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Abstract. - OBJECTIVE: To explore the ef-
fects of high-volume hemofiltration (HVHF) on
the plasma interleukin-6 (IL-6), pro-calcitonin
(PCT), extra vascular lung water index (EVLWI)
and alveolar-arterial oxygen exchange in pa-
tients with septic shock.

PATIENTS AND METHODS: 97 cases inten-
sive patients with septic shock were enrolled
from Department of Intensive Care Unit (ICU) of
the Provincial Hospital affiliated to Shandong
University between January 2011 and December
2014. According to the puting into practice of
high-volume hemofiltration (HVHF) or not, all the
patients were divided in two groups (NHVHF
group, group A, n = 46 cases) and (HVHF group,
group B, n = 51 cases). The plasma IL-6, PCT, in-
trathoracic blood volume index (ITBVI), extra-
vascular lung water index (EVLWI) and pul-
monary vascular permeability index(PVPI) was
detected before treatment and after treatment
24h, 72h. The Alveolar- arterial oxygen pressure
difference P, ,DO02 was checked by arterial
blood gas analysis (ABGA) at first and after
treatment 24 hour, 72 hour, 7 day in two groups.
The mortality at 28 day was compared between
two groups.

RESULTS: After 72h treatment, the plasma IL-6,
PCT in group B has a significant decrease. After
72h treatment, the level ITBVI, EVLWI and PVPI
in group B had a significant improvement. The
levels of P, D02 in HVHF group were reduced
more significantly than N-HVHF group after 7
day. The EVLWI and P,_,D02 had a significant
positive correlation (correlation ratio = 0.712,
95% confident interval [0.617, 0.773], p = 0.001).

The mortality at 28 day had a significant de-
crease between groups (15.22% vs. 34.15%, 2 =
4.242, p = 0.038).

CONCLUSIONS: HVHF could decrease plasma
inflammatory factors and EVLWI so that it could
improve the levels of alveolar-arterial-oxygen ex-
change in patients with septic shock, so it could
improve the survival rate of patients.
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Introduction

Systemic inflammatory response syndrome
(SIRS) is a pro-inflammatory condition in the or-
ganism caused by infectious factors'. It is charac-
terized by the rapid production and release of
many pro-inflammatory mediators, represented
by some early-phase inflammatory cytokines
such as tumor necrosis factor-o (TNF-a), inter-
leukin-6 (IL-6), pro-calcitonin (PCT) and some
late-phase inflammatory cytokines such as high
mobility group box-1 (HMGB-1), etc*>. These
inflammatory mediators interact with each other
leading to a chain reaction, namely “waterfall ef-
fect” causing an uncontrolled inflammatory reac-
tion. Sepsis is a systemic inflammatory response
syndrome induced by infection and also called
severe sepsis if accompanied by organ dysfunc-
tion®. It is a severely acute disease and very com-
mon in the clinic and sometimes can evoke septic
shock, acute respiratory distress syndrome
(ARDS), acute kidney injury (AKI). If severe
sepsis and septic shock cannot be effectively con-
trolled, the condition of the patient would
promptly develop into multiple organ dysfunc-
tion syndrome (MODS) and finally resulting in
death’. The morbidity of sepsis is quite high and
increases with the speed of 2%-8% per year®. Be-
sides, the mortality of septic shock is up to 20%-
50%, threatening the life and prognosis of the
septic patients. Therefore, how to treat severe
sepsis early and efficiently has so far become an
extremely difficult problem’.

Inflammatory mediators could damage the
lung capillary endothelium, leading to the in-
crease of pulmonary vascular permeability index
(PVPI), which is named capillary leak syndrome
(CLS)'". A large amount of the serum protein and
water permeates into the tissue space and in-
creases the extra vascular lung water index
(EVLWI) and finally causes pulmonary edema'!.
Lung oxygenation and alveolar-arterial oxygen
pressure difference (P, ,DO,, are reduced in this
syndrome'. On the other hand, hypovolemia and
hypoproteinemia can occur, resulting in de-
creased circulating blood volume, tissue perfu-
sion disorder, and multiple organ dysfunction.

Extra vascular lung water is the fluid in extra
vascular lung tissue, including intracellular, inter-
stitial, and alveolar fluid. Excess interstitial fluid
and alveolar fluid could cause lung edema. The
normal content of extra vascular lung water in an
adult is 3-7 ml/kg". The cause of increased lung
water can be pathophysiologically divided into

high hydrostatic pulmonary edema, high capil-
lary permeable pulmonary edema, and mixed
pulmonary edema'*. High hydrostatic pulmonary
edema is also called cardiogenic pulmonary ede-
ma, which is results from increased resistance of
pulmonary circulation from cardiac function de-
cline. The amount of lung water is determined by
the hydrostatic pressure difference between pul-
monary capillary and interstitial tissue of the
lung. High capillary permeable pulmonary ede-
ma includes pulmonary endogenous factors such
as pulmonary infection, and pulmonary exoge-
nous factors such as allergy, drugs and toxins.

Patients with severe sepsis commonly have hy-
povolemia'®. Extensive vasodilation and in-
creased capillary permeability caused by sys-
temic uncontrolled inflammation could lead to
severe abnormal volume distribution; which re-
duces effective circulating blood volume, ventric-
ular preload, diastole pressure and cardiac out-
put, resulting in the decreased oxygen delivery
unable to meet the metabolic need.

For those patients with severe sepsis, especial-
ly accompanied with ALI and AKI, finding an
approach to reduce extra vascular lung water
with intensive volume resuscitation and prevent
pulmonary oxygenation disorder is the focus of
this study.

The mortality rate of patients with severe sep-
sis and septic shock is up to 20-40%, in which
the main cause of death is multiple organ dys-
function syndrome (MODS) induced by the sys-
temic inflammatory response'®!'’. High volume
hemofiltration (HVHF) could partly remove in-
flammatory mediators and cytokines in plasma.
However, whether HVHF could reduce the mor-
tality rate of patients with severe sepsis and sep-
tic shock is still controversial. The purpose of
this study is to explore the effects of HVHF on
the plasma inflammatory mediators, extra vascu-
lar lung water index (EVLWI), alveolar-arterial
oxygen exchange and prognosis in patients with
severe sepsis.

Patients and Methods

Patients

Data were obtained from patients with septic
shock in intensive care unit (ICU) of the Shan-
dong Provincial Hospital in China from January
2011 to December 2014. The inclusion criteria:
patients are aged = 18 with severe sepsis'®. The
exclusion criteria: patients with advanced stage
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of malignant tumor, terminal stage, pregnancy.
Patients who have abandoned treatment or were
not able to complete 28 days follow-up were also
excluded. This study was approved by the Ethics
Committee of the Shandong Provincial Hospital
(registration number 2010-008). The purposes
and procedures of the study were explained to
the participants or their relatives and written in-
formed consents were obtained.

Methods

Measurements of
Inflammatory Cytokines

Blood samples were obtained from all subjects
when were newly diagnosed as septic shock, 24h
and 48h after treatments. Blood routine examina-
tion, live and renal function test were performed.
1.8 ml of blood sample were withdrawn by
venipuncture and after centrifugation at 4°C for
15 minutes, plasma were stored at —80°C. Inter-
leukin-6 (IL-6) was tested by commercial en-
zyme-linked immunoassay (ELISA) kit (Shen-
zhen Company, China). Pro-calcitonin (PCT)
was determined by luminescence immunoassay
kit (Brahms Inc, Hennigsdorf, Germany).

Placements of Central Venous Catheter
(CVC)] and Pulse Indicator Contour
Cardiac Output (PiCCO) Catheter

CVC was inserted from a right internal jugu-
lar vein or right subclavian vein (Arrow Elec-
tronics, Inc., Centennial, CO, USA) and con-
nected with PiCCO temperature probe. We in-
serted PiICCO catheter from femoral artery and
connected it with a PICCO monitor'®. Intratho-
racic blood volume index (ITBVI), extra vascu-
lar lung water index (EVLWI) and pulmonary
vascular permeability index (PVPI) were mea-
sured. When EVLWI and PVPI were tested, 15
ml of ice-cold saline was rapidly injected within
5 seconds from PiCCO temperature probe. The
measurements were repeated three times and the
average was considered as the monitoring data
for each test.

Oxygen Exchange Index Monitoring

A quantity of 0.5 ml of blood samples were
obtained from radial artery and arterial blood
gas analysis (GEM Premier 3000, Hamburg,
Germany) were performed after anti-coagula-
tion by heparin. Alveolar-arterial oxygen ten-
sion difference:

[P s, DO2] = [(Pa-PH,0) x Fi0,%-PaCO,-Pa0,]
= [(760-47) x Fi0,%-PaCO,-Pa0,] =
[713 x Fi0,%-PaCO,-Pa0,]

P,: atmospheric pressure, the standard state is 760
mmHg; PH,0: saturated water vapor pressure, the
standard state is 47 mmHg; F,0,%: Fraction of inspi-
ration O,; P,O,: arterial partial pressure of oxygen;
P,O,: alveolar oxygen partial pressure; P,CO,: partial
pressure of carbon dioxide in arterial blood.

Depending on Treatment with HVHF, all
Subjects Recruited in our Study were
Divided Into a non-HVHF Group (Group
A) and HVHF Group (Group B)

In accordance with International Guidelines
for Management of Severe Sepsis and Septic
Shock in 2008, 20122° yolume resuscitation
was introduced to all subjects under monitoring
of PiCCO. Patients in group B received HVFV
treatment at least 72 hours. The HVHF was per-
formed via vascular access established by in-
dwelling formal vein catheter. The blood flow
was 180-240 ml/min, and ultrafiltration rate was
35-50 ml/kg/h during HVHE. The substitute fluid
was infused with pre-dilution. Heparin was used
for anti-coagulation, whose initial dose was 15-
25 U/kg, and maintenance dose was 5-15 U/kg/h.
Activated partial thromboplastin time (APTT) in
post-filter peripheral blood was checked every 4
hours, keeping it in a range of 70-100 seconds.
The survival status of all of the subjects were fol-
lowed up at 28 days after being diagnosed as se-
vere sepsis.

Statistical Analysis

All values were expressed as mean+SD. We
compared parameters between the two groups
with a r-test. Incident rates were defined by x*-
test and relativities were determined by Person
correlation analysis. Statistical analyses were
performed using SPSS software (18.0 for Win-
dows, SPSS Inc., Chicago, IL, USA). Statistical
significance was defined as p < 0.05.

Results

1. Patients characteristics. Ninety-seven sub-
jects with severe sepsis were randomly divided
into two groups. Group A consisted of 46 pa-
tients, 26 men and 20 women with the age
ranging 22-77 years old (mean 53.6 = 16.9).
Group B consisted of 51 patients, 28 men, and
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23 women age 24-78 years old (mean 55.8 =
17.6). No significant differences were found in
age, gender and disease severity (APACHE 11
and SOFA score).

2. Changes of inflammatory cytokine levels
before and after HVHF treatment. The lev-
els of IL-6 and PCT in plasma before HVFV
treatment showed no significant differences
between two groups. However, both at 24 and
72 hours after HVFV treatment, IL-6, and
PCT levels were markedly reduced in group B
compared with group A (Table I).

3. Comparison of hemodynamic parameters
between groups. After 24 and 72 hours of
HVHEF treatment, ITBVI, EVLWI and PVPI in
group B were decreased than that in group A.
On the other hand, the hemodynamic parame-
ters above showed no such change before
HVHEF treatment (Table II).

4. As shown in Table III, HVFV treatment al-
so reduced [P, ,DO,] in group B (p < 0.05-
0.01).

5. Correlation analysis showed that [P, , DO,]
was positively correlated with EVLWI (R =
0.712, p = 0.001), and 95% confidence inter-
val is [0.629, 0.782].

This result indicates that alveolar-arterial oxy-
gen exchange ability was improved more obvi-
ously as extra vascular lung water was reduced.

Comparison of Survival Rate

17 patients were dead in group A and eight pa-
tients were dead in group B after 28 days of
HVHF treatment. The mortality rate was signifi-
cantly different between the two groups (36.96%
vs. 15.69%, x> = 4.452, p = 0.032).

Discussion

The IL-6 levels were markedly increased in
the plasma of the patients with sepsis, and the el-

evation degree was closely associated with the
septic severity and prognosis. Continuous elevat-
ed IL-6 levels could enhance the occurrence and
mortality of multiple organ dysfunction syn-
dromes (MODS)?!. Besides, it was demonstrated
that PCT concentration was extremely low in
healthy people (0.033 ug/L) and was not in-
creased or only slightly increased in local infec-
tion or non-specific infection, such as virus and
fungus®. However, the levels of PCT were rapid-
ly increased within 2-4 hours in patients with se-
vere systemic bacterial infection®. The PCT con-
centrations were reduced to 50% in averages 2-4
days in patients recovering from sepsis but in pa-
tients who had died of sepsis, the continuous
PCT elevation time was up to 27 days®*. This
study indicated that continuous PCT increase in
serum suggested the presence of sepsis. The
serum PCT, as an effective biomarker in monitor-
ing infection, exhibited a high specificity and
sensitivity, which played an important role in the
early diagnosis of sepsis?>2°. Our research
demonstrated that the IL-6 and PCT levels were
significantly decreased in group B compared
with group A 72 hours after HVHEF, indicating
HVHF could remove inflammatory cytokines in
serum.

It was shown that real-time monitoring the
changes of extravascular lung water and lung
vascular permeability by pulse induced contour
cardiac output (PICCO,) could predict the fluid
response of patients with sepsis shock, which
was disturbed by spontaneous breath?’. Liquid
treatment could be adjusted according to the dy-
namic quantitative change of extra vascular lung
water and lung vascular permeability via PICCO,
which provides new methods of liquid therapy
for patients with septic shock. PICCO, capacity
indicators such as ITBVI and EVLWI could ac-
curately monitor the change of cardiac preload
and provide a reliable basis for clinical diagnosis,
treatment, and research.

Table I. Comparison of inflammatory cytokines in plasma level between groups (x + S).

IL-6 (pg/L) PCT (upg/L)
Group Case N Oh 24h 72h Oh 24h 72h
A 46 80.2 +29.6 71.2 +£26.5 62.7+18.6 325+10.2 16974 15172
B 51 86.4 +£31.8 64.6 £21.6 324+15.1%*% | 346=+114 149 +8.8 7.1 +3.2%%*
t=0.209 t=1473 t=6.952 t=0314 t=1.644 t=6.942
p=0.778 p=0.149 p=0.001 p=0.729 p=0.109  p=0.001

Compare group A, *p < 0.05, *p < 0.01.
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. The EVLWI is related to the fluid volume and
e |l=-=o3 can be used to predict the occurrence of pul-
N YT & = monary edema. It is also significantly correlated
Gl with the survival rate. It was shown that EVLWI
and PVPI of patients with septic shock were ob-
< viously increased at three days after they were
T | e =3 5:\ S admitted to the hospital. Therefore, EVLWI
2 8| M2 " S might be an indicator of the severity and progno-
v . R sis of acute lung injury induced by sepsis®®. The
evidence demonstrated that if patients with septic
el E shock showed a negative balance in the intake
c | HHZS and output and clearly decreased the EVLWI,
elaz L their prognosis would be better®.
A lot of inflammatory cytokines is released in
ok _ MODS, leading to increased permeability in pul-
c |88 monary capillary. Therefore, we need keep moni-
N ::,l H 3G S toring whether cardiac preload is over-high or
SN pulmonary edema occurs®*®3!. In severe infection
5 and during septic shock treatment, improvement
< + %9 of effective tissue perfusion in organs is critical,
£ £ ThE § but capillary leakage often occurs in this period,
§ N | 2T o thus, it is difficult to avoid completely the occur-
g - s s rence of pulmonary edema®’. Severe pulmonary
w edema could lead to acute respiratory failure, and
NG @ 8 acute left ventricular failure, which would induce
HoHA MODS. EVLWI could reflect the presence and
S ; § [ severity of pulmonary edema, and the predictive
valve of maximum EVLWI is better than initial
% EVLWI?. Besides, ITBVI is a sensitive index in
& g evaluating cardiac preload, which could reflect
H c | a2 = volume load accurately**. Our findings showed
= N ruas that, ITBVI, EVLWI and PVPI in group B were
% Sy decreased compared to that in group A after 72
5 Qe =& hours of HVHF treatment. These results indicat-
g - — w ed that HVHF could prevent extra vascular lung
% 3 I o water production via modulating blood volume
% :E-_ £ T H<o and could reduce the occurrence of pulmonary
gls|NMl22 § = edema by decreasing inflammatory cytokines and
z g a2 Y permeability in pulmonary capillary.
51 As the volume overloads, the body shows a se-
§ © ries of changes that affect oxygen diffusion and
= E § o | = causes tissue hypoxia, leading to aggravated condi-
‘E c|vud I |2 tion and increased mortality. Continuous high
§ © RN~ C”5 v EVLW often suggests that the treatment is ineffec-
kS g5 Lo & tive and prognosis is bad®. Keeping the negative
g_:a» g fluid balance and reducing the EVLWI can improve
S z S the edema in interstitial tissue of the lung. There-
g % g @ iy fore, diffusion distance of the alveolar oxygen from
g v < the alveoli to the pulmonary capillary is decreased,
£ %‘ and oxygen pressure and oxygenation are im-
o} a ) proved. On the other hand, recovery of the alveolar
i’ g % elasti.city and increasec_l alveolar ventilation coqld
e O | . g also improve oxygenation. Decreased P, ,DO, in-
= O dicates improved pulmonary ventilation.




The influence of high volume hemofiltration on extra vascular lung water

Table Ill. Comparison of alveolar- arterial oxygen pressure difference P, ,,DO2 between two groups (x * S).

Pa2DO2 (mmHg)
Group Case N (0] 24h 72h 7d
A 43 326.7 £49.3 290.5 +45.7 273.1+£36.2 2252 +29.5
B 48 3194 +£51.4 2734472 251.5 £ 28.4* 171.3 £21.5%*
t=0.535 t=1913 1=2.322 t=6.554
p=0.583 p =0.064 p=0.028 p=0.001

Compare group A, *p < 0.05, *p < 0.01.

Permeability in pulmonary capillary is in-
creased in patients with severe sepsis, shock,
trauma, burn, severe acute pancreatitis and after
chest and abdominal surgery, often leading to en-
hanced extra vascular lung water and reduced
lung oxygenation®’. The common complication is
acute respiratory distress syndrome (ARDS). P,
»DO, is usually used as an index in evaluating
the early lung oxygenation. In this research, we
found P, , DO, were improved in group B after
HVHF treatment, indicating that HVHF treat-
ment could ameliorate pulmonary edema and im-
prove lung oxygenation. Linear correlation
analysis showed that P, ,DO, was positively
correlated with EVLWI (R = 0.712). After 72
hours of HVHF treatment, EVLWI and P, , DO,
were significantly decreased in group B, indicat-
ing that HVHF treatment could ameliorate pul-
monary edema and improve alveolar-arterial oxy-
gen exchange ability.

With the development of continuous blood pu-
rification, (CBP), its function has far exceeded
renal replacement therapy, (RRT), especially in
inflammatory mediator removal, immune func-
tion improvement, internal environment regula-
tion and hemodynamic stability*®. High volume
hemofiltration (HVHF) is a blood purification
technique developed on the basis of continuous
renal replacement therapy (CRRT)*. The princi-
ple of HVHF to treat septic shock is enhancing
the clearance of large and medium molecules via
increasing substitution fluid volume or ultrafiltra-
tion rate. As an efficient blood purification
method, HVHF could preferably remove inflam-
matory mediators, improve hemodynamically
and enhance the survival rate of patients with se-
vere sepsis and septic shock compared with tradi-
tional continuous renal replacement therapy.

HVHF treatment could remove inflammatory
cytokines, regulate fluid and acid-base balance,
improve hemodynamics, reconstruct immune

balance and treat patients with MODS tendency
effectively**#!. Seventeen patients in group A and
eight patients in group B were dead at 28 days
after HVHF treatment. The mortality rate was
significant lower in group B (36.96% vs. 15.69%,
%> = 4.452, p = 0.032). This study exhibited that
HVHF could enhance the survival rate of the pa-
tients.

Conclusions

The HVHF could decrease plasma inflamma-
tory factors and EVLWI so that it could improve
the levels of alveolar- arterial oxygen exchange
in patients with severe sepsis so that it could im-
prove the survival rate of patients.

© Observed
= Linear

Alveolar-arterial oxygen pressure difference
[PaoDO;].

32500 =

275.00 -

250.00 =

20000 420 T T T T
5.00 10,00 15.00 20,00 2500

Extra vascular lung water index (EVLWI)

Figure 1. The liner correlation of extra vascular lung water
index (EVLWI) and Alveolar-arterial oxygen pressure dif-
ference [P, ,DO,].
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A limitation of this study is that the case num-
ber was still small large. Thus, we will perform a
prospective study about the precise effect of
HVHF on extra vascular lung and alveolar-arteri-
al oxygen exchange in further study.

Acknowledgements

This work was supported by grants from Shandong Province
Natural Science Foundation (No. ZR2013HMO062 and
Y2006C77), Shandong Province Excellent Middle-Aged
and Young Scientists Encouragement Research Foundation
(No. BS2009YY025) and Shandong Province Science and
Technology Development Plan of Medical and Health (No.
2013WS0110 and 2009QZ020).

Funding
This study was funded by National Natural Science Founda-
tion of China (NSFC 81200238), Research Foundation for

Excellent Young and Middle-aged Scientists of Shandong
Province (BS2011YY043).

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

1) BAUER ME, BAUER ST, RAJALA B, MACEACHERN MP PoL-
LY LS, CHiLbErs D, ArRoNorFF DM. Maternal physio-
logic parameters in relationship to systemic in-
flammatory response syndrome criteria: a sys-
tematic review and meta-analysis. Obstet Gy-
necol 2014; 124: 535-541.

2) KoiNnuma T, NuNomiva S, WADA M, Kovama K, Suzuki
T. Concurrent treatment with a tumor necrosis fac-
tor-alpha inhibitor and veno-venous extracorpore-
al membrane oxygenation in a post-hematopoietic
stem cell transplant patient with idiopathic pneu-
monia syndrome: a case report. J Intensive Care
2014; 2: 48.

3) UMBERGER R, THomMPsON CL, CasHION AK, KuHL D,
WAN J, YATEs CR, MutHAH MP. Mepburi GU. Exag-
gerated plasma interleukin 6, interleukin 10, and
subsequent development of health care-associat-
ed infections in patients with sepsis. Dimens Crit
Care Nurs 2015; 34: 100-111.

4) KING EG, BauzA GJ, MELLA JR, Remick DG. Patho-
physiologic mechanisms in septic shock. Lab In-
vest 2014; 94: 4-12.

5) SHEN X, LI WQ. High-mobility group box 1 protein
and its role in severe acute pancreatitis. World J
Gastroenterol 2015; 21: 1424-1435.

6) ZHANG L, CHEN J, JANG D, ZHANG P. Adjuvant treat-
ment with crude rhubarb for patients with sys-
temic inflammation reaction syndrome/sepsis: a

3798

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

meta-analysis of randomized controlled trials. J
Crit Care 2015; 30: 282-289.

JOHANSEN ME, JOHANSSON Pl, OsTROWSKI SR, BESTLE
MH, HeIN L, JENSEN AL, S@E-JENSEN P ANDERSEN MH,
STEENSEN M, MoHR T, THORMAR K, LUNDGREN B,
CozzI-LerPrl A, LUNDGREN JD, JeNseN JU. Profound
endothelial damage predicts impending organ
failure and death in sepsis. Semin Thromb He-
most 2015; 41: 16-25.

ESTEBAN A, FRUTOS-VIVAR F, FERGUSON ND, PENUELAS
O, LorenTE JA, GOrRDO F, HONRUBIA T, ALGORA A,
Bustos A, GARcia G, DIAZ-REGANON IR, DE LUNA RR.
Sepsis incidence, and outcome: contrasting the
intensive care unit with the hospital ward. Crit
Care Med 2007; 35: 1284-1289.

PrAVDA J. Metabolic theory of septic shock. World
J Crit Care Med 2014; 3: 45-54.

XE Z, CHAN E, YIN'Y, GHosH CC, WiscH L, NELsoN C,
NELSON C, YOUNG M, PARIikH SM, Druey KM. Inflam-
matory Markers of the Systemic Capillary Leak
Syndrome (Clarkson Disease). J Clin Cell Im-
munol 2014; 5: 1000213.

TAGAMI T, TOSA R, OMURA M, FukusHIMA H, KANEKO T,
ENDO T, RINKA H, MuRrAI A, YAMAGUCH! J, YOSHIKAWA
K, SAto N, Uzu H, KAase Y, TAKATORI M, IzumiNO H,
NAKAMURA T, SEO R, KITAZAWA Y, SUGITA M, TAKAHASHI
H, Kuroki Y, IRAHARA T, KANEMURA T, YOKOTA H, KusHI-
moTo S. Effect of a selective neutrophil elastase
inhibitor on mortality and ventilator-free days in
patients with increased extravascular lung water:
a post hoc analysis of the PiCCO Pulmonary
Edema Study. J Intensive Care 2014; 2: 67.

REN H, JiaNG J, CHU Y, DING M, QIE G, ZENG J,
WANG P ZHU W, MENG M, WaNG C. Study of the ef-
fects of high volume hemofiltration on extra vas-
cular lung water and alveolar-arterial oxygen ex-
change in patients with septic shock. J Crit Care
Med 2014; 26: 609-614.

EICHHORN V, GOEPFERT MS, EULENBURG C, MALBRAIN
MLNG, Reuter DA. Comparison of values in criti-
cally ill patients for global end-diastolic volume
and extra vascular lung water measured by trans
cardiopulmonary thermodilution: a meta-analysis
of the literature. J Intensive Care 2012; 36: 467-
474.

ABERLE DR, WIENER-KRONISH JP WEBB WR, MATTHAY
MA. Hydrostatic versus increased permeability
pulmonary edema: diagnosis based on radi-
ographic criteria in critically ill patients. Radiology
1988; 168: 73-79.

KumARr R, KumAr S, LATA S. Albumin infusion may
deleteriously promote extracellular fluid over-
load without improving circulating hypovolemia
in patients of advanced cirrhosis with diabetes
mellitus and sepsis. Med Hypotheses 2013; 80:
452-455.

DELLINGER RP LEvy MM, RHODES A, ANNANE D, GER-
LACH H, OpAL SM, SEVRANSKY JE, SPRUNG CL, Dou-
GLAS IS, JAESCHKE R, OsBorRN TM, NUNNALLY ME,
TOWNSEND SR, REINHART K, KLEINPELL RM, ANGUS
DC, DEeutscHMAN CS, MACHADO FR, RUBENFELD GD,



The influence of high volume hemofiltration on extra vascular lung water

17)

18)

19)

20)

21)

22)

WEeBB S, BEALE RJ, VINCENT JL, MoRENO R. Surviv-
ing Sepsis Campaign: international guidelines
for the management of severe sepsis and septic
shock, 2012. Intensive Care Med 2013; 39: 165-
228.

DELLINGER RP CARLET JM, MAsurR H, GERLACH H, Ca-
LANDRA T, CoHEN J, GEA-BANACLOCHE J, KEH D, MARr-
SHALL JC, PARKER MM, RAMSAY G, ZIMMERMAN JL, VIN-
CENT JL, LEvy MM, SURVIVING SEPsIS CAMPAIGN MAN-
AGEMENT GUIDELINES COMMITTEE. Surviving Sepsis
Campaign guidelines for management of severe
sepsis and septic shock.Crit Care Med 2004; 32:
858-873.

LittoN E, MorGaN M. The PiCCO monitor: a re-
view. Anaesth Intensive Care 2012; 40: 393-409.

DELLINGER RP LEvy MM, CARLET JM, BION J, PARKER
MM, JAESCHKE R, REINHART K, ANGus DC, BRUN-
BuissoN C, BEALE R, CALANDRA T, DHAINAUT JF, GER-
LACH H, HARVEY M, MARINI JJ, MARSHALL J, RANIERI
M, RAmSAY G, SEVRANSKY J, THomPsOoN BT,
TowNseND S, VENDER JS, ZIMMERMAN JL, VINCENT
JL; INTERNATIONAL SURVIVING SEPSIS CAMPAIGN GUIDE-
LINES COMMITTEE; AMERICAN ASSOCIATION OF CRITICAL-
CARE NURSES; AMERICAN COLLEGE OF CHEST PHysI-
CIANS; AMERICAN COLLEGE OF EMERGENCY PHYSICIANS;
CANADIAN CRITICAL CARE SOCIETY; EUROPEAN SOCIETY
OF CLINICAL MICROBIOLOGY AND INFECTIOUS DISEASES;
EUROPEAN SOCIETY OF INTENSIVE CARE MEDICINE; EU-
ROPEAN RESPIRATORY SOCIETY; INTERNATIONAL SEPSIS
FORUM; JAPANESE ASSOCIATION FOR ACUTE MEDICINE;
JAPANESE SOCIETY OF INTENSIVE CARE MEDICINE; SOCI-
ETY OF CRITICAL CARE MEDICINE; SOCIETY OF HOSPITAL
MEDICINE; SURGICAL INFECTION SOCIETY; WORLD FED-
ERATION OF SOCIETIES OF INTENSIVE AND CRITICAL CARE
MEDICINE..; INTERNATIONAL SURVIVING SEPSIS CAM-
PAIGN GUIDELINES COMMITTEE; AMERICAN ASSOCIATION
OF CRITICAL-CARE NURSES; AMERICAN COLLEGE OF
CHEST PHYSICIANS; AMERICAN COLLEGE OF EMERGENCY
PHysiciANS; CANADIAN CRITICAL CARE SOCIETY; EURO-
PEAN SOCIETY OF CLINICAL MICROBIOLOGY AND INFEC-
TIOUS DISEASES; EUROPEAN SOCIETY OF INTENSIVE CARE
MEDICINE; EUROPEAN RESPIRATORY SOCIETY, INTERNA-
TIONAL SEPsIS FORUM; JAPANESE ASSOCIATION FOR
ACUTE MEDICINE; JAPANESE SOCIETY OF INTENSIVE CARE
MEDICINE; SocieTy oF CRiTicAL CARE MEDICINE; SocI-
ETY OF HOSPITAL MEDICINE; SURGICAL INFECTION SOCI-
ETY, WORLD FEDERATION OF SOCIETIES OF INTENSIVE
AND CRriTiIcAL CARE MEDICINE. Surviving Sepsis
Campaign: international guidelines for the man-
agement of severe sepsis and septic shock:
2008. Crit Care Med 2008; 36: 296-327.

BAROCHIA AV, Cul X, VITBERG D, SUFFREDINI AF,
O’'Graby NP Banks SM, MINNECI P KERN SJ, DANNER
RL, NATANSON C, EicHAcker PQ. Bundled care for
septic shock: an analysis of clinical trials. Crit
Care Med 2010; 38: 668-678.

MATsuDA K, MoriGucHI T, ODA S, Hirasawa H. Effica-
cy of continuous hemodiafiltration with a cytokine-
adsorbing hemofilter in the treatment of acute
respiratory distress syndrome. Contrib Nephrol
2010; 166: 83-92.

LEDERER W/, STICHLBERGER M, HAUSDORFER J, FucHs D,
Mutz NJ, WieDeErmANN FJ. Alveolar neopterin, pro-

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

calcitonin, and IL-6 in relation to serum levels and
severity of lung injury in ARDS. Clin Chem Lab
Med 2013; 51: e213-e215.

ALTAY FA, SENCAN , ENTURK GC, ALTAY M, GUVENMAN
S, Unveror S, Acikcoz ZC. Does treatment affect
the levels of serum interleukin-6, interleukin-8 and
procalcitonin in diabetic foot infection? A pilot
study. J Diabetes Complications 2012; 26: 214-
218.

ENDO S, Suzuki Y, TAKAHASHI G, SHOZUSHIMA T, ISHIKU-
RA H, Mural A, NISHIDA T, IRIE Y, MIURA M, IGuCHI H,
Fukur Y, TANAKA K, NouimA T, OkamuRrA Y. Usefulness
of presepsin in the diagnosis of sepsis in a multi-
center prospective study. J Infect Chemother
2012; 18: 891-897.

ZEITOUN AA, GAD SS, ATTIA FM, ABU MAzIAD AS, BELL
EF. Evaluation of neutrophilic CD64, interleukin
10 and procalcitonin as diagnostic markers of
early-and late-onset neonatal sepsis. Scand J In-
fect Dis 2010; 42: 299-305.

TANG BM, Esuck GD, CraiG JC, McLEAN AS. Accura-
cy of procalcitonin for sepsis diagnosis in critically
ill patients:systematic review and meta-analysis.
Lancet Infect Dis 2007; 7: 210-217.

ZHANG Z, Xu X, YAO M, CHEN H, NI H, Fan H. Use
of the PiCCO system in critically ill patients with
septic shock and acute respiratory distress syn-
drome: a study protocol for a randomized con-
trolled trial. Trials 2013; 14: 32-33.

TAGAMI T, NAKAMURA T, KusHIMOTO S, TosA R, WATAN-
ABE A, Kaneko T. Yokota H. Early-phase changes
of extra vascular lung water index as a prognostic
indicator in acute respiratory distress syndrome
patients. Ann Intens Care 2014; 4: 27-28.

DiAz-RuBIA L, RAMOS-SAEZ S, VAZQUEZ-GUILLAMET R,
GUERRERO-LOPEZ F, PINO-SANCHEZ F, GARCIA-DELGADO
M, GOMEZ-JIMENEZ FJ, FERNANDEZ-MONDEIAR E. Effi-
cacy of an extravascular lung water-driven nega-
tive fluid balance protocol. Med Intensiva 2015;
39: 345-351.

ReuTer-Rice K, DuTHIE S, HAMRICK J. Neurogenic pul-
monary edema associated with pediatric status
epilepticus. Pediatr Emerg Care 2011; 27: 957-
958.

FIGUEIREDO EG, OLIVEIRA AM, ALMEIDA CE. Subarach-
noid hemorrhage and hydrocephalus causing
neurogenic pulmonary edema. Arq Neuropsiquia-
tr 2010; 22: 461-462.

RIVERS E, NGUYEN B, HAVSTAD S, RESSLER J, MuzziN A,
KNoOBLICH B PETERSON E, TOMLANOVICH M; EARLY
GOAL-DIRECTED THERAPY COLLABORATIVE GROUP. Early
Goal-Directed Therapy Collaborative Group. Early
goal-directed therapy in the treatment of severe
sepsis and septic shock. N Engl J Med 2001;
345:1368-1377.

CrAIG TR, DuFFY MJ, SHYAMSUNDAR M. Extra vascular
lung water indexed to predicted body weight is a
novel predictor of intensive care unit mortality in
patients with acute lung injury. Crit Care Med
2010; 38: 114-120.

3799



F Jing, J. Wang, M. Li, Y.-F Chu, J.-J. Jiang, M. Ding, Y.-P Wang, C.-T. Wang, H.-S. Ren

34)

35)

36)

LoPEZ-HERCE J, BUSTINZA A, SANCHO L, MENCIA S, CAR-
RILLO A, MoRrAL R, BELLON JM. Cardiac output and
blood volume parameters using femoral arterial
thermodilution. Pediatr Int 2009; 51: 59-65.

KANEKO T, KAWAMURA Y, MAEKAWA T, TAGAMI T, NAKA-
MURA T, SAITO N, KITAZAWA Y, ISHIKURA H, SuGITA M,
OkucH! K, RINKA H, WATANABE A, KASE Y, KusHIMOTO
S, lzumiNo H, KANEMURA T, YOSHIKAWA K, TAKAHASHI
H, IRAHARA T, SAkamoTO T, Kuroki Y, TAIRA Y, SEO R,
YAMAGUCHI J, TAKATORI M; PICCO PULMONARY EDEMA
Stuby Group. PiCCO Pulmonary Edema Study
Group. Global end-diastolic volume is an impor-
tant contributor to increased extravascular lung
water in patients with acute lung injury and
acuterespiratory distress syndrome: a multicenter
observational study. J Intensive Care 2014; 2: 25.

HirscHL RB, PARENT A, TOOLEY R, SHAFFER T, WOLF-
SON M, BARTLETT RH. Lung management with per-
fluorocarbon liquid ventilation improves pul-
monary function and gas exchange during ex-
tracorporeal membrane oxygenation (ECMO).
Artif Cells Blood Substit Immobil Biotechnol
1994; 22: 1389- 1396.

37)

38)

39)

40)

41)

Druey KM, Greirp PR. Narrative review: the sys-
temic capillary leak syndrome. Ann Intern Med
2010; 153: 90-98.

HONGLIANG T, RONG Z, XIAQJING W, RAO S, LUN L, JIN-
HUI T, NonG C, KeHu Y. The effects of continuous
blood purification for SIRS/MODS patients: a sys-
tematic review and meta-analysis of randomized
controlled trials. ISRN Hematol 2012; 2012:
986795.

RimvELE T, KeLLum JA. High-volume hemofiltration in
the intensive care unit: a blood purification thera-
py. Anesthesiology 2012; 116: 1377-1387.

PENG Z, PAI P HAN-MIN W, JuN Z, HONG-BAO L,
RoNG L, CHEN H. Evaluation of the effects of pulse
high-volume hemofiltration in patients with severe
sepsis: a preliminary study. Int J Artif Organs
2010; 33: 505-511.

Dutton RP STANSBURY LG, LEONE S, KRAMER E, HESs
JR, ScaLea TM. Trauma mortality in mature trauma
systems: are we doing better? An analysis of
trauma mortality patterns, 1997-2008. J Trauma
2010; 69: 620-626.



