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IntraIntra--Abdominal Hypertension andAbdominal Hypertension and
Abdominal Compartment Syndrome:Abdominal Compartment Syndrome:

An OverviewAn Overview
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OBJECTIVESOBJECTIVES

•• To identify intraTo identify intra--abdominal hypertension (IAH) and abdominal hypertension (IAH) and 
abdominal compartment syndrome (ACS) as common abdominal compartment syndrome (ACS) as common 
disease processes in the ICU settingdisease processes in the ICU setting

•• To discuss the importance of To discuss the importance of 
–– Early intraEarly intra--abdominal pressure (IAP) monitoringabdominal pressure (IAP) monitoring
–– Diagnostic and management algorithms Diagnostic and management algorithms 
–– NonNon--operative management strategiesoperative management strategies
–– Open abdominal decompressionOpen abdominal decompression
–– Recent consensus definitions & recommendationsRecent consensus definitions & recommendations
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THE PROBLEM IN A NUTSHELLTHE PROBLEM IN A NUTSHELL

•• Critical illness leads to Critical illness leads to 
increases in the pressure increases in the pressure 
within the abdomenwithin the abdomen

–– ““intraintra--abdominal abdominal 
pressurepressure”” or IAPor IAP

•• Elevated IAP has detrimental Elevated IAP has detrimental 
effects on all organs in the effects on all organs in the 
body and can lead to organ body and can lead to organ 
failure and deathfailure and death

•• IAH and ACS are diseases IAH and ACS are diseases 
that occur as a result of that occur as a result of 
elevated IAPelevated IAP
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THE PROBLEMTHE PROBLEM

•• IAH and ACS are evolving problems in both the IAH and ACS are evolving problems in both the 
medical and surgical ICUmedical and surgical ICU

–– Recognition and understanding among both Recognition and understanding among both 
physicians and nurses is variable, but improvingphysicians and nurses is variable, but improving

–– The emergent nature of these diseases makes The emergent nature of these diseases makes 
research difficultresearch difficult

–– Consensus definitions and recommendations have Consensus definitions and recommendations have 
previously been lackingpreviously been lacking

–– Management options are multiple and commonly Management options are multiple and commonly 
unstudied, but developing rapidlyunstudied, but developing rapidly
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THE PROBLEMTHE PROBLEM

•• IAH and ACS were originally thought to be diseases IAH and ACS were originally thought to be diseases 
solely of the traumatically injuredsolely of the traumatically injured

–– Many clinicians still believe this to be trueMany clinicians still believe this to be true
•• ““I donI don’’t need to measure IAP because I dont need to measure IAP because I don’’t t 

take care of trauma patientstake care of trauma patients””

•• Clinician education as to the widespread incidence of Clinician education as to the widespread incidence of 
IAH and ACS is essentialIAH and ACS is essential

–– IAP will not be measured unless patients are IAP will not be measured unless patients are 
perceived to be at riskperceived to be at risk
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THE PROBLEMTHE PROBLEM

•• IAH and ACS occur in a wide variety of patient IAH and ACS occur in a wide variety of patient 
populationspopulations

INCIDENCE OF IAH AND ACSINCIDENCE OF IAH AND ACS

32%32%
3737--70%70%
22--50%50%
3232--43%43%
1818--78%78%

IAHIAH

0.60.6--0.9%0.9%Pediatric ICUPediatric ICU
Liver TransplantLiver Transplant

11--20%20%BurnsBurns
0.50.5--36%36%TraumaTrauma

44--8%8%Surgical ICUSurgical ICU
44--36%36%Medical ICUMedical ICU
ACSACSPopulationPopulation
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THE PROBLEMTHE PROBLEM

•• Improved recognition, combined with advances in Improved recognition, combined with advances in 
diagnosis and management, have resulted in diagnosis and management, have resulted in 
significant improvements in survivalsignificant improvements in survival

71%71%20062006
65%65%20052005
54%54%20042004
57%57%20032003
51%51%20022002

Survival following abdominal Survival following abdominal 
decompression for IAH/ACSdecompression for IAH/ACSYearYear

Cheatham & Safcsak, Cheatham & Safcsak, ActaActa ClinicaClinica BelgicaBelgica 2007; 62 (Supplement1): 2682007; 62 (Supplement1): 268
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HISTORYHISTORY

•• MareyMarey described the detrimental impact of elevated IAP described the detrimental impact of elevated IAP 
in 1863in 1863

•• BrauneBraune measured IAP through the rectum in 1865measured IAP through the rectum in 1865
•• Bert identified the effect of respiration on IAP in 1870Bert identified the effect of respiration on IAP in 1870
•• Wendt noted that as IAP increased, urinary output Wendt noted that as IAP increased, urinary output 

decreased in 1873decreased in 1873
•• Emerson showed that elevated IAP leads to Emerson showed that elevated IAP leads to 

cardiovascular collapse and death in 1911cardiovascular collapse and death in 1911
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HISTORYHISTORY

•• Unfortunately, their discoveries were largely forgottenUnfortunately, their discoveries were largely forgotten
•• Bradley in 1947 published the effect of elevated IAP on Bradley in 1947 published the effect of elevated IAP on 

human renal functionhuman renal function
•• Gross described Gross described ““staged abdominal repairstaged abdominal repair”” for treating for treating 

infant infant gastroschisisgastroschisis and and omphaloceleomphalocele in 1948in 1948
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HISTORYHISTORY

•• The 1970The 1970’’s and 1980s and 1980’’s brought a s brought a ““rediscoveryrediscovery”” of the of the 
detrimental effects of IAP on the heart, lungs, and detrimental effects of IAP on the heart, lungs, and 
kidneyskidneys

•• The benefits of IAP monitoring, abdominal The benefits of IAP monitoring, abdominal 
decompression and staged abdominal closure were decompression and staged abdominal closure were 
widely reported in the 1980widely reported in the 1980’’s and 1990s and 1990’’ss

•• FietsamFietsam coined the term coined the term ““abdominal compartment abdominal compartment 
syndromesyndrome”” in 1989in 1989

•• IAH and ACS have only been widely recognized IAH and ACS have only been widely recognized 
within the past decadewithin the past decade
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WHAT IS INTRAWHAT IS INTRA--ABDOMINAL PRESSURE?ABDOMINAL PRESSURE?

•• IntraIntra--abdominal pressure (IAP) abdominal pressure (IAP) 
is the pressure concealed is the pressure concealed 
within the abdominal cavitywithin the abdominal cavity

•• IAP is determined byIAP is determined by
–– Abdominal organ volumeAbdominal organ volume
–– Space occupying lesionsSpace occupying lesions

•• Blood, fluid, tumorBlood, fluid, tumor
–– Abdominal wall complianceAbdominal wall compliance

•• Elevated IAP is a common Elevated IAP is a common 
finding among ICU patientsfinding among ICU patients
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NORMAL IAPNORMAL IAP

•• IAP varies by disease severityIAP varies by disease severity
•• Typical initial IAP measurements include:Typical initial IAP measurements include:

•• IAPsIAPs in excess of 15 mmHg can cause significant in excess of 15 mmHg can cause significant 
endend--organ dysfunction, failure, and patient deathorgan dysfunction, failure, and patient death

2525--40 mmHg40 mmHgPatient with acute abdomenPatient with acute abdomen
1515--25 mmHg25 mmHgSeptic patientSeptic patient
1010--15 mmHg15 mmHgPostPost--laparotomy patientlaparotomy patient
00--5 mmHg5 mmHgNormal adultNormal adult
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•• The abdominal wall is compliant The abdominal wall is compliant 
below 25 mmHg, but IAP rises below 25 mmHg, but IAP rises 
rapidly thereafterrapidly thereafter

•• Early abdominal decompression Early abdominal decompression 
is essential to avoid ACSis essential to avoid ACS

•• Persistent elevations in IAP lead Persistent elevations in IAP lead 
to organ failure and increased to organ failure and increased 
morbidity and mortalitymorbidity and mortality

ABDOMINAL WALL COMPLIANCEABDOMINAL WALL COMPLIANCE
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IAP AND RESPIRATIONIAP AND RESPIRATION

•• IAP has been known to vary with respiration for over IAP has been known to vary with respiration for over 
100 years100 years

•• IAP is transmitted to the chest leading to effects on IAP is transmitted to the chest leading to effects on 
both the heart and lungsboth the heart and lungs
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THE SYSTEMIC EFFECTS OF IAPTHE SYSTEMIC EFFECTS OF IAP
PulmonaryPulmonary
•• ↑↑ PIP, PawPIP, Paw
•• ↑↑ QspQsp/Qt, /Qt, Vd/VtVd/Vt
•• ↓↓ compliancecompliance
•• atelectasisatelectasis
•• hypoxiahypoxia
•• hypercarbiahypercarbia

CardiovascularCardiovascular
•• hypovolemiahypovolemia
•• ↓↓ venous returnvenous return
•• ↓↓ COCO
•• ↑↑ SVRSVR
•• ↑↑ PAOP, CVPPAOP, CVP

HepaticHepatic
•• ↓↓ portal blood flowportal blood flow
•• ↓↓ lactate clearancelactate clearance

ThoracoabdominalThoracoabdominal
•• elevated diaphragmelevated diaphragm
•• ↑↑ intrathoracic pressureintrathoracic pressure
•• IVC distortionIVC distortion
•• ↓↓ wall compliancewall compliance
•• ↓↓ abdabd wall blood flowwall blood flow

RenalRenal
•• ↓↓ renal blood flowrenal blood flow
•• ↓↓ UOPUOP
•• ↓↓ GFRGFR

CNSCNS
•• ↑↑ ICPICP
•• ↓↓ CPPCPP

GastrointestinalGastrointestinal
•• ↓↓ celiac / SMA blood flowceliac / SMA blood flow
•• ↓↓ mucosal blood flowmucosal blood flow
•• ↓↓ pHipHi
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HOW DOES ONE DETECT ELEVATED IAP?HOW DOES ONE DETECT ELEVATED IAP?

•• Elevated IAP can be difficult to Elevated IAP can be difficult to 
detectdetect

•• Clinical examination is inaccurate Clinical examination is inaccurate 
in identifying the presence of in identifying the presence of 
elevated IAPelevated IAP

–– More reliable in thin individualsMore reliable in thin individuals
–– Less reliable in the obeseLess reliable in the obese

•• IAP measurements are therefore IAP measurements are therefore 
essential to the diagnosis and essential to the diagnosis and 
management of IAH / ACSmanagement of IAH / ACS
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WHY NOT JUST PALPATE THE ABDOMEN?WHY NOT JUST PALPATE THE ABDOMEN?

•• 42 trauma patients with IAP 42 trauma patients with IAP 
measurements and a blinded measurements and a blinded 
physical examinationphysical examination

•• FindingsFindings
–– Sensitivity 40%Sensitivity 40%
–– Positive Predictive Value 76%Positive Predictive Value 76%
–– Accuracy 77%Accuracy 77%

•• ConclusionConclusion
–– Physical examination has Physical examination has 

poor sensitivity and accuracy poor sensitivity and accuracy 
for detecting elevated IAPfor detecting elevated IAP

Can J Can J SurgSurg 2000; 43:2072000; 43:207
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WHY NOT JUST PALPATE THE ABDOMEN?WHY NOT JUST PALPATE THE ABDOMEN?

World J World J SurgSurg 2002; 26:14282002; 26:1428
•• 110 trauma patients with IAP 110 trauma patients with IAP 

measurements and a blinded measurements and a blinded 
physical examinationphysical examination

•• FindingsFindings
–– Sensitivity 61%Sensitivity 61%
–– Positive Predictive Value 45%Positive Predictive Value 45%
–– Accuracy 76%Accuracy 76%

•• ConclusionConclusion
–– Physical examination is not Physical examination is not 

accurate enough to replace accurate enough to replace 
IAP measurementsIAP measurements
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HOW SHOULD IAP BE MEASURED?HOW SHOULD IAP BE MEASURED?

•• IAP may be measured by a variety of methodsIAP may be measured by a variety of methods
–– DirectDirect

•• IntraIntra--abdominal catheter or needleabdominal catheter or needle
–– IndirectIndirect

•• Intravesicular (Intravesicular (““bladderbladder””) pressure) pressure
•• Intragastric pressureIntragastric pressure
•• IntracolonicIntracolonic pressurepressure
•• Intrauterine pressureIntrauterine pressure
•• Inferior vena cava (IVC) pressureInferior vena cava (IVC) pressure
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DIRECT IAP MEASUREMENTDIRECT IAP MEASUREMENT

•• Direct puncture of the peritoneal cavity by needle or Direct puncture of the peritoneal cavity by needle or 
cathetercatheter

–– Largely a historical / experimental techniqueLargely a historical / experimental technique
–– Regaining some interest due to concerns with the Regaining some interest due to concerns with the 

accuracy of indirect techniquesaccuracy of indirect techniques
•• Provides the best estimate of IAPProvides the best estimate of IAP
•• Risk of visceral perforation and/or bleedingRisk of visceral perforation and/or bleeding
•• Most clinicians will avoid this method due to the risks Most clinicians will avoid this method due to the risks 

involvedinvolved
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INTRAVESICULAR PRESSUREINTRAVESICULAR PRESSURE

•• The The ““gold standardgold standard”” to which all other techniques are to which all other techniques are 
comparedcompared

•• The most common technique for IAP measurement The most common technique for IAP measurement 
worldwide (>92% of all IAP measurements)worldwide (>92% of all IAP measurements)

•• Simple, quick, and inexpensiveSimple, quick, and inexpensive
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INTRAVESICULAR PRESSUREINTRAVESICULAR PRESSURE

•• Most Most ““bladderbladder”” IAP measurements are performed IAP measurements are performed 
with with ““homehome--mademade”” devicesdevices

–– Requires some understanding of both IAP and Requires some understanding of both IAP and 
monitoring physiologymonitoring physiology

•• A common source of IAP measurement errorsA common source of IAP measurement errors
•• Several different commercial kits are available Several different commercial kits are available 
•• Surveys show that clinicians would prefer a preSurveys show that clinicians would prefer a pre--

packaged kitpackaged kit
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ORIGINAL KRON TECHNIQUEORIGINAL KRON TECHNIQUE

•• Kron first described modern IAP Kron first described modern IAP 
monitoring in 1984monitoring in 1984

–– Bladder wall is used as a Bladder wall is used as a 
transducing membranetransducing membrane

–– Fluid instilled into the bladder Fluid instilled into the bladder 
creates a conductive columncreates a conductive column

–– A CVP manometer or needle is A CVP manometer or needle is 
connected to the urinary connected to the urinary 
catheter for each measurement catheter for each measurement 
and intravesicular (and intravesicular (““bladderbladder””) ) 
pressure is pressure is transducedtransduced
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ORIGINAL KRON TECHNIQUEORIGINAL KRON TECHNIQUE

•• There are several problems with this techniqueThere are several problems with this technique
–– It disrupts for each IAP measurement what is It disrupts for each IAP measurement what is 

normally a closed, sterile systemnormally a closed, sterile system
–– It is labor intensive requiring a sterile field and It is labor intensive requiring a sterile field and 

supplies for each measurementsupplies for each measurement
–– It subjects healthcare providers to the risk of It subjects healthcare providers to the risk of 

needlestickneedlestick injuries as well as blood and body fluid injuries as well as blood and body fluid 
exposureexposure
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HARRAHILL / MANOMETRIC TECHNIQUEHARRAHILL / MANOMETRIC TECHNIQUE

•• Urinary catheter is elevatedUrinary catheter is elevated
•• The catheter tubing is held at The catheter tubing is held at 

a 90a 90ºº angle to the abdomenangle to the abdomen
•• Urine is allowed to drain back Urine is allowed to drain back 

into the bladderinto the bladder
•• The distance of the fluid The distance of the fluid 

meniscus above the meniscus above the 
symphysis pubis represents symphysis pubis represents 
the patientthe patient’’s IAP (in cm Hs IAP (in cm H22O)O)
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HARRAHILL / MANOMETRIC TECHNIQUEHARRAHILL / MANOMETRIC TECHNIQUE

•• Requires conversion of Requires conversion of 
centimeters of centimeters of HH22OO to mmHgto mmHg

–– 1 mmHg = 1.36 cm H1 mmHg = 1.36 cm H22OO
•• Historical noteHistorical note

–– Most early studies used Most early studies used 
cm Hcm H22O to document IAP O to document IAP 
while current studies use while current studies use 
mmHgmmHg

–– This has led to confusion This has led to confusion 
over therapeutic IAP over therapeutic IAP 
levelslevels

IAP = 12 cmH20
IAP = 8.8 mmHg
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HARRAHILL / MANOMETRIC TECHNIQUEHARRAHILL / MANOMETRIC TECHNIQUE

•• Simple, quick, and inexpensiveSimple, quick, and inexpensive
•• Allows repeated measurementsAllows repeated measurements
•• Avoids disruption of the sterile collecting systemAvoids disruption of the sterile collecting system
•• Measurement distance is subject to (Measurement distance is subject to (mis)interpretationmis)interpretation
•• The volume reThe volume re--instilled into the bladder is not well instilled into the bladder is not well 

defineddefined
•• May be useful as an IAH screening techniqueMay be useful as an IAH screening technique
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U TUBE TECHNIQUEU TUBE TECHNIQUE

•• The catheter tubing is The catheter tubing is 
raised above the patient raised above the patient 

•• IAP is measured as the IAP is measured as the 
height of the meniscus of height of the meniscus of 
urine from the pubic urine from the pubic 
symphysissymphysis

•• Same advantages and Same advantages and 
inconveniences as the inconveniences as the 
classic classic ““HarrahillHarrahill””
techniquetechnique
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REVISED INTRAVESICULAR TECHNIQUEREVISED INTRAVESICULAR TECHNIQUE

•• Revised Revised KronKron techniquetechnique
–– SaferSafer

•• Closed, needleClosed, needle--free systemfree system
–– More efficientMore efficient

•• Remains connectedRemains connected
•• Faster IAP measurementsFaster IAP measurements

–– CostCost--effectiveeffective
•• No sterile fieldNo sterile field
•• Fewer suppliesFewer supplies

J Am J Am CollColl SurgSurg 1998; 186:5941998; 186:594
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1000 mL NS

Standard 
IV tubing

20 mL
syringe

Pressure
transducer

Urinary catheter

18 G angiocath
OR Luer adapter

REVISED INTRAVESICULAR TECHNIQUEREVISED INTRAVESICULAR TECHNIQUE

Cheatham and Safcsak, Cheatham and Safcsak, J Am J Am CollColl SurgSurg 1998; 186:5941998; 186:594--595595
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KronKron RevisedRevised
CostCost

–– First IAPFirst IAP $13.69$13.69 $12.59$12.59
–– SubsequentSubsequent $3.51$3.51 $0.00$0.00

Nursing TimeNursing Time 33--5 min5 min 1 min1 min

NeedlestickNeedlestick RiskRisk ModerateModerate MinimalMinimal

REVISED INTRAVESICULAR TECHNIQUEREVISED INTRAVESICULAR TECHNIQUE
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CONTINUOUS INTRAVESICULAR PRESSURECONTINUOUS INTRAVESICULAR PRESSURE

•• ThreeThree--way urinary catheterway urinary catheter
•• Continuous saline irrigationContinuous saline irrigation
•• Pressure Pressure transducedtransduced through through 

the irrigation portthe irrigation port
•• Provides continuous IAP Provides continuous IAP 

measurement and does not measurement and does not 
interrupt urine flowinterrupt urine flow

•• Requires replacement of Requires replacement of 
standard urinary catheterstandard urinary catheter

Am J Am J SurgSurg 2003; 188:6792003; 188:679
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DOES IAP MONITORING LEAD TO UTI?DOES IAP MONITORING LEAD TO UTI?

•• 3108 surgical ICU patients3108 surgical ICU patients
–– 122 monitored for IAP122 monitored for IAP

•• UTI rate / 1000 catheter daysUTI rate / 1000 catheter days
–– IAP monitoring: 7.9IAP monitoring: 7.9
–– No monitoring: 6.5No monitoring: 6.5

•• ConclusionConclusion
–– IAP monitoring using the IAP monitoring using the 

closed technique is safe and closed technique is safe and 
does not increase the risk of does not increase the risk of 
UTIUTI

Intensive Care Med 2006; 32:1640Intensive Care Med 2006; 32:1640
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INTRAGASTRIC PRESSUREINTRAGASTRIC PRESSURE

•• Utilizes a balloonUtilizes a balloon--tip catheter tip catheter 
inserted into the stomachinserted into the stomach

•• Avoids risk of UTI, but Avoids risk of UTI, but 
substitutes risk of sinusitis substitutes risk of sinusitis 
and may interfere with and may interfere with 
enteral nutritionenteral nutrition

•• Correlates well with Correlates well with 
intravesicular pressureintravesicular pressure

•• Can be automatedCan be automated
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INTRACOLONIC / INTRAUTERINE PRESSUREINTRACOLONIC / INTRAUTERINE PRESSURE

•• Utilizes a catheter inserted Utilizes a catheter inserted 
into the rectum or uterusinto the rectum or uterus

•• Avoids risk of UTI, but is Avoids risk of UTI, but is 
uncomfortable and uncomfortable and 
substitutes risk of anal substitutes risk of anal 
sphincter injury or ulcerationsphincter injury or ulceration

•• Stool can occlude catheterStool can occlude catheter
•• Not useful for serial IAP Not useful for serial IAP 

measurementsmeasurements
•• Rarely performedRarely performed
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INFERIOR VENA CAVA PRESSUREINFERIOR VENA CAVA PRESSURE

•• Utilizes a femoral central venous catheterUtilizes a femoral central venous catheter
•• Places patient at risk of indwelling catheterPlaces patient at risk of indwelling catheter--related related 

infection and sepsisinfection and sepsis
•• Correlates well with intravesicular pressureCorrelates well with intravesicular pressure
•• Continuous IAP monitoring is easily performedContinuous IAP monitoring is easily performed
•• Not well accepted as an IAP measurement techniqueNot well accepted as an IAP measurement technique
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HOW SHOULD IAP BE MEASURED?HOW SHOULD IAP BE MEASURED?

•• Regardless of the technique, IAP should be measuredRegardless of the technique, IAP should be measured
–– In mmHg (1 mmHg = 1.36 cm HIn mmHg (1 mmHg = 1.36 cm H22O)O)
–– In the supine positionIn the supine position
–– At endAt end--expirationexpiration
–– With the transducer zeroed at the midWith the transducer zeroed at the mid--axillary lineaxillary line
–– 3030--60 seconds after instillation of priming fluid (to 60 seconds after instillation of priming fluid (to 

allow bladder allow bladder detrusordetrusor muscle relaxation)muscle relaxation)
–– In the absence of abdominal muscle contractionsIn the absence of abdominal muscle contractions
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ZERO REFERENCE POINTZERO REFERENCE POINT

•• The IAP transducer may be zeroed at any of three The IAP transducer may be zeroed at any of three 
different pointsdifferent points

–– Symphysis pubisSymphysis pubis
•• Traditional position for IAP measurementTraditional position for IAP measurement

–– MidMid--axillary line at iliac crestaxillary line at iliac crest
•• Most accurate and reproducible positionMost accurate and reproducible position

–– Phlebostatic axisPhlebostatic axis
•• Least accurate positionLeast accurate position
•• Traditional position for hemodynamic monitoringTraditional position for hemodynamic monitoring
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BODY POSITIONING AND IAPBODY POSITIONING AND IAP

•• Head of bed elevation appears to result in significant Head of bed elevation appears to result in significant 
increases in measured IAPincreases in measured IAP

–– May be a measurement artifactMay be a measurement artifact
–– The clinical accuracy of nonThe clinical accuracy of non--supine IAP supine IAP 

measurements therefore remains unclearmeasurements therefore remains unclear
–– Such changes are most pronounced at 30 degrees Such changes are most pronounced at 30 degrees 

elevation and for IAP < 20 mmHgelevation and for IAP < 20 mmHg
•• Several studies are ongoing to determine the best Several studies are ongoing to determine the best 

position for IAP measurementposition for IAP measurement
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WHEN SHOULD IAP BE MEASURED?WHEN SHOULD IAP BE MEASURED?

•• Three largeThree large--scale prospective trials have identified scale prospective trials have identified 
the following independent risk factors for IAH / ACSthe following independent risk factors for IAH / ACS

–– Abdominal surgeryAbdominal surgery
–– Large volume fluid resuscitation (> 3.5 L / 24 hrs)Large volume fluid resuscitation (> 3.5 L / 24 hrs)
–– AcidosisAcidosis
–– HypothermiaHypothermia
–– Coagulopathy / Coagulopathy / PolytransfusionPolytransfusion
–– Pulmonary, renal, hepatic dysfunctionPulmonary, renal, hepatic dysfunction
–– IleusIleus
–– Primary fascial closurePrimary fascial closure

The The ““Deadly TriadDeadly Triad””
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WSACS RECOMMENDATIONSWSACS RECOMMENDATIONS

Patients should be screened for IAH / ACS risk factors Patients should be screened for IAH / ACS risk factors 
upon ICU admission and in the presence of new or upon ICU admission and in the presence of new or 

progressive organ failure (Grade 1B)progressive organ failure (Grade 1B)

If two or more risk factors for IAH / ACS are present, a If two or more risk factors for IAH / ACS are present, a 
baseline IAP measurement should be obtained    baseline IAP measurement should be obtained    

(Grade 1B)(Grade 1B)

If IAH is present, serial IAP measurements should be If IAH is present, serial IAP measurements should be 
performed throughout the patientperformed throughout the patient’’s critical illness s critical illness 

(Grade1C)(Grade1C)
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ADDITIONAL ETIOLOGIC FACTORSADDITIONAL ETIOLOGIC FACTORS

MEDICAL PATIENTSMEDICAL PATIENTS
•• SepsisSepsis
•• BacteremiaBacteremia
•• PneumoniaPneumonia
•• Liver dysfunction / ascitesLiver dysfunction / ascites
•• Mechanical ventilation / PEEPMechanical ventilation / PEEP
•• GastroparesisGastroparesis
•• PancreatitisPancreatitis
•• IntraIntra--abdominal abscessabdominal abscess
•• Clostridium difficileClostridium difficile colitiscolitis
•• Retroperitoneal / rectus Retroperitoneal / rectus 

hematomahematoma

SURGICAL PATIENTSSURGICAL PATIENTS
•• PneumoperitoneumPneumoperitoneum
•• HemoperitoneumHemoperitoneum
•• Abdominal traumaAbdominal trauma
•• Damage control laparotomyDamage control laparotomy
•• BurnsBurns
•• IntraIntra--abdominal tumorsabdominal tumors
•• IntraIntra--abdominal hematomaabdominal hematoma
•• Liver transplantLiver transplant
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WHAT IS INTRAWHAT IS INTRA--ABDOMINAL HYPERTENSION?ABDOMINAL HYPERTENSION?

•• IntraIntra--abdominal hypertension (IAH) is defined by a abdominal hypertension (IAH) is defined by a 
sustained or repeated sustained or repeated IAP IAP >> 12 mmHg12 mmHg

–– Important pointsImportant points
•• The definition of IAH has varied over the years The definition of IAH has varied over the years 

and used to be much higherand used to be much higher
•• Most clinicians are used to only worrying about Most clinicians are used to only worrying about 

IAPsIAPs > 20> 20--25 mmHg25 mmHg
•• Observing higher Observing higher IAPsIAPs is associated with poorer is associated with poorer 

outcomeoutcome
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HOW IS IAH GRADED?HOW IS IAH GRADED?

•• The definitions have been revised downward as the The definitions have been revised downward as the 
endend--organ impact of IAH has been recognizedorgan impact of IAH has been recognized

IAP IAP ≥≥ 25 mmHg25 mmHgGrade IVGrade IV

IAP 21IAP 21--25 mmHg25 mmHgGrade IIIGrade III

IAP 16IAP 16--20 mmHg20 mmHgGrade IIGrade II

IAP 12IAP 12--15 mmHg15 mmHgGrade IGrade I
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WHAT IS ABDOMINAL PERFUSION PRESSURE?WHAT IS ABDOMINAL PERFUSION PRESSURE?

•• The critical IAP that leads to organ failure varies from The critical IAP that leads to organ failure varies from 
patient to patientpatient to patient

•• A single threshold value of IAP cannot be globally A single threshold value of IAP cannot be globally 
applied to the decision making of all patientsapplied to the decision making of all patients

•• Analogous to cerebral perfusion pressure, abdominal Analogous to cerebral perfusion pressure, abdominal 
perfusion pressure (APP) assesses not only the perfusion pressure (APP) assesses not only the 
severity of IAP, but also the adequacy of abdominal severity of IAP, but also the adequacy of abdominal 
blood flowblood flow

APP = MAP APP = MAP -- IAPIAP
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WHAT IS ABDOMINAL PERFUSION PRESSURE?WHAT IS ABDOMINAL PERFUSION PRESSURE?

•• Four clinical trials demonstrate Four clinical trials demonstrate 
improved survival when APP is improved survival when APP is 
maintained above 50maintained above 50--60 mmHg60 mmHg

•• APP is superior to IAP, arterial pH, base APP is superior to IAP, arterial pH, base 
deficit, and arterial lactate in predicting deficit, and arterial lactate in predicting 
organ failure and patient outcomeorgan failure and patient outcome

•• Failure to maintain APP > 60 mmHg by Failure to maintain APP > 60 mmHg by 
day 3 predicts survivalday 3 predicts survival

•• APP will soon be evaluated in a APP will soon be evaluated in a 
prospective, randomized trialprospective, randomized trial
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WHAT IS ABDOMINAL COMPARTMENT SYNDROME?WHAT IS ABDOMINAL COMPARTMENT SYNDROME?

•• Abdominal Compartment Syndrome (ACS) is defined Abdominal Compartment Syndrome (ACS) is defined 
as a sustained as a sustained IAP > 20 mmHgIAP > 20 mmHg (with or without an (with or without an 
APP < 60 mmHgAPP < 60 mmHg) that is associated with new organ ) that is associated with new organ 
dysfunction/ dysfunction/ failure(sfailure(s) ) 

ACS = IAH + organ dysfunctionACS = IAH + organ dysfunction
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WHAT IS ABDOMINAL COMPARTMENT SYNDROME?WHAT IS ABDOMINAL COMPARTMENT SYNDROME?

•• The most common organ dysfunction / The most common organ dysfunction / failure(sfailure(s) are:) are:
– Metabolic acidosis despite resuscitation
– Oliguria despite volume repletion
– Elevated peak airway pressures
– Hypercarbia refractory to increased ventilation
– Hypoxemia refractory to oxygen and PEEP
– Intracranial hypertension
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PRIMARY ACSPRIMARY ACS

•• A condition associated with injury or disease in the A condition associated with injury or disease in the 
abdominoabdomino--pelvic region requiring pelvic region requiring emergent surgical or emergent surgical or 
angioradiological interventionangioradiological intervention

Traumatic InjuryTraumatic Injury Ascites / Ascites / TumorTumor
PancreatitisPancreatitis
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SECONDARY ACSSECONDARY ACS

•• A condition in which ACS develops due to disease A condition in which ACS develops due to disease 
processes outside the abdomenprocesses outside the abdomen

Sepsis / Sepsis / BurnsBurns MassiveMassive
Capillary LeakCapillary Leak ResuscitationResuscitation
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RECURRENT ACSRECURRENT ACS

•• A condition in which ACS recurs following prophylactic A condition in which ACS recurs following prophylactic 
or therapeutic surgical or medical treatment of either or therapeutic surgical or medical treatment of either 
primary or secondary ACSprimary or secondary ACS

POD 1POD 1
IAP = 24 mmHgIAP = 24 mmHg
APP = 46 mmHgAPP = 46 mmHg

POD 1POD 1
IAP = 12 mmHgIAP = 12 mmHg
APP = 58 mmHgAPP = 58 mmHg

POD 2POD 2
IAP = 13 mmHgIAP = 13 mmHg
APP = 67 mmHgAPP = 67 mmHg

IAH / ACS IAH / ACS 
MANAGEMENT MANAGEMENT 
ALGORITHMALGORITHM
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PRINCIPLES OF IAH / ACS MANAGEMENTPRINCIPLES OF IAH / ACS MANAGEMENT

Serial monitoring of IAPSerial monitoring of IAP
Optimization of systemic perfusion and organ functionOptimization of systemic perfusion and organ function
Institution of specific medical procedures to reduce Institution of specific medical procedures to reduce 
IAP and the endIAP and the end--organ consequences of IAH / ACSorgan consequences of IAH / ACS

1.1. Improve abdominal wall complianceImprove abdominal wall compliance
2.2. Evacuate intraEvacuate intra--luminal contentsluminal contents
3.3. Evacuate abdominal fluid collectionsEvacuate abdominal fluid collections
4.4. Correct positive fluid balanceCorrect positive fluid balance

Prompt surgical decompression for refractory IAHPrompt surgical decompression for refractory IAH
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IMPROVE ABDOMINAL WALL COMPLIANCEIMPROVE ABDOMINAL WALL COMPLIANCE

•• Sedation and analgesiaSedation and analgesia
No recommendations at this timeNo recommendations at this time

–– Pain, agitation, ventilator Pain, agitation, ventilator dyssynchronydyssynchrony, and , and 
accessory muscle use during work of breathing accessory muscle use during work of breathing 
may all lead to increased abdominal muscle tonemay all lead to increased abdominal muscle tone

–– This increased muscle activity can increase IAPThis increased muscle activity can increase IAP
–– Patient sedation and analgesia can reduce muscle Patient sedation and analgesia can reduce muscle 

tone and potentially decrease IAP to less tone and potentially decrease IAP to less 
detrimental levelsdetrimental levels
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IMPROVE ABDOMINAL WALL COMPLIANCEIMPROVE ABDOMINAL WALL COMPLIANCE

•• Pharmacologic paralysisPharmacologic paralysis
A brief trial of neuromuscular blockade may be A brief trial of neuromuscular blockade may be 

considered in selected patients with considered in selected patients with mild to mild to 
moderate IAHmoderate IAH while other interventions are while other interventions are 

performed to reduce IAP (Grade 2C)performed to reduce IAP (Grade 2C)

–– Diminished abdominal wall compliance due to Diminished abdominal wall compliance due to 
pain, tight abdominal closures, and thirdpain, tight abdominal closures, and third--space space 
fluid can increase IAP to detrimental levels fluid can increase IAP to detrimental levels 

–– NMB is unlikely to be an effective therapy for NMB is unlikely to be an effective therapy for 
patients with patients with severe IAHsevere IAH or the patient who has or the patient who has 
already progressed to ACSalready progressed to ACS
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IMPROVE ABDOMINAL WALL COMPLIANCEIMPROVE ABDOMINAL WALL COMPLIANCE

•• Body positioningBody positioning
The potential contribution of body position in The potential contribution of body position in 
elevating IAP should be considered in patients elevating IAP should be considered in patients 
with moderate to severe IAH or ACS (Grade 2Cwith moderate to severe IAH or ACS (Grade 2C))

–– Head of bed elevation significantly increases IAP Head of bed elevation significantly increases IAP 
compared to supine positioning, especially at compared to supine positioning, especially at 
higher levels of IAHhigher levels of IAH

–– Such increases in IAP become clinically Such increases in IAP become clinically 
significant (increase > 2 mmHg) when the patientsignificant (increase > 2 mmHg) when the patient’’s s 
head of bed exceeds 20 degrees elevationhead of bed exceeds 20 degrees elevation

–– Consider reverse Consider reverse TrendelenbergTrendelenberg positionposition
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EVACUATE INTRAEVACUATE INTRA--LUMINAL CONTENTSLUMINAL CONTENTS

•• Gastric / rectal suctioning, enemasGastric / rectal suctioning, enemas
•• GastroprokineticsGastroprokinetics & & colonoprokineticscolonoprokinetics

No recommendations at this timeNo recommendations at this time

–– Both air and fluid within the hollow viscera can Both air and fluid within the hollow viscera can 
raise IAP and lead to IAH / ACSraise IAP and lead to IAH / ACS

–– Nasogastric and/or rectal drainage, enemas, and Nasogastric and/or rectal drainage, enemas, and 
even endoscopic decompression can reduce IAPeven endoscopic decompression can reduce IAP

–– Prokinetic motility agents such as erythromycin, Prokinetic motility agents such as erythromycin, 
metoclopromide, or neostigmine can aid in metoclopromide, or neostigmine can aid in 
evacuating the intraluminal contents and evacuating the intraluminal contents and 
decreasing the size of the viscera decreasing the size of the viscera 
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EVACUATE ABDOMINAL FLUID COLLECTIONSEVACUATE ABDOMINAL FLUID COLLECTIONS

•• ParacentesisParacentesis
Percutaneous catheter decompression should be Percutaneous catheter decompression should be 

considered in patients with intraperitoneal fluid, considered in patients with intraperitoneal fluid, 
abscess, or blood who demonstrate symptomatic abscess, or blood who demonstrate symptomatic 

IAH or ACS (Grade 2C)IAH or ACS (Grade 2C)

–– Paracentesis represents a less invasive method Paracentesis represents a less invasive method 
for treating IAH or secondary ACS due to free for treating IAH or secondary ACS due to free 
fluid, ascites, air, abscess, or bloodfluid, ascites, air, abscess, or blood

–– May avoid the need for open abdominal May avoid the need for open abdominal 
decompression in selected patientsdecompression in selected patients
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CASE PRESENTATIONCASE PRESENTATION

•• 73 73 yoyo male with multiple system male with multiple system 
organ failure due to sepsisorgan failure due to sepsis

•• Exam: Firm, distended abdomenExam: Firm, distended abdomen
•• BP 110/50, HR 130BP 110/50, HR 130
•• SaOSaO22 0.89 on FiO0.89 on FiO22 0.80, PEEP 100.80, PEEP 10
•• UOP: 5 mL/hr UOP: 5 mL/hr 
•• ABG: 7.18/93/55/2.4ABG: 7.18/93/55/2.4
•• IAP 20 mmHgIAP 20 mmHg
•• Surgical consult placedSurgical consult placed

Bedside ultrasound shows Bedside ultrasound shows 
marked marked perihepaticperihepatic free fluidfree fluid


