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In the beginning of Chinese dragon year, I on behalf of all the editing staff in department of the “Forum of Anesthesia and Monitoring “,express all-hearted greeting to all 
the nationwide readers and authors.

Since the revision of the magazine, with the enormous support of the nationwide authors, the editorial experts and the great effort of all editorial staffs, our magazine 
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magazine temporarily not included with SCI eligible, they still send the thesis to us and share their research achievements, especially fraternity from Anhui province who 
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following several aspects.
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2011. What they focus was still in anesthesia, ICU and pain clinic articles were obviously inadequate, and need to be improved by effective methods (such as collection 
manuscripts ,experts commentary and so on).
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absorbing their useful suggestions and experiences.
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Society of Anesthesiology, and enhancing the awareness of our magazine.
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together, we would be able to achieve our ideal and aim.
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Best regards.
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Tea Polyphenols Protect Blood-Brain Barrier Through Reducing 
Expression of MMP-9 and Degradation of IV Collagen in Rat 
Model of Global Cerebral Ischemia/Reperfusion
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18Cover Thesis

INTRODUCTION
The integrity of the blood-brain barrier (BBB) has 

a critical effect on the pathophysiology subsequent to 

cerebral ischemia/reperfusion (CIR) injury1,2. IV collagen 

is a major component of the basement membrane, which 

plays an important role in maintaining the permeability of 

BBB. The matrix metalloproteinases (MMPs) are a group 

of proteases with Zn2+ and depending on Ca2+, which 

can degrade and modify the extracellular matrix, and thus 

play an important role in many of the body’s physiological 

processes. In normal states, expression of MMPs is at a 

low level2, but in some physiological and pathological 

conditions, MMPs’ activity increases significantly and they 

participate in the processes of injury and repair in tissue3. 

MMP-9, also named gelatinase-B, has been reported to 

play a major role in cerebral ischemia/reperfusion injury1,4. 

MMP-9 increases following cerebral ischemia, and it 

breaks down the integrity of the BBB through degrading 

expression of IV collagen5, which then leads to increased 

brain permeability, brain edema formation, aggravated 

infarction6,7,8, and hemorrhagic transformation9.

Tea polyphenols (TP) are polyphennolic compounds 
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that are found concentrated in tea,one of the most popular 

beverages in the world. TP belong to a broader class 

of compounds recognized by their phenolic hydroxyl 

groups, which come from a wide variety of plants. 

Numerous studies have reported the beneficial effects of 

tea polyphenols: it possesses strong antioxidant capacity10, 

and is able to inhibit inflammatory response after cerebral 

ischemia/reperfusion11,12. It has also been shown that tea 

polyphenols participate in the neuroprotective effects 

during cerebral ischemia reperfusion6. However, little 

is known about the possible protective effects of tea 

polyphenols on BBB following global cerebral ischemia.

In the present study, we investigated the effects of tea 

polyphenols on BBB damage following global cerebral 

ischemia/reperfusion (CIR) using the four vessel occlusion 

model13.Our results demonstrated that global CIR induced 

increased Evan’s blue content and water content in the 

brain tissue, which was accompanied by increased MMP-

9 activity, IVcollagen degradation, and different extents of 

neurological dysfunction—altered learning ability, memory, 

and spatial orientation in rats. Rats treated with tea 

polyphenols showed significant reductions in brain Evan’s 

blue content, brain water content, and MMP-9 increase and 

IV collagen degradation after global CIR. These findings 

suggest that treatment with tea polyphenols attenuates BBB 

damage and MMP-9 mediated IV collagen degradation. 

This is an important mechanism underlying the observed 

BBB protection, which suggests that tea polyphenols may 

be a potentially useful therapeutic treatment for global CIR 

injury.

MATERIALS AND METHODS
Animals 

As approved by the Experimental Animal Center, 

Medical College of Xi’An Jiao Tong University (certification 

NO. 0045639), 162 Sprague–Dawley (SD) healthy 

male rats,weighing from 280g to 320g, were randomly 

assigned to three groups: Pseudo-operation(PO) group 

(n=54), ischemia/reperfusion (IR) group (n=54), and tea 

polyphenols treatment (TP) group ( n=54, 200mg/kg, i.p.). 

Tea polyphenols (200mg/kg) were administered I.P. to the 

animals at the same time of the start of the ischemia , and 

the dose was determined in a separate study showing that 

200mg/kg provided significant protective effects after global 

CIR. All rats were housed at 20-25  for one week prior 

to surgery and were allowed free access to water, but were 

fasted overnight the day before surgery. The experimental 

procedures were in accordance with the Guidance 

Suggestions for the Care and Use of Laboratory Animal 

provided by the Ministry of Science and Technology of 

China.

Equipments and reagents 

EInver ted microscope (Olympus, Japan), low-

temperature high-speed desktop centrifuge(Eppendorf 

Company, Germany), computer image analysis system 

(Leica, Germany),UV-visible spectrophotometer (Long 

Nike instrument Co.Ltd, Shanghai),10% chloral hydrate 

(Department of Pharmacy, the Second Affiliated Hospital 

of Xi'an Jiaotong University), 4% paraformaldehyde (Bodi 

Chemical Co.Ltd, Tianjin), matrix metalloproteinase-9 

antibody (Abcam company, UK), IV collagen antibody 

(Abcam company, UK), tea polyphenols (Sigma company, 

USA), Evans blue dye (Sigma company,USA) .

Rat model of global cerebral ischemia/reperfusion 

Rat model of global CIR was prepared using the 4-vessel 

occlusion method13. Briefly, under anesthesia with10% 

chloral hydrate (40 mg/100g, i.p.), the common carotid 

arteries were separated and exposed, and the vertebral 

arteries were cauterized. The rats were allowed to recover for 

24 hours. Ischemia was induced by occluding the common 

carotid arteries with aneurysm clips. Animals meeting 

the criteria of dilated pupils and the absence of a corneal 

reflex during ischemia were selected for the experiments. 

During ischemia and reperfusion,rectal temperature was 

maintained at approximately 37°C. Whole brain ischemia 

was induced for 6 minutes, and then carotid artery blood 

flow was restored by releasing the clips. Each group was then 

subdivided into 3 subsets, according to reperfusion times of 

6,12, and 24h.The sham operation was performed using the 

same surgical exposure procedures, with exception of having 

no carotid artery occlusion and the vertebral arteries were 

not cauterized.

Collection and preparation of ischemic brain tissue 
for HE and immunohistochemical study 

Anesthetized animals were perfusion-fixed with 10 U/
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mL heparin and subsequently with 4%paraformaldehyde (in 

0.1 mol/L PBS, pH 7.4). Brain tissues 1-4 mm posterior to 

the chiasm opticum were quickly removed and further fixed 

for 12 hours in 4% paraformaldehyde at 4°C.Post-fixed 

brains were embedded in paraffin, followed by preparation 

of 5-μm thick coronal sections using a microtome.

Hematoxylin-eosin staining to examine neuronal 
morphology in cerebral cortex 

The paraffin-embedded brain slices were deparaffinized 

with xylene and rehydrated in a graded ethanol series of 

50%–100% (v/v), followed by washing with water. The 

slices were stained with hematoxylin and eosin and were 

then examined by light microscopy.

Measurement of MMP-9 and IV collagen expression 
by immunohistochemistry 

Immunohistochemstry was performed using the 

avidin-biotin-peroxidase method.14 Briefly, sections were 

deparaffinized with xylene and rehydrated in a graded 

ethanol series,followed by distilled water. High-temperature 

antigen retrieval was performed in 1 mmol/L citrate buffer. 

To block endogenous peroxidase activity, sections were 

incubated for 30minutes in 1% H2O2. Following blocking 

with 5% (v/v) normal goat serum in PBS for 1 hour at 37 , 

sections were incubated with rabbit anti-MMP-9 (1:100) or 

anti-IV collagen (1:100)polyclonal antibodies at 4  for 2 

days. These sections were then incubated with botinylated 

goat anti-rabbit secondary antibody (1:200) overnight, 

followed by avidin-conjugated horseradish peroxidase 

for 1 hour at 37 . Finally, sections were incubated with 

peroxidase substrate diaminobenzidine (DAB) until the 

desired staining intensity developed. Image analysis was 

performed using the Leica QWin image processing and 

analyzing system.Ischemia/reperfusion leads to increased 

expression of MMP-9 and degradation of IV collagen.The 

number of MMP-9 and IV collagen positive cells, lightly 

brown stained cells, were observed and counted. Five non-

overlaping representative high power fields (10×40) were 

selected from each tissue slice, the number of positive cells 

was counted, and the average was used as a measure of 

positive cells.

Measurement of BBB permeability by Evan’s blue 

Global CIR damages BBB, which increases permeability 

of microvasculature and results in Evan’s blue dye 

extravasation. Quantitative evaluation of BBB disruption 

was achieved by measuring the amount of Evan’s blue dye 

contained in the ischemic tissue. Evan's blue dye (2%wt/vol 

in PBS) was intravenously administered (3 ml/kg) via the 

tail vein an hour before rats were sacrificed. The rats were 

then perfused with 250 ml cold PBS to remove intravascular 

Evan's blue dye, and the brains were rapidly removed, 

weighed, and homogenized.Dimethylformamide was added 

(4 volumes) and the sample incubated in a 50  water bath 

for 72h, centrifuged for 10 minutes at 3000r/min, then the 

supernatant was recovered and the dye was detected by UV 

spectrophotometer, using the absorbance at 635nm. We 

obtained thecontent of Evans blue from comparison with a 

standard curve expressed as μg/g.

Measurement of brain water content 
Global CIR injury leads to brain edema, which can be 

assessed by measuring the brain water content. Following 

24h reperfusion, brains were removed, weighed quickly and 

wet weight(WW) determined. The tissues were then baked 

in the oven (70 ) for 72h, weighed again to obtain dry 

weight (DW) and the brain water content was calculated by 

the formula of (WWDW)/WW×100%.

Evaluation of the learning, memory, and spatial 
orientation ability of CIR rats by Morris water maze tests 

G loba l CIR in jur y causes var y ing deg rees o f 

neurological dysfunction, which can be expressed as 

reduced motor function and intellectual decline, result 

ing in altered learning,deficit in memory, and impaired 

spatial orientation ability. Morris water maze is the classic 

experiment used to evaluate the function of cortex and 

hippocampus15. It effectively contains two experiments: a 

place navigation test and a space exploration experiment. 

Data acquisition and image analysis were accomplished 

automatically by using image processing monitor system.

Place navigation test: tests spatial learning ability 

and memory in rats. Each group of rats swims free for 

about 3 minutes in order to familiarize themselves with 

the environment 24h before the first day of experimental 

administration. The experiments lasted 6d, and 4 timed 

episodes of continuous training were held every day. Rats 
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were put into the water randomly from four different 

quadrants and the time recorded until they climbed onto 

the submerged platform; this measure is the escape latency 

(EL). After rats stayed on theplatform for 20s, the test began 

again. Rats that could not find the platform within 120s 

were guided to the platform to rest for 20s and the escape 

latency was recorded at maximal value(120s). Taking the 

average of the four quadrants yielded graded learning 

scores for the day. 

Space exploration experiment: tests the ability to 

remember the original position of the platform. When 

the last test of spatial navigation was completed on the 

fifth day, rats were put into the water from the southwest 

quadrant and it was recorded how many times rats went to 

the location of the original platform within 120s.

Statistical analysis 

The SPSS 13.0 statistical package (SPSS, Chicago, 

IL, USA) was used to analyze the results.The data were 

expressed as Mean ± SD. Comparison between two groups 

used single factor analysis of variance and LSD-t test, the 

data on escape latency used repeated measurements and 

analysis of variance. A P-value of < 0.05 was considered 

significant.

RESULTS
Tea polyphenols protect brain tissue from ischemia/

reperfusion injury 

Global CIR induces BBB damage and brain edema, 

which leads to neuronal damage. HE staining of the 

cerebral cortex showed that the structure of cerebral 

Figure 1: HE staining of the effect of tea polyphenol treatment 
on the morphology of cortex following global cerebral 
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cortex morphology of the PO group was clear and its 

membrane was not distinct from its surroundings; the 

nucleus was large, round, and had basophilic vacuoles 

(Figure 1A). In the IR group, following 24h reperfusion, 

cortex cells showed the following: a) cell bodies shrank; b) 

hyperchromatic and concentrated nuclear material, absent 

nucleolus; and c) the whole neuron had shrunk and been 

dissolved. The cells were chaotically distributed (Figure 1B). 

In the TP group, following treatment with tea polyphenols, 

cortical morphological improved, normal cells and injured 

cells were distributed together, but most of the neurons 

were normal (Figure 1C).

 Tea polyphenols inhibit the expression of MMP-9 

Immunohistochemcal staining made MMP-9 positive 

cells stain light brown (Figure 2).Expression of MMP-9 

in the PO group was low; there are lightly stained MMP-9 

positive cells that were barely brown (Figure 2A). Following 
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Figure 3: Immunochemistry staining of IV collagen positive 
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24h reperfusion, the IR group yielded the highest expression 

level of MMP-9, the lightly stained brown cells were 

distributed everywhere (Figure 2B), but in the TP group, 

the lightly stained brown cells were reduced significantly 

(Figure 2C). MMP-9 expression was seen in both IR and TP 

groups after 6h,12h, 24h reperfusion, and increased with 

time. Expression of MMP-9 in the IR group was always 

more than that seen in the TP group at each time points 

(Figure 2D). These results suggest that tea polyphenol 

treatment inhibits the expression of MMP-9.

 

Tea polyphenols increase the expression of IV 
collagen 

Immunohistochemcal staining made IV collagen 

positive cells turn lightly brown. We determined the IV 

collagen expression at 6h, 12h, and 24h after reperfusion. 

Expression of IVcollagen in the PO group was obvious, 

and there were diffused brown lightly stained IVcollagen 

positive cells distributed throughout the slide (Figure 3A). 

Following 24h reperfusion, the IR group had the least 

expression of IV collagen and the lightly stained brown 

cells were barely visible (Figure 3B), but in the TP group, 

the lightly stained brown cells had increased significantly 

(Figure 3C). Over time, the number of IV collagen positive 

cells decreased progressively in the IR group, but at all three 

time points, tea polyphenol treatment was able to partially 

recover the decrease (Figure 3D). These results suggest that 

tea polyphenols can inhibit the CIR-induced degradation of 

IV collagen. 

Tea polyphenols reduce brain Evan’s blue content 
and brain water content following ischemia/reperfusion 

Global CIR increased expression of MMP-9 (Figure 

2) and degradation of IV collagen(Figure 3), which would 

compromise BBB integrity, leading to leakage of Evan’s 

blue dye and increased water content in the brain tissue. 

Figure 4A shows that compared with the POgroup, the 

brain Evan’s blue content for the IR group was dramatically 

increased at 24h after reperfusion, while tea polyphenol 

treatment significantly reduced the leakage of Evan’s blue 

into the tissue. Similarly, global CIR increased brain water 

content, leading to brain edema,while the water content in 

the TP group decreased significantly compared with the IR 

group(Figure 4B). These results suggest that tea polyphenol 

treatment can reduce Evan’s blue leakage and water content 

in the brain tissue by protecting the integrity of the BBB. 

Te a p o l y p h e n o l s i m p r o v e t h e n e u r o l o g i c a l 
performance following global CIR 

In order to demonstrate that protection of the BBB 

integrity by tea polyphenols would result in improved 

overall neurological outcome, we evaluated the neurological 

function of the animals using Morris water maze. 

Navigation tests showed that compared to the PO group,the 

escape latency of the IR group was extended significantly 

Figure 5: Effect of tea polyphenol treatment on neurological 
outcome. Animal neurological behavior was assessed by 
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(p<0.05) (Figure 5A), whichmeans the time for rats in the 

IR group to climb up onto the platform from when it was 

put into the water was significantly longer than what was 

seen for the PO group. The escape latency of the TP group 

was significantly shortened when compared with the IR 

group.

Similarly, the crossing times of the IR group decreased 

significantly compared with the PO group (Figure 5B), 

which means the times for rats in the IR group got to the 

original platform in 120s after being put into the water 

were obviously less than it was in the POgroup. The 

crossing times for the TP group increased significantly 

when compared with the IR group (p<0.05) (Figure 

5B). Together, these results suggest that tea polyphenol 

treatment can signif icantly improve neurological 

performance of rats following CIR.

DISCUSSION
Recent studies have shown that tea polyphenols 

participate in brain protective effects16.In the present 

study, we investigated the possible underlying mechanism 

for this neuroprotective effect obtained from tea 

polyphenols, with a special focus on the protection of BBB 

integrity and the consequent improvement in neurological 

behavior. We found that cerebral ischemia/reperfusion 

induced an increase in MMP-9 (Figure 2), which was 

accompanied by decreased IV collagen (Figure 3) and 

increased Evan’s blue content and water content in the 

brain tissue (Figure 4). It also caused different extents 

of neuronal dysfunction, leading to a decreased learning 

ability, memory, and spatial orientation in rats(Figure 5). 

But treatment with tea polyphenols reduced the expression 

of MMP-9, decreasedIV collagen degradation, reduced 

Evan’s blue content and water content in brain tissue, 

and improved the neurological behavior observed in rats. 

These findings suggest that treatment with tea polyphenols 

attenuated BBB disruption by inhibiting MMP-9-

mediated degradation of IV collagen in the ischemic BBB 

microvasculature.

Our study demonstrates that global cerebral ischemia/

reperfusion can induce increased expression of MMP-9 

and degradation of IV collagen, lead to BBB damage, thus 

result in neurological deficit. To our knowledge, this is the 

first time study to show that tea polyphenols can inhibit 

expression of MMP-9 and degradation of IV collagen 

in a global cerebral ischemia/reperfusion rat model. In 

our study, tea polyphenols were found to be beneficial 

for protecting BBB and improve neurological outcome 

following global cerebral ischemia/reperfusion. Because of 

time limitation, we did not study further on the mechanism 

of how tea polyphenols protect BBB, which would be our 

next target.

The BBB mainly contains three structures: cerebral 

vascular endothelial cells,basement membrane, and 

astrocyte end-feet. Astrocytic foot processes have a tough 

glial membrane layer covering about 85% of the surface 

of brain capillaries. Astrocyte is a major source for MMP-

9, which when activated could alter the integrity of BBB. 

The basement membrane is mainly constructed of IV 

collagen and fibronectin, playing a supporting role,which 

prevents vascular deformation from hydrostatic pressure 

and osmotic pressure changes.Degradation of IV collagen 

would compromise the BBB integrity.

 MMP-9 does not express, or is only expressed in 

low amounts, in normal brain tissue2.After cerebral 

ischemia, ischemic brain tissue produces active MMP-

9, which degrades the extracellular matrix composed 

of collagen (especially type IV collagen), laminin, 

elastin, and fibrin5. These processes promote basement 

membrane degradation, destroy i ts integr ity, and 

increases permeability of the BBB, resulting in water and 

neutrophils leaving the vasculature As a result, the water 

content of hematoma in the brain tissue is increased8, 

leading to brain edema and local inflammation. It has 

been shown that MMP-9 activity is closely related to the 

inflammatory response17. Neutrophils become immersed 

in tissue after leaving blood circulation, which requires 

MMP-9, and MMP-9 expression is the promoter allowing 

more neutrophils to become immersed in brain tissue, 

thus increasing ischemic brain damage.MMP-9 destroys 

the BBB, but also causes local inflammation18 at the same 

time. MMP-9 stimulation by cytokines which have been 

released from previously inflammatory protease activity 

during inflammatory reactions, further aggravate tissue 

damage, creating a vicious cycle19. The present study 

found that ischemia/reperfusion increased the expression 

of MMP-9 and decreased the expression of IV collagen, 

resulting in a significant increase in Evan’s blue content 
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and water content in the brain tissue. The damage to the 

BBB then leads to neurological dysfunction, which may 

be manifest as reduced motor function and intellectual 

decline, resulting in decreased learning ability, memory, 

and impaired spatial orientation.

 Po ly pheno l s a re among the mos t bene f i c i a l 

compounds found in tea to improve health.Their 

beneficial effects have been represented in the following 

areas: i) Reduced iNOS gene expression and reduced NO 

production in turn reduces the inflammatory response. 

Studies have shown that NO and peroxynitrite can be 

cleared directly by tea polyphenols20. ii)Inhibits the 

activity of NF-kB. Activation of NF-kB is an important 

step in the inflammatory response. It was reported that tea 

polyphenols could inhibit the activity of NF-kB both in 

vivo and in vitro21. iii) Tea polyphenols can also regulate 

inflammatory mediators, reduce the accumulation of 

inflammatory cytokines and its adhesion effect on the 

damaged cells and their migration process, in order to 

produce their anti-inflammatory effects22. iv) Reduced 

expression of vascular adhesion molecule-1, thus reducing 

monocyte aggregation in the inflamed area23. v) Tea 

polyphenols also show other anti-inflammatory effects 

in vivo, such as generating eicosanoids—an important 

material increased significantly in ischemic tissues, in 

order to terminate inflammatory cascade actions occurring 

through COX-catalyzed arachidonic acid26, 25. Our results 

clearly demonstrate that treatment with tea polyphenols 

significantly attenuated BBB damage through reduced 

expression of MMP-9 and reduced degradation of IV 

collagen, thus lowering Evan’s blue content and water 

content in brain tissue. More importantly, tea polyphenols 

treatment also improved the neurological behavior scores 

in rats, which suggests that tea polyphenols are a potential 

treatment for CIR. These promising results should be 

pursued further, since there is currently a lack of effective 

clinical treatment available following cerebral ischemia/

reperfusion injury.

 In summary, the present study suggests that increased 

MMP-9 expression and IV collagen degradation may 

play an important role in BBB damage during global 

CIR. More importantly, our results demonstrate that tea 

polyphennols can reduce the MMP-9 increase and IV 

collagen degradation, leading to a significant reduction in 
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brain edema and improvements in neurological functions. 

Because the delayed reperfusion associated with brain 

edema and hemorrhage occurs as a result of the BBB 

disruption, and MMP-9 is considered to be the critical 

mediator of this process, our results provide important 

mechanistic evidence in support of using tea polyphenols as 

a useful neuroprotective treatment for ischemia/reperfusion 

injury, and potentially in an effective combination therapy 

to extend the therapeutic time widow for additional 

intervention.



Laboratory and Clinical Investigation FAM 2012 Jan/Feb  Vol.19 Issue 1

Body Position Changes Influence Stroke Volume Variation in 
Mechanically Ventilated Patients with Sepsis

Dai-hua Yu

��
����;�������{��
`�X������$��!�
��`�X���?���
��&���
��	�&�������{��;����
	̀ �j�k���)KYYYY`�������

Abstract

Objective4����	��
��	���
���
�
��
��������������	�	��������
�������
�;���	���
��	���
�����	
�����	����
��	���
Methods4�;	#��"�	#����	
�����	��� �
��	���


� ����	
����
	����
����	�����
��	���	����5��� ���	
�����


� 
������������
�� 	�� ��
� ���	�
��O*���
��"

���� O*�� �
��� �
� 
	���� 

����
��� �
� �
��
����	�	����� ��� ���	�	��� ��� ������
���
�������	�����	��
	����;���� �
��
��� �
������

���

K$�[N�� ��
�	���
	��
#K$�N����
��
������
�	��
#K;��N���������
��"�	�����	�������
�	��
#K�!���N������������
�
��	����
���	��K�!3N��


�

��
�
�����
�������	�	������

�
stabilization. 

Results4�;���������
�����
���	�
���


���	����	���$���;�����!3������!���K[�*�***+N��5��

���
������
������
�O*���
��"����
���
��
��
����	�	����
;���	��

��
���	��	�����������	�
�$���;�����!3������!�����
�

��
���
����	�������;���	����
����	�
����	�	����	��������


���
��	���O*���
��"����
�
�
��
�	����
�������
��	��$�K[�*�*LN��5�����
	���
���	�������	��

��
��

��O*���
����
�
	����

����
����������	�
����	�	���

Conclusions4�Y�������	�	��������
���������
�����
���


���	������;����	����
�������	����
	���
�����
�O*���
��"��������
��
����	�	���	��

��
��
;�����
������
������	��
���
�

��
����
��
������
����
�O*���
����
�
	����

����
������	�	��������������
���;���������
��
������
�

Key words4��
��
������
���
	��	������������	�	��������
���
��	��

Introduction
Maintenance of hemodynamic stability and the 

critical organ perfusion are crucial to the treatment of 

patients with sepsis[1]. In patients undergoing sepsis, the 

severe infection and sepsis increased vessel permeability, 

allowing intravascular plasma to move into the interstitial 

compartment. Therefore, both are associated with the 

decreased intravascular blood volume and impaired 

perfusion of critical organs. Aggressive fluid infusion is 

critically important for supporting cardiac and respiratory 

function in septic patients. However, excessive fluid 

administration has deleterious effects such as worsening 

gas exchange, hemodilution and cardiac overload. 

Consequently, volume expansion must be conducted 

in septic patients with an effective predictor to improve 

hemodynamic function. 

Static cardiac preload variables, such as central venous 

pressure(CVP), often fail to provide reliable information on 

cardiac preload and are not capable of predicting a cardiac 

response to fluid therapy[2]. In contrast to static preload 

variables, dynamic preload variables, such as stroke volume 

variation(SVV), are based on heart-lung interactions for 
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guiding volume administration in mechanically ventilated 

patients. SVV can be clinically measured with the arterial 

pulse-contour analysis into the selected monitor by the 

PiCCOplus system[3-4].

Several studies have demonstrated the validity of 

SVV calculated with the PiCCOplus system for predicting 

fluid responsiveness in patients undergoing cardiac 

surgery, brain surgery, abdominal surgery, and those 

with a critical illness[5-8]. Intraoperative optimization 

of intravascular volume using SVV and cardiac output 

(CO) monitoring is associated with better intraoperative 

hemodynamic stability, lower incidence of complications, 

reduced critical care admissions and reduced mortality 

after major surgery[9-10]. However, most studies were 

performed in supine patients to assess the usefulness of 

SVV for predicting fluid responsiveness. During clinical 

practice, patients in an intensive care unit may require 

the semi-reclining, alternating left or right recumbent, 

even intermittent prone positions for treatment during 

mechanical ventilation. Although accurate predictions of 

fluid responsiveness have been demonstrated by SVV and 

the surrogate systolic pressure variation(SPV) in ventilated 

and supine patients with sepsis[11-13], it remains unclear 

whether body position changes affect SVV efficacy for 

assessing preload adequacy and functional hemodynamic 

monitoring in patients with sepsis. Moreover, the body 

position changes impact vena cava blood return, chest 

wall compliance, and intrathoracic pressure, which are 

important determinants for SVV. 

To our knowledge, there are no investigations devoted 

to study the influence of body position changes on the 

SVV and hemodynamic data in ventilated patients with 

sepsis. Herein we investigate the correlation of SVV with 

hemodynamic data in ventilated patients with sepsis. We 

also investigated the correlation of SVV in supine position 

with body position induced changes in CI. We further 

studied the influence of body position changes on SVV 

reflected by global end-diastolic volume index(GEDVI) and 

hemodynamic data including mean arterial pressure(MAP), 

cardiac index(CI), stroke volume index(SVI) and global 

election fraction(GEF) in ventilated patients with sepsis.

Materials and Methods
1.Patients  This study was approved by the Ethical 

Committee of Tangdu Hospital, The 4th Military Medical 

University, and informed consent was obtained from the 

patient or a relative. From December 2009 to December 

2010, the 66 consecutive patients diagnosed as sepsis and 

undergoing mechanical ventilation in our intensive care 

unit were enrolled in this study. Patients with arrhythmias, 

valvular heart disease, an ejection fraction less than 40%, 

intracardiac shunt, severe peripheral arterial stenosis, 

pulmonary artery hypertension or chronic obstructive 

pulmonary disease were excluded.

2.Protocol  Following endotracheal intubation, 

the patients were mechanically ventilated by a volume 

controlled ventilation model with a tidal volume of 8-10ml/

kg, 50% inspired oxygen concentration, and a 5cmH2O 

positive end-expiratory pressure. The ventilation frequency 

was set at 15 breaths per minute. The patients were deeply 

sedated during the study period by prolonged intravenous 

administration of midazolam(2mg/h) and morphine(2mg/

h) with microinfusion pump. The clinical characteristics of 

patients and etiological diseases are summarized in Table 1.

Baseline measurements were obtained at the supine 

position in patients undergoing mechanical ventilation. 

Thereafter, patients was placed into the 30° head-up, 

the 30° left recumbent, the 30° right recumbent and the 

prone position in a random manner. The time interval 

between two different body positions was more than 2h. 

Hemodynamic measurements were performed in each 

position after at least 10 min of stabilization. During the 

entire experimental period, ventilation settings were kept 

Categary Data

n P*

Gender(male/female) O)E)J

Age(year) P@�J���+J�)

<
	���K��N� PJ�L���T�)

Height(cm) +PP�O���L�+

Y���������	��
#K��E�)N� ))�P���+�O

Pulmonary Infection(PI) )P

(��

��	�
��
�������	��
���	���[�� L

5[5$>!���� +P�@���L�T

Tabel 1.Clinical characteristics and etiological diseases of 
patients included in the study
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Fig. 1  Correlation between SVV and CI, SVI, GEF and 
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constant, inotropes or vasopressors were injected in a stable 

dose by microinfusion pump if necessary, stimulation 

of the patients was avoided, and no external fluids were 

administered.

3.Hemodynamic monitoring  A 20G arterial catheter 

was advanced into the radial artery for continuous 

monitoring of systolic arterial pressure, diastolic arterial 

pressure and mean arterial pressure(MAP). An 8F triple-

lumen central venous catheter(AG-15854-E; Arrow 

International Inc., Reading, PA, USA) was inserted in the 

right internal jugular or subclavian veins for measurement 

of central venous pressure(CVP). A flexible 4F catheter 

with an integrated thermistor(Pulsiocath PV2014L13; 

Pulsion Medical Systems, Munich, Germany) was inserted 

into the left femoral artery and connected to the stand-

alone monitor PiCCOplus(software version 5.2.2; Pulsion 

Medical Systems). Thermodilution measurements of 15 

ml iced saline solution(<8 ) injected through the central 

venous catheter were performed to determined CO and 

stroke volume(SV). Triplicate CO measurements were 

averaged from three bolus injections. Global end-diastolic 

volume(GEDV) was calculated from CO, mean transit time, 

and the down–slope time of the indicator: GEDV = CO 

×(mean transit time – down-slope time). Global ejection 

fraction(GEF) was obtained from SV and GEDV: GEF = 

4×SV/GEDV. The thermodilution was used to calibrate 

pulse contour analysis for continuous CO monitoring 

and SVV. SVV, as a percentage change of SV during the 

ventilatory cycle, was assessed with the following equation: 

SVV(%) =(SVmaximum–SVminimum)/SVmean, where 

SVmaximum and SVminimum were mean values of 

the four extreme values of SV during a 30 s period, and 

SVmean was the average value for the time period. CO, 

SV, and GEDV were normalized to body surface area into 

cardiac index(CI), stroke volume index(SVI) and global 

end-diastolic volume index(GEDVI), respectively. The CVP 

and MAP were also measured at end-expiration.

4.Statistical Analysis  All results are expressed as 

the mean ± standard deviation. Statistical analyses 

were performed using the SPSS statistical software 

package(version 13.0; SPSS Inc, Chicago, IL, USA). The 

Analysis of Variance(ANOVA) was used to compare the 

hemodynamic variables among the various body positions. 

A Pearson correlation was used for linear regression analysis 

between SVV and CI, SVI, DEDVI and GEF. The linear 

regression analyses of SVV in the supine position with body 

position induced changes in CI were also performed with 

Pearson correlation. The Pearson correlation coefficients r 

and r2 were calculated between two variables. A P value of 

less than 0.05 was considered statistically significant.

Results
6 patients were excluded, two of them were diagnosed 

as chronic obstructive pulmonary disease, the other 

4 patients had blood pressure fluctuation and needed 

to adjust the dose of inotropes or vasopressors during 

observation. 

1.The Pearson correlation of SVV with hemodynamic 

;��

r r2 P

CI(l/min/m2) "�*�PJ *�@P 0.00

;��K��E�2) "�*�PT 0.44 0.00

�!3K�N� "�*�PJ *�@P 0.00

�!���K��E�2) "*�J@ *�T* 0.00

Tabel 2.The r, r2 and P value obtained with Pearson 
Correlation Analysis between SVV and hemodynamic 
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data  The variables for Pearson correlation were obtained 

from the ventilated patients with five body positions, not 

in a specific position. The SVV exhibited a significant 

and negative correlation with CI(r=-0.68, P<0.0001), 

SVI(r=-0.67, P<0.0001), GEF(r=-0.68, P<0.0001) and 

GEDVI(r=-0.84, P<0.0001)(Figure 1). These data suggested 

that the body position changes did not impact the 

correlation relationship between SVV and hemodynamic 

data.

The Pearson correlation results comparing SVV 

with the hemodynamic data are summarized in Table 2. 

The r values between SVV and hemodynamic variables 

ranged from -0.68 to -0.84. The r2 between SVV and 

hemodynamic variables suggested that 44% -70% of 

output or preload changes could be accounted for by 

changes in SVV. These data suggest that SVV was reliable 

for functional hemodynamic monitoring in ventilated 

patients with sepsis.

2.The influence of the 30° head-up and prone position 

on the hemodynamic data and SVV  The 30° head-up 

position induced a significantly reduction in MAP, CI, SVI 

and GEF in the volume controlled ventilation models(Table 

3). Concomitantly, GEDVI was also decreased with the 

30° head-up position. More importantly, the SVV was 

elevated from 8.1±3.5% to 10.5±4.2% by 30° head-up 

position(Figure 2a). The prone position significantly 

reduced MAP, CI, SVI and GEF. Concomitantly, GEDVI 

was also reduced after prone position. More importantly, 

SVV of the prone position(12.6±5.5%) was markedly 

higher than that of the supine position(8.1±3.5%)(Figure 

2d). These suggested that the 30° head-up and prone 

positions reduced the stroke volume, increased the SVV, 

and were associated with hemodynamic depression.

Items Supine O*��>
��"�� Prone O*�=
���?
����
�� O*�?	����?
����
��

MAP(mmHg) J)�P��+*�) TL�@��Q�LK+N T*�+��J�LK+N JO�J��++�P J+��+)�O

CI(l/min/m2) O�)��*�P )�+���*�T� 2.2 ±0.4(1) 3.1 ±0.4 O�L��*�O
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3.The influence of the 30° right and 30° left recumbent 

position on the hemodynamic data, central blood volume 

and SVV  The hemodynamic data in the 30° left or right 

recumbent position are summarized in Table 3. The 30° 

right or left recumbent positions did not change the MAP, 

CI, SVI and GEF in the volume controlled ventilation 

models. Concomitantly, GEDVI did not differ between the 

supine position and either the 30° right recumbent position 

or the 30° left recumbent position. More importantly, the 

SVV of the 30° right and left recumbent positions were 

comparable to the supine position(Figure 2b, 2c). These 

data suggest that 30° left and 30° right recumbent position 

did not affect SVV without any resulting changes in 

hemodynamic conditions.

4.The Pearson correlation of SVV in the supine 

position with 30° head-up or prone position induced 

changes in CI  The SVV in the supine position did not 

correlate with the 30° head-up position induced changes in 

CI(r =-0.119, P>0.05) or prone position induced changes 

in CI(r  -0.130, P> 0.05)(Figure 3). The r2 values for SVV 

compared with changes in CI were 1.4% and 1.7% after 

30° head-up and prone position, respectively(Table 4). 

These suggested that alteration of CI and SVV induced by 

body position changes were not only preload-dependent. 

The other mechanisms, except for decreased central blood 

volume, might be responsible for the alterations on SVV 

and CI induced by body position changes.

Discussion
T h e u s e f u l n e s s o f  S V V t o p r e d i c t t h e f l u i d 

responsiveness has been demonstrated in ventilated and 

supine patients with shock[11-13]. However, ventilated patients 

may require body position changes such as the head-up, 

left or right recumbent and prone position for the purpose 
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Fig. 2  Individual SVV responses. SVVs for the 30° head-up 
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of treatment. In this study, SVV exhibited strong and 

negative correlation with CI, SVI, GEF and GEDVI in septic 

patients despite the fact that all variables were obtained 

from five various body positions. These results further 

demonstrated that dynamic SVV was an effective predictor 

in functional hemodynamic monitoring, which agrees 

with numerous previous investigations demonstrating the 

usefulness of SVV in predicting fluid responsiveness in 

various subsets of ventilated patients[5,6,7,8,11,12,13]. Both SVV 

and pressure pulse variation(PPV) are validated to predict 

volume responsiveness in the prone position during spine 

surgery[14]. 

In the present study, both the 30° head-up and prone 

position led to a significant increase in SVV. Concomitantly, 

those two body positions reduced SVI, CI, GEF and central 

blood volume, as assessed by GEDVI, in agreement with 

previous studies. Biais et al[14] demonstrated that the prone 

position significantly increased SVV and PPV but did not 

alter their ability to predict fluid responsiveness. Head-up 

tilt positions are associated with decreased thoracic fluid 

content, SV and CO[15-17]. More interestingly, the 30° left or 

right recumbent position did not change the hemodynamic 

data and SVV. The increased SVV induced by both the 30° 

head-up and prone positions could be attributed mostly to 

the decrease in vena cava blood return[14,18]. The 30° head-

up and prone positions placed the heart on a hydrostatic 

level above the head and limbs, which decreased vena 

cava return[15-19]. The mild abdominal compression in 

the prone position, and the downward movement of the 

diaphragm in 30° head-up position, might induce inferior 

vena cava compression, thereby decreasing vena cava blood 

return through increased intra-abdominal pressure[20]. 

Consequently, the cyclic effect of mechanical ventilation on 

the heart would be more pronounced because of a decrease 

in vena cava blood return. We also found poor correlation 

between SVV in the supine position and the CI changes 

induced by the 30° head-up or prone positions, which 

suggested that altering body position induced changes in 

SVV and CI that were not only preload-dependent but 

might be implicated in other mechanisms. It has been 

demonstrated that increasing chest wall compliance by 

opening the chest decreased SVV[18]. Unfortunately, we did 
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not measure the inspiratory and plateau pressure, so could 

not conclude that the increase in SVV was due partially 

to the reduced chest wall compliance from body position 

changes. 

Our study had some limitations. First, SVV reflected 

by GEDVI were assessed by PiCCOplus device and were 

not compared with another technique, for instance left 

ventricular or right ventricular end-diastolic volume 

from transoesophageal echocardiography. However, 

the changes in CI, SV, GEF and GEDVI related to body 

position changes identified in this study were identical 

to a previous investigation using echocardiography[19]. 

Second, the validity of SVV to predict fluid responsiveness 

is usually proven by showing that baseline SVV correlated 

well with volume expansion-induced changes in CO. In 

this study, fluid volume needed to be stable to investigate 

the influence of body position changes on the SVV, so no 

volume expansion alterations were performed in this study. 

Consequently, this study design did not allow for the use of 

common methods to validate the SVV measurements in a 

specific position. However, the SVV results showed strong 

correlation with hemodynamic variables measured in five 

different body positions. Thirdly, we studied sedated and 

ventilated patients with a left ventricle ejection fraction 

of 40% or greater and a tidal volume of 8 ml/kg. SVV is 

affected by the depth of tidal volume under mechanical 

ventilation. Therefore, our results could not be extrapolated 

to ventilated patients with heart failure and low tidal 

volume.

In conclusion, Dynamic SVV is reliable for functional 

hemodynamic monitoring in ventilated and septic patients. 
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SVV correlated well with hemodynamic variables regardless 

of patient position. The body position changes did not 

affect the correlation of SVV and hemodynamic variables in 

patients with sepsis. The 30° head-up and prone positions 

increased SVV and decreased CI, SVI, GEF and GEDVI; 

reduced GEDVI might be the primary reason for the 

increased SVV. The 30° left or right recumbent positions 

have no effect on hemodynamic data and SVV.
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The Prone Position Combined with Lung Recruitment Maneuvers 
Improves Hypoxemia in Patients with ARDS
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Lung recruitment maneuvers(RM) are dynamic 

processes of reopening of the previous poor- or non-

aerated lung units by transiently increasing transpulmonary 

pressure in order to improve gas exchanges. This has 

been proposed as an adjunct to mechanical ventilation 

in anesthesia and ARDS[1]. In ARDS patients, the amount 

of normally aerated lung units are dramatically reduced, 

which cause alveolar flooding and poor- or non-aeration.  

An increase in alveolar fluid reduces diffusion of oxygen 

into capillaries, therefore increasing the shunt.  The 

majority of patients with ARDS had partially or normally 

aerated upper lobes and non-aerated lower lobes[2].  

Currently, mechanical ventilation and lung recruitment 

are major therapeutic strategies for the treatment of 

ARDS.  However, mechanical ventilation alone could not 

completely reopen collapsed lung units[3-4].  Different 

lung recruitment strategies showed variable efficacy and 

cause normal lung hyperinflation leading to barotrauma 

or hemodynamic compromise[5].Studies suggested that 

the response to RM in patients with ARDS may depend 

on the previous respiratory system mechanics, the nature 

of the lung insult, and the type of ventilator setting.  It is 

critical to choose appropriate maneuver strategy for ARDS 

patients with hypoxemia in order to effectively reopen 

collapsed lung units and improve oxygenation without 

causing severe adverse effects.  Prone positioning has been 

widely used in the treatment of patients with ARDS and 

considered as a safe and reliable approach in improving 

oxygenation, increasing sputum drainage, and thereby 

enhancing impaired lung to re-aerate[6]. In the current 

study, based on lung protective ventilation, we examined 

the effects of lung RM on oxygenation and intrapulmonary 

shunt in ARDS patients with hypoxemia through analyzing 

the change of ventilation, oxygenation, hemodynamics, and 

secretion of inflammatory factors in plasma and BALF in 

prone and supine positions.  Our results demonstrated that 
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lung recruitment maneuvers in prone position significantly 

reduce hypoxemia in patients with ARDS by increasing 

oxygenation and reducing intrapulmonary shunt.

 

Materials and Methods
Patients
Sixty-six patients diagnosed as ARDS with hypoxemia 

at the Department of Intensive Care Unit in Tangdu 

hospital Affiliated to the Fourth Millitary Medical 

University between November 2010 and January 2011 

were recruited for this study.  There were 30 male and 36 

female patients aged between 17 and 76 years (the average 

of 54.2±22.5). The value of their Acute Physiology and 

Chronic Health Evaluation II (APACHE II) was 16.4±4.2. 

All patients were diagnosed and classified according to 

the criteria of Acute Lung Injury (ALI)/ARDS issued by 

Chinese Society of Critical Care Medicine in 2006. Each 

patient displayed sTab hemodynamic status. The arterial 

oxygen saturation(SaO2) was lower than 90% when 

fraction of inspired oxygen(FiO2) was 0.60. Oxygenation 

showed no improvement even after anti-infections, airway 

management, chest physical or bronchoscopic therapies.  

Patients with sepsis or smoking history were excluded from 

the study.  The protocol was approved by the hospital’s 

ethics review board(No. 2010069). All subjects signed the 

written informed consent before the tests.

Measurements
During the whole procedure, routine continuous 

monitoring included electrocardiogram, blood pressure, 

pulse oximetry(SpO2).  Peripheral intravenous rehydration 

system was established by placing a double-lumen central 

venous catheter through right subclavian vein. Central 

venous pressure(CVP) was monitored and controlled 

between 8 and 12 cm H2O.  An arterial catheter was placed 

in the radial artery for continuous invasive blood pressure 

monitoring and for arterial blood gas analysis.  Patients 

were mechanically ventilated(PB-840, Puritan Bennett 

vantilator, USA) through endotracheal intubation or 

tracheotomy in an A/C+PEEP ventilation mode (tidal 

volume of 8 mL/kg, PEEP 5 cmH2O, flow trigger sensitivity 

2 L/min, respiratory rate 15 times/min, FiO240 ~100%, and 

square wave air flow).

In supine positioning, a PiCCO catheter(PV2014L13, 

Pulsion Medical Systems, Germany) connected to a 

monitor(Philips InteliVue MP60) was inserted via femoral 

artery.  In addition, a catheter monitoring CVP was 

connected to a PiCCO temperature sensor. Hemodynamic 

indices were monitored using pulse contour analysis and 

thermodilution technique, which were performed by 

injecting 15 mL of iced saline solution via a central venous 

catheter after CVP measurement.  The averages of three 

subsequent measurements were recorded, which included 

HR, mean arterial pressure(MAP), cardiac index(CI), 

stroke volume index (SVI), peripheral vascular resistance 

index (SVRI), intrathoracic blood volume index (ITBVI), 

extravascular lung water index (EVLWI), whole-hearted 

end-diastolic volume index(GEDVI), wholeheartedly 

ejection fraction(GEF), and stroke volume variation(SVV).  
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RM was performed using stepwise increments of 

PEEP[7]. Each patient received RM during supine or prone 

positions with an interval of 24 h. The maximum duration 

of prone positioning was 2 h. The patients were sedated and 

spontaneous breathing was controlled by an intravenous 

infusion of 5 mg midazolam hydrochloride and 2 mg 

vecuronium bromide. The airway was cleared before 

RM. The baseline mechanical ventilation was pressure 

control ventilation (PCV) mode with the maximum 

airway pressure of 45cmH2O and SpO2 around 90-95% by 

Fig. 1  Diagram of stepwise recruitment maneuvers applied in 
the study 
The RM was performed by continuous stepwise increase in 
PEEP of 5 cm H2O every 2 min until arterial PaO2+PaCO2 
'�
� ����
�� ����� 233� !!��#� ����
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ventilation mode and levels to the baseline before RM
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controlling FiO2 and PEEP. Before RM, we collected the 

data of PEEP, FiO2, and arterial blood gas analysis.  During 

the study, FiO2 was kept constant at 100%. The RM was 

performed by consecutive, simultaneous stepwise increase 

in PEEP of 5 cm H2O every 2 min, until the arterial PaO2 

+PaCO2 reached 400mmHg.  We then adjusted ventilation 

mode and level back to the baseline before RM(Figure 1). 

The criteria for concealing the RM were a 20% 

reduction in SaO2 for 2 min or a drop in blood pressure 

(systolic pressure was lower than 90 mmHg or reduced 

by 30% of basal blood pressure for 2 min). Bedside 

chest X-rays examination was obtained to monitor the 

occurrence of pneumothorax or mediastinal emphysema. 

 Arterial and venous blood samples were collected 

starting 0 until 2 h after RM to analyze the values of pH, 

PaO2, SaO2, PaCO2, oxygen saturation of mixed venose 

blood(SvO2) and calculated oxygenation index(PaO2/FiO2) 

and intrapulmonary shunt (Qs/QT).

Measurement of inflammatory factors in serum and 
��"�	
�	&�������	'���	��()

Arterial blood samples (3 mL) were collected before 

and 2 h after RM.  Obtained plasma was stored at -80°C for 

future ELISA assays to detect the concentration of tumour 

necrosis factor-  (TNF- ), interleukin (IL)-1 , IL-6, 

IL-8 and von Willebrand factor (vWF). ELISA assays were 

performed according to the manufacturer’s instruction 

(Puer Biotech. China). Bronchoalveolar lavage fluid (BALF) 

was conducted before and 2 h or 4 h after RM using 

bronchoscope (Olympus BFP40, Japan). The bronchoscope 

was advanced into a sub-segmental bronchus and 20 mL 

37°C saline was instilled and then removed by negative 

pressure suction. The procedure was repeated twice and the 

recovery rate was 30-50%. Ten mL BALF was centrifuged 

and supernatant was stored at -80°C for ELISA assays.

Statistical analyses
All statistical analyses were performed using SPSS13.0 

software. Data were expressed as mean ± standard division 

(SD). P values between two groups were calculated using 

2 test. The results within one group were analyzed using 

a one-way analysis of variance (ANOVA) for repeated 

measures model. The Pearson’s correlation coefficient was 

used to assess the association between plasma and BALF 

levels of inflammatory factors. A P value less than 0.05 was 

considered to be significant.

 

Results  
All patients were finished the tests without signs and 

symptoms of pneumothorax or mediastinal emphysema. 

The Tab 1 shows oxygenation and intrapulmonary shunt 

during the procedure. We found that PaO2/FiO2 increased 

significantly during RM and remained significantly high 

in the follow-up period compared to the baseline in 

both supine and prone positions (P<0.05). Moreover, 

Items [�()E3	() }�E}��K�N ;�()�K�N
Supine 
position

Pre-RM )L+�@�OL�O +P�P�+�@ JJ�L�)�L

Max-RM @+Q�)�@@�JK+N ++�J�O�PK+N QL�L�O�JK+N

30 min-RM OOL�P�OJ�)K+N 12.2±2.2(1) QL�*�O�)K+N

120 min- RM O+T�*�OP�QK+N +@�P�+�JK+N Q)�J�)�PK+N
Prone 

position
Pre-RM )TL�@�@L�T +L�@�)�) Q+�P�O�Q

Max-RM @@+�P�@O�+K+NK)N Q�L�@�TK+NK)N QJ�)�+�JK+NK)N

30 min-RM OQJ�O�OJ�*K+NK)N Q�Q�O�LK+NK)N QT�*�+�LK+NK)N

120 min-RM OLP�P�OP�LK+NK)N 10.0±3.0(1)(2) QL�+�+�PK+NK)N

Pre-RM Max-RM 30 min-RM 120 min-RM

HR (beats/min) J*�O�L�L JP�P�J�*K+N J*�Q�P�) JO�L�L�)

MAP (mmHg) T+�)�@�T T*�L�L�* T*�P�L�+ T)�@�@�O

$�[�K��>�N J�L�)�L L�@�+�LK+N J�)�) J�+�)

CI (L/min/m2) O�J�*�P 3.2±0.4(1) O�T�*�T O�T�*�L

;���K��E�
��E�2) OJ�J�P�L O)�@�L�PK+N OP�L�T�+ OJ�)�P�P

�!����K��E�2) TPP�O) PJQ�@@K+N TLQ�OJ TPL�OL

�!3�K�N O*�L�L�P )P�O�QK+N O*�+�@�P O*�)�L�*
;�?�

K�����
���"L��2)
+LL*�+T@ +LJJ�+PP +LP*�+L) +LLP�+LP

��Y��K��E�2) JJ@�LP JJQ�@J JJ*�LT JJ*�L*

!�=<��K��E��N P�P�+�O P�@�+�) P�L�+ P�J�+�+

;���K�N J�O�@�T 11.2±3.3(1) J�L�O�T J�L�O�P

Tabel 1.Oxygenation and intrapulmonary shunt before, 
during, and after RM in the supine and prone positions

Tabel 2.The hemodynamic parameters before, during, and 
after RM in the supine

K+N�[���*�*L������

�����

"?]��K)N�[���*�*L������

�������	�
����	�	��� K+N�[���*�*L������

�����

"?]
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the increase in PaO2/FiO2 at 30 min and 2 h after RM in 

prone positioning was more dramatic than that in supine 

positioning (P<0.05). In addition, the Qs/QT during and 

after RM was significantly decreased compared to that 

before RM in two positions (P<0.05).  Interestingly, a 

further reduction of PaO2/FiO2 after RM in prone position 

was observed compared to that in supine position (P<0.05). 

Similarly, the SpO2 during and after RM was significantly 

enhanced compared to the SpO2 before RM in two 

positions (P<0.05). Note that more increased SpO2 after 

RM was found in prone positioning compared to that in 

supine positioning (P<0.05). Our results suggested that RM 

improves oxygenation and intrapulmonary shunt especially 

in the prone position.

Table 2 and 3 summarized the level of hemodynamic 

parameters during the study. The overall MAP was similar 

in the whole procedure during supine and prone positions.  

HR was increased significantly during RM and returned 

to the basal level 30 min after RM in both positions 

(P<0.05). The CVP, CI, SVI, GEDVI, and GEF during RM 

were significantly decreased and returned to the basal 

level 30 min after RM (P<0.05). Meanwhile, SVV was 

strikingly increased during RM compared to the pre-RM 

level (P<0.05). However, SVRI, ITBI, and EVLWI had no 

changes through out the experiment. Together, we found 

that RM in both prone and supine positions caused little 

changes in most hemodynamic parameters.

To f u r t h e r te s t w h e t h e r R M i n f lu e n ce d lu n g 

inflammatory responses in the patients, we tested the 

secretion levels of TNF- , IL-1 , IL-6, IL-8, and vWF 

using ELISA assays and found that no significant differences 

in the plasma concentrations before and after lung RM. 

Furthermore, both supine and prone positions had no 

effects on influencing the inflammatory factor secretion 

(P 0.05, Tab 4). Similar results were also observed in BALF 

(Tab 5). Of notes, we showed that plasma concentrations 

of TNF- , IL-1 , IL-6, and IL-8 were strongly correlated 

with the concentration of which in BALF (P<0.05, Tab 6). 

The data suggested that RM and changing of positions had 

no effect on exacerbating inflammatory response in lung.

Discussion
ALI and ARDS are severe inflammatory lung diseases 

associated with very high mortality. In the present study, 

we found that RM strategy applied in prone positioning 

significantly improved oxygenation and lung mechanics in 

ARDS patients with hypoxemia. More importantly, RM in 

prone position had no effects on aggravating hemodynamic 

status and lung inf lammator y responses in ARDS 

patients.  ARDS is a syndrome with different pathological 

characteristics and diverse reactions to therapeutic 

manoeuvres[8]. The lung pathology of ARDS includes 

alveolar flooding, chronic interstitial inflammation, and 

edema. Moreover, lung non-aeration, which mainly occured 

in the caudal and juxtadiaphragmatic regions, contributed 

to different level of hypoxemia in ARDS patients[9]. 

Mechanical ventilation with positive end-expiratory Pre-RM Max-RM 30 min-RM 120 min-RM

HR (beats/min) J+�L�@�Q JJ�T�P�PK+N JO�T�L�J J)�O�P�)

MAP (mmHg) PJ�)�O�L PL�T�O�) PP�Q�@�@ PT�J�O�*

$�[�K��>�N P�+�)�L O�O�+�JK+N L�J�+�P P�+�L

CI (L/min/m2) O�P�*�@ O�+�*�LK+N O�L�*�L O�L�*�P

;���K��E�
��E�2) OT�O�L O+�)�L�JK+N OT�+�P�P OT�L�+

�!����K��E�2) TLJ�OP PTJ�@+K+N TL*�OL TLL�O+

�!3�K�N )J�J�L�O )P�J�@K+N )J�L�L )Q�O�P�L
;�?�

K�����
���"L��2)
+LP)�+LQ +LT@�+LP +LT*�+P+ +LPJ�+PP

��Y��K��E�2) JQ*�@Q JJL�@* JJ*�@P JJP�@@

!�=<��K��E��N P�)�+�P L�J�+�L L�Q�+�O L�Q�+�+

;���K�N Q�+�O�P +)�T�O�@K+N J�J�)�J J�Q�)�)

�H3"�
(ng/L)

�="+�
(ng/L)

�="P
(ng/L)

�="J
(ng/L)

vWF
(ng/L)

Supine 
position

Pre-RM )J�)�O�) +O+�L�OP�O O�@�)�T P@�J�T�J Q@�@�Q�O

2 h-RM )P�L�O�Q +OP�)�)Q�L O�T�)�* PL�*�P�T QP�*�T�L

4 h-RM )T�P�)�@ +O)�P�O)�+ O�O�+�L PP�@�J�) QL�)�J�T
Prone 

position
Pre-RM )T�@�)�J +OJ�J�@*�* O�J�)�P PJ�+�J�@ Q)�L�T�@

2 h-RM )P�J�O�L +OP�T�O@�@ 4.1±2.3 PP�O�P�* QP�*�T�T

4 h-RM )T�)�)�) +OQ�L�)T�Q O�Q�)�) P*�Q�L�L Q+�@�P�L

Tabel 3.The hemodynamic parameters before, during, and 
after RM in the prone position

��%
�� 2#@��
!�� �	��
������	�
� 	�� �����!!��	�)� �)�	*��

�
before and after RM during the supine and prone positions

K+N�[���*�*L������

�����
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pressure is one of the most important strategies to reduce 

the symptom in ARDS patients. Unfortunately, lung 

protective modes of mechanical ventilation could further 

increase lung non-aeration or even led to lung injury[10]. 

Recently, postural drainage and recruitment maneuvers 

have been widely used in ARDS patients. RM increased 

lung volume through enhancing the airway pressure in a 

short period, therefore, promoting collapsed lung units to 

reopen and preventing secondary atelectasis caused by low 

tidal volume [11]. Although effective in recruiting the lung 

and reversing hypoxemia, the use of RM has not shown 

consistent outcomes in patients with ARDS[12].  

Many studies focused on the efficacy and adverse effects 

of RM in ARDS patients as the use of RM produced variable 

results and might cause hemodynamic instability in ARDS 

patients. In view of these factors, the use of RM based on 

routine ventilatory protective treatment still remained 

controversial[13]. To address the issue, we examined whether 

stepwise increase in PEEP could improve hypoxemia 

without affecting hemodynamics. Our results clearly 

indicated that stepwise increase in PEEP in prone position 

significantly improved oxygenation and lung mechanics in 

ARDS patients.  Consistent with this, Borges et al. reported 

that an incremental stepwise RM could obtain nearly full 

lung recruitment (defined as PaO2 +PaCO2�400mmHg) 

in 92% of ARDS patients[14]. Previous studies showed 

that certain transient hemodynamic parameters were 

compromised after RM[1-5]. We found that CVP, CI, SVI, 

and GEDVI decreased and HR and SVV increased during 

lung RM in supine and prone positions.  However, the 

adverse effects were transient and hemodynamic parameters 

returned to the basal level within 2h after RM.  We reasoned 

that RM-induced higher intrathoracic pressure and caused 

a reduction of the amount of blood in inferior vena cava 

could be one of the possible reasons.  

Interestingly, the adverse effects were less when RM 

was performed in prone position, indicating that the 

prone position was beneficial for ARDS patients treated 

with RM. In 1976, Piehl MA et al. first discovered that 

the prone position improved oxygenation in a group of 

ARDS patients compared to the supine position[15]. When 

changing from the supine to the prone positions, the chest 

wall elastance was increased and the distribution of regional 

alveolar inflation became different[9]. In the supine position, 

the heart is partially supported by the lung, particularly 

compressing the left lower lobe. However, in the prone 

position, the heart is mainly supported by the sternum, 

which dramatically removes the external pressure resting on 

the lungs[16]. ARDS patients have widespread inflammatory 

lung edema, significantly increasing the weight of the 

lung tissues about 2-3 fold compared to normal subjects; 

therefore, the compression forces involved was strikingly 

increased[17-18]. There is no doubt that the prone position 

dramatically improves oxygenation in 70-80% of patients 

with ARDS. One of the reasons was that a relatively greater 

recruitment in dorsal lung regions was found compared to 

the degree of derecruitment in ventral regions[19]. Animal 

study also demonstrated that mechanical ventilation caused 

less injurious when performed in the prone rather than the 

supine positions[9]. Ventilator-induced lung injury might 

be related to the non-physiological stress to which the lung 

parenchyma is exposed, and prone position appeared to 

reduce these. Several randomized clinical trails evaluated 

�H3"�
(ng/L)

�="+�
(ng/L)

�="P
(ng/L)

�="J
(ng/L)

vWF
(ng/L)

Supine 
position

Pre-RM J�O�O�T O)�L�+L�Q 1.4±2.3 +O�L�L�L Q@�@�Q�O

2 h-RM P�P�)�L OL�)�+)�O +�J�+�J +)�T�@�* QP�*�T�L

4 h-RM J�L�O�O OP�*�+T�P +�L�)�J +)�*�P�@ QL�)�J�T
Prone 

position
Pre-RM T�T�)�Q O)�@�+@�P +�L�+�L 13.2±4.2 Q)�L�T�@

2 h-RM T�J�O�+ O)�P�+J�) )�*�)�Q +)�P�L�J QP�*�T�T

4 h-RM J�@�O�@ OP�+�+L�L +�O�+�P 12.1±4.3 Q+�@�P�L

Plasma

�H3"� �="+� �="P �="J

r P r P r P r P

BALF

�H3"� *�TO 0.00 - - - - - -

�="+� - - 0.31 0.04 - - - -

�="P - - - - *�@T 0.01 - -

�="J - - - - - - *�P+ 0.01
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and after RM during the supine and prone positions
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the effects of prone position on ARDS patient clinical 

outcome and showed survival advantage in some patients 

with severe hypoxemia[9, 20-22]. However, prone positioning 

is still not widely accepted as an adjunct therapy in ARDS 

patients. This may be explained in part by the reluctance 

to change positions, risks and unclear effects on relevant 

outcomes. One recent report showed that there was no 

differences in pulmonary function or quality of life were 

observed in small group of ARDS patients treated in prone 

versus supine position[23].  Thus, further studies need to be 

done to confirm.

Cytokine measurements in BALF of patients with 

ARDS have provided valuable insights about the complexity 

of the inflammatory responses that occurs in the lung. 

Study reported that hyperinflation increased the secretion 

of proinflammatory cytokines, caused fluid extravasation 

from the capillaries, and impaired endothelial function[24].  

In order to assess the effect of stepwise increase of PEEP on 

lung vascular endothelial, we measured the concentrations 

of inflammatory factors, such as TNF- , IL-1 , IL-6, IL-

8, and vWF, in plasma and BALF. The TNF-  and IL-1  

are the early response cytokines which can stimulate other 

cytokine production by lung epithelial and mesenchymal 

cells.  Both of them presented in BALF at the onset of 

ARDS and could regulate other inflammation factors. 

IL-6 and IL-8, markers of early stage of severe lung injury, 

are major chemokines in ARDS and are upregulated in 

different lung injuries. vWF is a biomarker reflecting the 

damage of vascular epithelial and a prognostic factor of 

ARDS.  Sustained hypoxia leads to the development of a 

complex, pulmonary arteries-specific, proinflammatory 

microenvironment[25]. In patients with ARDS, acute 

hypoxemia represented one of potential ly several 

proinflammatory stimuli responsible for the development 

of ARDS [26]. Our results showed that, while these was a 

correlation between the levels of inflammatory factors in 

both serum and BALF in patients with ARDS, RM and 

two positions had no effects on influencing the secretion 

of inflammatory factors suggesting that RM and changing 

of positions appeared to play no role on diminishing or 

exacerbating lung inflammatory responses in these patients. 

Consistent with this, one report showed that a single RM 

had no effect on systemic levels of pro-inflammatory and 

anti-inflammatory cytokines in mechanically ventilated 

patients[27]. However, RM and prone position have been 

reported to reduce the lunginflammatory and fibrogenic 

responses in patients with ALI and ARDS in several 

studies[28-32]. The discrepancy remains unclear, the different 

sample sizes and methods used might contribute to this. 

More studies are needed to elucidate this.

In summary, our results suggest that RM in prone 

posi t ion s igni f icant ly improves oxygenat ion and 

intrapulmonary shunt in patients with ARDS without 

inducing further severe side effects, such as hemodynamic 

instability and increasing lung inflammation responses. 

Thus, RM in prone position can be considered as a reliable 

and effective adjunct to mechanical ventilation strategies 

for ARDS patients with hypoxemia.
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ICU
Clinical Investigation of Postoperative Delirium in Hip-surgery Patients from ICU

Objective[��X����;��
���
��
���������������������"��
�
�����"�!��
�!���
�;�������������������
�"	��
��!����+��������"��
���������!�������	�!�
���
��"������{�
Methods: Two hundred and seventy-nine consecutive patients, who underwent hip surgery because of hip fracture were enrolled in the study. Including 
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Conclusion: the incidence of ICU delirium of hip surgery patients is high. Use of measurements such as the CAM-ICU for delirium can enhance the 
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During Cardiopulmonary Resuscitation in a Swine Model of Asphyxia
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(CC-CPR) and rhythmic abdominal lifting and compression- cardiopulmonary resuscitation (ALC-CPR) in a swine model of asphyxial cardiac arrest (CA), and 
evaluate the effectiveness of rhythmic abdominal lifting and compression. 

Method X����%�����������������
�%�����������+	���!�	,�������������
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group used chest compression to perform CPR, and the other one used rhythmic abdominal lifting and compression. Electrocardiogram (ECG), tidal volume 
��X�`� 
������
��������,	���� ��
���
���� ��
'����������=
����� � !��
���� !���������"� ���+�����,���� �
<X�'���%�������
����� ���
�������	��$����	������
monitoring of aortic and right atrial pressure was performed continuously. Then, calculate the mean arterial pressure (MAP), coronary perfusion pressure (CPP), 
minute ventilation (MV) 
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������#�����	���

Result In the 2 minutes after the CPR started, the MAP of CC-CPR was (43.60±12.91) mmHg and CPP is ( 21.67±11.28) mmHg, the MAP of LAC-
�
>�%����QQ��Y���F�����$�������
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> the MV of CC-CPR was (5.54±0.79)L/
min the MV of LAC-CPR was (11.17±1.81)L/min.

Conclusion In the incipient  stage of cardiopulmonary resuscitation of the swine model of  asphyxia, compared with CC-CPR, ALC-CPR can be more 
effective. 

Key Words cardiopulmonary resuscitation (CPR); mean arterial pressur (MAP); coronary perfusion pressure (CPP); restoration of spontaneous 
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 0.05)while the bilirubinemia had no obvious 
decline(P 0.05). The scores of APACHE II had also obvious decline(P 0.05). The haemodynamic variables were stabilized during CBP and no obvious side-
effect relate to CBP was found. 
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and nutrition (total protein, albumin, prealbumin, sidrophilin and lymphocyte) were measured before operation, the 2nd and the 8th day after operation 
respectively. Reduction of body mass was also recorded. 
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C-reaction protein in experimental group were lower than that of the control group, and the level of lymphocyte in experimental group was higher than that of 

������
��������!�����
����
����	���"
����!��
��������������"�
�����������
�
��
����������#���
���""��������
�Y�YF���
�����%�������
�
��
�������""���������������
����
of body mass between experimental group and  control group (P>0.05). 
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However, high frequency of sub-optimal analgesia-sedation (i.e. inadequate or over) were happened due to much lower clinical compliance of the protocolized 
sedation. To avoid over-sedation induced unsafe events such as circulation unstable, dysfunction of gastrointestinal tract, the delayed successful weaning and 
the increased incidence of ventilator associated pneumonia (VAP),strategy with adequate analgesia but no sedation was clinically investigated. In this article, 
we will systematically analyze the necessity of optimal analgesia-sedation and the clinical reliability of  no sedation protocol.
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