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Abstract

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome are
well recognized entities among surgical patients. Nevertheless, a number of
prospective and retrospective observational studies have shown that IAH is
prevalent in about half of the critically ill patients in the medical intensive care
units (ICU) and has been widely recognized as an independent risk factor for
mortality. It is alarming to note that many members of the critical care team in
medical ICU are not aware of the consequences of untreated IAH and the delay
in making the diagnosis leads to increased morbidity and mortality. Frequently it
is underdiagnosed and undertreated in this patient population. Elevated intra-
abdominal pressure decreases the blood flow to the kidneys and other abdominal
viscera and also results in reduced cardiac output and difficulties in ventilating
the patient because of increased intrathoracic pressure. When intraabdominal
hypertension is not promptly recognized and treated, it leads to abdominal
compartment syndrome, multiorgan dysfunction syndrome and death. Large
volume fluid resuscitation is very common in medical ICU patients presenting
with sepsis, shock and other inflammatory conditions like pancreatitis and it is
one of the major risk factors for the development of intra-abdominal
hypertension. This article presents an overview of the epidemiology, definitions,
risk factors, pathophysiology and management of IAH and abdominal
compartment syndrome in critically ill medical ICU patients.

Key words: Intra-abdominal pressure; Intra-abdominal hypertension; Abdominal
compartment syndrome; Acute kidney injury; Large volume resuscitation; Open
abdomen; Bladder pressure; Medical intensive care unit
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Rajasurya V et al. Abdominal compartment syndrome

Core tip: Intra-abdominal hypertension and abdominal compartment syndrome are very
common in medical intensive care unit. Recognizing the risk factors for the development
of intra-abdominal hypertension, timely measurement of intra-abdominal pressure and
promptly implementing the resuscitation strategies can significantly reduce the morbidity
and mortality associated with abdominal compartment syndrome.

Citation: Rajasurya V, Surani S. Abdominal compartment syndrome: Often overlooked
conditions in medical intensive care units. World J Gastroenterol 2020; 26(3): 266-278
URL: https://www.wjgnet.com/1007-9327/full/v26/i3/266.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i13.266

INTRODUCTION

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS)
are frequently encountered in critically ill patients in the intensive care unit (ICU) and
result in significant morbidity and mortality. The World Society of the Abdominal
Compartment Syndrome has published evidence-based medicine consensus
guidelines for diagnosing and managing elevated intra-abdominal pressure (IAP)!".
IAH is a graded phenomenon or continuum of process which when not recognized
leads to ACS. It is extremely important to recognize this entity in critically ill patients
because of the impact of elevated intra-abdominal pressure on end organ function.

SCOPE OF THE PROBLEM

Overall IAH and ACS are widely under-recognized in medical ICU. An Australian
study conducted a survey of critical care nurses knowledge of IAH and ACS and it
was found that less than 20% were able to recognize the less apparent causes of IAH
and lack of education related to IAP monitoring was identified by nearly half of
respondents as the primary barrier to monitor IAP". Results from a clinical survey
indicate less than 30% of clinicians being aware of correct definition of IAH and ACS
and only few of them applied the guidelines in managing patients with IAHP.
General lack of clinical awareness and lack of clinical application of available
knowledge resulted in not measuring the intra-abdominal pressures in a number of
ICUs. A multidisciplinary survey on recognition and management of IAH and ACS
was performed by Kimball et all. The results demonstrated moderate recognition and
understanding of IAH and ACS among surgical specialists and significant ignorance
among medical specialists.

PREVALENCE

ACS is well described in surgical patients, but limited data is available regarding the
prevalence of ACS in medical ICU patients. Study published by Malbrain et all"! in
2004 showed that nearly 50% of all ICU patients were at risk for IAH and 8% were at
risk for full-blown ACS and it also showed contrary to the popular belief, ACS was
more prevalent in medical ICU patients than in surgical ICU patients. A prospective
observational study that screened 491 ICU patients in 15 ICUs worldwide found IAH
in 34% of patients on the day of admission and 48.9% of the patients developed IAH
during the observational period. In this mixed ICU patient cohort, IAH occurred in
almost half of the all ICU patients and was twice as prevalent in mechanically
ventilated patients!‘.

DEFINITIONS

The World Society of the Abdominal Compartment Syndrome was founded in 2004
and has published consensus definitions on IAH and ACS as listed in the Table 1. IAH
is defined as IAP equal to or greater than 12 mmHg and ACS is defined as sustained
IAP above 20 mmHg with new onset of end organ dysfunction!”. Normal IAP in
healthy individuals ranges between 5 to 7 mmHg and obese patients tend to have
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higher baseline IAP valuest’.

ETIOLOGY

The abdomen is a closed anatomic space and increase in intraabdominal volume
results in proportional increase in IAP. The abdominal compliance is largely
determined by the elastic recoil of the abdominal wall and the diaphragm. It is
important to recognize the risk factors and conditions that predispose to development
of IAH and ACS in a timely fashion to prevent the end organ damage. The presence of
these risk factors should suggest clinicians to start monitoring the IAP. The risk
factors can be classified into 4 categories as mentioned in Table 2. Decreased
abdominal wall compliance, increased intraluminal contents, collection of contents in
the abdominal cavity, capillary leak and fluid resuscitation are the broad categories
that lead to the development of IAH and ACSV.

PHYSIOLOGICAL CONSEQUENCES

Increased IAP has significant impact on various organ systems and leads to
physiologic derangements as shown in Figure 1. In addition, certain pre-existing
comorbidities such as chronic renal failure, pulmonary disease, cardiomyopathy,
morbid obesity which are frequently encountered in the medical ICU play an
important role in aggravating the effects of elevated IAP.

Cardiovascular system

When the IAP increases, the diaphragm moves cephalad and this in turn increases the
intrathoracic pressure. Elevation in intrathoracic pressure reduces cardiac output by
reducing the venous return. The cephalad movement of the diaphragm results in
direct cardiac compression leading to reduced ventricular compliance and
contractility!"’l. Increased IAP compresses the aorta and pulmonary parenchyma
leading to increased systemic vascular resistance and pulmonary vascular resistance
respectively. IAH reduces venous return leading to peripheral edema and increased
risk of development of deep venous thrombosis!'"l.

Pulmonary system

By increasing the intrathoracic pressure, IAH leads to increased peak airway pressure,
reduced pulmonary compliance leading to alveolar volutrauma and ventilation
perfusion mismatch respectively. The cephalad movement of diaphragm leads to
atelectasis that results in intrapulmonary shunting and pneumonial'”.

Renal system
IAH results in significant reduction in urinary output by reducing the renal blood
flow and function. The resultant reduction in renal artery blood flow, increase in the
renal vein pressure and the renal vascular resistance leads to impaired glomerular
and tubular function’. Studies have shown that oliguria can develop at an IAP of 15
mmHg and anuria at an IAP of 30 mmHg!'"“l. The renal filtration gradient (FG) is the
difference between glomerular filtration pressure (GFP) and proximal tubular
pressure (PTP). When IAH occurs PTP is same as IAP".

FG = GFP - PTP

FG = (MAP - IAP) - IAP

FG =MAP -2 x IAP

Hence doubling of IAP results in fourfold increase in filtration gradient, which
significantly affects the net urine output.

Gastrointestinal system

Gut is very sensitive to elevations in IAP. Reduction in mesenteric flow can occur at
IAP of only 10 mmHg. IAP of 40 mmHg can reduce the celiac artery blood flow by
43% and superior mesenteric artery flow by 69%!""\. This is further augmented by
hypovolemia. IAH also compresses mesenteric veins resulting in intestinal edema
which further increases IAP initiating a vicious cycle that results in worsening
perfusion, bowel ischemia, decreased intraluminal pH, feeding intolerance, systemic
metabolic acidosis and significantly increased mortality. IAH impedes the lymphatic
flow by direct compression as well as by increasing the intrathoracic pressure and
exacerbates intestinal edema and ascites!'”. ACS in turn leads to multiorgan
dysfunction syndromel'’.

Abdominal wall
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Table 1 Definitions and diagnostic criteria for intra-abdominal hypertension/abdominal compartment syndrome

1 IAP is the steady-state pressure concealed within the abdominal cavity

2 APP = MAP - IAP

3 FG = GFP-PTP = MAP - 2 x IAP

4 IAP should be expressed in mmHg and measured at end-expiration in the
complete supine position after ensuring that abdominal muscle contractions
are absent and with the transducer zeroed at the level of the mid-axillary line

5 The reference standard for intermittent IAP measurement is via the bladder
with a maximal instillation volume of 25 mL of sterile saline

6 Normal IAP is approximately 5-7 mm Hg in critically ill adults

7 IAH is defined by a sustained or repeated pathologic elevation of IAP > 12
mmHg

8 IAH is graded as follows:

Grade I: TAP 12-15 mmHg
Grade II: IAP 16-20 mmHg
Grade III: TAP 21-25 mmHg
Grade IV: IAP > 25 mmHg

9 ACS is defined as a sustained IAP > 20 mmHg (with or without an APP < 60
mmHg) that is associated with new organ dysfunction/failure

10 Primary ACS is a condition associated with injury or disease in the
abdomino-pelvic region that frequently requires early surgical or
interventional radiological intervention

11 Secondary ACS refers to conditions that do not originate from the
abdomino-pelvic region

12 Recurrent ACS refers to the condition in which ACS redevelops following
previous surgical or medical treatment of primary or secondary ACS

(Adapted with permission from Kirkpatrick et all’"). ACS: Abdominal compartment syndrome; APP: Abdominal perfusion pressure; FG: Filtration
gradient; GFP: Glomerular filtration pressure; IAH: Intra-abdominal hypertension; IAP: Intra-abdominal pressure; MAP: Mean arterial pressure; PTP:
Proximal tubular pressure.

Increased IAP reduces abdominal wall blood flow resulting in ischemia and edema.
This reduces abdominal wall compliance and exacerbates IAH!.

Hepatic function

Elevation of IAP impairs hepatic cell function and liver perfusion. Decreased hepatic
arterial and portal venous flow results in decreased lactate clearance and altered
mitochondrial function!").

Central nervous system

IAH results in elevation of intracranial pressure by decreased lumbar venous plexus
blood flow, decreased cerebral venous outflow and increased cerebral blood flow
secondary to increased PaCO,. This in turn significantly affects cerebral perfusion and
function™!.

ACUTE PANCREATITIS AND ACS

IAH is seen in at least 50% of patients with severe pancreatitis”'l. IAH is being
increasingly recognized as a point of specific intervention in patients with acute
pancreatitis and timely management has shown to improve mortality in this group of
patients. IAH and ACS occurs early during the first 3 to 5 days of acute pancreatitis.
Significant local and visceral edema from pancreatic and peripancreatic inflammation,
ascites, ileus, aggressive volume resuscitation are some of the contributing factors®.
IAP surveillance should be routinely done in patients with acute pancreatitis
receiving aggressive fluid resuscitation, high severity, renal and respiratory
complications and fluid accumulation in multiple areas as observed by the CT scan.

LARGE VOLUME FLUID RESUSCITATION AND ACS

Large volume resuscitation is very common in the ICU setting and is the most
common cause of IAH in patients without primary abdominal pathology. During the
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Table 2 Risk factors for the development of intra-abdominal hypertension/abdominal

compartment syndrome

Reduced abdominal wall compliance
Obesity

Abdominal surgery

Prone positioning

Rectus sheath hematoma

Burns with abdominal eschars
Mechanical ventilation with high positive end-expiratory pressure
Ventilator dyssynchrony

Increased intra-luminal contents

Gastric distention

Gastroparesis

Colonic pseudo-obstruction

Volvulus

Abdominal tumor

Intra-abdominal or retroperitoneal tumor
Damage control laparotomy

Enteral feeding

Abdominal cavity collections

Ascites

Hemoperitoneum

Pneumoperitoneum

Major trauma

Laparoscopy with excessive inflation pressures
Peritoneal dialysis

Abdominal inflammation-peritonitis, pancreatitis
Abdominal abscess

Capillary leak and fluid resuscitation
Acidosis

Hypothermia

Coagulopathy

Massive transfusion

Trauma

Sepsis

Large volume fluid resuscitation

Major burns

initial period of resuscitation large volume of fluids is frequently administered in
critically ill patients with septic shock, hemorrhagic shock, burns, acute pancreatitis
and other conditions associated with systemic inflammation. Although fluid
resuscitation remains the cornerstone in managing critically ill patients, there is
enough data to suggest that, administration of more than 5 L of fluids during the
initial resuscitative phase can be harmful and leads to increased mortality.

IAH is very common in major burn patients and ACS was frequently seen in
patients with more than 70% body surface area burns in the study published by Ivy et
al®¥ in 2000. This study also showed a linear correlation between volume of fluid
infused and development of IAH. IAH is also frequently seen in cardiac surgery
patients. Out of 69 patients undergoing cardiac surgery, 31% developed IAH and
positive fluid balance was a strong independent risk factor for TAH®.

Volume resuscitation and net fluid balance were also important risk factors for
development of IAH in liver transplant recipients and major trauma patients. A
prospective clinical study done in Italy found IAH in 32% of the liver transplant
cases!”l. Adequate intravascular volume resuscitation is vital in management of
patients with IAH and ACS as elevated intrathoracic pressure significantly reduces
cardiac output by reducing the preload. Adequate fluid resuscitation has shown to
improve survival by restoring end-organ perfusion and function. Excessive fluid
resuscitation doubles the risk of developing IAH and ACS and organ failure
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Central nervous system

1 Intracranial pressure
| Cerebral perfusion pressure

Respiratory system

1 Intrathoracic pressure

1 Peak airway pressure Cardiovascular system

1 Plateau pressure and auto PEEP 1 Right ventricular overload
| Functional residual capacity | Venqus return
Compressive atelectasis | Cardiac output

1 V/Q mismatch resulting in hypoxemia

Hepatic system

| Hepatic blood flow

| Lactate clearance

| Mitochondrial function

Abdominal wall
| Abdominal wall compliance
1 Abdominal wound complications

Renal system

| Renal perfusion pressure
Gastrointestinal system | Reduced renal blood flow

| Abdominal perfusion pressure | Filtration gradient

| Perfusion to organs Acute kidney injury and oliguria/anuria
1 Intestinal permeability
1 Bacterial translocation

Multiorgan failure Vascular system
Inferior vena cava compression

| Preload
Venous stasis
1 Risk of DVT

Figure 1 Pathophysiology of intra-abdominal hypertension. PEEP: Positive end expiratory pressure; DVT: Deep venous thrombosis.

compared to a more conservative fluid resuscitation strategy.

A prospective randomized study showed plasma resuscitated patients developed
IAH less frequently than patients receiving crystalloids. Colloid and plasma
resuscitation reduced fluid requirements and edema, improved cardiac parameters.
Also, studies have shown that hypertonic saline during shock resuscitation in burn
and trauma patients reduces the incidence of IAH. Oda et al*! reported reduced risk
for ACS when using hypertonic lactated saline for resuscitating burn patients and
O'Mara et al® reported lower fluid requirements and lower IAP using colloids.

A prospective study screened medical ICU patients with a minimum net fluid
balance of 5 L within the preceding 24 h and excluded patients with abdominal
surgery, obesity. Out of the 468 medical ICU admissions screened, 40 patients met the
24-h fluid balance criteria and out of them 85% had IAH and 33% developed intra-
abdominal pressure of more than 20 mmHg and 25% met the criteria for abdominal
compartment syndrome. This study confirms the high incidence of IAH and ACS in
medical ICU patients receiving large volume resuscitation!™l.

MEASURING IAP IN ICU

IAP monitoring is a safe and cost-effective tool for identifying patients at risk for
developing IAH and ACS. It helps in guiding resuscitative therapy and reducing
mortality and morbidity associated with IAH and ACS.

Intra vesicular saline instillation is the most common technique to monitor intra-
abdominal pressure. A simple closed system that can be used to measure bladder
pressure in ICU is shown in Figure 2. Clinical examination by palpation has shown to
have a poor sensitivity and specificity in diagnosing IAH and ACS™.. Other less
commonly used techniques to measure intra-abdominal pressures are manometry
from abdominal drain, intragastric pressure measurement through a nasogastric tube,
measuring pressure from the central venous catheter placed through the femoral vein
into inferior vena cava etc. Newer modalities include abdominal wall thickness
measurement using point-of-care ultrasound, wireless motility capsule, continuous
IAP measurement devices and noninvasive IAP estimation using near-infrared
spectroscopy.

IAP should be measured at end expiration and patient should be in a complete
supine position with the transducer zeroed in mid axillary line at the level of iliac
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Figure 2 Closed system to measure bladder (abdominal) pressure constructed with readily available
intensive care unit equipment. (Adapted with permission from Rogers et all*”)).

crest. Maximal instillation volume of 25 mL of sterile saline should be used. IAP varies
with BMI and obese patients tend to have a higher baseline IAP. Temperature of
isotonic saline instilled can also affect IAP. Isotonic saline at room temperature
significantly raises IAP due to contraction of the bladder muscle and hence it is
important to wait for at least 30 to 60 s after isotonic saline instillation to allow
warming of the fluid and relaxation of the detrusor muscle™.

Although the prevalence of IAH and ACS is high in medical ICU patients, routine
monitoring in all ICU patients is not feasible and not recommended. According to
WSACS guidelines, in patients with 2 or more risk factors baseline IAP must be
measured and if it is elevated frequent 4 to 6-h monitoring should be done™.

POLYCOMPARTMENT SYNDROME IN ICU

The term poly-compartment syndrome refers to a condition where 2 or more
anatomical compartments have elevated pressures. Within the poly-compartment
syndrome, abdomen plays a central role and elevated IAP that results in ACS can
interact with other compartments and result in thoracic compartment syndrome,
intracranial compartment syndrome and extremity compartment syndrome. Initial
management of poly-compartment syndrome is focusing on primary compartment
and lowering compartment pressure, supporting organ perfusion and preventing
specific adverse effects™.

Acute bowel injury refers to a complex bowel injury caused by a first hit, either
directly such as in abdominal sepsis, burns, pancreatitis, trauma or indirectly from
ischemia due to shock followed by a second hit in the form of capillary leak, bowel
edema and local ischemia resulting in IAH. This vicious cycle results in acute
intestinal distress syndrome and abdominal compartment syndromel’.

PELVIC COMPARTMENT SYNDROME

Pelvic compartment syndrome is a condition resulting from increased pressure within
the true pelvis and typically follows an expanding hematoma secondary to a
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traumatic fracture of the pelvist*. Pelvic hypertension with organ dysfunction which
is characterized by reduced pelvic venous return and ureteral dilatation results in
pelvic compartment syndrome. It is diagnosed by elevated bladder pressure and
should be differentiated from IAH/ACS. It is important to promptly recognize this
syndrome and evacuate the hematoma or fluid collection through laparotomy or
percutaneous drainage to decompress the pelvist™.

MANAGEMENT

Medical/nonsurgical

Abdominal perfusion pressure (APP) is the difference between mean arterial pressure
and intra-abdominal pressure. Targeting APP of more than 60 mmHg has been
proposed as a better predictor of outcome in IAH than measuring IAPF. But the
primary focus should be on reducing IAP rather than driving up the mean arterial
pressure (MAP). The main strategies of conservative management are to improve
abdominal wall compliance, evacuate intra and extraluminal contents and correct
fluid balance to improve worsening IAH .. But when there is rapid progression to
ACS, prompt surgical decompression must be undertaken.

Deep sedation, analgesia and neuromuscular blockade can improve
thoracoabdominal muscle tone and abdominal wall compliance by reducing pain,
agitation, ventilator dyssynchrony and accessory muscle usel™!. Ileus is very common
among patients with pancreatitis, peritonitis, major trauma, abdominal surgery and
after large volume fluid resuscitation. Nasogastric tube and rectal tube decompression
help in reducing IAP in patients with IAH. The administration of bowel enemas and
prokinetic agents also help in evacuating intraluminal contents and decrease visceral
volume. Other techniques including supine positioning of patient in reducing IAP,
large volume paracentesis in patients with ascites are also frequently done to reduce
the risks of developing IAH. Intensivist performed percutaneous catheter
decompression is an effective and less invasive modality for treating patients with
IAH/ACS. Improved patient outcomes have been found in patients undergoing
percutaneous drainage placement probably from early decompression when
compared to open abdominal decompression!™l.

Aggressive fluid removal with diuretics or renal replacement therapy may help in
reducing IAP. A review of 13 published case series suggested that an average total
body fluid removal of 4.9 L resulted in reduction of IAP from 19.3 £ 9.1 mmHg to 11.5
£ 3.9 mmHg!. Because of the paucity of data on fluid removal, the focus should be
more on avoiding excessive fluid administration during resuscitation phase rather
than active fluid removal with diuresis in critically ill patients. The IAH/ACS
management guidelines proposed by WSACS is mentioned in the Figures 3 and 4.

Surgical decompression

When the nonsurgical techniques fail to reduce the IAP, surgical abdominal
decompression must be promptly initiated as it is the definitive management to
reduce the risk of mortality from ACS. Decompressive laparotomy when combined
with negative pressure peritoneal therapy reduces the IAP, improves visceral
perfusion and reduces the transmission of inflammatory mediators into the
bloodstream, thereby reducing the risk of developing multiorgan dysfunction from
sepsist™l. The term open abdomen refers to surgical management strategy whereby the
abdominal wall incision is temporarily left unrepaired at the end of the surgery to
relieve the intra-abdominal pressure. The open abdomen technique with temporary
closure using vacuum-assisted closure, patch technique, silo technique (Bagota bag)
and skin-only technique using towel clips are some of the methods that reduces the
risk of development of IAH and ACS. In the recent years there has been increased
awareness of the deleterious effects of IAH and this has led to more open abdomen
management in ICU, which also reduces the risk of recurrent ACS. A collective review
of 250 patients undergoing midline laparotomy found that decompression had an
overall positive effect on cardiovascular, respiratory and renal function®”. Although
surgical decompression and open abdomen can be life-saving, it can also lead to
certain complications like stimulation of a hypercatabolic state and protein loss
through removal of peritoneal fluid, development of fistula, large ventral hernia or
life threatening hemorrhagic complications including reperfusion syndromef**l.
Bacterial colonization of wounds and the risk of fistulas and ventral hernias increases,
the longer the abdominal cavity is left opent’.

Differences in management of IAH/ACS among the medical and surgical
intensivists
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e JAH/ACS Medical
WIACS |~ ™" Management Algorithm

The choice (and success) of the medical management strategies listed below is strongly related to both the etiology of
the patient's IAH / ACS and the patient’s clinical situation. The appropriateness of each intervention should always be
considered prior to implementing these interventions in any individual patient.

The interventions should be applied in a stepwise fashion until the patient’s intra-abdominal pressure (IAP) decreases.
If there is no response to a particular intervention, therapy should be escalated to the next step in the algorithm.

Patient has IAP > 12 mmHg
Begin medical gement to reduce IAP
(GRADE 1C)

Measure IAP at least every 4-6 hours or continuously.
Titrate therapy to maintain IAP < 15 mmHg (GRADE 1C)

mpressi

v v v v v
Evacuate intraluminal .mm ':'";. Improve abdominal Optimize fluid Optimize systemic /
contents il In':i:ms wall compliance adminstration regional perfusion
Ensure adequate Avoid excessive fluid
ogiroscamie | |Abdomieatrmound| | ooyt arigoi | |*"“esvechatn | | Ooshestd
— ' : (GRADE 1D) (GRADE 2C)
o
]
2] Initiate gastro-/colo- Remove constrictive Aim for zero to
prokinetic agents dressings, abdominal negative fluid balance
(GRADE 2D) eschars by day 3 (GRADE 2C)
Minimize enteral Abdominal computed Consider reverse Resuscitate using Hemodynamic
"'um‘" tomography to Trendelenberg hypertonic fluids, monitoring to guide
o~ s o0 identify lesions position colloids resuscitation
g
2]} Percutaneous Fluid removal through
Adr?émr;::;“ s catheter drainage Jjudicious diuresis
(GRADE 2C) once stable
Consider colonoscopic Consider surgical Consider Consider
decompressi ation of lesions neuromuscular hemodialysis /
™ (GRADE 1D) (GRADE 1D) blockade (GRADE 1D) ultrafiltration
o
&
Discontinue enteral
nutrition
~
g' If IAP > 20 mmHg and new organ ﬂysfunctll_?n I:::Igl.:cr: II: :?npt; Ipftient's IAH / ACS is refractory to medical management. Strongly
"

(GRADE 1D).

Adapted from Intensive Care Med 2013 7:1190-1206

Figure 3 Intra-abdominal hypertension/abdominal compartment syndrome management algorithm 1. Quality of evidence for each recommendation is rated
from D to A: very low (D), low (C), moderate (B) and high (A) and strength of recommendation is given by a number: strong (1) and weak (2). (Adapted with permission
from Kirkpatrick et a>"!). IAH: Intra-abdominal hypertension; ACS: Abdominal compartment syndrome.

It is important to understand that most of the ICUs in United States have a combined
model where medically trained intensivists manage both medical and surgical

patients in the same ICU. As previously mentioned, the incidence of IAH/ACS is
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moma  JAH/ACS Management

Compartment

WSACS | sty Algorithm

Medical treatment options to reduce IAP
1. Improve abdominal wall compliance
Sedation & analgesia
Neur P
Avoid head of bed > 30 degrees
2. Evacuate intra-luminal contents

Patient has IAH
(IAP = 12 mmHg)

A

Initiate treatment to reduce IAP
Avoid excessive fluid

T
<
= resuscitation N ool
- e . L g ic mpr
o Om'm'(g&%ag fg;’"s'on Rectal decompression
E Gastro-/colo-prokinetic agents
g B. Evacuate abdominal fluid collection
@ Monitor AP with Paracentesis
= IAP > serial measurements Percutaneous dralnage
T 20 mmHg NOp| atleast every 4 IAP < 12 mmHg |¢- Corvect positive fluid balance
® with new organ hours while patient is consistently? Avoid ¢ fluid res. 1
£ failure? critically ill Diuretics
£ GRADE 1C Colloids / hypertonic fluids
_g Hemodialysis / ultrafiltration
o YES Is. Organ Support
‘F YES Optimize ventilation, alveolar recruitment
© Use transmural (tm) airway pressures
e IAH has resolved Pplat,, = Plat- 0.5 * IAP
- Patient has ACS Discontinue IAP measurements Consider using volumetric preload indices
and monitor patient for If using PAOP/CVP, use transmural pressures
clinical deterioration PAOP;, = PAOP - 0.5 " IAP
CVPy,, = CVP - 0.5 * IAP
Y
IDENTIFY AND TREAT
UNDERLYING ETIOLOGY Definitions
FOR PATIENT'S ACS IAH - intra-sbdominal hyper o

ACS - abdominal compartment syndrome

IAP - intra-abdominal pressure
o—y| Patient has Secondary or APP - abdominal perfusion pressure (MAP-IAP)

Recurrent ACS

Primary ACS - A condition associated with injury
or disease in the abdomino-pelvic region that
frequently requires early surgical or
interventional radiological intervention
Secondary ACS - ACS due to conditions that do
not originate from the abdomino-pelvic region

Recurrent ACS - The condition in which ACS
redevelops following previous surgical or
medical treatment of primary or secondary ACS

Does
patient have

YES

Is IAP
> 20 mmHg with

Perform / revise abdominal
decompression with temporary |
abdominal closure as needed to |
reduce IAP (GRADE 2D)

failure?

NO
A 4

Continue medical treatment options to reduce IAP
(GRADE 1C)

v

Measure IAP at least every 4 hours while patient is critically ill
(GRADE 1C)

v

Perform balanced resuscitation of patient preload, contractility, and
afterload using crystalloid / colloid / vasoactive medications
AVOID EXCESSIVE FLUID RESUSCITATION (GRADE 2D)

Abdominal Compartment Syndrome (ACS)

NG IAH has resolved

~Is IAP > 20 e s IAP < 12 mmHg YES Decrease frequency of IAP

i mmeg ):vnm? P NO consistently? measurements and observe
qrgfan ai ure patient for deterioration

Adapted from Intensive Care Med 2013 7:1190-1206

Figure 4 Intra-abdominal hypertension/abdominal compartment syndrome management algorithm 2. Quality of evidence for each recommendation is rated
from D to A: very low (D), low (C), moderate (B) and high (A) and strength of recommendation is given by a number: strong (1) and weak (2). (Adapted with permission
from Kirkpatrick et a*"'). IAH: Intra-abdominal hypertension; ACS: abdominal compartment syndrome.

higher in the medical intensive care unit patients. In 2001, Kimball et al*! conducted a
survey to assess the understanding and clinical management of IAH/ACS of 4538
physician members of Society of Critical Care Medicine with a response rate of 35.7%.
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Of those surveyed 35% had a primary training in surgery and 31.5% in medicine.
Nearly half (46.8%) of those surveyed worked in a combined medical/surgical ICU
setting. It is interesting to note that surgeons and anesthesiologists chose intra-
abdominal trauma/bleeding with large volume resuscitation as the most common
cause of IAH/ACS and medical intensivists rated “third spacing of fluids” as the
leading cause of IAH/ACS. Worsening oliguria, increasing ventilator pressure,
decreasing cardiac output were some of the conditions that prompted both the
medical and surgical intensivists to consider decompression laparotomy. Surgery
trained intensivists had the most experience managing patients with IAH/ACS. The
higher recognition rates of IAH/ACS among the surgical intensivists can partly be
explained by the fact that the definitive treatment for this condition involves surgery.
This however does lead to a component of bias and overdiagnosis. Of the medical
intensivists 23% were not aware of the bladder pressure measurement procedure and
20% of them stated that they would never use decompression laparotomy to treat
ACS compared with 3.6% of intensivists with surgical training. When it comes to
management, it was interesting to note that 63% of surgery trained intensivists and
42% of the anesthesia trained intensivists frequently used decompression laparotomy
as a management option for IAH/ACS compared to only 16% of medically trained
intensivists. This survey also showed that the medical intensivists frequently
considered percutaneous catheter drainage and paracentesis in managing patients
with IAH/ ACS, but this treatment was seldom used by the surgical intensivistst‘l.

Zhou et al*"! did a survey of 141 intensivists with majority of them (80%) having a
background in internal medicine and found that diuresis, dialysis and paracentesis
were commonly chosen over decompression laparotomy and 11% of the respondents
stated that their surgeons would ‘never decompress patients with ACS'.

CONCLUSION

IAH is a continuum of pathophysiologic changes that results in ACS, which is a life-
threatening condition caused by sustained acute elevation of IAP more than 20 mmHg
with end organ failure. Observational studies have shown a high incidence of IAH
and ACS in medical ICU patients. Large volume fluid resuscitation and inflammatory
intra-abdominal conditions like acute pancreatitis are some of the frequent causes for
IAH and ACS in medical ICU. Studies have shown less awareness and knowledge
about IAH and ACS among clinicians and nurses working in medical ICU settings. It
is very important to promptly recognize and diagnose IAH and ACS in the ICU
setting because of its associated morbidity and mortality. Routine measurement of
IAP in patients at risk is vital for early diagnosis and management of IAH and ACS.
The gold standard, easy and cost-effective technique to measure IAP is measuring
bladder pressure using intra -vesicular saline instillation. The current guidelines by
WSACS on diagnosis and management of IAH and ACS should offer a roadmap for
practicing intensivists in managing patients at risk. Once IAH is diagnosed,
nonsurgical steps including gastric and bowel decompression, evacuation of
intraluminal contents, paracentesis, diuresis, use of sedation should be promptly
initiated to reduce IAP. Surgical abdominal decompression remains the mainstay of
management in patients who don’t respond to the medical treatment.
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