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Abstract: Increased intra-abdominal pressure (IAP) is common in intensive care patients, affecting aerated lung
volume distribution. The current study deals with the effect of increased IAP and decompressive laparotomy on aer-
ated lung volume distribution. The serial whole-lung computed tomography scans of 16 patients with increased AP
were retrospectively analyzed between July 2006 and July 2008 and compared to controls. The IAP increased from
(12.1+2.3) mmHg on admission to (25.2+3.6) mmHg (P<0.01) before decompressive laparotomy and decreased to
(14.7+£2.8) mmHg after decompressive laparotomy. Mean time from admission to decompressive laparotomy and
length of intensive-care unit (ICU) stay were 26 h and 16.2 d, respectively. The percentage of normally aerated lung
volume on admission was significantly lower than that of controls (P<0.01). Prior to decompressive laparotomy, the
total lung volume and percentage of normally aerated lung were significantly less in patients compared to controls
(P<0.01), and the absolute volume of non-aerated lung and percentage of non-aerated lung were significantly higher in
patients (P<0.01). Peak inspiratory pressure, partial pressure of carbon dioxide in arterial blood, and central venous
pressure were higher in patients, while the ratio of partial pressure of arterial O, to the fraction of inspired O,
(PaO./FIO,) was decreased relative to controls prior to laparotomy. An approximately 1.8 cm greater cranial dis-
placement of the diaphragm in patients versus controls was observed before laparotomy. The sagittal diameter of the
lung at the T6 level was significantly increased compared to controls on admission (P<0.01). After laparotomy, the
volume and percentage of non-aerated lung decreased significantly while the percentage of normally aerated lung
volume increased significantly (P<0.01). In conclusion, increased IAP decreases total lung volume while increasing
non-aerated lung volume. Decompressive laparotomy is associated with resolution of these effects on lung volumes.
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1 Introduction shown that IAH increases the risk of lung edema,

decreases total respiratory system compliance, and

Intra-abdominal hypertension (IAH) and its ef-
fects on respiration and abdominal contents have been
the subject of study for several decades (Kron et al.,
1984; Oda et al., 2007). IAH has been recognized as a
cause of organ dysfunction in critically ill patients,
with respiratory and renal dysfunction being among
the most prominent effects. Previous studies have
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leads to pulmonary hypertension via increased intra-
thoracic pressure (Quintel et al., 2004; Malbrain,
2007). Increased intra-abdominal pressure (IAP) and
abdominal expansion might induce compression of
the basal lung regions and a cranial shift of the dia-
phragm (Andersson et al., 2005). The combination of
capillary leaking, positive fluid balance, and raised
IAP poses an important risk for lung edema. A pro-
gressive increase in IAP may cause abdominal com-
partment syndrome (ACS) with organ dysfunction,
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possibly requiring decompressive laparotomy to re-
verse respiratory failure and other organ dysfunction.
Few data are available, however, concerning the ex-
tent to which the respiratory dysfunction caused by
IAH may be reversed by decompressive laparotomy.
The aim of the current study was to measure the effect
of increased IAP and subsequent decompressive
laparotomy on lung volume and the distribution of
aerated lung volumes.

2 Materials and methods
2.1 Patients and experimental protocol

Between July 2006 and July 2008, patients who
were admitted to our intensive-care unit (ICU) with
suspected increased IAP after primary screen un-
derwent further assessment of transvesicular pres-
sures. Patients were excluded if they had any of the
following conditions: (1) pneumonia; (2) chronic
heart or lung diseases; (3) malignant carcinoma; (4)
decompensated liver cirrhosis; (5) previous lung or
abdominal surgery. Of the initial 164 patients with
suspected increased IAP, 16 patients had available
serial computed tomography (CT) imaging data, an
IAP >20 mmHg, one or more organ dysfunction re-
fractory to other medical treatments [defined as ACS
by ACS consensus definitions conference (Malbrain
et al., 2006)], and required decompressive laparo-
tomy. These were enrolled into retrospective analysis.
All enrolled cases had been ventilated via endotra-
cheal intubation. Pleural effusions had been drained
continuously with an Arrow catheter or chest tube
under the guidance of a bedside ultrasound before CT
scan. Serial thoracic CT scans had been performed on
admission, before and after decompressive laparo-
tomy. CT images of another subject without recorded
pulmonary disease were adopted as control.

2.2 1AP measurement

Transvesicular pressure measurement was used
for intermittent IAP assessment. After emptying the
catheter tubing and bag, a clamp was applied to the
catheter tubing just before its connection to the
drainage bag. After 25 ml normal saline was injected
into the bladder, the catheter tubing was raised ver-
tically to the patient’s pelvis with the one-way valve
on the end of the drainage bag kept open. Then, the

tubing was unclamped, and the height of the fluid
column at end-expiration was recorded (1 mmHg=
1.36 cmH,0) in the supine position with the midax-
illary line at the level of the iliac crest used as the
zero-reference point (Malbrain et al., 2006; Cheatham
et al., 2007).

2.3 CT imaging and image analysis

Each patient had been transferred to the radiol-
ogy department with a ward assistant, a nurse and a
physician. Patients were sedated with propofol to a
Ramsay Scale score of 2—4 throughout the experiment
in supine position. In all patients, ventilation was set
to a pressure controlled mode with a fraction of in-
spired oxygen (FIO;) between 40% and 70% and
frequency of 10 to 16 breaths/min. End-expiratory
pressure was set at 9 to 15 cmH,0. Imaging was
performed at end-inspiration and whole lung scanning
was undertaken by spiral-CT acquisition from the
apex to the costophrenic sulcus. Scanning parameters
were set to: tube voltage, 120 kV; tube current, 110 mA,;
and slice thickness, 7.0 mm (Sensation 16, Siemens,
Germany). Images were reconstructed using a high-
resolution reconstruction algorithm. In each CT im-
age, the lung parenchyma was differentiated from
nonpulmonary tissues (ribs, sternum, spine, heart,
mediastinum and diaphragm) by a manually drawn
circle (Fig. 1). To quantitatively measure the respec-
tive volumes of gas and tissue on the CT scans, the
lung was divided into four functional compartments
according to densitometry (David et al., 2005). A
density range of —300 to 200 Hounsfield units (HU)
was used to define non-aerated lung parenchyma,
whereas a —600 to —300 HU reflected poorly aerated
lung parenchyma. A density range of —900 to —600
HU was used to define normally aerated lung paren-
chyma, and the range of —1000 to —900 HU was used
to quantify hyperinflated lung parenchyma. The four
different lung volumes, i.e., hyperinflated, normally
aerated, poorly aerated, and non-aerated, were cal-
culated from all voxels with the Volume software in
Siemens Volume Wizard Workstation. The following
parameters were calculated: (1) total lung volume and
the percentage of aerated lung volume, and (2) sagit-
tal diameter of the lung at the sixth thoracic vertebral
level (T6). The total lung volume was derived by
manually circling the inner thoracic area, excluding
hilar structures in all slices from the apex to the
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costophrenic angles, containing pixels with values
between —1000 and 1000 HU; and the percentage of
specified aerated lung volume was calculated as:
(specified aerated lung volume/total lung volume)x
100%. The sagittal diameter was the average of dis-
tances measured 5.0 cm from the lateral border of the
sternum at both the left and the right sides of the lung
at the T6 level (Andersson et al., 2005). The vertical
distance between the right hemidiaphragm and the T6
level was used as a measure for the change of dia-
phragmatic position (Fig. 2).

2.4 Statistical analysis

Statistical analysis was performed using SPSS
Version 11.0 for Windows (SPSS Inc., USA). Data
were tested for normality using the Kolmogorov-
Smirnov test and presented as meanzstandard devia-
tion (SD). Differences between various AP values in
patients and control were compared using one-way
analysis of variance (ANOVA). In the case of sig-
nificant results, a post hoc multiple comparison

analysis was performed using Bonferroni’s correction.

A P value of less than 0.05 was deemed statistically
significant.

3 Results
3.1 Clinical features

Sixteen patients were included in the analysis.
Females were predominant (62.5%) in the study
group, ranging in age from 20 to 70 years, with a
mean age of 45 years. Primary hospital admission
diagnoses were trauma in six patients, severe acute
pancreatitis for six patients, and sepsis for four pa-
tients. The two males and four females in the control
group ranged from 24 to 62 years in age, with a mean
age of 43 years. The vast majority of patients (75%)
had secondary ACS. All the patients were endotra-
cheally intubated. The mean time from admission to
decompressive laparotomy and length of ICU stay
were 26 h and 16.2 d, respectively (Table 1).

3.2 1AP, hemodynamics and respiratory parame-
ter measurements

Before decompressive laparotomy, there was a
significant increase in IAP compared to the level on
admission, from (12.1+2.3) to (25.2+3.6) mmHg

Table 1 Descriptive characteristics of the patients”

Variable Value

Age (year) 45+10.6
Female 10 (62.5%)
Mean body mass index (kg/m?) 26.2+5.8
Hospital admission diagnosis

Trauma 6 (37.5%)

Severe acute pancreatitis 6 (37.5%)

Sepsis 4 (25.0%)
Abdominal compartment syndrome 16 (100%)

Primary 4 (25%)

Secondary 12 (75%)
No. of intubation 16 (100%)
Admission to decompression time (h) 26+11.2
Length of ICU stay (d) 16.2+8.7

“n=16; Values are expressed as number (percentage) or mean+SD

(P<0.01). After decompression, IAP decreased to
(14.7+£2.8) mmHg. Fig. 3 shows the 1AP before de-
compression and daily evolution during the first
seven days after decompression. The ratio of partial
pressure of arterial O, to the fraction of inspired O,
(PaO,/FIO,) decreased from (364+25) mmHg to
(272+32) mmHg before decompressive laparotomy,
climbing significantly to (296+12) mmHg with sur-
gical decompression (P<0.01). A significant increase
in peak inspiratory pressure, partial pressure of car-
bon dioxide in arterial blood, and central venous
pressure was noted before decompressive laparotomy,
and this dropped remarkably after laparotomy. Mean
arterial pressure and heart rate did not differ signifi-
cantly before and after laparotomy (Table 2).

3.3 Measurements derived from the spiral CT

On admission, the percentage of normally aer-
ated lung volume in the study group was significantly
lower than that of controls (P<0.01; Table 3). Prior to
decompressive laparotomy, the total lung volume and
percentage of normally aerated lung volume were
significantly lower compared to those on admission
and in controls (P<0.01; Table 3). On the other hand,
the absolute volume of non-aerated lung and per-
centage of non-aerated lung volume were signifi-
cantly increased compared to those on admission and
in controls (P<0.01; Table 3).

With surgical drainage and decompression,
nearly 500 ml total lung volume was gained compared
to that before decompressive laparotomy, although
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Table 2 Effect of IAH on hemodynamic variables and respiratory parameters

PIP Pa0,/FIO, PaCO, CvP APACHE II
(cmH,0) (mmHg) (mmHg) (mmHg) score

Study group 1AP MAP
(n=16) (mmHg) (mmHg)
On admission 12.1+2.3 76.515.8
Before DL 25.2+3.6"  79.0+4.5
Post DL 14.7+2.8  73.0+4.6

98.2+21.4 31.7+4.2  364+25 28.0+8.4  11.9+2.8  20.2+3.4
42.8+4.0° 272432  52.2+416.8" 18.3+7.2° 26.4+6.7°
33.3+4.6  296+12"  40.5+12.1 14.0+3.1  22.3+5.9

Data are expressed as mean+SD. IAP: intra-abdominal pressure; MAP: mean arterial pressure; HR: heart rate; PIP: peak inspiratory pressure;
PaO,: partial pressure of oxygen in arterial blood; FIO,: fraction of inspired oxygen; PaCO,: partial pressure of carbon dioxide in arterial
blood; CVP: central venous pressure; APACHE Il acute physiology and chronic health evaluation II; DL: decompressive laparotomy.

4 P<0.01 vs. on admission

Table 3 Effect of IAH on total lung volumes and percentages of different aerated lung volumes

Total lung Non-aerated lung Non-aerated lung Poorly aerated Normally aerated Hyper inflated

Group volume (ml)  volume (ml) volume (%)  lung volume (%) lung volume (%) lung volume (%)
Control (n=6) 3403+656 94+53 11.242.7 82.5+3.2 3.6+2.2
Study group (n=16)

On admission 3187+395 361+43 11.3+2.9 15.7+1.8 70.146.1" 2.9+1.2
Before DL 24004347 549+63™4 22.9+3.8™4 18.2+1.5™4 56.3+4.5% 2.6+15
Post DL 2897+478 449+86" 15.5+2.8™41 16.9+1.0™41 64.8+3.6™4T 2.8+1.9

Data are expressed as mean+SD. DL: decompressive laparotomy. ~ P<0.01 vs. control; 2 P<0.05, ** P<0.01 vs. on admission; ' P<0.01 vs.

before DL

Fig. 1 Demonstration of lung parenchyma differenti-
ated from non-pulmonary tissues by a manually drawn

circle (red line)
35
30
25
20

15

IAP (mmHg)

10

Time

Fig. 3 1AP before decompression and daily evolution
during the first seven days after decompression for

sixteen patients

Time: 1, on admission; 2, before decompressive laparo-
tomy (DL); 3, the 1st day post DL; 4, the 3rd day post DL;

5, the 7th day post DL
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Fig. 2 Distance between right hemidiaphragm and T6
level (D-T6) and sagittal diameters of the lung at T6
level (S-T6)

this was not significant (P=0.162). The volume and
percentage of non-aerated lung decreased signifi-
cantly (P<0.01; Table 3) though these measures re-
mained higher than controls and admission levels
(P<0.05 and P<0.01, respectively; Table 3). The per-
centage of normally aerated lung volume increased
significantly (P<0.01; Table 3) after decompression,
though these remained lower than either controls or
admission levels (P<0.01; Table 3). In all patients, the
atelectasis was dorsally localized and the ratio of
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abdominal anterior-posterior diameter to transverse
diameter was increased prior to decompressive lapa-
rotomy, decreasing after decompression (Fig. 4).

Fig. 4 Computed tomography scans showing atelectasis
of lung and abdominal distension at the same level of the
same patient on admission (a), and before (b) and after (c)
decompressive laparotomy (DL), respectively. Unclosed
abdomen incision (white arrows) was found after DL

With increased AP, sagittal diameters were sig-
nificantly increased at the T6 level (P<0.01; Table 4).
A mean of 1.8 cm cranial displacement of the dia-
phragm was observed before decompressive laparo-
tomy and the distance between right hemidiaphragm
and the T6 level was decreased compared to admis-
sion levels or controls (P<0.01; Table 4). After de-

compressive laparotomy, sagittal diameters returned
to the level on admission, while the right hemidia-
phragm remained significantly higher than that in
controls and as compared to admission levels (P<0.05
and P<0.01, respectively; Table 4).

Table 4 Effect of IAH on sagittal diameter of the lung at
T6 level and the distance between right hemidiaphragm
and T6 level

Group S-T6 (cm) D-T6 (cm)
Control (n=6) 14.1+1.2 8.0£1.8
Study group (n=16)
On admission 15.1+1.2 7.6+0.6
Before DL 17.3+1.17 5.8+0.5%
Post DL 15.4+0.6 6.6+0.5™

Data are expressed as mean+SD. S-T6: sagittal diameter of the
lung at T6 level; D-T6: distance between right hemidiaphragm
and T6 level; DL: decompressive laparotomy. “P<0.05, ™ P<0.01
vs. control; * P<0.01 vs. on admission

4 Discussion

The current study shows a significant increase in
non-aerated lung volumes and a cranial shift of the
diaphragm in patients with increased 1AP. Decom-
pressive laparotomy provided relief of increased 1AP
and redistribution of aerated lung volumes toward
control levels as measured by spiral CT.

IAH is defined by a sustained or repeated
pathologic elevation of IAP >12 mmHg (Malbrain,
2004; Malbrain et al., 2006; Saggi et al., 1998). IAH
is an important cause of morbidity and mortality in
critically ill patients. It can result from multiple
causes, such as abdominal or retroperitoneal bleeding,
liver transplantation, massive fluid resuscitation for
extra-abdominal trauma, and severe acute pancreatitis
(de Waele et al., 2006). IAH occurs in up to 4%—-15%
patients in the ICU, and it is becoming increasingly
crucial to measure IAP for high risk patients
(Malbrain, 2004). The presence of IAH on admission
to ICU has been associated with severe organ dys-
function during the ICU stay, and the development of
IAH during an ICU stay is an independent predictor
of mortality (Malbrain et al., 2005a). IAH is graded as
follows: Grade I, IAP 12-15 mmHg; Grade II, IAP
16-20 mmHg; Grade IlI, IAP 21-25 mmHg; Grade
IV, IAP >25 mmHg. ACS is defined as a sustained
IAP >20 mmHg (with or without an abdominal
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perfusion pressure <60 mmHg) associated with new
organ dysfunction/failure (Malbrain et al., 2006).

It has been shown that 1AH is transmitted to a
large extent (25% to 80%) to the thoracic cavity,
increasing peak inspiratory airway pressures, reduc-
ing functional residual capacity, and further exacer-
bating the increasing oxygen debt often observed in
IAH (Malbrain et al., 2005b; Borges et al., 2006).
Respiratory failure caused by 1AH is characterized by
a disparity between clinical manifestations and ra-
diographic findings, i.e., severe hypoxemia in patients
with only slightly elevated hemidiaphragm and mild
basilar atelectasis on chest radiography (Andersson et
al., 2005). We have postulated that the effect of ele-
vated IAP on aerated lung distribution is similar to
acute respiratory distress syndrome (ARDS) because
progressive increased IAP might induce secondary
ARDS (Malbrain, 2007). Clinical parameters, how-
ever, such as analysis of blood gas or lung compliance
do not accurately assess this aerated lung volume
redistribution. The demonstration of alveolar re-
cruitment and collapse in ARDS has highlighted the
value of CT in assessment of the underlying reasons
for the changed respiratory mechanics in ARDS
(Borges et al., 2006; Karmrodt et al., 2006). There-
fore, in this study, we adopted CT to demonstrate the
change of lung volume densitometry in order to de-
fine the change of respiratory mechanics in IAH.

In patients who undergo laparoscopic cholecys-
tectomy, pneumoperitoneum at an 1AP level of 11-13
mmHg displaces the diaphragm 1.9 cm cranially and
total lung volume decreases by approximately 300 ml
(Andersson et al., 2005). IAP in some critically ill
patients or ACS patients is by far higher than the
pressure of pneumoperitoneum. In the current study,
prior to decompressive laparotomy, IAP averaged
25.2 mmHg. After decompressive laparotomy, it
remained elevated at 14.7 mmHg, comparable to the
pressure of pneumoperitoneum during laparoscopic
surgery. In addition, prior to decompressive laparo-
tomy, the 1.8 cm cranial displacement of the dia-
phragm was accompanied by a reduction of the total
lung volume by approximately 1000 ml compared to
the controls. In oleic acid-induced lung injury, beside
the reduction of gas volumes, applying an IAP of 20
cmH0 results in a more than two-fold increase in
excess tissue mass, from (30+£24)% to (103+37)%
(Quintel et al., 2004). This means that in acute lung

injury/ARDS, any increase in IAP would be danger-
ous, not only reducing the gas content of an already
diseased lung, but also potentially inducing pulmo-
nary edema.

There are some limitations to the present study.
First, the enrolled patients were not randomly selected
and the sample was small. Second, the underlying
diseases leading to IAH were different between pa-
tients. Third, the intervals between CT scans were
variable. Nevertheless, all enrolled patients had CT
scans on admission, before and after decompressive
laparotomy, and the level of IAP at each time point
was comparable between patients.

Although our understanding of the pathophysio-
logy of IAH has greatly improved, few advances have
been made in the treatment of IAH with organ failure
until very recently. Fortunately, animal and human
studies have shown that abdominal decompressive
laparotomy can reverse the pulmonary and abdominal
detrimental effects of IAH (de Waele et al., 2006;
Siebig et al., 2008). In the present study, with the
relief of 1AH after decompressive laparotomy, total
lung volume and PaO,/FIO, improved while the
diaphragmatic displacement and the non-aerated lung
volume decreased (Although it improved, the
PaO,/FI0, after decompressive laparotomy remained
below the normal ranges). This is consistent with the
fact that, although a number of physiological values
improved, IAP remains moderately to severely in-
creased in a number of patients after decompressive
laparotomy (Balogh et al., 2003). Therefore careful
ongoing observation is required and repeated de-
compressive laparotomy may be needed if the IAP
remains >20 mmHg and organ dysfunction persists.

Surgical abdominal decompression has long
been the standard treatment for the patient who de-
velops ACS (de Waele et al., 2006). The timing of
surgical intervention for IAH is controversial. It is
difficult to specify which clinical condition should
lead to the decision to undertake surgical decom-
pression. The World Society of the Abdominal
Compartment Syndrome (WSACS) (www.wsacs.org)
has described a graded approach to the management
of IAH/ACS which can be used to avoid the need for
surgical decompression in many patients. In this al-
gorithm, percutaneous drainage is considered as a
potential therapeutic option for those IAH/ACS cases
that are due to free intra-abdominal fluid, air, abscess,
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or blood, before proceeding with surgical decom-
pression (Cheatham et al., 2009). In patients with
percutaneous drainage who fail to reduce 1AP and
restore adequate visceral perfusion or those with ACS
that is refractory to other treatment options, however,
urgent surgical intervention should be considered
(Malbrain et al., 2009). In a recent review and analy-
sis of 18 studies of the effect of surgical decompres-
sive laparotomy on IAP and the outcomes, the mean
interval from admission to the hospital or from the
previous surgical intervention to decompressive
laparotomy varied from 12 to 38 h (de Waele et al.,
2006). Another problem is that although decompres-
sive laparotomy can lead to recovery from respiratory
failure, the risk of complications, such as massive
intra-abdominal bleeding, persisting open abdomen
and subsequent extensive abdominal wall recon-
struction, needs to be taken into account.

In conclusion, the current study shows that in-
creased IAP displaces the diaphragm cranially and
increases non-aerated lung volumes. Decompressive
laparotomy decreases IAP and redistributes aerated
lung volumes toward control values.

5 Acknowledgement

We thank Dr. John REEVES, Director of Inten-
sive Care Unit, Cabrini Hospital, Melbourne, Austra-
lia, for his revision and advice. We also thank all the
ICU physicians and nurses in Sir Run Run Shaw
Hospital, School of Medicine, Zhejiang University,
Hangzhou, China who cared for these complex pa-
tients and helped to measure the 1AP.

References

Andersson, L.E., Baath, M., Thome, A., Aspelin, P.,
Odeberg-Wernerman, S., 2005. Effect of carbon dioxide
pneumoperitoneum on development of atelectasis during
anesthesia, examined by spiral computed tomography.
Anesthesiology, 102(2):293-299. [doi:10.1097/00000542-
200502000-00009]

Balogh, Z., McKinley, B.A., Cocanour, C.S., Kozar, R.A,,
Valdivia, A., Sailors, R.M., Moore, F.A., 2003. Supra-
normal trauma resuscitation causes more cases of ab-
dominal compartment syndrome. Arch. Surg., 138(6):
637-642. [doi:10.1001/archsurg.138.6.637]

Borges, J.B., Okamoto, V.N., Matos, G.F.J., Caramez, M.P.,
Arantes, P.R., Barros, F., Souza, C.E., Victorino, J.A.,
Kacmarek, R.M., Barbas, C.S., et al., 2006. Reversibility

of lung collapse and hypoxemia in early acute respiratory
distress syndrome. Am. J. Respir. Crit. Care Med., 174(3):
268-278. [d0i:10.1164/rccm.200506-9760C]

Cheatham, M.L., Malbrain, M.L., Kirkpatrick, A., Sugrue, M.,
Parr, M., de Waele, J., Balogh, Z., Leppéniemi, A.,
Olvera, C., lvatury, R., et al., 2007. Results from the in-
ternational conference of experts on intra-abdominal
hypertension and abdominal compartment syndrome. 11.
Recommendations. Intensive Care Med., 33(6):951-962.
[doi:10.1007/s00134-007-0592-4]

Cheatham, M.L., de Waele, J., Kirkpatrick, A., Sugrue, M.,
Malbrain, M.L., Ivatury, R.R., Balogh, Z., D'Amours, S.,
2009. Criteria for a diagnosis of abdominal compartment
syndrome. Can. J. Surg., 52(4):315-316.

David, M., Karmrodt, J., Bletz, C., David, S., Herweling, A.,
Kauczor, H.U., Markstaller, K., 2005. Analysis of
atelectasis, ventilated, and hyperinflated lung during
mechanical ventilation by dynamic CT. Chest, 128(5):
3757-3770. [doi:10.1378/chest.128.5.3757]

de Waele, J.J., Hoste, E.A., Malbrain, M.L., 2006. Decom-
pressive laparotomy for abdominal compartment syn-
drome—a critical analysis. Crit. Care, 10(2):R51. [doi:10.
1186/cc4870]

Karmrodt, J., Beltz, C., Yuan, S., David, M., Heussel, C.P.,
Markstaller, K., 2006. Quantification of atelectatic lung
volumes in two different porcine models of ARDS. Br. J.
Anaesth., 97(6):883-895. [doi:10.1093/bja/ael275]

Kron, I.L., Harman, P.K., Nolan, S.P., 1984. Measurement of
intra-abdominal pressure as a criterion for abdominal
re-exploration. Ann. Surg., 199(1):28-30. [do0i:10.1097/
00000658-198401000-00005]

Malbrain, M.L., 2004. Is it wise not to think about intraab-
dominal hypertension in the ICU? Curr. Opin. Crit. Care,
10(2):132-145. [doi:10.1097/00075198-200404000-00010]

Malbrain, M.L., 2007. Respiratory effects of increased in-
tra-abdominal pressure. Réanimation, 16(1):49-60. [doi:
10.1016/j.reaurg.2006.12.001]

Malbrain, M.L., Chiumello, D., Pelosi, P., Bihari, D., Innes, R.,
Ranieri, V.M., Del Turco, M., Wilmer, A., Brienza, N.,
Malcangi, V., et al., 2005a. Incidence and prognosis of
intraabdominal hypertension in a mixed population of
critically ill patients: a multiple-center epidemiological
study. Crit. Care Med., 33(2):315-322. [d0i:10.1097/
01.CCM.0000153408.09806.1B]

Malbrain, M.L., Deeren, D., De Potter, T.J., 2005b. Intra-
abdominal hypertension in the critically ill: it is time to
pay attention. Curr. Opin. Crit. Care, 11(2):156-171.
[doi:10.1097/01.ccx.0000155355.86241.1b]

Malbrain, M.L., Cheatham, M.L., Kirkpatrick, A., Sugrue, M.,
Parr, M., de Waele, J., Balogh, Z., Leppaniemi, A.,
Olvera, C., lvatury, R., et al., 2006. Results from the in-
ternational conference of experts on intra-abdominal
hypertension and abdominal compartment syndrome. |I.
Definitions. Intensive Care Med., 32(11):1722-1732. [doi:
10.1007/s00134-006-0349-5]

Malbrain, M.L., de Laet, I.E., de Waele, J.J., 2009. IAH/ACS:



Zhou et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2010 11(5):378-385 385

the rationale for surveillance. World J. Surg., 33(6):
1110-1115. [doi:10.1007/s00268-009-0039-X]

Oda, J., Yamashita, K., Inoue, T., Hosotsubo, H., Aoki, Y.,
Ode, Y., Kasai, K., Noborio, M., Ueyama, M., Sugimoto,
H., 2007. Acute lung injury and multiple organ dysfunc-
tion syndrome secondary to intra-abdominal hypertension
and abdominal decompression in extensively burned pa-
tients. J. Trauma, 62(6):1365-1369. [doi:10.1097/TA.
0b013e3180487d3c]

Quintel, M., Pelosi, P., Caironi, P., Meinhardt, J.P., Luecke, T.,
Herrmann, P., Taccone, P., Rylander, C., Valenza, F.,
Carlesso, E., Gattinoni, L., 2004. An increase of

abdominal pressure increases pulmonary edema in oleic
acid-induced lung injury. Am. J. Respir. Crit. Care Med.,
169(4):534-541. [doi:10.1164/rccm.200209-10600C]

Saggi, B., Sugerman, H., lvatury, R., Bloomfield, G.L., 1998.
Abdominal compartment syndrome. J. Trauma, 45(3):
597-609. [doi:10.1097/00005373-199809000-00033]

Siebig, S., lesalnieks, I., Bruennler, T., Dierkes, C., Langgartner,
J., Schoelmerich, J., Wrede, C.E., 2008. Recovery from
respiratory failure after decompression laparotomy for se-
vere acute pancreatitis. World J. Gastroenterol., 14(35):
5467-5470. [doi:10.3748/wjg.14.5467]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


