anesthesia was administered according 

to a standard protocol. Standard monitoring devices 

were taken before induction of anesthesia, including 

electrocardiograms, noninvasive blood pressure, and 

peripheral O2 saturation (SpO2). The sniffing position could 

be achieved using a small pillow behind the patient's head 

with an appropriate height. After 3 min of administration 

of oxygen with a face mask, anesthesia was induced 

with fentanil 4μg/kg and propofol 1.5–2.5 mg/kg and 

cisatracurium 0.2 mg/kg . Before airway manipulation, 

appropriate neuromuscular blockade was achieved using 

a peripheral nerve stimulator (train-of-four count =0). 

Direct laryngoscopy with Macintosh blade was used for 

only to assign the Cormack-Lehane score before attempting 

intubation with the VPIS . The position of the device was 

adjusted to have the glottis in the center of the screen, and 

tracheal intubation was performed. An assistant would 

provide jaw thrust and maintain head stability when 

necessary. A decrease in SpO2 below 90% was a criterion 

for abandoning the intubation attempt. We recorded the 

Cormack-Lehane classification, the time to optimal view 

of glottis and intubation, the intubation attempts, and 

the incidence of adverse events during anesthesia such as 

aspiration/regurgitation, damage to teeth, and bleeding 

from the oropharynx. Upon completion of the study 

protocol, the anesthetists provided a subjective assessment, 

which was rated as very good, good, and poor.

Statistical Analysis
Data are expressed as median (range), mean±standard 

deviation(SD) or, when appropriate, as the median and the 

confidence interval of 95%.

Results:
The research enrolled 120 patients(68 men, 52 

Figure 2  Anesthetists are trained on the model before they 
use the portable video intubationscope for intubation during 
�
�
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women), ranging in age from 18 to 70 years .In all 

patients, endotracheal intubation was attempted with 

the video portable intubationscope. All patients were 

hemodynamically stable before, during, and after 

intubation. Airway characteristics are shown in Table 1. 

Tracheal intubation was successful in 104 patients(86.7%) 

on the first attempt, 14 on the second(11.7%), and 2 on the 

third(1.6%). The median time from touching the VPIS to 

optimal view of the glottis was 12 s (range, 6-27 s) and to 

successful intubation was 18s (range, 8-58 s)(Table 2).The 

assistant providing jaw thrust and maintained head stability 

was necessary in most patients. There was no damage to 

teeth and bleeding from the oropharynx. The resulting 

picture on the video screen showed excellent optical 

characteristics in most patients. Subjective assessment of 

handling was very good in 53 patients, good in 61, and 

poor in 6. In the 6 patients with poor assessment, common 

concerns were raised over the comfort (6 of 6) and the 

colour of pictures (3 of 6), or glottic exposure (5 of 6).

Discussion:
Fiberscope is recommended for difficult intubation as 

a standard tool. But many intubating fiberscopes do not 

have an attached camera and monitor. Therefore, only the 

operator is able to view the progress of the intubation and it 

needs the operator view the eyepiece directly which makes 

the manipulation strenuous. This new video portable 

intubationscope (VPIS ) can provide both the operator and 

the assist or trainees the procedure of intubation. It can be 

easily mastered with experience of the fiberscope.

REFERENCES

Data are given as mean±SD or numbers

Table 1  Patients` characteristics

��		�V���
��	�����<��<<���<<<���<�� 33/69/18/0
���V��|>Y�������<��<<���<<<���<�� 78/34/8/0
Mouth opening (cm) 5±1

Thyromental distance(cm) 6±2
Reclination of the head( 5°) 113/7

A s  o u t l i n e d  i n  t h e  A m e r i c a n  S o c i e t y  o f 

Anesthesiologists difficult airway management practice 

guidelines[4] and as good medical practice would dictate, 

optimum conditions for success should be present before 

any intubation attempt. So we choose the experienced 

anesthetists and during the course of each intubation 

attempt, the assistant provided jaw thrust and maintained 

head stability to improve intubation conditions when 

necessary. In 120 patients, all of them were intubated 

by the VPIS and one attempt intubation success rate is 

86.7% . Although most of the patients were not difficult 

to ventilate or intubate, there were two people who had 

3 attempts. Both of them were C/L score III and due to 

the secretions and the drop of SpO2 . Most of the second 

attempt happened during the first month observation.  

We also observed the reduction in execution time related 

to the number of executed attempts. It was showed that 

a sensible decrease in intubation times was revealed after 

approximately 20 executed cases when using the Bonfils 

fiberscope [5] which is similar with us. We didn’t analyse the 

difference of the experience of the operators because we 

need to design a more delicate research about this.

Some limitations of this study should be noted. First, 

there is a lack of comparison with fiberoptic bronchoscope 

or other videolaryngoscopes. And we excluded the 

patients who were expected to be difficult to intubate or 

ventilate. However, based on this preliminary technical 

communication, further studies are warranted to compare 

the VPIS with other fiberscope and the use in the predicted 

difficult airways. Second, our intraoperative data collection 

was performed by a nonblinded observer, which is a 

possible source of bias.

In conclusion, the video portable intubationscope 

may be suitable for both routine and difficult airway 

management, and for educational purposes, but these 

results should be confirmed by further comparative studies.
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Table 2  Intubation time and assessment

View of glottis time (s) 12 (6-27)
<���;��
����
V����� 18(8-58)
assessment �������������������~z����;��~�
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