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The perioperative care of the criti-
cally injured patient has improved
significantly over the last 10 years.
Many patients who previously
would have succumbed to their in-
juries are now being saved. Ad-
vancements in invasive monitoring,
enteral nutrition, and management
of infectious diseases are partially
responsible for these changes. As
trauma patients survive longer in
the intensive care unit (ICU), we
are faced with new challenges in
critical care management. Despite
our current best efforts, some pa-
tients stiil die after pralonged hospi-
talization in the ICU; the major
causes of death are sepsis and
multisystem organ failure. As we
progress into the 1990s, we must
address these problems in an in-
creasingly older population. Multi-
system organ failure is more likely
to develop in this population, whose
physiologic reserve s already
limited.

Intraabdominal hypertension,
which may lead to multisystem or-
gan failure, has been investigated
for many years; however, its recog-
nition and treatment as a distinct
clinical syndrome have been de-
scribed only recently.™ intraabdom-
inal hypertension is an abnormal in-
crease in intraabdominal pressure
(IAP) of sufficient magnitude to initi-
ate some physiologic dystunction,
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Uncorrected intraabdominaf hypertension ca
often the cardjac, respiratory, and renal systems are involved., Thig author describa
the physiologic factors that increase intraabdomina/ pressure. Treatment approache
{both medical and surgical) are discussed,

Most commonly, the cardiac, respi-
ratory, and renal systems are in-
volved.

Etiology

Numerous etiologic factors have
been described for the development
of intraabdominaj hypertension.25¢
Hemoperitoneum js the most com-
mon initial presentation in trauma-
tized patients in whom intraabdom-
inal hypertension develops. Most
patients have either a significant in-
traabdominal injury or celiotomy,
Typically, the patient received a
solid organ or major vessel injury
that required emergency surgery.
Large volumes of crystalloids and
blood products were necessary for
resuscitation. At the completion of
Surgery, the patient may be hypo-
thermic and coagulopathic. Ade-
quate rewarming and infusion of
blood components usually correct
the coagulopathy, and no further
problems develop. However, some
patients do not fespond to treat-
ment and continue to have diffuse
capillary bleeding after abdominal
closure. These patients are at risk
for the development of intraabdom-
inal hypertension. After surgery,
these patients require continuous
fluid and blood product administra-
tion. If the blood does not clot, it
will continue to accumulate in the
Peritoneal cavity, causing intraab-
dominal hypertension. Uncorrected
intraabdominal hypertension contrib-
utes to multisystem organ failure.
Large retroperitoneal hematomas
and consequent edema are contrib-
uting sources of intraabdominal hy-
pertension. Principal causes of ret-
roperitoneal bleeding are significant
pelvic ring disruptions and major
parenchymal lesions of the kidneys.
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Pelvic ring disruptions may be Jife &
threatening depending on the mag- £

nitude of blood loss, The retroperi- § -

toneum may hold several liters of §
undetected blood, which acts synerg:
gistically with other sources toin- E
Crease intraabdominal hyperten- :

sion. Renal parenchymal injuries, n§
addition to generaling retroperito- “&

neal hematomas, may make the

kidney more susceptible to the ef-,

fects of intraabdominal hyper-
tension,

A third cause of acute intraab-
dominal hypertension is pneumo-
peritoneum. ICU patients in whom
respiratory faflure and secondary

restrictive lung disease have devel- 4

oped frequently have high airway

Pressures. These patients are often £

subjected to high levels of positive
end-expiratory pressure (PEEP) to
maintain adequate Ooxygenation.
Barotrauma is a well-recognized
complication of high airway pres-
sures and possibly high levels of
PEEP. Sepsis will increase the pa-
tient’s Susceptibility to barotrauma

even further by increasing extravas- ;

cular lung water, decreasing lung
compliance, and increasing airway
pressures. Sepsis may disrupt the
lung parenchyma, allowing baro-
trauma to occur at lower pressures.
Barotrauma commoniy manifests as
a pneumothiorax or Pneumomedias-
tinum; a less common presentation
is Pneumoperitoneum (Macklin phe-
nomenon).” Air that has dissected
along the bronchial airways and
vessels fo the mediastinum may
eventually erupt into the peritoneal
cavity, resulting in a Pneumoperi-
toneum,

Other causes of intraabdominaj
hypertension arise more insidiously,
Ascites is a well-recognized cause
of intraabdominal hypertension in
patients with cirrhosis, other forms
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of liver disease, and certain malig-
nancies and in those undergoing
peritoneal dialysis.® Factors ac-
counting for the formation of ascites
in the trauma patient include large
volumes of resuscitation {luid, nega-
tive nitrogen balance, positive pres-
sure ventfilation, and sepsis. Large
amounts of resuscitation fluids
eventually sequester in the intersti-
tial space of the abdominal wall and
as free fluid in the peritoneal cavity.
Severe multisystem frauma leads to
a large negative nitrogen balance
and a subsequent decrease in se-
rum proteins. This decrease in col-
loid oncotic pressure causes edema
and asciles. Increased positive
pressure ventilation increases mes-
enteric venous pressure and capil-
lary pressure and eventually gener-
ates ascites. With sepsis, increased
capillary membrane permeability
permits fiuid to leak into the perito-
neal cavity. In contrast to hemoperi-
toneum and pneumoperitoneumn,
which develop over the course

of hours, the intraabdominal hyper-
tension assoclated with ascites
develops over several days. The
same factors that lead to ascites
also cause changes in interstitial
fluid and abdominal wall com-
pliance.

Interstitial visceral edema is influ-
enced by infusion of large volumes
of {luid, poor nutritional states, and
sepsis. This interstitial edema leads
1o an increased volume of the ab-
dominal viscera. IAP increases as
the intraabdominal organs swell
and expand. This effect is magni-
fied by a corresponding decrease in
abdominal wall compliance.

Normally, abdominal wall compli-
ance allows a significant amount of
ascites or blood to accumulate
within the peritoneal cavity without
increasing IAP. Decreased plasma
proteins and increased capillary
membrane permeability lead to the
extravascular migration of fluid and
Cause edema in the interstitial
Spaces of the abdominal wall. Ab-

Ina! wall compliance decreases

as interstitial fluid increases. With
decreased compliance, small accu-
mulations of blood or fluid within
the abdominal cavity may signifi-
cantly increase the IAP.

Patients often have a combina-
tion of these factors that lead to in-
traabdominal hyperiension. After
surgery, a patient frequently will
have some residual fluid in the ab-
domen, which increases with sub-
sequent “third-spacing” of resuscita-
tion fluids. This probiem is com-
pounded if the patient has a small
retroperitoneal hematoma as a re-
sult of a pelvic ring disruption,
which enlarges over the next sev-
eral hours. Over the next few days,
an intestinal ileus develops, intersti-
tial fluid accumulates, and increas-
ing amounts of positive pressure
ventilation are required.’? Singu-
larly, none of these factors creates
intraabdominal hyperiension; how-
ever, a combination of factors may
give rise to significant risk for its
development.

Pathophyslology
Cardiac

The physiologic consequences of
increased IAP have been studied

for several years. Much of the basic
science foundation was derived
from animal studies, usually on
dogs.”®'#* The literature on human
subjects is generated from studies
of chronic causes of intraabdominal
hypertension such as ascites, ovar-
ian masses, and abdominal tu-
mors.? Studies on acute causes
have been published only recently,
and most are based on diagnostic
laparoscopy. Minimal data are cur-
rently available on the physiologic
effects of intraabdominal hyperien-
sion in posttraumatic injuries (see
box below).’

Dramatic changes in cardiac out-
put can occur with intraabdominal
hypertension according to the for-
mula: Cardiac output = Heart
rate x Stroke volume. Most pa-
tients have a mild tachycardia that
does not change statistically with
further increases in abdominal pres-
sure. Stroke volume, which de-
pends on the basic components of
preload, afterload, and contractility,
does undergo significant changes
with intraabdominal hypertension.
The major effects are on preload
and afterload, with some indirect in-
fluence on contractility. Preload re-
fers to the volume of blood within
the left ventricle at the end of dias-
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tole (LVEDV), Technically, LVEDV
largely determines the degree of
stretching of myocardial muscle fi-
bers before their contraction (Star-
ling's law).* Clinically, the LVEDV
is estimated by measuring the pul-
monary artery occlusion pressure
(PAOP) in a patient with normal left
ventricular compliance. Left ventric-
ular compliance decraases in pa-
tients with intrinsic heart disease,
high pleural pressures, and large
transdiaphragmatic pressures.'s
Return of blood to the right side
of the heart is the major determi-
nant of preload, and venous return
to the heart is regulated by the
mean systemic pressure and the
venous resistance. Mean systemic
Venous pressure is the pressure
within the capacitance vessels—
small veins, venules, and capillar-
ies. Flow through the venous sys-
tem is driven by the difference be-
tween the mean systemic pressure
and the right atrial pressure and is
regulated by venous resistance.
Venous resistance to the flow of
blood occurs in the larger veins and
vena cava. Kashtan et al.” studied
the effects of intraabdominal hyper-
tension on venous return to the
heart in dogs. They found that ve-
nous resistance and mean systemic
VERous pressure increased with in-
creasing IAP. The respective rise in
these pressures determined if ve-
nous return to the heart was aug-
mented or reduced. The patient's
volume status is the critical vari-
able. Patients with an inadequate
preload have a rapid decline in ve-
nous return with increasing ab-
dominal pressure. Those with an
adequate preload initially have aug-
mented venous return with increas-
ing abdominal pressure. Regardless
of the patient’s volume status, in-
traabdominal hypertension eventu-
ally decreases venous return. Kash-
tan et al. explained that, in all
cases, increasing IAP led to in-
Creased mean systemic venous
pressure. Increased pressure oc-
curred with compression of
splanchnic vessels. The rise in ve-
nous resistance in intraabdominat
hypertension was caused by
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compression of the vena cava. In
the hypovolemic patient, a relatively
small increase in 1AP may suffi-
ciently compress the vena cava and
decrease venous return. In con-
trast, a hypervolemic patient will ini-
tially have an increased venous re-
turn. The inferior vena cava (IVC)
will resist compression as long as
the IVC pressure exceeds the in-
traabdominal pressure. Until
compression of the IVC takes
place, increasing IAP will increase
mean systemic venous pressure
without a marked rise in venous
resistance. This will result in jn-
creased venous return 1o the heart
and a subsequent increase in car-
diac output.

Afterload is the resistance to ven-
tricular ejection. Clinically, systemic
vascular resistance (SVR) is the
main determinant of afterload. A re-
lationship exists between the SVR
and cardiac output as follows:

SVR = [(Mean arterial pressure —
central venous pressure)/Car-

diac cutput] x 80. In adequately
volume-loaded patients who have
normal cardiac contractility, in-
creased SVR generally reflects in-
creases in arteriolar resistance.
Under these circumstances, phar-
macologically decreasing SVR may
increase the cardiac output. Stud-
ies on intraabdominal hypertension
demonstrate that increasing IAP
corresponds with increased SVR.'217
This increase in SVR is probably
the result of increased arteriolar re-
sistance. Without a significant
change in blood pressure, increas-
ing systemic vascular resistance
will decrease cardiac output.

Increases in SVR are not uniform

across all vascular beds within the
abdomen.'?*? Barnes et al.’ mea-
sured visceral blood flow and vas-
cular resistance in dogs with in-
traabdominal hypertension. Increas-
ing the 1AP from 0 to 40 mm Hg
raised resistance in the celiac, su-
perior mesenteric, femoral, and re-
nal arteries by 26%, 70%, 103%,
and 136%, respecfively. Three fae-
tors responsible for the increased
SVR in intraabdominal hypertension
are vascular compression, my-

ogenic reflexes, and vasoactive
hormones.

The splanchnic vasculature pos- -
sesses a myogenic reflex whereby " §:

increases in venous pressure, by

direct compression of the smaller ¥ h

veins, lead to a reflex arterial vaso-
constriction.’? Vasopressin and an-
giotensin may be released in in-
traabdominal hypertension.'® These
vasoactive substances are potent
vasoconstrictors. A decrease in
transcardiac pressure, caused by
increased pleural pressure, may
lead to reflexive arterial vasocon-
striction.?

Contractility refers to the force
and velocity of ventricular contrac-
tion. Metabolic changes that occur
as a result of intraabdominal hyper-
tension can alter the contractile
state of the myocardium. Acidosis
and hypoxemia impair contractility
and the heart’s ability to respond to
catecholamines. Lactic acidosis de-
velops when blood is shunted away
from the abdomen, decreasing tis-
sue perfusion and increasing anaer-
obic metabolism. Tissue perfusion
is further impaired by an absolute
decrease in cardiac output caused
by increased arteriolar resistance.
These patients often have sus-
tained a primary lung injury, which
can impair pulmonary compensa-
tion for metabolic acidosis. Intraab-
dominal hypertension itself can
cause arterial hypoxia and hyper-
carbia and further impair the pulmo-
nary compensatory process. In this

manner, intraabdominal hyperten-
sion may indirectly decrease the
contractile state of the myocardium.

Pulmonary

Pediatric surgeons have known
of the respiratory complications of
intraabdominal hypertension for
many years.'$2° Attempts to primar-
ily close gastroschisis have resulted
in respiratory failure. The effects of
intraabdeminal hypertension on the
pulmonary system are caused by
an increase in pleural pressure and
a decrease in thoracic volume.
About 20% of the IAP is transmitted
into the thorax through the dia-
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ve phragm.' Beyond IAPs of 20

' pos- markedly.>'? The relationship is not
areby linear but can still be used to esti-

. by mate the degree of intraabdominal
aller hypertension.

vaso- The loss of lung volume causes a
d an- collapse of compliant alveoli and a

in- decrease in functional residual ca-

These pacity. This change in alveolar ven-
stent tilation results in hypercarbia and

in arterial hypoxemia. As intrathoracic
d by pressure increases, direct compres-
nay sion of the pulmonary vasculature
con- . occurs. Compression of the pulmo-

nary vessels increases pulmonary
Jree i vascular resistance and exacer-
i

ntrac- bates a ventilation-perfusion mis-
occur f match.

hyper- i

o Renal

dosis Most of the data on the renal
wlility j consequences of intraabdominal
ond to 4 hypertension are derived from dog
'sis de- }&  models. Controlled intraabdominal
d away ‘@  hypertension is created either by
g tis- 5@  surgically implanting inflatable blad-

7 anaer-, § ders or by instilling fluid into the
‘usi peritoneal cavity. Harman et al.®

solute 4B  showed that as IAP increased from
aused 3@ @ to 20 mm Hg, the glomerular fil-
ance. BB tration rate decreased by 25%.

Js5- 78 When IAP was increased to 40

which 88 mm Hg, the dogs developed anuria.
ensa- Nl The fivefold increase in renal vas-
“traab- 3} cular resistance as IAP is increased
;an {EE  from 0 to 20 mm Hg increases to
yper- \i8  15-fold when the IAP rises to 40
:pulmo 3@ mm Hg. Maintenance of adequate

In thisQ®  preload and cardiac output twice
erien- 4  the baseline were unable to prevent
2 the 8 this decrease in glomerular filtration
-ardium rate. Caldwell and Ricotta®' pre-
3 sented conflicting data on the rela-
4 Bonship of cardiac output to renal
€. In their studies on mongrel
dogs, they measured cortical and
¢ Medullary renal blood flow and he-
modynamic parameters during in-
Gieases in abdominal pressure. Oli-
developed with increasing
"+ 1heir results showed a direct
elation between renal blood
¥ and cardiac output. Measure-
% of renal venous pressure dur-
studies indicated a 1 to 2
13 greater pressure in the re-
ins than in the inferior

mm Hg, peak airway pressures rise

vena cava. Increases in renal ve-
nous pressure led to an immediate
specific reflex of renal artery vaso-
constriction.” LeRoith et al.’® noted
that increased IAP leads to a corre-
sponding increase in serum antidi-
uretic hormone [evels in dogs. Infe-
rior vena cava pressures correlated
almost 100% with JAP. Vaughan

et al.? postulated that direct
compression of the ureters had
minimal influence on the develop-
ment of renal failure because the
renal collecting syslem is able to
generate up to 90 mm Hg pressure.
Dogs subjected to intraabdominal
hypertension with ureteral stents
had the same changes in renal
function as unstented dogs.

The exact mechanism for the re-
nal dysfunction caused by intraab-
dominal hypertension is not known.
Renal blocd flow decreases as car-
diac output decreases, particularly
in the patient with hypovolemic
trauma; therefore, decreases in car-
diac output are likely to be signifi-
cant in the mechanism of oliguria.
Oliguria with infraabdominal hyper-
tension may also occur when the
cardiac output is normal or supra-
normal. Caldwell'” suggested an al-
ternate hypothesis for oliguria with
infraabdominal hypertension. The
filtration gradient (FG) is the me-
chanical force across the glomeru-
lus that results in urine production.
This measure is the difference be-
tween glomerular filtration pressure
and proximal tubular pressure.*®
Compression of the renal pelvis
naturally occurs in the traumatized
patient with intraabdominal hyper-
tension. The proximal renal tubular
pressure will approximate IAP in
this patient. An estimation of glo-
merular filtration pressure is the dif-
ference between the mean arterial
pressure (MAP) and the IAP. The
FG across the glomerulus is esti-
mated as: FG = MAP — 2(IAP).
For example, if a patient's |AP
reaches 40 mm Hg and the MAP is
80 mm Hg, the resuiting force
across the glomerulus is zero. In
this model one can easily see why
most patients become anuric at
IAPs of 40 mm Hg. Surveillance of

MAP, IAP, and urine output allows
estimation of FG. This calculation is
useful in monitoring the results of
medical management and determin-
ing the need for surgical de-
compression.

Diagnosis

The normal IAP in humans is ap-
proximately zero. Following celi-
otomy, average I1APs are 310 15
mm Hg.?' The most accurate tech-
nique to determine IAP is to mea-
sure it directly with an indwelling
peritoneal catheter.?® A safer
method is to monitor IVC pressures
through a long femoral venous
catheter. IVC pressures correlate
almost 100% with pressures mea-
sured by direct peritoneal catheters.
A technique that involves minimal
invasiveness yet correlates highly
with IAP is measurement of intra-
vesicular pressure. This technique
is based on the property that the
adult urinary bladder behaves as a
passive diaphragm with bladder vol-
umes between 50 and 100 ml.2! In-
travesicular pressure measure-
ments correlate with IAPs of 5 to 50
mm Hg. Kron? has described the
method used at the Maryland Insti-
tute for Emergency Medical Ser-
vices Systems Shock Trauma Cen-
ter. Fifty to 100 ml of sterile saline
solution js injected into the empty
btadder through an indwelling Foley
catheter. The sterile tubing of the
urinary drainage bag is cross
clamped fust distal to the culture
aspiration port. The end of the
drainage bag tubing is connected to
the indwelling Foley catheter. The
clamp is released enough to allow
the tubing proximat to the clamp to
fill with fluid from the bladder and
then is reapplied. A 16-gauge nee-
dle is used to Y-connect a central
venous pressure (CVP) manomester
or pressure transducer through the
culture aspiration port of the tubing
to the drainage bag. The top of the
symphysis pubis bone is used as
the zero point with the patient in the
supine position,
In pediatric patients, intragastric
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pressures are thought to correlate
well with IAPs. Measurements are
made in a similar fashion as the in-
travascular pressuyres. A single-
lumen nasogastric tube is inserted
into the stomach. After the instilia-
tion of saline solution into the tube
and stomach, the nasogastric tube
is connected to either a CVP ma-
nometer or a pressure transducer.
The correlation between stomach
pressures and IAP is not as good in
adults as in children. Several fac-
tors may account for this. The
stomach behaves less like a closed
system than the bladder. Fluid in-
stilled into the adult stomach may
leak out of the pylorus or even up
the esophagus. In the presence of
hiatal hernias, intragastric pressure
will be influenced by intrathoracic
pressure. Other techniques such as
Mmeasuring various arterial, superior
vena cava, right atrial, airway, rec-
tal, and rectus sheath pressures
have failed to show significant clini-
cal correlation,™

Treatment

A major difficulty in treating intraab-
dominal hypertension is its recogni-
tion. Most cases of intraabdominal
hypertension probably go unde-
tected because the diagnosis is not
entertained. Failure to recognize
this entity can ultimately result in
mullisystem organ failure. Once the
diagnosis is considered, measuring
intravesicular pressures s a fairly
simple technique. Because intraab-
dominal hypertension may develop
over the course of several hours or
days, repeated Mmeasurements of
IAP are necessary to diagnose it
Techniques available to help pre-
vent intraabdominal hypertension
include early and aggressive use of
warmed blood products in the se-
verely injured patient to abort coag-
ulopathy, angiographic embolization
for rapidly expanding retroperitoneal
hematomas caused by pelvic ring
disruptions, and tube decompres-
sion to relieve Pneumoperitoneum.
Ascites formation can be reduced
by colloids and the Judicious use of
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diuretics. Some have recommended
drainage of ascites in cases where
intraabdominal hypertension is
known to result from sterile as-
cites.® Achievement of positive ni-
trogen balance will prevent unnec-
essary protein erosion. Intravenous
lines are a common source of oc-
cult bacteremia in ICU patients;
septic foci should be sought and
treated vigorously (see Rosenthal
and Joshi, page 323, and Smith
and Joshi, page 422).

Adequate resuscitation js the first
step in the management of any crit-
ically il patient. Estimating the ade-
quacy of fluid resuscitation may be
difficult, Increasing IAP can elevate
CVP, and falsely elevated CvpP
readings may not reflect cardiac
preload volume accurately. Underly-
ing pulmonary complications com-
bined with increasing pleural pres-
sures increase pulmonary artery
pressures, which must be consid-
ered in the interpretation of puimo-
hary catheter measurements, Abso-
lute pulmonary artery and pulmg-
nary artery occlusion pressures
may not reflect the patient's true
volume status, especially if airway
pressure is elevated significantly.
Trends in hemodynamic pressures
in response to volume challenges
are probably more important than
the absoiute number. Urinary output
is important: decreased urinary flow
may be the result of excessive IAP
or inadequate resuscitation, Oliguria
will develop in all patients, regard-
less of their cardiovascular status,
when the IAP becomes large
enough. A patient with an adeguate
urinary output is less likely to be
underresuscitated,

We evaluate these difficult pa-
tients by measuring the cardiac out-
put using the indocyanine green
dye technique.? Following the in-
jection of a known bolus of green
dye into the central venous system,
the appearance of the dye in the
peripheral arterial systemn is re-
corded. The dye's appearance and
the shape of the curve are used to
calculate the cardiac output and
dispersive volume of the lungs, in
addition to other variables, The

central dispersive volume of the

lungs calculated by this method ¥

been shown experimentally to pe!
within 10% of the direct measur
ment of pulmonary biood volume
The advantage of this imethod is gﬁ
that CVP and PAOP are pressure
measurements of preload status,
whereas the green-dye method
yields a volume measurement of

the preload status. When CVP and g
v used.
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PAOP are elevated significantly, we
have found the green-dye method
to provide a superior estimation of
the patient’s preload volume, 3

Volume status in the patient with
intraabdominal hypertension is criti-.
cal. Small losses in volume can ¢
have disastrous consequences on
venous return. Flow through the
vena cava becomes dependent on
its patency, and venous volume is
the major force resisting collapse of
the inferior vena cava, Fluids, gen-
erally colloids, should be used fo
maintain intravascular volume dur-
ing resuscitation, including periods
of crifical iilness.

Medlcal management

Not all patients with intraabdom-
inal hypertension require surgical
decompression; some can be man-
aged medically. Patients 1o be con-
sidered for nonsurgical therapy
must be observed closely. Their ab-
dominal pressures must be less
than 40 mm Hg. Physiologic de-
rangements should be minor and
relatively stable. Volume resuscita-
tion should be adequate and reas-
sessed frequently. In addition to
volume resuscitation, other tech-
niques to increase the cardiac out-
put are helpful in the management
of these patients, ™~

To improve cardiac output, ino-
tropic support should be used. A
combination of agents is commonly
administered. Low-dose (2to
3 pg/kg/min) dopamine is often
started not only for its inotropic ef-
fects but also for its ability to in-
Crease splanchnic and renal biood
flow. The effect is mediated by do-
paminergic receptors in the renal
vasculature. Dobutamine can then
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‘he be added if low-dose dopamine is Table 1. Changes with surgical decompression of
od has unsatisfactory in raising the cardiac intraabdominal hypertension
1 be output. Dobutamine will tend to , ,
sure- lower the systemic vascular resis- Preoperative Postoperative
me.2* tance while increasing the cardiac Respiratory
iis output. Pao,/Fio, 84 376
sure Lowering the systemic vascular Peak airway pressure 42 cm H,O 26.0 cm H,0
tus, resistance is a third method for in- Mean airway pressure 23 em HO 15.6 cm H,0
ad creasing the cardiac output. Sodium PEEP 16 cm H,0 8 cm H,0

t of nitroprusside or other short-acting Renal
P and intravenous vasodilators may be g"“e.c’."tp“‘ 10'20 TJ{ hr 300 ml/be
ly, we used. Vasodilators will reduce vis- Car;?;fg‘;‘;&::ea'a"ce 2mg 93 mgid!
sthod ceral SV_H _caused by arteriolar va- Heart rate 118 beats/min 128 beats/min
on of soconstriction but not that caused Cardiac output 8.5 L/min 11.5 L/min
by direct venous compression, Stroke volume 70 ml 90 ml
nt with Therefore, extraabdominal vascula- SVR index 1510 dyne - sec - cm * - m? 864 dyne - sec-cm *- m?
is criti- ture may vasodilate to a greater ex- Vo, index 115 ml/min/m? 153 ml/min/m?
an ‘¥ tent than the abdominal visceral ar- . ) _ -
es on i terioles. This vasodilation could re- f10,, Fraction of inspired oxygen: Vo., oxygen cansumption per unit time.
the  J sultin shunting blood away from
:nton § the intraabdominal viscera, which in dramatic improvements in the pa- measures including afterload reduc-
meis § could increase acidosis and worsen tient’s condition. tion. She showed no signs of ongo-
apse of ¥ tissue hypoxia. For this reason, va- s % & = = ing blood loss. [ntravesicular pres-
3, gen- {§ sodilator therapy should be avoided sures on the morning of the second
«dto i§ inpatients without adequate volume The following example demon- day were 30 to 32 cm H,O. Later
e dur- loading. strates a recent case of intraab- that day, 1AP had risen to 38 cm
eriods Cardiac output, volume status, dominal hypertension following H.0O. Urinary output suddenly de-
and oxygen consumption should be blunt trauma. A 69-year-old woman creased to less than 20 mi/hr. The
determined frequently after each in- was involved in & motar vehicle ac- patient was taken to surgery for op-
tervention. Medical management cident. The initial assessment and erative decompression of the
may continue as long as the patient resuscitation were uneventiul. The abdomen.
bdom- remains stable or is improving. Any patient was stable in the admitting Surgery resulted in dramatic im-
gical sign of deterioration should be area, and the only identified injuries provements in all physiologic pa-
e man- treated by surgical decompression were several right-sided rib frac- rameters (Table l}. The excess clot
be con- B and release of the intraabdominal tures and superficial abrasions. A was removed and a right nephrec-
py hypertension. cornputed tomographic scan of the tomy was performed. (The uretero-
‘heir ab- abdomen revealed a moderate right pelvic junction was completely dis-
‘ess B Surgical management retroperitoneal hematoma. Angiog- rupted and could not be repaired
:de- ] raphy demonstrated an avulsed because of the patient's condition.)
rand Surgical decompression is re- right lumbar artery that was subse- Retroperitoneal hemostasis was se-
suscita- 3§ quited in those patients with initial quently embolized. The right kidney cured. The skin was closed and the
ireas- /§ IAPs greater than 40 mm Hg. De- had a normal angiographic picture, fascia left open without a measured
anto  *f compression is also helpful in pa- The patient was observed in the increase in IAP. Except for a
tech- § tients with [APs between 25 and 40 ICU. course of postoperative pneumonia,
ac out- 4@ mm Hg not responding to medical The patient required 6 units of the patient recovered without diffi-
jement :2R  therapy. The goal of surgery is to blood over the next 24 hours to culty, .
@ decrease the IAP by increasing ab- maintain a hemoglobin level of = & = = »
t, Ino- ;-§ dominal capacitance. Before reop- about 10 gm/dl. She required in- Following decompression, im-
ad. A & eration, a reasonable attempt creasing respiratory support. The provements usually occur in all or-
mmanly should be made to correct any chest x-ray film was clear but gan systems.™ Cardiac function re-
0 preexisting coagulopathy. Volume showed bilateral elevated dia-

ioading and cardiac status should
be optimized with inotropes and
passibly vasodilators. Increased pa-
Bent acuity may not permit transport

.0 the operating room. In these in-
Slances, opening the abdominal in-
tision at the bedside has resulted

phragms. Over 5 L of fluid and ino-
tropic support were required to
maximize oxygen consumption. Uri-
nary output was maintained about
1 ml/kg/hr.

In the second 24 hours, the pa-
tient required additional supportive

turns to normal or supranormal val-
ues. Systemic vascular resistance
decreases significantly. In a hypo-
volemic patient, a rapid fall in arteri-
olar resistance and increase in ve-
nous capacitance may cause a pre-
cipitous fall in the blood pressure.
Patients may require small doses of
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vasoconstrictors to maintain vascu-
lar tone in addition to volume ther-
apy. Venous return to the heart
also retums to normal values, Pa-
tients with markedly elevated IAPs
may develop a transient acidosis at
the time of reperfusion.

- A&

Flg. 1. Abdo
tetrafiuoroet

Colostomy exits at lateral to wound,

In a review of our trauma patients
who have intraabdominal hyperten-
sion, pulmonary mechanics show
an equally prompt response to in-
traabdominal decompression. Peak
and mean airway pressures fall by
19% and 23%, respectively. Pao,

- \“

F...‘

minal fascial prosthetic bridge for intraabdominat hypertension. A. Poly-
hylene patch is secured to fascia with a running monofilament suture, B,
d.

increases by 137% and the Pa
decreases by 24%. The ratio of :
Pao, to fraction of inspired Oxyger
(Fioz) improves over 200%. Pulmg:
nary shunt decreases 32%, Staﬁc,‘z
lung compliance is increased by &
82%.

Urinary flow will usually increasg’
while the patient is still an the oper&
ating table. Oliguric renal failure ot ¥
ten converts to high-output renal

f were v
failure. Serum creatinine level grad £ maum
ually falls as creatine clearance im-§ with s
Proves. Survivors are expected to k 5 cover:
restore near normal renaj function. g tually .

During celiotomy, all old blood
clots should be evacuated and the
peritoneal cavity lavaged. Intraab- B
dominal septic foci should be ;
sought. Any necrotic tissue must be & Ref
removed. Good surgical hemostasis ;. hele
should be attempted before closure. § 1. cu
Drains may be used if coagulation E . . Lor
defects persist, When hemoperito- ¥ an
neum leads to intraabdominal hy- o il
pertension, evacuating the clots o R
may provide enough space to close E T e
the abdomen satisfactorily. During § .. pre
closure of the abdomen, puimonary & ree
artery, peak airway, and intrave- 3. a;c
sicular pressures must be monj- ine
tored. A return of elevated values Sur
indicates that with abdominal clo- 4. She
sure intraabdominal hypertension Pa:
will recur, In the majority of cases ; {3;’
in which this occurs, fascial closure i 19¢
is not possible. g 5 Bu
Several options are available : AK
when the fascia cannot be closed. { res
Generally we have preferred to ; o
place a fascial bridge to prevent an 6. Ha:
abdominal wall hernia (Fig. 1). et
Commonly a polytetrafluoroethyiene ; an
patch is used. The graft is sewn to - 11<9—} |
the fascia with monofilament sy- o e
tures. Tissue edema has usually i inc
prevented closure of the skin over ; Re
the patch. Without skin covering, i 8 8a
fluid losses through the wound can By
be considerable. We have chosen pre

to cover the wound with a sterile
occlusive plastic drape. Drains are
placed between the polytetrafluo-
roethylene patch and the drape {o
assess fluid losses. These wounds
must be monitored carefully for any |
signs of infection, Frequent !
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changes of the drape under aseptic
conditions are required several
times a week. Surveillance wound
cultures are usually taken at that
time.

A few patients who required
decompression at the bedside
were managed by leaving the fas-
cia open without a bridge. In these
cases, the abdominal viscera
were well adhered into the perito-
neum. The wounds were dressed
with sterile saline gauze and then
covered with a plastic drape. Even-
tually these patients must be
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