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Summary: The abdominal compartment syndrome (ACS) is a clinical condi- 
tion characterized by an increase of abdominal pressure which needs prompt i~ 
abdominal decompression. The surgery of large abdominal hernias can pre- 
sent similar problems with an increased abdominal pressure at peritoneal 
closure which needs a prosthetic tension-free abdominal closure to correct ~ 
the increased respiratory work-load. We undertook a study in order to com- ~:i'il 
pare the respiratory mechanical work-load changes during the surgery of 
large abdominal incisional hernias and the ACS. We measured the static com- 
pliance of the entire respiratory system (Crs), and its components - lung (CL) 
and chest-wall (Ccw) - during the acute phase of increased abdominal pres- 
sure and after decompressive treatment. In ACS the baseline measurements i:~ 
of Crs, CL, Ccw were 0.034, 0.049 and o.115 L/cmH20 respectively; after de- 
compression treatment we observed a great increase of Ccw (o.167 L/cmHzO) !~i 
whereas C1 remained the same (o.o49L/cmHzO); Crs varied from 0.034 to i I 
0.038 L/cmH20. In the surgery of large laparoceles, the Crs changed from i~i:i 
0.048 to 0.046 and the Ccw from o.15o to o.18o, with an unchanged C1. We .... 
conclude that the abdominal compartment syndrome is characterized by a i!~il 
well-defined alteration of respiratory work-load (decrease of chest-wall corn- :i~; 
pliance), and that from a mechanical point of view there is only a quantitative 
difference if compared to large ventral hernia repair. The decrease of chest- 
wall compl iance  in the lat ter  is less severe and stat is t ical ly d i f ferent  ~!~ 
(p = o.oo~). ~; 
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In the surgery of large ventral hernias 
the increased abdominal pressure deter- 
mines alterations in respiratory mecha- 

nics with a decrease of total respiratory 
system compliance and an enhanced 
mechanical work-load [Trivellini 1984]. 

Using the esophageal balloon technique 
[Beharakis 1985, Brandolese 1991], it has 
been demonstrated that the decrease of 
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respiratory system compliance is almost 
entirely due to decrease of chest-wall 
compliance, whereas lung compliance 
remains substantially unaltered. Moreo- 
ver, it is important to measure respirato- 
ry mechanics during surgery for large 
ventral hernias in order  to detect an 
excessive increase in respiratory work- 
load and to secure tension-free abdomi- 
nal closure by means of a prosthesis 
[Munegato 2ool]. 

The abdominal compartment syn- 
drome (ACS) is a clinical disorder which 
occurs in severely injured abdominal 
trauma patients and other critically ill 
patients (sepsis, burns). It is characteri- 
zed by a major increase of abdominal 
pressure which induces compression of 
the inferior vena cava with hemodyna- 
mic effects; decompression of the abdo- 
minal compartment by reopening and 
widening the abdomen results in signifi- 
cant improvement of cardiopulmonary 
funct ion  [Meldrum 1997, Mayber ry  
1999]. From these physiopathologic  
aspects the ACS significantly resembles 
the surgical treatment of large abdomi- 
nal hernias,  in which closure of the 
abdominal wall can produce increased 
abdominal pressure with alteration of 
respiratory mechanics. Prosthetic wide- 
ning of the abdominal cavity can avoid 
this respiratory morbidity. 

We therefore undertook a study in 
order to compare respiratory mechanics 
in the abdominal compartment syndro- 
me and in the surgery of large incisional 
hernias of the abdominal wall. 

Material and methods 
Five consecutive male patients admitted 
to our intensive care unit, who develo- 
ped an abdominal compartment  syn- 
d rome  were enro l led  in the s tudy  
( i n t r a b d o m i n a l  p ressure  ( I A P ) =  
23 + 3.5 mmHg). Three  patients were 
affected by acute Peri tonit is ,  one by 
intestinal occlusion and 'one by intesti- 
nal arterial infarction. Their mean age 
was 62 years (range 6o-74). Because of 
respiratory failure the patients were 
intubated with a cuffed tube (7.5-8.o mm 
ID) and mechanica l ly  vent i la ted  in 
controlled mode with a Siemens Servo 
Ventilator 900 C according to the stan- 

da rd  cr i ter ia:  t idal  vo lume  (Vt) 8- 
lo ml/kg, respiratory rate lO-15/min, ins- 
piratory flow (V) of o.6L/sec and an ins- 
piratory fraction of oxygen (FiO2) of 
o.4-o.6. A 5-1o positive end-expiratory 
pressure (PEEP) was set by the ventila- 
tor in order to keep the recruited alveoli 
open. All patients were instrumented 
with a naso-gastric tube provided with 
an esophageal balloon in its lower third 
to measure esophageal pressure (Pes) 
The flow (V) was measured, during the 
acute phase of ACS and after decom- 
pressive surgical treatment, by means of 
a pneumotachograph inserted between 
the proximal part of the endotracheal 
tube and the Y portion of the inspiratory 
line of the respiratory circuit. Volume 
was obtained by integrating electronical- 
ly the flow signal (V), airway opening 
pressure  (Pao) by using a pressure  
transducer connected to the proximal 
part of the endotracheal tube, and trans- 
pulmonary pressure (Ptp) by subtrac- 
ting Pes from the Pao tracing. V, Pao, 
Pes signals were sent via a respiratory 
mechanics  m o n i t o r  (Bicore Sensor  
Medics) to a personal computer where 
they were stored and analyzed to calcu- 
late the static compliance of the total 
respiratory system (Crs) and its compo- 
nents, lung (C1) and chest-wall (Ccw), by 
using the standard formulas [Brandole- 
se, 2ooo]. 

These respiratory mechanics data 
were compared to those measured in 
5 patients (3 male and 2 female with a 
mean age of 64 years) operated for large 
abdominal incisional hernias who pre- 
sented a significant increase of abdomi- 
nal pressure at closure of the perito- 
neum (IAP = 13 mmHg + 2.5). Accor- 
ding to Chevrel's classification [Chevrel, 
200o] the incisional hernias were listed 
as: 2 cases M4 W2 Ro, 1 case M4 W3 R1, 
1 case M4 W2 R2, 1 case M3 W3 R2. In all 
patients incisional hernia repair was 
performed according to Rives' tech-  

nique, inserting a polypropylene patch 
in the dissection space between the rec- 
tus abdominis m. and the posterior rec- 
tus sheath or per i toneum below the 
arcuate line [Rives, 1985]. In both groups 
of patients the abdominal pressure was 
determined by inserting a catheter in the 
bladder. 

Measurement of respiratory mecha- 
nics was performed before and after 
&compressive maneuvers of the abdo- 
minal cavity. Specifically, in incisional 
hernia repair it was made: 

�9 after the closure of the peritoneum 
(when it was not possible to close the 
abdomen, the edges of the abdominal 
wall were rejoined and close-coupled 
with forceps in order to measure intra- 
abdominal pressure); 

�9 after decompressive treatment of 
the abdominal cavity obtained by means 
of a ePTFE prosthesis (peritoneal mem- 
brane, o.1 mm thick, fixed to the edges 
of the peri toneum using short conti- 
nuous sutures). 

In ACS the decompressive treatment 
of the abdominal cavity was achieved by 
means of a laparostomy: we dressed the 
open abdomen with a large sheath of 
Lyofoam positioned in contact with the 
bowel and a polypropylene prosthesis 
was sutured to the fascia only to approa- 
ch the aponeurotic edges. The laparosto- 
my was reviewed and dressed every two 
days and definitive closure was perfor- 
med later when the clinical conditions 
determining the ACS had been resolved. 

Measurements of respiratory mecha- 
nics were compared in the two groups of 
patients (abdominal compartment syn- 
drome and surgery of large abdominal 
hernia). A value of p < o,o5 was accep- 
ted as significant using one-way analysis 
of variance. 

Results 
In the patients with abdominal com- 

partment syndrome the mean baseline 
measurements of Crs, C1 and Ccw were 
o.o34 + o.oo3, o.o49 + o.oo6, and o.115 
+ o.oo9 L /cm H20 respectively. After 
decompressive surgical treatment we 
observed a great increase of Ccw to o.167 
+ o.o12 Llcm H20 whereas C1 remains 
substantially unchanged (o.o49 + o.oo4 
L/cmHzO).  The Crs var ied  f rom 
o.o34 L/cmHaO to o.o38 +- o.oo2 
LlcmH20 (Fig. 1). 

In the patients with large incisional 
hernias the respiratory mechanics data 
registered at peritoneal closure showed a 
mean value of  Crs of o.o48 + o.oo6 
L/cmH20, C1 0.067 + o.ml, Ccw o.15o 4- 
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Fig. 1 
Comparison between variations in respiratory system compliance, lung compliance and 
chest-wall compliance before and after decompressive treatment of increased abdominal 
pressure in abdominal compartment syndrome and surgical repair of large indsional hernias 
of abdominal wall. Values are expressed as means among 5 patients 

Fig. 2 
Comparison between variations in chest wall compliance before and after decompressive 
treatment of increased abdominal pressure. Values are expressed as means among 
5 patients, p = 0.02 

0.009 L/cmHzO. Once the maneuver to 
widen the abdominal cavity had been 
completed and the prosthesis inserted at 
the peritoneal level, thus restoring the 
abdominal pressure to its basal level, the 
respiratory mechanics parameters chan- 
ged to the following mean values: Crs 
0.046 -+ 0.007 L/cmH20, C1 0.067 -+ 
o.olo L/cmHzO and Ccw o.18o + o.o12 
L/cmHzO. 

The decrease in chest-wall com- 
pliance during the acute phase of the 
compartment syndrome is statistically 
different (p = o.ooz) if compared to the 
compliance decrease measured after 
peritoneal closure in repair of large 
incisional hernias of the abdominal  
wall. (Fig. 2) 

Discussion 
Our study confirms that any increase in 
the intra-abdominal  pressure deter- 
mines respiratory variations, mainly in 
chest-wall compliance, while the com- 
pliance of the lung remains unaffected. 
It is well established that total respirato- 
ry system compl iance  in hea l thy  
conscious subjects is o.1 LlcmHzO, whe- 
reas the separate compliance of the lung 
and chest-wall are, in normal condi- 
tions, o.2 L/cmH20. Therefore the varia- 
tion in values for chest-wall compliance 
during the compartment syndrome and 

surgical repair of large incisional hernias 
was 42.5% and 25% of normal respecti- 
vely. The decrease in chest-wall com- 
pliance induces an increase in respirato- 
ry mechanical work-load, and conse- 
quently an enhanced work of breathing 
and oxygen consumption by the respira- 
tory muscles [Marini 199o]. 

It is important to emphasize that the 
increased intrabdominal pressure has 
little or no repercussion on the elastic 
properties of the lung parenchyma. In 
fact, a decrease in lung compliance due 
to a quantity of lung parenchyma sub- 
tracted to gas exchange might have a 
dangerous effect in COPD patients who 
have, even in baseline conditions, an 
impaired gas exchange, and in patients 
suffering from a compartment syndro- 
me who often present a clinical picture 
of respiratory failure. From a clinical 
point of view the compartment syndro- 
me is more severe than we observed 
during repair of large incisional ventral 
hernias.  In the former,  in fact, the 
increase in intra-abdominal pressure 
above 25-30 mmHg induces evident 
hemodynamic effects consisting of a 
decreased cardiac output, hepatic and 
renal blood-flow with clinical signs of 
organ failure. In the surgical repair of 
large ventral hernias the intra-abdomi- 
nal pressure rarely exceeds 12 mmHG at 
peritoneal closure and we never verified 

the presence of s ignif icant  adverse 
hemodynamic effects. This is in agree- 
ment with the results obtained by other 
authors who measured, during reduc- 
tion of large ventral hernia, a 15% reduc- 
tion of cardiac output without impair- 
ment of systemic arterial pressure and 
renal function [Pierri 1995]. In this study 
of five patients, only two revealed a 
reduction in cardiac output of about 
30% but wi thout  h e m o d y n a m i c  ill 
effects. 

The compartment syndrome is also 
more severe from the aspect of respira- 
to ry  mechan ics  than  is observed  
during the repair of large ventral her- 
nias. The decrease of chest-wall com- 
pliance is 45%, which is quite different 
from the 20 % decrease of chest-wall 
compliance observed during surgery of 
large laparoceles. Thereafter, the alte- 
ration in respiratory mechanics differs 
from the latter only from a quantitati- 
ve and not qualitative point of view. In 
both situations, in fact, the increased 
mechanical work-load of the respirato- 
ry muscles is almost entirely due to the 
work performed on the chest-wall and 
this has to be taken into account for 
the respective surgical management of 
the two clinical pictures [Ciresi 1999, 
Rives 1973, Trivellini 1984] with the 
aim of minimizing the work of brea- 
thing [Grassino 1984]. 
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Conclusions 
In the surgery of large abdominal her- 
nias the increase of the abdominal pres- 
sure determines a decrease of total res- 
piratory system compliance. In a pre- 
vious study we demonstrated, using the 
esophageal balloon technique, that the 
decrease of total respiratory system 
compliance is almost entirely due to 
decrease of chest-wall compliance whe- 
reas lung compliance remains substan- 
tially unaltered. 

In the abdominal compartment syn- 
drome, characterized by a major increa- 
se of abdominal pressure (above 

25 mmHg), we demonstrated a similar 
variation of respiratory mechanics with 
a decrease of total respiratory system 
compliance determined exclusively by a 
decrease of chest-wall compliance with 
unchanged lung compliance. This alte- 
ration in respiratory mechanics differs 
only from a quantitative and not quali- 
tative point of view (45% decrease of 
chest-wall compliance in ACS vs 20% in 
surgery of large incisional hernia). 

In both situations the decrease in 
chest-wall compliance induces an increa- 
se in respiratory mechanical work-load 
and consequently an enhanced work of 
breathing and oxygen consumption by 

the respiratory muscles. The surgical 
management of the two clinical pictures 
presents the same principles of widening 
the abdominal cavity to decrease intra- 
abdominal pressure. Even after decom- 
pressive surgical treatment we observed 
a similarity in the modifications of respi- 
ratory mechanics between ACS and sur- 
gery of large laparocele, with an increase 
of Crs and overall of Ccw whereas C1 
remained substantially unchanged. 
These results confirm that surgical 
decompression of the abdominal cavity 
restores an acceptable respiratory situa- 
tion minimizing the mechanical work- 
load of the respiratory muscles. 
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