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Effects of Hydroxyethyl Starch 130/0.4 Pretreatment on 
Endotoxin-Induced Acute Lung Injury in Rats
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Introduction
Acute lung injury (ALI) and the acute respiratory 

distress syndrome (ARDS) are common clinical syndromes 

that affect both medical and surgical patients. These 

two conditions are often progressive, characterized by 

distinct stages with different clinical, histopathologic, and 

radiographic manifestations. The acute or exudative phase, 

in which the death rate reach up to 30~40%,is manifested 

by the rapid onset of respiratory failure in patients with 

the risk factor for the aboved two conditions. Pathologic 

changes include diffuse alveolar damage, accompanied 

by neutrophils, macrophages, erythrocytes and hyaline 

membranes, and protein-rich edema fluid in the alveolar 

spaces.1

Hydroxyethyl starch (HES) is the most common 

artificial colloid in clinical use for volume replacement 

to maintain or improve tissue perfusion in patients with 

sepsis, trauma, shock, or surgical stress today. 2Recently, 

experimental evidences have suggested a beneficial effect 

of 6% hydroxyethyl starch 200/0.5 in reducing interstitial 

edema due to systemic inflammatory response through 

various mechanisms: fluid reabsorption in the interstitium, 

downregulation of inflammatory mediators sustained 

by suppression of NF-kappa B activation, and sealing of 

the microcirculatory endothelial lesions ,which seems to 

reduce the extravascular leak of fluids and inflammatory 

cells.4,5,6,7A novel HES preparation (HES 130/0.4, 6%) has 

been developed showing the narrowest molecular weight 
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distribution of all HES specifications. It has an average 

molecular weight (Mw) of 130 kDa, a degree of substitution 

of 0.4, and a C2/C6 ratio of 9.3,8 Due to its beneficially 

pharmacochemical properties, this new preparation used in 

the present study is unlikely to accumulate in plasma and 

tissue.

The purpose of this study is to characterize the 

expression level of molecular factors involved in neutrophil 

recruitment and sepsis in order to investigate the effect 

of 6%hydroxyethyl starch 130/0.4 pretreatment on ALI.

We here describe the effects of hydroxyethyl starch 130/0.4 

in the pretreatment of ALI induced by intravenous 

lipopolysaccharide(LPS) injection through measuring 

artery blood gas, degree of lung inflammatory response, 

neutrophils infiltration in lung, variables of pulmonary 

microvascular permeability and lung histopatholotic 

alterations.

Materials and Methods
Animals. Adult male Sprague-Dawley rats(220~250g 

body weight) were obtained from Animal Center of 

Anhui Medical University, Hefei, China and kept in 

accordance with the Institutional Animal Care Committee’s 

guidelines.The rats were housed in an approved facility 

and maintained in a 12-h light/dark cycle with water 

and food available ad libitum before surgery.The rats 

were randomly assigned to six groups(12 rats/group): 

(a) sham (saline 30ml/kg); (b) LPS alone(5mg/kg);(c,d 

and e) LPS(5mg/kg,5mg/kg,5mg/kg), plus HES (7.5ml/

kg, 15ml/kg, 30ml/kg); and (f)HES alone (30ml/kg). The 

HES(hydroxyethyl starch,medium molecular weight,low 

degree of substitution;HAES-steril 130/0.4,6%,Fresenius 

Kabi,Bad Homberg,Germany)was infused,beginning at 

time 0,with a rate of 0.2ml/min.Endotoxin-induced acute 

lung injury in rats was performed by using LPS as described 

previously,with minor modifications,4 Briefly,LPS(5mg/

kg,i.v.lipopolysaccharide, Escherichia coli O55:B5,sigma 

chemical Co,USA)was administrated over 20 seconds 

immediately after time 1hour. In the control and HES alone 

group,0.9% saline vehicle(3ml/kg,i.v.)was given instead of 

LPS at time 0.In the control and LPS group,30ml/kg saline 

was infused beginning at the same time with the same rate 

instead of HES.All procedures were approved by the ethics 

committee of Anhui Medical University.

Experimental protocol. Tail veins of the rats were 

catheterized in order to administer different doses of 

HES 130/0.4,saline and LPS. The rats were anesthetized 

w i t h 1 % s o d i u m p e n to b a r b i t a l i n s a l i n e ( 2 5 m g /

kg,intraperitoneally,Sigma Chemical Co,St Louis,MO,USA) 

at 4h post-LPS challenge for PaO2 and PaCO2.If PaO2/

FiO2 300mmHg,it was considered that ALI model in the 

rats were succeeded in the experiment.Each anesthetized 

rat was treated with an endotracheal tube through a 

tracheostomey.6 rats in each group were used for pulmonary 

microvascular permeability index(PMPI),infusing 

Evans blue(Sigma co,USA).Another 6 rats in each 

group were used for tumor necrosis factor- (TNF- ), 

interleukin-1 (IL-1 ), interleukin-10(IL-10), maleic 

dialdehyde(MDA) and superoxide dismutase (SOD).The 

lungs were collected at 4hour post-LPS challenge for protein 

content of bronchoalveolar lavage fluid(BALF),wet/dry 

weight ratio(W/D),myeloperoxidase(MPO) analysis and 

pathological analyzer frozen in liquid nitrogen,and stored at 

-80 .

Arterial gas analyses. In all groups of anaesthetized 

animals at 4hourr after administrating LPS, arterial gas 

analyses were performed by a method with an automatic 

instrument (i-STAT Blood Gas Analyzer,Abbott co,USA) via 

femoral artery.

Pulmonary microvascular permeability index(PMPI).  
PMPI was determined with Evans blue dye extravasation 

method that was described by Tian et al.4 As briefly, 6 rats in 

each group were injected with 1%Evans blue(1ml/kg,Sigma 

co)via the jugular vein.After 15min rats were executed and 

their lung tissues were harvested,which were weighed and 

incubated with 4ml formamide at 37  for 24h.The dye 

was extracted from lung and came to the solution,which 

was determined with spectrophotometer at 620 nm.The 

total amount of Evans blue was calculated by means of the 

standard calibration curve and expressed as ug/mg of lung 

tissue.

��������	
�������	��������	�������������������	���
The blood was collected form remaining 6 rats in each group 

via the jugular vein and stored at -70  after centrifugation. 
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Plasma TNF- ,IL-1 ,IL-10 concentration were measured 

by enzyme-linked immunosorbance assays(ELISA)(rat 

TNF- ,IL-1 ,IL-10 test kits, R B co,USA) according 

to the specific manufacturer’s instructions.MDA and SOD 

were quantified by the thiobarbituric acid method and the 

xanthine oxidase method,respectively.

The protein content of bronchoalveolar lavage 
����������������	!�"��#��$�"��!%�� ������ �	������
assay. Animals were excised and their lungs were 

obtained immediately.Left lungs were used to lavage 

with normal saline at 4 ,2ml per each,totally 3 times.

The bronchoalveolar lavage fluid(BALF) was collected 

to measured for the protein content with the methods 

of coomassie brilliant blue dye.Right upper lungs were 

weighted after excision then were measured drying weight 

after stoving to constant weight at 80  for 24h.The lung 

wet/dry weight ratio(W/D) was calculated.         

Pathological examination. Histologic sections of 

the right subtus lungs were stained with hematoxylin and 

eosin(HE) methods and examined by light microscopy for 

the pathological changes.

Statistical analysis. Data were analyzed with a 

commercially available statistics software package(SPSS 

for windows10.0). After confirming normal distribution, 

the results were presented as mean ± SEM and one-factor 

analysis of variance(ANOVA) was used to detect differences 

between groups.After confirming skewed distribution, 

the results were presented as median ± inter-quartile 

range and Kruskal-Wallis test was used to compare groups 
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where appropriate. P values less than 0.05 were regards as 

statistically significant.

Results 
Effect of HES on Arterial blood gas. The basal 

pH,PaO2 and PaCO2 were 7.409±0.019, 82±10mmHg, 

35.6±2.8mmHg respectively. Infusion of LPS caused a 

significant decrease in pH,PaO2 and PaCO2 (7.265±0.023, 

37±8mmHg, 47.0±3.5mmHg,respectively, P 0.05 vs.Sham 

group) and PaO2/FiO2 300mmHg. Otherwise, HES at 

dose of 7.5ml/kg, 15ml/kg, 30ml/kg intravenous increased 

LPS-induced reduction of pH,PaO2 and PaCO2 and 

administration of HES at 15ml/kg was optimal one in the 

three doses(Figure1).Infusion HES alone did not cause any 

significant changes of pH,PaO2 and PaCO2 up to the dose 

of 30ml/kg(7.407±0.014, 76±14mmHg, 34.6±3.8mmHg,res

pectively,P>0.05 vs. Sham group).(Figure 1)

&������'&���	����*�	�������$����������	
�������	� 
Compared to group C, serum level of TNF- ,IL-1 ,IL-

10,MDA and SOD were higher in groups L, L+H1, 

L+H2,and L+H3 ,implying systemic inflammation as a 

resulte from LPS administration. TNF- ,IL-1  and MDA 

were lower and IL-10, SOD were higher in group L+H2 

compared to group L. No significant difference was found 

between groups Sham and HES (P>0.05).(Figure 2)

&������'&���	����*�	������	������%�����	+�������	��
As shown in fig 3,the lung levels of MPO,reflecting 

granulocyte infiltration,dramatically increased 4h after LPS 

injection compared to sham group(from sham 0.39±0.10 

to 0.83±0.14u/g).the MPO response in the HES group 

was similar to the sham group (0.42±0.11 vs 0.39±0.10u/

g) .while in three L+H groups the increase of MPO 

activity were attenuated significantly in response to LPS 

groups,especially in group L+H2(0.57±0.17u/g, P 0.05 vs. 

LPS and Sham groups,respectively).
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Effect of HES on LPS-induced high pulmonary capillary 
permeability. Compared to group Sham,BALFpro,Lung 

W/D ratio and PCPI were higher in groups LPS,L+H1, 

L+H2,and L+H3,4h after LPS injection.while in three 

HES+LPS groups the increase of pulmonary capillary 

permeability was attenuated in response to LPS ,especially 

in group L+H2(BALFpro 0.61±0.20 g/L,Lung W/D ratio 

5.4±1.0 and PCPI 61±11 ug/g , P 0.05 vs. LPS and 

Sham groups,respectively).There was no difference in 

pulmonary capillary permeability between HES and Sham 

groups(P>0.05).(Figure 4)

Pathological examination. Figure 5 shows the 

Discussion
Severe hypoxemia was the main character of ALI, 

the pathological changes of which were the high vascular 

permeability and pulmonary edema induced by non-

microvascular endothelial cells injury. The ALI model of 

rats had been established by LPS at 5mg/kg intravenously 

in this study and PaO2/FiO2 300mmHg was thought 

to be one of the crucial standards described previously.9 

According to the result especially the blood gas ,the rats 

with ALI were successfully rescued in our study.

ALI participated by pyrogen cells(most of mononuclear 

cells/macrophages) produce proinflammatory factors 

(including TNF- ,IL-1,interferon(IFN),IL-6),which causes 

pyrogen effect in the body and the quantitative change 

of polymorphonuclear neutrophils(PMNs),provokes 

various acute phase reactive proteins and destroys 

pulmonary tissues in the end. TNF- ,as one of initial 

critical proinflammatory factors, causes the systematic 

inflammation through the cooperation with IL-1,which has 

a amplified effect in the process of inflammation,as called 

immuno-inflammatory waterfall effect.10The elevation of 

IL-10,as one of endogenous antagonists of TNF- ,restrains 

the production of proinflammatory factors and their 

biologic activity.11In this study,the values of TNF- ,IL-

1  had a significant decrease in the 3 groups of LPS+HES, 

particularly in LPS+HES2 group(HES 15ml/kg).At the same 

time, the value of IL-10 increased significantly in LPS+HES2 

group, implying the protective mechanism of HES ,in part, 

restrained proinflammatory factors.

Within cellular signaling pathway, NF- B is one of the 

critical transcription factors and plays an important role 

in the physiological or pathological processes of immunity, 

inflammation and stress response. The main function of 

NF- B in these processes is to promote gene expression 

of diverse cytokines through binding to the definite sites in 
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Pretreatment with HES mitigated the pulmonary pathological 
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results of the pulmonary tissues pathology  assessed 4h 

after LPS infusion in each group. In contrast to the Sham 

group,thickening of interalveolar membranes(interstitial 

edema),impairment of alveoli,and infiltration of leukocytes 

were observed after LPS injection.These effects of LPS were 

antagonized by HES treatment to a great extent .
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DNA molecule after entering into the nucleus, and causing 

inflammation. Many articles have presented the protective 

effect of HES on LPS-related ALI by reducing the expression 

of NF- B.12,13,14The decrease of TNF- ,IL-1  in three 

groups of LPS+HES may be caused by downregulation of 

NF- B expression induced by HES.

T h e m e c h a n i s m o f  c a p i l l a r y p e r m e a b i l i t y 

syndrome in the processes of injury, shock, ischemic 

reperfusion or spesis is PMN aggregation and adhesion 

to endotheliocyte.15Activated PMNs that increase the 

permeability of capillary in lung released a great quantity 

of reactive oxygen  species and proteinases which induced 

tissue injury.In ALI, PMNs aggregation in lung play a 

critical role in increasing capillary permeability.16MPO is 

the specific enzyme in PMNs and the quantity of the MPO 

in lung determines the extent of PMN aggregation. SOD 

, a scavenger of hyperoxide radical anion(O2

pulmonary histiocyte in ALI. MDA, the oxidative product 

of cellular membrane, could reflect the damage of cellular 

membrane. In this study, the content of MPO in lung 

increased, PMNs aggregated in interstitium and the serum 

level of MDA increased in contrast to decreased  SOD 4h 

after injecting LPS. Taken above, PMNs aggregation and 

subsequently increasing oxidative free radicals induced 

damage and high permeability of pulmonary capillary 

,which cascadely result in ALI finally. Administration of 

HES could decrease the heightened levels of MPO, MDA 

in serum and raise the activity of SOD. Pathological 

examination was consistent with the results. Interestingly, 

g roup LPS+HES 2 had the bes t re su l t , ind ica t ing 

administration 6%HES 130/0.4 at the dose of 15ml/kg 

restrained PMNs aggregation and activation, reduced the 

generation of oxygen free radicals, mitigated membrane 

lipid peroxidation and reduced pulmonary injury to the 

most significant degree among  these 3 groups finally.

PMPI,BALFpro and W/D increased 4h after infusing 

LPS,impling high pulmonary capillary permeability.

Pretreatment with 6%HES 130/0.4 refrained the heightening 

o f PMPI ,BALFpro,W/D,which reduced capi l l a r y 

permeability and pulmonary injury.On one hand,HES,a 

giant molecule,might have the potential to block capillary 

endothelial cell gaps.On the other hand,HES,which reduced 

expression of L-selection in PMNs,17could restrain adhesion 

between PMNs and vascular endothelicytes.

In the study, it was designed that in the three groups 

pretreating with HES at low,medium and high dose 

respectively,however,it was found that the protective effect 

of HES on ALI was non-dose-dependent. Tian5et al noted 

that the activity of NF- B reduced while using HES at a 

high dose. Activity of NF- B might be regulated by several 

kinds of pathways of mitogen-activated protein kinases. 

HES could activate different mitogen-activated protein 

kinases under different doses, which could explain the 

effect of HES on ALI .Deeply researches should be done for 

clarifing the mechanism of HES.

In conclusion, pretreatment with 6%HES 130/0.4 at 

the dose of 15ml/kg most significantly mitigated LPS-

induced ALI. The resultant effect might be that HES could 

downregulate expression of imflammatory factor,block 

aggregation of PMNs in pulmonary,reduce generation of 

oxygen free radicals and lower microvascluar permeability.
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Neurons Isolated From Neuropathic Pain Rats

Objective We investigate the changes of high-voltage-actived (HVA) current in axotomized and neighboring intact dorsal root ganglion (DRG) neurons 
in a rat model of spinal nerve ligation (SNL) and the underlying contribution. 

Methods Pathogen-free male SD rats weight ,180 220mg aged 4-6 weeks were used in this study. The animals were anesthetized with 
intraperitoneal pentobarbital sodium 50 mg/kg. L5 spinal nerve was ligated between DRG and sciatic nerve and cut distal to the ligature. The animals were 
decapitated on the 14th postoperative day. L5 and L4 DRGs were respectively isolated and the neurons in the ganglion were enzymatically dissociated. The 
control group of rats were not accepted the surgery. The lumbar DRG neurons of this group were gained with the same method.The HVA-Ca2+ current was 
recorded using whole cell patch clamp technique. 

Results ���O������!�������
�����
&�Q������(���
�&��!��������
����UXYXZ������UXYX���	�#���	!#�����Q
��
��
���
����	�
�	����	�# P<0.05 . 
Compared with the SNL-L4group, the SNL-L5 group also markedly reduced peak current density (P<0.05). Half-activation value (Va1/2\�Q������	����(���
�&�
lower in the SNL-L5 group versus in the control and SNL-L4 groups P<0.05 . The N-type relative contribution to the total HVA-Ca2+ current markedly 
elevated in the SNL-L5 group compared with that in the control and SNL-L4 groups P<0.05 ��]�����Q����	����(���
��������������
���&Y�
�
�����
��
	��
curves among the three groups(P>0.05). 

Conclusion In neuropathic pain rats , the HVA-Ca2+ cuurent of the injured DRG neurons may play a key role in inducing neuropathic pain.
Key Words Calcium channels Neuralgia Ganglia,spinal Neurons
Corresponding Author Man-lin Duan E-mail:dml9001 @163.com
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Objective`]	�����
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Methods:Forty %�%���	�����#�
��
���	�����
�������������	#���
	����
���
����|���}�	�O����
���
���(��
��������
�'��#�
����	Q�	�����	��
!���< 30min, 

Q�������	��
��� ����	!�&� �
	� ,� ��	�#� ~��,<\`����!�� ��#�����	����	�#� ~��	�#� ��\� '���	�������#���	��
	���� ��	�#� ~��	�#� �\�������� !��
�������	��
anesthesia �"���������Q���!��
������
��<YZ<���}	
����	�#��������	�#���#�
��
����������*%=����	��������	��;<�!���	��	Q���}&��Z�!��	���Q���Y	�
���
���
induction of anestheia. Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) were determined 
before induction of anestheia(T0) ,immediated ischemia-reperfusion T1 ,at 1h T2 and 6h T3 after ischemia-reperfusion. Superoxide dismutase (SOD) 
activities and malondialdehyde (MDA) content in liver tissue were measured,and histopathological changes of liver were determined.

Results:As compared to before induction of anestheia, the levels of serum ALT, AST, and LDH in both groups immediated ischemia-reperfusion,at 1h 
���������
�������!�Y��#�����	��Q�������(���
�&��������%���	!#�����
	�
�	���	�������	�#'�
�������!��������	��%X]'%�]'X�)'�����
����	�
��
�	��*�%���
liver tissue of the S group were lower, and the content of SOD was higher(P <0.05),the abnormal changesof themorphology of hepatocyte in the S group were 
reduced. 

Conclusion`���	�������#���	��
	��������#�	
��
����
��������������	!�����!��������#�����	���{��&��]���#�	
��
���!������!��!�&}������
���
	�
reduceing the release of oxyradical and inhibiting the lipid peroxidation.

Key Words ���	������ Liver Ischemia -reperfusion injury Minimal alveolar concentration
        Corresponding Author Cai Fang E-mail:doctor_fc@yahoo.com.cn
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ARC

"���������� \���	��
������}
��������}����������	�����
�����V��	�����K����
��
Expression and Memory Formation Bidirectionally

      Background Central nervous system (CNS) disorder such as intra-operative awareness and post operative cognitive dysfunction are major concerns 
of anesthesiologists, general anesthetics have been discovered to have controversial impact on CNS. Studies showed that low dose of inhalational gas may 
excite the brain function in specialized environment, this is much different from their negative effect at clinical dosage and therefore the exact modulating 
!������!� �� �
��� ������������	������� ��Q���&��##���� �� �	�
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	�� �		!�Q	�O'� �	��	Q� 
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���=U�� ��}��	!�����#	#����� 
	#���
Activity-regulated cytoskeleton protein (Arc) can be fastly expressed in hippocampus, and evidence has shown that it is a powerful factor for investigating the 
��
�
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�$�
�
	�&� �����
� �� =U�'� ���� 
����#�	#	���� 
��
� ���
��� ��}����
��
�� �	���	�� ���	������� ������#��&���!�!	�&����������#���	!��	���]	� ���
����
investigate it, we conducted the following study by associating Arc protein expression and “inhibitory avoidance” (IA) behavioral training. 
         Methods:250~300g, male SD rats were randomly assigned into three groups: sham group, 0.11% SEV group and 0.3% SEV group. Anesthesia was 
�����}&�
����
��	�����	�����	��������	���Z!�������%�
������~<��!% 2s) was given to every subject immediately after inhalation. The memory retention 
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4.Western-blotting

5.Real-time PCR

mRNA level were applied.
       Results: Statistical difference of the 24-h inhibitory avoidance memory retention performance was compared among groups. 0.11% SEV group displayed 
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�	��!�!	�&���
��
	�'�}	
���	!#�����Q
��
������!�~��\���	�#���=��
����&���	������
���%���!�U%����������	Q���
��
���}����
��
���	����	�����	������������
	������	
��������%���
������#
	�������'�Q�����	!#�����
	����!�
��	�#��<��������	����������(���
�&����������%���#�	
�����
����##	��!#��'�Q����<�;�����	����������������
���#���	!��	�������������##�����
���%���
expression (* P < 0.05, compared with the sham group).
      Conclusion`�������
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level varies according to this regulation while Arc mRNA level keeps still. This demonstrates that hippocampal ARC protein expression influences the 
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         Key Words`����	������ ARC Hippocampus Inhibition Escape Learning and memory
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Influence of Rocuronium on Bispectral Index During Different Effect-site 
Concentration of Propofol

Objective:To investgate whether rocuronium can affect bispcetral index during different effect-site concentration of propofol .
Methods:Sixty ASA or patients undergoing elective surgery were enrollded in the study,based on Ce of propofol,the patients randomly divided 

�
	� �	��� ��	�#�� ~�,������;\���~=,�����=;\~���Z\������ 
���=��	�� #�	#	�	�� ����������<���!X������%%��� ��	���Q���}��	Q�	��'�� ���&������!��O�
��Q�&�Q��� ����
��'=��Q��� 
����!��
������
� ,�<���!X�	�� ;�<���!X� �	�� ,<!���	���	��!�,��950. 6 mg/kg was gived in groups R2and R3, normal 
saline(5ml) was gived in the other two groups . BIS heart rate (HR) and mean arterial pressure(MAP)values were recorded before induction of propofol 
immediately(T1),injection rocuronium or normal saline immediately(T2),TOF reached 0(T3\'�]���(��
�]���
Q
���	��!���������	������
	�Z���~]4).

Results`]�����Q����	����(���
���������������$'����'�}	�&�Q���
��!	����	�����	�#�~��<��<Z\��]�����Q����	����(���
�������������"���}�
Q����
groups C2 and C3 whenT1 T4(P > 0. 05).The BIS of T3and T4�Q�������(���
�&��	Q���
����]2 in group R2 P>0.05) but not in group R3, C2 and C3 P>0.05).
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Conclusion:Rocuronium alters the BIS scores in moderately sedated patients but not in deeply sedated patients,the scores of BIS were decreased after 
a bolus 2 times ED95�	���	���	��!�Q����=��	��#�	#	�	����
��
�,��<���!X�'}�
�=��	��#�	#	�	����
��
�;��<���!X'
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To Investigate the Mechanism of Remifentanil Reducing  the Requirements  of  
Muscle Relaxants  in Total Intravenous  Anesthesia

Objective:It is found that remifentanil can  reduce  the requirements of  muscle relaxants in  intravenous  anesthesia .Whether the mechanism is relative 
to the synergistic effect between  remifentanil and muscle relaxants is not clear. We aimed to investigate the effects of  remifentanil on the onset duration and 
recovery  times of  rocuronium in different remifentanil concentration groups, in which  the patients undergoing elective celioscope  operations with TOF-WATCH  
monitoring in  intravenous  anesthesia. 

Method: Seventy-five patients, ASA1-2, aged 20-55yr, weighing 50-75kg,scheduled for the operation of elective celioscope. Anesthesia induction 
:midazotam 0.04mg.kg-1 rocuronium 0.6mg.kg-1,and propofol deliverd by TCI at blood concentration of 3ug.ml-1. According to the dosage of remifentanil,the 
patients  were divided into three groups ,Group A : the patients without remifentanil, Group B: the patients were infused with remifentanil by TCI in the effect-site 
concentration of  2ng.ml-1, Group C: the  patients were infused with remifentanil by TCI in the effect-site concentration of 5ng.ml-1, The onset time of  rocuronium 
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the Organon-TOF-WATCHRSX.  

Results: BIS in three groups were not different significantly P>0.05 .The onset times of rocuronium among there groups (0.96±0.35min
���,�<�Z�!�'�����<�;�!�\Q�����	��������
�����(���
�&�~��<�<Z\��]�������
	��
!��	���	���	��!��!	���
�������	�#��~;������<���!� 42.45±11.07min
�,�������,Z!�\�Q�����	��������
�����(���
�&��]������	���&�
!��	���	���	��!��!	���
�������	�#������������!� 13.44±5.93min 12.20±2.61min )(P>0.05) 
Q�����	��������
�����(���
�& P>0.05 . 

Conclusion: remifentanil in different effect-site concentration of TCI does not  prolong the onset duration and recovery times of  rocuronium  in 
intravenous  anesthesia. It is suggested that the mechanism of remifentanil reducing  the requirements of  muscle relaxants in total  intravenous  anesthesia  is 
due to  the effect on CNS.

Key Words remifentanil rocuronium TOF-WATCH interaction
        Corresponding Author Yan Wu E-mail:yueyun@hotmail.com

Abstract

Laboratory and Clinical Investigation



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3

Laboratory and Clinical Investigation

195Laboratory and Clinical Investigation



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3196

Laboratory and Clinical Investigation

Laboratory and Clinical Investigation



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3

The Year in Cardiothoracic and Vascular Anesthesia: Selected 
Highlights From 2009

%�����	 &���'�������	�(�	��)�*	 �	 ����	�����	�(*�	������	)�����	�(+�	-��'���	
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     Abstract
       The hybrid operating room is the venue for transcatheter therapy with the convergence of 3 specialties: cardiac surgery, cardiovascular anesthesiology, 
and interventional cardiology. Transcatheter aortic valve replacement is proof that cardiac specialists have embraced the endovascular revolution. Because 
pharmacologic conditioning and ischemic myocardial conditioning are safe and effective, they are currently the focus of multiple trials. Angiotensin 
blockade, anemia, and endoscopic saphenous vein harvesting worsen outcome after coronary artery bypass graft (CABG) surgery. Although off-pump 
CABG surgery is equivalent to on-pump CABG surgery, it may improve outcomes in high-risk groups. Although percutaneous coronary intervention 
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prasugrel recently was approved for platelet blockade in PCI, it may be superseded by ticagrelor. Although PCI and CABG surgery appear equivalent for 
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evaluation. Because eltrombopag and romiplostim stimulate platelet production, they may have a future role in hemostasis after cardiac surgery. Even 
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venue, new devices, and new drugs. The coming year will most likely advance these achievements.
         Key Words:  hybrid operating room, transcatheter aortic valve replacement, transcatheter mitral valve repair, ischemic preconditioning, 
����V���	��
�� ���
�
��
��!� 	����
V����!� ��	��
	�� ��������
��!� ���
�����
�=�������
��� ��*�V�� 
��
<
����!� ���V
�!� ����������!� ��������� �������
bypass graft surgery, endovascular saphenous vein graft harvesting, percutaneous coronary intervention, intra-aortic balloon counterpulsation, sodium 
bicarbonate, atrial natriuretic peptide, fenoldopam, intensive insulin therapy, prasugrel, ticagrelor, eltrombopag, romiplostim  
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This article the second in the annual series for the 

Journal of Cardiothoracic and VascularAnesthesia.1The  

authors thank the Editor-in-Chief, Dr Kaplan, for the 

opportu-nity to continue this series, namely the research 

highlights of the year that pertain to the specialty of 

cardiothoracic and vascular anesthesia. The introduction of 

this article will outline the major themes selected for 2009, 

each of which is then reviewed in detail in the main body 

of the article.

The literature highlights in this specialty for 2009 

begin with the rapid advances in transcatheter valve 

therapy and the advent of a new perioperative venue, 

the hybrid operating room. Transcatheter aortic valve 

replacement (both via the transfemo-ral and transapical 

routes) will generalize further throughout North America 

after regulatory agency approval of the first-generation 
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valves. The venue for this revolutionary technology, the 

hybrid operating room, is a blend of the traditional cardiac 

catheterization laboratory and the traditional operating 

room.The advances in transcatheter mural repair, which 

until now have taken place in the cardiac catheterization 

laboratory, may transfer to this new perioperative venue as 

cardiac surgeons embrace the endovascular revolution in 

cardiovascular medicine.

The advances in perioperative myocardial conditioning 

have continued throughout 2009, strengthening the 

evidence to exploit this protective mechanism to improve 

outcomes. Pharmacologic conditioning with agents such as 

volatile anesthetics and levosimendan delivers incremental 

outcome benefit after cardiac surgery in randomized 

trials, large observational cohort series, and metaanalyses. 

Furthermore, ischemic preconditioning of the myocardium, 

whether local or remote, consistently protects the heart 

during ischemia and reperfusion both in the catheterization 

laboratory and the operating room. Both pharmacologic 

conditioning and ischemic conditioning currently are  

being further  evaluated  in  multiple  randomized  trials 

throughout cardiovascular practice. It is likely that these 

trials will show clinical benefit to initiate a paradigm shift 

in the practice and facilitate the incorporation of these 

interventions into daily practice. The advances in the 

management of coronary artery disease (CAD) have been 

a major theme in 2009. Perioperative angiotensin blockade 

and anemia worsen outcome after coronary artery bypass 

graft (CABG)  surgery.Based on large observational studies, 

off-pump CABG surgery is clinically equivalent to on-

pump CABG surgery, except in high-risk patients in whom 

it may offer outcome advantages. Although endoscopic 

saphenous vein harvesting has advantages, it recently has 

been associated with significant increases in  coronary graft 

thrombosis  and  adverse  outcomes  after CABG surgery.

In the practice of interventional cardiology, large 

randomized trials and meta-analyses in 2009 consistently 

show the significant outcome advantage from percutaneous 

coronary intervention  (PCI)  in ST-elevation myocardial  

infarction (STEMI) managed with or without systemic 

fibrinolysis. In contrast. however. the outcome benefits of 

intra-aortic balloon counterpulsation are not striking in 

contemporary analysis,challenging recommendations in 

current PCI guidelines. Advances in oral platelet blockade 

continue with the advent of the thienopyridine prasugrel, 

which was shown to be more efficacious than clopidogrel 

in randomized trials and recently was approved in 2009 by 

the Food and Drug Administration in the United States. 

Prasugrel, however, may be superseded by ticagrelor, a 

thienopyridine that inhibits platelets directly and reversibly. 

Although further trials are indicated, it is likely that 

ticagrelor will be widely available in the near future to 

achieve powerful short-acting oral platelet blockade for PCI 

that is rapidly reversible in appropriate clinical scenarios 

such as emergent CABG surgery after complicated PCI for 

STEMI. Now that PCI is a viable option for multivessel 

CAD, trials in 2009 have continued to compare PCI versus 

CABG surgery for multivessel CAD. The data suggest that 

in appropriate patient groups, these techniques produce 

equivalent clinical outcomes, although CABG surgery has 

a significantly lower revascular-ization rate and superior 

outcomes in diabetics and patients>65 years old. Now 

that clinicians are in the era of the hybrid operating room, 

the interventional management of multivessel CAD can 

be further individualized. This therapeutic approach 

allows coronary artery bypass and coronary stenting 

to be performed as indicated at a single venue under 

the auspices of the new specialist trio, which includes 

a coronary surgeon, a cardiovascular anesthesiologist, 

and an interventional cardiologist. Hybrid coronary 

revascularization (PCI and CABG surgery) will likely 

represent the future approach to multivessel CAD, thus 

shifting the focus away from a contest between techniques 

to best complementary therapy in a hybrid environment.

Bleeding after cardiac surgery continues to adversely 

affect clinical outcomes. Hetastarch and N-acetylcysteine 

appear to aggravate bleeding and transfusion risk in adult 

cardiac surgical patients. Although factor VII can be a 

magic bullet in lifethreatening  bleeding in  cardiac surgery, 

its safety  must be explored further in adequately powered 

randomized trials. Platelet production by megakaryocytes 

can be stimulated by thrombopoietin agonists such 

as eltrombopag and romiplostim; their perioperative 

application could be very significant in the future 

management of coagulopathy after cardiac surgery.

Because renal dysfunction independently predicts 

adverse outcome after cardiac surgery, perioperative 

nephroprotective strategies remain a clinical priority. Recent 

data show that fenoldopam, atrial natriuretic peptide, and 

sodium bicarbonate significantly reduce the incidence of 
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renal dysfunction. Further randomized trials are indicated 

to confirm these encouraging findings and to explore 

their safety in adult cardiac surgery before they can be 

incorporated into clinical practice.

Although perioperative glucose management (goal 

glucose level�180 mg/dL) improves outcome in adult 

cardiac surgical patients, recent evidence shows that these 

outcome benefits do not apply to all hospital settings. 

Furthermore, intensive insulin therapy for a target glucose 

range of 80-110 mg/dL does not improve outcome further 

and significantly increases the risk of hypoglycemia.

The themes selected for this second highlights article 

have only sampled the advances in the specialty for 2009. 

If all the significant articles had been included, indeed 

this review could be developed into a yearbook. Many 

significant advances in 2009 also have been featured in the 

expert review section of the Journal.

TRANSCATHETER VALVE THERARY
THE EMERGENCE OF THE HYBRID 

OPERATING ROOM
Aortic Valve
Transcatheter aortic valve replacement has remained 

in focus throughout 2009, with prominent attention given 

to anesthetic challenges emerging from recent case series 

(transfemoral and transapical approaches) and recent 

major developments in the literature.2-5 This technology 

will generalize further in the United States after completion 

of the landmark PARTNER trial (Placement of AoRTic 

TraNscathetER Valve Trial: full details available at www.

clinicaltrials.gov [NCT00530894]) and ultimate FDA 

approval for the first-generation transcatheter aortic valve. 

As this revolution in aortic valve replacement unfolds, it 

remains essential for the cardiovascular anesthesiologist 

to be in command of the accompanying challenges, 

namely understanding the procedure in detail and its 

complications, adapting to the new environment of the 

hybrid operating room, and working with a dedicated 

multidisciplinary team to introduce this technology safely 

within each institution.

The detailed understanding of the procedure is 

mandatory for the optimal conduct and success of 

transcatheter aortic valve replacement.6-8 The procedure 

can be divided into the following major parts: vascular 

access, aortic annular sizing, testing of transvenous 

ventricular pacing, balloon aortic valvuloplasty, aortic 

valve positioning, and aortic valve deployment. The major 

complications can be understood in relation to the different 

parts of the procedure. Vascular access carries the risk of 

dissection and rupture with significant hemorrhage. Errors 

in aortic annular sizing can lead to valve embolization, 

aortic annulus rupture, and aortic dissection.9 Transvenous 

ventricular pacing to achieve pulseless ventricular 

tachycardia is essential for brief cessation of transaortic 

ejection to facilitate balloon valvuloplasty and aortic 

valve deployment. Inadequate pacing can interfere with 

balloon positioning and result in valve malposition. 

Aortic valve positioning and subsequent deployment are 

typically guided with a combination of fluoroscopic and 

echocardiographic imaging, although it is entirely feasible 

with echocardiography alone.10 The major risk at this 

point is aortic valve malposition with the possibilities of 

valve prolapse into the left ventricle, valve embolization 

downstream into the thoracic aorta, coronary ostial 

occlusion, and aortic root rupture. Although complications 

wil l occur, patient survival wil l depend on timely 

recognition and effective management. 11

The hybrid operating room enables treatments 

traditionally available only in the catheterization laboratory 

with those tra-ditionally available only in the operating 

room to offer patients the best therapy for a given 

cardiovascular lesion such as coronary artery disease or 

aortic stenosis.12 The design of this hybrid space must 

balance the work requirements of a multidisciplinary 

team  of cardiovascular anesthesiologists, cardiac surgeons, 

and interventional cardiologists.13 Imaging modalities 

typically include fluoroscopy, echocardiography, and even 

computed axial tomography scans. It remains important 

to guarantee radiation safety in this innovative but 

challenging environment.14 The hybrid approach will likely 

revolutionize not only the management of aortic stenosis 

but also the management of CAD. 15 A recent study (N=366 

patients with a total of 796 vascular grafts) showed that 

routine completion angiography after CABG surgery 

detected important angiographic lesions in 12% of grafts 

that were subsequently all immediately addressed with 

surgical revision or PCI.15

T h e l e a r n i n g c u r ve o f  t h e mu l t i d i s c i p l i n a r y 
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team (anesthesiologist, surgeon, and cardiologist) for 

transcatheter aortic valve replacement is significant.16 It 

is essential that the team always functions superbly for 

optimal patient outcome. At the University of Pennsylvania 

Medical Center, there is a dedicated team (1 lead cardiac 

anesthesiologist, 1 lead cardiac surgeon, and 1 lead 

interventional cardiologist) who perform and/or supervise 

all the transcatheter procedures. Based on peer discussions, 

this approach appears to be the team model at multiple 

leading centers around North America and Europe. Even as 

this technology matures for widespread clinical application, 

this team focus will remain a priority in the successful and 

safe generalization of this revolutionary technology into 

cardiovascular practice.17

Mitral Valve
The revolution in the management of mural valve 

disease is extensive and consequently is the subject 

of a forthcoming expert review article in itself.18,19 

Transcatheter mural valve repair is currently under rigorous 

evaluation.18-20 The principles of surgical mural valve 

repair have largely influenced the transcatheter approach 

to mural regurgitation. Percutaneous leaflet edge-to-

edge repair("transcatheter Alfieri mural valve repair") is 

feasible with an array of technologies. Percutaneous mural 

annuloplasty is also feasible with stenting of the coro-

nary sinus to reshape the mural annulus. Based on the 

surgical principles of mural repair, it is likely that a durable 

percutaneous repair will require both leaflet apposition and 

annuloplasty.

These innovations in transcatheter mural valve 

therapies have to date had the tradit ional cardiac 

catheterization laboratory as their venue. It is likely 

that they will transfer to the hybrid operating room 

as cardiothoracic surgeons embrace and master these 

disruptive technologies.21 The rapidly evolving devices 

must be subjected to rigorous evaluation in controlled 

trials to guarantee safety and efficacy before being allowed 

to generalize into clinical management of valvular heart 

dis-ease.22,23 The emergence of the hybrid operating room 

is part of the endovascular revolution in cardiothoracic 

and vascular surgery and will likely be a mainstream 

clinical venue in every cardiovascular center in the near 

future.

PERIOPERATIVE  MYOCARDIAL
 CONDITIONING

Pharmacologic Conditioning
Volatile Anesthetics
Perioperative myocardial protection in cardiac 

surgery remains a clinical priority that is achievable by 

both pharmacologic and ischemic conditioning.24 Volatile 

anesthetics have emerged as important pharmacologic 

myocardial protectants in cardiac surgery as clinical 

evidence of their efficacy is consistently measurable.25,26 A 

recent Italian cohort study (N=34,310: 64 medical centers) 

investigated whether exposure to volatile anesthetics 

influenced mortality after CABG surgery.27 Risk-adjusted 

analysis showed that volatile anesthesia significandy 

decreased operative mortality(p=0.035). Furthermore, this 

mortality reduction was even more significant with a longer 

duration of exposure to volatile anesthetics(p=0.022) or 

at those medical centers that used volatile anesthetics in 

at least 25% of their coronary cases(p=0.003). Isoflurane 

was associated with the most significant mortality decrease 

(p=0.039). These outcome data provide yet more evidence 

to include volatile anesthesia as part of the anesthetic plan 

for adult cardiac surgical patients.

levosimendan
Levosimendan, a calcium-sensitizing inodilator, has 

augmented pharmacologic effects when administered early 

after anesthetic induction before cardiopulmonary bypass.28 

A recent meta-analysis of 5 randomized trials (cumulative 

N=139)showed that levosimendan exposure significantly 

reduced the release of cardiac troponin after cardiac surgery 

(weighted mean difference=2.5 ng/dL, p=0.0003) and 

also significandy shortened the time to hospital discharge 

(weighted mean difference=-1.38 days, p=0.05).29 A second 

meta-analysis of 10 randomized trials (cumulative N=440) 

showed that levosimendan exposure significantly reduced 

mortality after cardiac surgery (odds ratio=0.35: 95% 

confidence interval. 0.18-0.71;P=0.003).30

These perioperative outcome benefits of levosimendan 

are being evaluated in multiple randomized controlled 

trials in cardiac surgical patients. A survey of a clinical 

trials registry revealed the following trials in progress 

(full details available at www.clinicaltrials.gov):  high-risk 

adult heart valve surgery (NCT00154115), myocardial 
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protection in elective CABG surgery with cardiopulmonary 

bypass (NCT00610350 and NCT00130871), prophylactic 

application in infant heart surgery (NCT00549107), 

and the use of levosimendan in pediatric heart surgery 

compared with milrinone (NCT00695929). Given the 

positive results from recent meta-analyses, it is highly 

likely that levosimendan will protect the myocardium 

after cardiac surgery to result in significantly improved 

outcomes.

Ischemic Conditioning
Myocardial Ischemic Conditioning
Ischemic preconditioning has shown clinical benefit 

in cardiac surgery, making it a highlight in the specialty 

in 2008.1 A recent meta-analysis of 22 trials (cumulative 

N=933) showed that ischemic preconditioning significantly 

reduced ventricular arrhythmias (odds ratio=0.11;95% 

confidence interval. 0.04-0.29; p=0.001), inotrope 

requirements (odds ratio=0.34: 95% confidence interval, 

0.17-0.68; p=0.002), and intensive care unit stay (weighted 

mean difference=-3 hours: 95% confidence interval. 

-4.6 to-1.5 hours; p=0.001).31 The authors concluded 

that ischemic preconditioning may provide  additional  

myocardial  protection  over  cardioplegia alone and that a 

large randomized controlled clinical trial was indicated.

Remote Ischemic Conditioning
Ischemic preconditioning also can be remote, in 

that brief ischemia of a remote tissue induces ischemic 

protection in the heart. This type of approach has received 

increasing clinical focus in proof-of-concept studies, 

making it a highlight for the specialty in 2008.1

A recent meta-analysis of 4 randomized controlled 

trials (cumulative N=184) showed that remote ischemic 

precondi-boning in cardiac surgery significantly reduced 

biomarkers of cardiac injury (standardized  mean 

difference=-0.81;95% confidence interval.-1.29to-0.33; 

p=0.0010).32 This finding was confirmed in a recent 

randomized trial in PCI, taking the clinical application of 

remote ischemic preconditioning yet a step further.33,34 In 

this trial (N=242), remote ischemic preconditioning was 

induced by three 5-minute infiadons of a blood pressure 

cuff to 200 mmHg around the upper arm. This simple 

intervention significantly lowered cardiac troponin release 

after elective PCI(p=0.040), as well as the 6-month major 

adverse cardiac and cerebral rate(p=0.018).33 This powerful 

effect of remote ischemic preconditioning was recently 

highlighted again in a small randomized trial in elective 

CABG surgery (N=45) in which this simple intervention 

reduced troponin release by 42.4%(p=0.019).35The search 

is underway to isolate the humoral factors responsible 

for this ischemic preconditioning of 1 tissue remote from 

another.36 This targeted research also could result in a 

future parenteral agent for perioperative protection against 

myocardial ischemia.

The clinical promise and immediate applicability of 

remote ischemic preconditioning is reflected in the multiple 

perioperative clinical trials currently in progress, 16 in 

cardiac surgery and 25 in noncardiac surgery (full details 

available at www. clinicaltrials.gov). As these trials are 

completed, it is likely that this  intervention  will  become  

an  anesthetic  consideration throughout perioperative 

practice both in cardiac and noncardiac procedures. 

It represents a major research opportunity for the 

cardiothoracic and vascular community.

     CORONAR  ARTER  DISEASE
������	����
���	�����	���2	)�����.
Perioperative Angiotensin Blockade
Angiotensin-converting enzyme inhibitor (ACEI

therapy already has been highlighted as an independent 

predictor for significant perioperative hypotension.36-38 

A recent observational cohort study (N=10,023: 1996-

2008) evaluated the outcome effects of exposure to ACEI 

in adults undergoing CABG surgery.39 From this large 

cohort, the ACEI cohort (N=3,052) was matched to a 

control group by propensity analysis. Overall mortality was 

1 %. Preoperative exposure to ACEI doubled the mortality 

risk (odds ratio=2.00; 95% confidence interval, 1.17-3.42; 

p=0.013). Furthermore, preoperative exposure to ACEI 

significantly increased the risks of renal dysfunction (odds 

ratio=1.36; 95% confidence interval. 1.1-1.67; p=0.006), 

atrial fibrillation (odds ratio=1.34; 95% confi-dente 

interval, 1.18-1.51; p<0.0001), and increased inotropic 

support (odds ratio=1.22; 95% confidence interval, 1.1-1.36; 

p<0.0001). Multivariate analysis showed that preoperative 

ACEI exposure independently predicted mortality(p=0.04), 

renal dysfunction(p=0.0002), atrial fibrillation(p<0.0001), 
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and inotropic support (p<0.0001).

These data prov ide suppor t for preoper at ive 

discontinuation of ACEI in patients scheduled for CABG 

surgery, as is currently recommended in noncardiac 

surgery.40 This concept has been supported further by a 

recent clinical trial (N=300) that showed that perioperative 

hemodynamic instability caused by ACEI exposure in adult 

cardiac surgical patients was dose dependent.41 Further 

trials should determine the optimal time for preoperative 

discontinuation of ACEI in cardiac surgery to avoid the 

outcome disadvantages associated with this drug class in the 

perioperative period. Besides the avoidance of ACEI, future 

clinical trials also will likely show outcome improvements 

for adult cardiac surgical patients with perioperative 

steroids, statins, and endothelin antagonists, as has been 

recently reviewed.42

Preoperative Red Cell Mass
The risks of preoperative anemia in outcomes after 

elective CABG surgery continue to be elucidated. A recent 

observational trial (N=10,025: 1998-2007) investigated 

whether preoperative hemoglobin affects survival after 

elective coronary surgery. Multivariate analysis showed 

that low hemoglobin level as a continuous variable was 

an independent risk factor for perioperative mortality. 
43 In a follow-up study, the same group of investigators 

showed that a low preoperative hemoglobin level is also an 

independent risk factor for postoperative renal dysfunction. 
44 The focus of future trials in this research area should 

be whether preoperative augmentation of red cell mass 

(eg, erythropoietin) in high-risk patient subgroups would 

improve clinical outcomes after cardiac surgery with and 

without cardiopulmonary bypass.

4�����5���	��	���2	)�����.
Endoscopic Saphenous Vein Graft Harvesting
Although endoscopic saphenous vein harvesting is 

widely used to reduce postoperative wound complications 

after CABG surgery, its effects on long-term graft patency 

remain unknown.

A landmark observational study investigated whether 

endoscopic vein harvesting is significantly associated 

with vein graft failure and adverse outcomes (n=1,753 

in the endoscopic harvest group; n=1,247 in the open 

harvest group).45 Venous graft failure was defined as at 

least 75% stenosis as evaluated on angiography 12 to 18 

months after CABG surgery. The selected trial endpoints 

were death, myocardial infarction, and repeat myocardial 

revascularization.

The study subgroups had similar baseline clinical 

profiles. Endoscopic venous graft harvesting was associated 

with a significantly higher rate of graft failure (46.0% 

v 38.0%, p<0.001). Furthermore, endoscopic venous 

harvesting was associated with significantly increased risks 

of death, myocardial infarction, or repeat revascularization 

as an endpoint (hazard ratio=1.22; 95% confidence interval, 

1.101-1.47; p=0.04), death, or myocardial infarction as 

an endpoint (hazard ratio=1.38; 95% confidence interval, 

1.07-1.77; p=0.01) and death alone as an endpoint (hazard 

ratio=1.52; 95% confidence interval, 1.13-2.04; p=0.005). 
45 The investigators concluded that graft failure and adverse 

outcomes after CABG surgery are significantly worsened 

by endoscopic venous harvesting. They suggested that the 

safety of this vascular graft harvesting technique should be 

evaluated further in randomized trials. The pathophysiology 

behind this observation may be the increased venous 

endothelial trauma that is possible with the endovascular 

harvest technique.

,����������	��$��$����5��	*�����6�������*����
The search for the optimal CABG technique has been 

ongo-ing after the development of off-pump CABG surgery 

in the 1990s.46 The off-pump CABG technique has now 

matured and generalized throughout cardiac surgery, 

making large cohort comparisons possible. An extensive 

cohort comparison (N=63,047: n=48,658 on-pump CABG 

surgery patients; n=14,389 off-pump CABG surgery 

patients) with multivariate analysis recently evaluated the 

clinical outcome differences between the 2 established 

techniques. 47

   There were no significant differences in perioperative 

mortality (on-pump 3.0% v off-pump3.2%; p=0.14) and 

stroke (on-pump 1.8% v off-pump 1.7%; p=0.53). Despite 

similar baseline demographics and comorbidities, the off-

pump cohort had significantly longer hospital stays (off-

pump mean stay=10.2 days v on-pump mean stay=9.9 

days, p<0.0001) and higher hospital costs (off-pump mean 

cost=$38,793 v on-pump mean cost=$37,806; p=0.0005). 
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Multivariate analysis showed that the off-pump technique 

was associated with 0.6 extra hospital days (95% confidence 

interval, 04-0.8; p<0.0001) and $1,497 extra in hospital 

costs (95%confidence interval, $779-$2,216; p<0.01). 

Although these differences may be statistically significant, 

their clinical significance is weak at best.

   A second cohort study (N=14.766 from 1997-2007: 

n=7,083 off-pump CABG surgery patients; n=7,683 on-

pump CABG surgery patients) analyzed clinical outcomes 

between the 2 techniques based on risk quartiles derived 

from the predicted risk of operative mortality calculated 

from the Society of Thoracic Surgeons validated predicted 

risk of operative mortality formula.48,49

  In the lower 2 risk quartiles, there was no difference 

in perioperative mortality associated with the CABG 

technique. In the higher-risk quartiles, the off-pump 

technique was associated with improved survival (odds 

ratios=0.62 and 0.45 for third and fourth risk quartiles, 

respectively). Further analysis confirmed that the off-

pump technique preferentially reduced mortality in high-

risk patients(p=0.005). Based on these recent large "real-

world" analyses, it appears that clinical outcomes after 

surgical coronary revascularization are equivalent between 

techniques in low-risk patients but that the off-pump 

technique offers a survival advantage in the high-risk sub-

groups.

4�����5���	��	-�1
PCl for Myocardial Infarction
Primary PCI has been compared with fibrinolytic 

therapy in STEMI in multiple randomized controlled trials 

and metaanalyses.50 However, because randomized trials 

may have limited applicability to "real-world" settings, a 

recent meta-analysis included randomized trials (N=8,140; 

23 trials) and observational studies (N=185,900: 32 

studies).51 Primary PCI reduced short-term mortality 

by 34% in randomized trials (odds ratio=0.66; 95% 

confidence interval, 0.51-0.82) and 23% in observational 

studies (odds ratio=0.77: 95% confidence interval, 0.62-

0.95). In randomized trials, primary PCI significandy 

reduced 1-year mortality by 24%(odds ratio=0.76: 95% 

confidence interval, 0.58-0.95)and reinfarction by51% 

(odds ratio=0.49; 95%confidence interval, 0.32-0.66). 

However, in observational studies, primary PCI had 

no significant long-term clinical outcome benefits. It is 

important to interpret evidence in the light of study design. 

Although randomized trials are often regarded as high-

quality evidence, their applicability outside strict study 

criteria in the real world may be limited.

Patients with STEMI may present to hospitals that 

do not have primary PCI capability and so will receive 

fibrinolysis. The optimal timing of PCI after fibrinolysis has 

not been established. A recent randomized trial evaluated 

the efficacy of prompt PCI within 6 hours after fibrinolysis 

for STEMI (N=1,059).52 The defined trial endpoint was 

the composite of death, reinfarction, recurrent ischemia, 

congestive heart failure, or cardiogenic shock within 30 

days.

  Routine early PCI after fibrinolysis in STEMI 

significantly decreased the incidence of the defined 

study endpoint (11.0% v 17.2%: relative risk=0.64: 95% 

confidence interval. 0.47-0.87; p=0.004).52 The incidence 

of clinically significant bleeding was similar between 

groups. The authors concluded that early routine PCI 

after fibrinolysis for STEMI significantly reduced ischemic 

complications. Taken together, these recent PCI studies 

show the consistent benefit of PCI in STEMI managed with 

or without fibrinolysis.

Intra-aortic Balloon Pump Therapy in Myocardial 
Infarction

   Recent cardiology guidelines recommend intra-

aortic balloon counterpulsation  (IABP)  in  STEMI with 

cardiogenic shock.53 A recent meta-analysis examined 

the evidence supporting this strong recommendation by 

the American Heart Association and American College 

of Cardiology.54 The first analysis pooled data from 7 

randomized trials (N=1,009) to show that IABP did not 

improve survival or ejection fraction and was significantly 

associated with higher rates of stroke and bleeding.

  The second analysis pooled data from 9 STEMI 

cohort studies (N=10,529). In STEMI treated with 

thrombolysis, IABP decreased mortality by 18% (95% 

confidence interval, 16%-20%; p<0.0001). In contrast, in 

STEMI treated with primary PCI, IABP was associated 

with a 6% (95% confidence interval. 3%-10%; p<0.0008) 

increase in mortality. The investigators concluded that the 

current recommendation for IABP in high-risk STEMI is 
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only partially supported by the current evidence. The only 

supporting evidence for IABP is derived from observational 

studies of STEMI managed with thrombolysis.

Advances in Platelet Blockade: The Advent of 
Prasugrel and Ticagrelor

Mechanical reperfusion with PCI and stenting during 

STEMI is accompanied by platelet blockade with aspirin 

and clopidogrel, a second-generation thienopyridine.53 

Coronar y s tmt thrombosis a f ter PCI i s a ser ious 

complication with a high mortality rate.55 Resistance to 

platelet blockade with clopidogrel has received ongoing 

attention because of its importance as a risk factor for 

coronary stmt thrombosis.56

Prasugrel is a novel third-generation thienopyridine 

that pro-duces more consistent platelet inhibition than 

clopidogrel be-cause it a more potent blocker of the platelet 

adenosine diphos-phate P2Y12 receptor.57 However, like 

clopidogrel, prasugrel is a prodrug that requires hepatic 

biotransformation to form the active drug.57

A randomized trial in patients with acute coronary 

syndromes undergoing PCI (N=13,608) showed that 

prasugrel, as compared with clopidogrel, significantly 

reduced ischemic events including stmt thrombosis (hazard 

ratio=0.81; 95%confidence interval, 0.73-0.90; p<0.001) 

but at an increased risk of bleeding (hazard ratio=1.32; 95% 

confidence interval, 1.03-1.68; p=0.03).58

A second randomized trial (N=3,534; 707 medical 

centers in 30 countries) showed in patients with STEMI 

undergoing PCI that prasugrel compared with clopidogrel 

significantly reduced the rates of the following 2 composite 

endpoints: cardiovascular death, nonfatal myocardial 

infarct ion or nonfatal s t roke (hazard rat io=0.68; 

95% confidence interval, 0.54-0.87; p=0.0017); and, 

cardiovascular death, myocardial infarction or urgent target 

vessel revascularization (hazard ratio=0.75; 95% confidence 

interval, 0.59-0.96; p=0.0205).59 There was no additional 

increase in major bleeding(p=0.3359), except after 

CABG surgery in which adverse bleeding was increased 

significantly with prasugrel(p=0.0033).

In the United States, the Food and Drug Administration 

approved prasugrel on July 10, 2009, for application in 

patients with unstable angina or myocardial infarction 

who undergo PCL.60 Although this new agent offers 

additional profound platelet blockade for PCI in the cardiac 

catheterization laboratory, it poses a significant risk for 

severe perioperative bleeding in patients who subsequently 

undergo CABG surgery. There is still an unmet clinical 

priority to have rapidly reversible oral platelet blockers to 

minimize the occurrence of significant platelet blockade 

in the subset of patients who require CABG surgery after 

PCI. The development of a short-acting reversible oral 

thienopyridine would be a major pharmacologic break-

through in the management of acute coronary syndromes.

Clopidogrel and prasugrel bind irreversibly to the 

platelet ADP P2Y12  receptor after biotransformation in the 

liver; they are therefore classified as indirect irreversible 

platelet inhibi-tors.61 In contrast, ticagrelor is a novel 

drug that binds directly and reversibly to the platelet 

ADP P2Y12  receptor: it is therefore classified as a direct 

reversible oral platelet inhibitor.61 A recent randomized trial 

evaluated ticagrelor versus clopidogrel for the prevention 

of cardiovascular events in patients with acute coronary 

syndromes, with or without STEMI (N=18,624).62 The 

defined trial endpoint was a composite of death from 

vascular causes, myocardial infarction, or stroke at 12 

months. Ticagrelor significantly decreased the incidence 

of the endpoint (9.8% v 11.7%; hazard ration=0.84; 95% 

confidence interval, 0.77-0.92; p<0.001) as well death from 

any cause (4.5% v 5.9%, p<0.001). Although the incidence 

of major bleeding was similar, ticagrelor was associated 

with higher rates of bleeding that were not related to 

CABG surgery (4.5% v 3.8%, p=0.03). Ticagrelor is the first 

thienopyridine that is a direct reversible platelet inhibitor. If 

randomized trials continue to show outcome improvement 

with this new drug in acute coronary syndromes, the Food 

and Drug Administration should approve ticagrelor in the 

near future.

Choice of Coronary Revascularization Technique
With the advent of drug-eluting stems and further 

refinemenu in PCI, the management of multivessel 

CAD may be with multivessel PCI or CABG surgery.63,64 

A recent observational study (N=3,720 from a single 

medical center (2004-2005) evaluated clinical outcomes in 

multivessel coronary disease 3 years after CABG surgery 

or PCI.65 Although the PCI cohort was typically younger 

with fewer comorbidities, PCI with  drug-eluting  stems  
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was  associated  with  significantly higher rates of target-

vessel revascularization, death (hazard ratio=1.62; 95% 

confidence interval, 1.07-2.47), and myocardial infarction 

(hazard ratio=1.65; 95% confidence interval, 1.15-2.44). 

The risk-adjusted stroke rate was similar between groups 

(hazard ratio=0.92; 95% confidence interval,0.69-1.51).

A second trial pooled data from 10 randomized trials 

(N=7,812) to evaluate long-term mortality in multivessel 

coronary artery disease managed with CABG surgery or 

PCI (balloon angioplasty in 6 trials and bare-metal stems 

in 4 trials).66 The mortality rate at 5.9 years was similar 

regardless of the revascularization technique (15% for 

CABG surgery and 18% for PCI; hazard ratio=0.91;95% 

confidence interval, 0.82-1.02; P=0.12). Mortality rates, 

however, were significantly lower after CABG  surgery for 

diabetics (hazard ratio=0.70; 95% confidence interval, 

0.56-0.87; p=0.014) and patients >65 years of age (hazard 

ratio=0.82; 95% confidence interval, 0.70-0.97; p=0.002). 

The investigators concluded that long-term mortality in 

multivessel disease is similar after PCI or CABG surgery, 

except for diabetics and patients >65 years in whom CABG 

surgery offered a significant survival benefit.

ADVANCES IN PERIOPERATIVE
 BLEEDING AND HEMOSTASIS

  Bleeding after cardiac surgery remains an important 

clinical challenge that significantly worsens clinical 

outcome and economic costs.67 A recent observational study 

(N=1,118) identified a 6% rate of excessive bleeding after 

adult cardiac surgery defined as mediastinal bleeding�200 

mL per hour or �2mL/kg per hour for 2 consecutive 

hours.67 Patients with excessive bleeding had significantly 

increased risks of blood transfusion and mediastinal re-

exploration (p<0.001), prolonged mechanical ventilation 

and intensive care unit stay(p<0.001),and death (22% v 

6%, p<0.001).

  Although moderate exposure to allogeneic blood 

products has been shown recently not to affect long-term 

survival after CABG surgery, the risks of blood transfusion 

are still highly significant in the perioperative period.68 Even 

though CABG surgery performed off-pump reduces the 

perioperative bleeding and transfusion risk, these risks are 

still present.69 A recent randomized clinical trial examined 

the hematologic effects of volume resuscitation with the 

artificial colloid hetastarch in off-pump CABG surgery 

(N=156: 1 L of hetastarch v 1 L of albumin).70 The study 

was terminated early because hetastarch administration 

significantly increased the risk of transfusion (46.2% v 

25.6%, p=0.012), the amount of transfusion (packed red 

blood cells 1.14 v 0.40 U, p=0.017; fresh frozen plasma 0.57 

v 0.15  U, p=0.009, and platelets 0.35 v 0.10 U, p=0.013) 

and the volume of chest tube drainage in the first 12 hours 

postoperatively (732 mL v 563.6 mL, p<0.001).

  A second placebo-controlled randomized trial 

evaluated the hematologic  effects  of  intravenous  

N-acetylcysteine  (100-mg/kg bolus followed by infusion 

at 20 mg/kg/h until 4 hours after cardiopulmonary bypass) 

administered during cardiac surgery in patients with 

moderate renal dysfunction defined as glomerular filtration 

rate �60 mL/min (N=177).71 Exposure to N-acetylcysteine 

significantly increased 24-hour chest tube drainage 

(mean=261 mL; 95% confidence interval, 93-488mL; 

p=0.008), red blood cell transfusion (mean=1.6 U; 95% 

confidence interval, 0.4-3.1  U; p=0.02) and the risk of 

receiving�5 U of red blood cells (relative risk=2.09; 95% 

confidence interval, 1.24-3.83; p=0.005). The investigators 

concluded that although this agent may offer perioperative 

nephroprotection, its adverse effects on bleeding and 

transfusion should be considered in the perioperative risk-

benefit profile.

  Although factor VII can be lifesaving in refractory 

bleeding after cardiac surgery, its perioperative safety and 

efficacy have not been adequately evaluated.69 A recent 

meta-analysis pooled data from 5 trials (cumulative 

N=298: 1 randomized, 3 propensity matched, and 1 case 

matched) to address the perioperative safety and efficacy 

of this therapy.72 Factor VII therapy was associated with 

a nonsignificant reduction in surgical re-exploration for 

bleeding (odds ratio=0.25: 95% confidence interval. 0.01-

7.01;P=0.42), equivalent mortality (odds ratio=0.96; 

95% confidence interval, 0.50-1.86; p=0.90), and a trend 

toward increased stroke (odds ratio=3.17; 95% confidence 

interval, 0.83-12.10; p=0.09). The authors concluded that 

these proposed effects of perioperative factor VII should be 

explored further in a large randomized controlled trial.

  A recent small randomized trial has begun this process. 

Adult cardiac surgical patients with refractory bleeding 

(N=172) were randomized to placebo (n=68), factor VIi at 

Review and CME Lecture



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3

Review and CME Lecture

206

40μg/kg(n=35), or factor VII at 80μg/kg(n=69).73 Exposure 

to factor VII was associated with significantly reduced 

rates of exploration for bleeding(p=0.03) and allogeneic 

transfusion (p=0.01). Although serious adverse events were 

more common in the factor VII groups, these differences 

were not statistically significant (placebo 7%, 40 μg/kg 14%, 

and 80 μg/kg 12%; p=0.43). The authors concluded that this 

therapy is effective for refractory bleeding in cardiac surgery 

but that larger clinical trials are required to document its 

safety. This is a major research opportunity for the specialty 

in the form of a large multicenter trial through a clinical 

research collaboration such as the cardiothoracic trials 

network (full details available at www.ctsurgerytnet.org).

A frequent etiology in bleeding after cardiac surgery is 

platelet dysfunction.69 Recently,  it has become possible to 

directly stimulate platelet production by megakaryocytes 

in the bone marrow by means of thrombopoietin-receptor 

agonists such as eltrombopag and romiplostim.74 Although 

these agents are still in late-stage clinical development, 

they seem promising. It is a small leap to apply these 

agents preoperatively in adult cardiac surgical patients to 

allow the facilitation of autologous platelet harvest for the 

management of perioperative coagulopathy as a means to 

minimize allogeneic transfusion in a manner analogous 

to the application of erythropoietin in cardiac surgery.69 

Because platelet dysfunction is a major mechanism in 

acquired coagulopathy after cardiopulmonary bypass, this 

concept may have major perioperative application in the 

future.

RENAL PROTECTION AFTER
CARDIAC SURGERY

Renal dysfunction independently predicts for adverse 

outcome after cardiac surgery.75 As a result, perioperative 

nephrotection is a c l inical pr ior ity. A recent tr ial 

investigated whether fenoldopam is nephroprotective in 

renal dysfunction after cardiac surgery (N=92: 46 patients 

exposed to fenoldopam infusion and 46 case-matched 

patients as the control group).76 The 48-hour exposure to 

fenoldopam was associated with a significantly reduced 

need for renal replacement therapy (17% v 39%, p=0.037). 

These findings merit a larger randomized trial in adult 

cardiac surgical patients.

Atr ial natr iuretic peptide in conjunction with 

hydration recently was shown in a randomized trial 

(N=254) to s igni f icandy protect against contrast 

nephropathy in coronary angiography (3.2% v 11.7%, 

p=0.015).77 In multivariate analysis, exposure to atrial 

natriuretic peptide was nephroprotective (odds ratio=0.24, 

p=0.016). A similar randomized trial in on-pump CABG 

surgery patients (N=504) also found that perioperative 

exposure to at r ia l natr iuret ic pept ide i s nephro-

protective(p<0.0001) and significantly reduces postoperative 

complications(p=0.0208).78 The authors concluded that 

atrial natriuretic peptide reduces complications including 

renal failure after cardiac surgery.

A pilot randomized trial (N=100) recently showed that 

perioperative sodium bicarbonate infusion significantly 

reduces renal dysfunction after cardiac surgery with 

cardiopulmonary bypass (odds ratio=0.43; 95% confidence 

interval. 0.19-0.98: V=0.043).79 These promising data 

are being explored in more than 50 randomized trials 

throughout cardiovascular medicine and nephrology (full 

details available at www.clinicaltrials.gov).

A single-center observational study in adult cardiac 

surgical patients (N=563) showed that pentastarch was 

significantly associated with renal injury, defined as a 

50% rise in serum creatinine within 4 days after cardiac 

surgery.80 The incidence of renal injury was 10%. Exposure 

to pentastarch independently predicted renal injury (odds 

ratio per mL/kg=1.08; 95% confidence interval, 1.04-1.12; 

p=0.001). The risk was dose dependent with a cutoff of 

14 mL/kg. Hence, this group of colloids (hetastarch and 

pentastarch) may increase the risks of bleeding, allogeneic 

transfusion, and renal injury after cardiac surgery. Although 

N-acetylcysteine also interferes with hemostasis in cardiac 

surgery, it does not appear to contribute to renal injury.81 

Although studies have shown that N-acetylcysteine is 

nephroprotective, these results have not been consistent in 

the perioperative period.81

PERIOPERATIVE GLYCEMIC CONTROL
Perioperative management of glucose has been a major 

focus, given its relationship to important clinical outcomes.82 

However, a landmark trial randomized critically ill adults 

(N=6,014) to intensive glucose control (defined as target 

glucose range 81-108 mg/dL) versus conventional glucose 

control (defined as target glucose range �180 mg/dL).83 The 
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trial primary endpoint was defined as death within 90 days 

after randomization. The 2 cohorts had similar baseline 

characteristics. Intensive insulin therapy significantly 

increased mortality (27.5% v 24.9%; odds ratio=1.14: 95% 

confidence interval, 1.02-1.28; p=0.02). This significantly 

increased mortality associated with intensive glucose 

control applied to surgical and medical patients equally 

(odds ratio for intensive glucose control=1.31, odds ratio 

for conventional control group=1.07, p=0.10). Severe 

hypoglycemia (defined as blood glucose �40mg/dL) was 

significantly associated with intensive insulin therapy (6.8% 

v 0.5%, p<0.001). There was no significant difference 

between groups with respect to hospital stay(p=0.86), 

intensive care unit stay(p=0.84), duration of mechanical 

ventilation(p=0.56), or requirement for renal replacement 

therapy(p=0.39). The authors concluded that conventional 

glucose control reduced mortality in critically ill adults as 

compared with intensive glucose control.

Hypoglycemia is not only more common with 

intensive glucose management but has been associated 

with increased mortality in patients admitted to the 

hospital with acute myocardial infarction.84 A follow-up 

large cohort observational trial (N=7,820) investigated 

whether spontaneous or iatrogenic hypoglycemia was 

responsible for the increased mortality risk observed  in  

myocardial  infarction.85  Multivariate  analysis showed that 

hypoglycemia predicted mortality in patients not treated 

with insulin (odds ratio=2.32; 95% confidence interval, 

1.31-4.12) but not in patients managed with insulin (odds 

ratio=0.92; 95% confidence interval, 0.58-1.45). This issue 

merits further investigation in perioperative cardiovascular 

practice.

In light of these recent studies, an updated meta-

analysis was conducted to summate all relevant evidence 

on the relationship between intensive glucose therapy with 

insulin and mortality in the intensive care unit (N=13,567: 

26 trials).86 The relative risk of hypoglycemia with intensive 

insulin therapy was 6.0 (95% confidence interval, 4.5-

8.0). Intensive insulin therapy decreased mortality in 

the surgical intensive care unit (relative risk=0.63; 95% 

confidence interval, 0.44-0.91) but not in medical (relative 

risk= 1.0: 95% confidence interval. 0.78-1.28) or mixed 

intensive care units (relative risk=0.99; 95% confidence 

interval, 0.86-1.12). The authors concluded that intensive 

glucose therapy with insulin significantly increased the risk 

of hypoglycemia and reduced mortality only in the surgical 

intensive care unit setting. The recent guideline from the 

Society of Thoracic Surgeons on glucose management in 

adult cardiac surgery endorses insulin infusion therapy to 

maintaro perioperative glucose levels below 180 mg/dL.87

CONCLUSIONS
The 2009 highlights in the specialty begin with the 

emergence of the hybrid operating room as the venue 

for transcatheter valve and coronary therapies with 

the convergence of the 3 specialties: cardiac surgery, 

cardiovascular anesthesiology, and interventional 

cardiology. Transcatheter aortic valve replacement will 

expand exponentially around the world to usher in the 

global paradigm shift in perioperative cardiovascular 

practice. The venue for this disruptive innovation, the 

hybrid operating room, will stimulate further transcatheter 

innovations for the management of disease entities such 

as mural regurgitation, atrial fibrillation, and ascending 

aortic aneurysm. Cardiac specialists have embraced 

the endovascular revolution in the management of 

cardiovascular pathology.

Progress in myocardial conditioning in 2009 has 

strengthened the evidence to exploit this protective 

mechanism perioperatively. Pharmacologic conditioning 

with volatile anesthetics and levosimendan significantly 

improves cardiac surgical outcomes in randomized trials, 

large observational trials, and meta-analysis. Ischemic 

myocardial conditioning consistently protects the heart 

during ischemia and reperfusion both in the catheterization 

l abor a tor y and the oper a t ing ro om. Myocard ia l 

conditioning is the focus of multiple randomized trials 

throughout cardiovascular practice. It is likely that these 

large trials will show clinical benefit to facilitate the 

integration of these interventions into the specialty.

Advances in the management of CAD have continued 

in 2009. Perioperative angiotensin blockade and anemia 

significandy worsen outcome after CABG surgery. 

Although current data show that off-pump CABG surgery 

is clinically equivalent with on-pump CABG surgery, it 

appears to improve outcomes in high-risk subgroups. 

Although endoscopic saphenous vein harvesting has proven 

advantages over the open technique, a landmark trial has 

shown that it significantly increases graft thrombosis and 

adverse outcome rates after CABG surgery.
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In interventional cardiology, the latest data consistently 

show the significant outcome advantage from PCI in 

STEMI managed with or without fibrinolysis. In contrast, 

however, recent evidence suggests that IABP does improve 

outcome in highrisk STEMI, challenging current PCI 

guidelines. The new oral platelet blocker, prasugrel, was 

approved in 2009 by the Food and Drug Administration in 

the United States. Prasugrel, however, may be superseded 

by ticagrelor, a thienopyridine that inhibits platelets directly 

and reversibly. Although further trials are indicated, it is 

likely that ticagrelor will be approved in the near future 

to allow powerful short-acting oral platelet blockade that 

is rapidly reversible for PCI. Now that PCI is a viable 

therapy for multivessel CAD, recent trials have compared 

PCI versus CABG surgery for multivessel CAD. The data 

suggest that in appropriate patient groups, these techniques 

are equivalent, although CABG significantly lowers 

revascularization rates and improves outcome in diabetics 

and patients >65 years old. The hybrid operating room will 

allow CABG surgery and PCI to be performed as indicated 

at a single venue supervised by the specialist trio including 

a coronary surgeon, a cardiovascular anesthesiologist, 

and an interventional cardiologist. Hybrid coronary 

revascularization will likely be the future approach to 

multivessel CAD, thus shifting the focus away from a 

contest between techniques for best complementary therapy 

in a hybrid environment.

Bleeding after cardiac surgery continues to adversely 

affect clinical outcomes. Hetastarch and N-acetylcysteine 

appear to aggravate bleeding and transfusion risk in adult 

cardiac surgical patients. Although factor VII can be a 

magic bullet in life-threatening refractory  bleeding in 

cardiac surgery, its safety remains to be explored further 

in randomized trials. Because platelet production can be 

stimulated by thrombopoietin agonists such as eltrombopag 

and romiplostim, they may be very significant in the future 

management of coagulopathy after cardiac surgery.

  Because renal dysfunction decreases survival after 

cardiac surgery, perioperative nephroprotection remains a 

clinical priority. Recent data show that fenoldopam, atrial 

natriuretic peptide, and sodium bicarbonate significantly 

reduce the incidente of renal dysfunction. Further 

randomized trials must confirm these encouraging findings 

and confirm their safety before they can be incorporated 

into clinical practice.

  Although perioperative glucose management (goal 

glu-cose level�180 mg/dL) improves outcome in adult 

cardiac surgery, recent evidence shows that these outcome 

benefits do not apply to all hospital settings. Furthermore, 

intensive insulin therapy for a target glucose range of 80 

to 110 mg/dL offers no outcome advantage and significant 

hypoglycemic risk.

  These selected highlights have only sampled the 

advances in the specialty for 2009. The past year has 

witnessed major advances in cardiovascular practice. There 

are new devices, new clinical venues, and new drugs. The 

coming year will most likely advance these achievements.

208



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3209

Review and CME Lecture



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3

��������� 
�� ���
�������
�� ��������	�����������
�{"�	����� �
��	
�����'��V�
2009

2009

210



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3

Review and CME Lecture

211



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3

Review and CME Lecture

212



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3213

Review and CME Lecture



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3214

Review and CME Lecture



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3215

Review and CME Lecture



Review and CME Lecture FAM 2010 May/Jun  Vol.17 Issue 3216

����Y������K��������
��K��
������
���������
�	�\������
��

More high-risk cardiac patients will undergo surgery and perioperative myocardial infarction (PMI) can be an increasing problem. Two distinct mechanisms 
may lead to PMI: acute coronary syndrome and prolonged myocardial oxygen supply-demand imbalance in the presence of stable coronary artery disease, 
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Sugammadex

Sugammadex A Novel Muscle Relaxant Antagonist

Sugammadex

Sugammadex
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profound blockade. Sugammadex exerts its effect by forming very tight complexes with aminosteroid nondepolarizing relaxants and the complex is excreted 
completely in the urine. Thus,sugammadex is a nearly ideal antagonist of muscular relaxants and helpful to reduce the residual paralysis rate greatly.
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Research of  Perioperative Dexamethasone Allergy 

Dexamethasone is frequently used to treat allergic reactions in the perioperative period.Immediate hypersensitivety reactions to dexamethasone during the 
perioperative period have been reported more and more recently. Most reactions induced by IgE mediated(anaphylaxis) or by histamine directly(anaphylactoid 
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Function of ATP-sensitive Potassium Channel in Sepsis

ATP

Sepsis and septic shock present the leading challenges in intensive care units, characterized by high morbidity, mortality, and costs. The 
pathophysiological mechanisms remain to be fully elucidated. Nevertheless, new discoveries have made great improvements in the high mortality conditions 
of shock and multi-organ failure. ATP-sensitive potassium channel (KATP) is an ion channel critical to the cardiovascular stress response. Excessive activation 
of KATP is now recognized as a major cause of hypotension and vascular hypo-responsiveness to catecholamine in septic shock. Some researchers found that 
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cells from damage outside the vasculature. Therefore, future studies are warranted to clarify the role of KATP in sepsis. In this review, we summarize the role of 
the KATP in sepsis.
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Role of G Protein in the Regulation of Pain by Estrogen

229

The role of estrogen in pain follows with interest recent years, for the studies about the functions of brain and the mechanism of pain go deeper. As a 
super-family of membrane receptor, G protein play various functions in the body. Here we induced the role of G protein in the regulation of pain by estrogen in 
four part. Those are GPR30,  opioid receptor, G protein gated inwardly rectifying K+ channels,transient receptor potential channel.
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signals which caused by the environment stimulus can be surely transmitted to downwards or upwards the injured site of brain. Regretly that a PVS patient s 
sensory organs received too less and disproportional of stimulus usually because his or her families and doctors thought that the PVS patient cannot hear and 
see, etc, have not any communication with him or her. The patient will be in persistent vegetative state unavoidably. In fact, many of PVS patients may awaken 
some years later after their being injured. Here I initiate “the project of dispelling the clouds——To awaken patients in persistent vegetative state”.
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