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Abstract
This review summarizes the epidemiology, pathophy​siological consequences and impact on outcome of mild to moderate (Grade Ⅰ to Ⅱ) intra-abdominal hypertension (IAH), points out possible pitfalls in available treatment recommendations and focuses on tasks for future research in the field. IAH occurs in about 40% of ICU patients. Whereas the prevalence of abdominal compartment syndrome seems to be decreasing, the prevalence of IAH does not. More than half of IAH patients present with IAH grade Ⅰ and approximately a quarter with IAH grade Ⅱ. However, most of the studies have addressed IAH as a yes-or-no variable, with little or no attention to different severity grades. Even mild IAH can have a negative impact on tissue perfusion and microcirculation and be associated with an increased length of stay and duration of mechanical ventilation. However, the impact of IAH and its different grades on mortality is controversial. The influence of intra-abdominal pressure (IAP) on outcome most likely depends on patient and disease characteristics and the concomitant macro- and microcirculation. Therefore, management might differ significantly. Today, clear triggers for interventions in different patient groups with mild to moderate IAH are not defined. Further studies are needed to clarify the clinical importance of mild to moderate IAH identifying clear triggers for interventions to lower the IAP.
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Core tip: This review summarizes the epidemiology, pathophysiological consequences and impact on outcome of mild to moderate intra-abdominal hypertension (IAH) and focuses on tasks for future research in the field. More than half of IAH patients present with IAH Grade Ⅰ  and approximately a quarter with IAH grade Ⅱ. Even mild IAH can have a negative impact on tissue perfusion and be associated with impaired clinical outcomes. However, the impact of IAH and its different grades on mortality is controversial. Clear triggers for interventions in different patient groups with mild to moderate IAH are not defined.

INTRODUCTION

Intra-abdominal hypertension (IAH) occurs in 20%-40% of intensive care patients and has a significant impact on outcome[1-3]. IAH is defined as intra-abdominal pressure (IAP) of 12 mmHg or above, whereas normal IAP is in the range of 0 to 11 mmHg[4]. The cut-off point of 12 mmHg for IAH was initially selected empirically[5,6], but is now supported by several epidemiological studies[1,5,7-11]. Based on severity, IAH is graded into four levels. Grade Ⅰ refers to IAP from 12 to 15 mmHg, grade Ⅱ 16 to 20 mmHg, grade Ⅲ 21 to 25 mmHg, and grade Ⅳ above 25 mmHg, respectively. The most severe form is abdominal compartment syndrome (ACS), defined as sustained IAP ≥ 20 mmHg (with or without an abdominal perfusion pressure (APP) of ≤ 60 mmHg) in association with the new onset or worsening of existing organ failure[4]. This is a life-threatening syndrome[6], which, however, seldom occurs in clinical practice[2,3,12]. In these cases, the deterioration of cardiac, respiratory and renal performance is usually clearly evident and determines the immediate need for life-saving treatment. The management of IAP below 20 mmHg is much more controversial[2,13] as there is no clear trigger for when and to what extent to initiate the treatment of IAH.

This review was undertaken to differentiate IAH grade Ⅰ and Ⅱ from higher grades of IAH regarding the pathophysiological changes and impact on outcome, and to discuss possible differences in management based on the severity of IAH. 

EPIDEMIOLOGY AND OUTCOME OF IAH AND ITS DIFFERENT SEVERITY GRADES

There are several recent studies describing the epide​miology of IAH and investigating its impact on out​come[10,14,15]. 

Kim et al[15] included 100 consecutive patients in a prospective observational single-center study on a mixed intensive care unit (ICU) population. The overall incidence of IAH was 42%, while IAH grade Ⅰ occurred in 23%, grade Ⅱ in 14%, grade Ⅲ in 3% and grade Ⅳ in 2% of IAH patients (Figure 1). Patients with IAH had higher APACHE Ⅱ and Ⅲ scores, body mass index (BMI) and more sepsis on admission. However, there was no difference in the length of ICU stay or hospital mortality in patients with IAH (irrespective of the grade) vs patients without IAH.

Iyer et al[14] included 403 consecutive patients to investigate the incidence of IAH/ACS and to develop a screening tool for the early identification of patients requiring IAP monitoring. The incidence of IAH was 39% and of ACS, 2%. IAH grade Ⅰ occurred in 27%, grade Ⅱ in 9%, grade Ⅲ in 2% and grade Ⅳ in 1% (Figure 1). Regarding outcomes, patients with IAH had significantly longer duration of mechanical ventilation and, length of stay in the ICU and in the hospital. No difference in mortality was detected between the patients with or without IAH; however, patients with IAH of higher grades (Ⅱ-Ⅳ) had higher ICU mortality (13% vs 3.4%, P = 0.003)[14]. 

A recent systematic review and individual patient data meta-analysis reported distribution of IAP values among 1669 critically ill patients upon admission to ICU[10]. The mean IAP was 9.9 mmHg; whereas 27.7% of patients had IAH and 2.7% ACS on admission. Although the exact data on different IAH grades were not given, the IAP distribution histogram supports the studies discussed above (Kim et al[15] and Iyer et al[14]). Concerning the outcomes, the ICU length of stay, the ICU and the hospital mortality were significantly increased in the IAH group. 
It is somewhat surprising that outcomes differ significantly when the data from Reintam et al[2], Malbrain et al[10] and Blaser et al[16] and our own earlier studies are compared to the results of Kim et al[15] or Iyer et al[14]. One possible explanation might be that the meta-analysis is based on studies published predominantly between 1995 and 2008. Almost two decades of research has very likely improved our understanding and management of IAH/ACS[12,17], and this may explain the decrease in morbidity and mortality. Moreover, most of the earlier studies (including the ones in the meta-analysis by Malbrain et al[10]) enrolled only selected patients (e.g., patients with pancreatitis, trauma, mechanically ventilated or presenting other risk factors for IAH). Therefore, the patient groups are not entirely comparable. Furthermore, assigning patients with IAP of 12 to 15 mmHg to the same group as ACS most likely confuses the results in all the above-mentioned studies. As the incidence of ACS is decreasing and the outcome simultaneously improving[12,16,17], its impact to the overall group of IAH patients is diminishing.

Considering these factors, the clinical importance of IAH is much dependent on the severity (grade) of IAH, but these associations have been poorly studied.

EFFECT OF MODERATE IAH IN DIFFERENT PATIENT GROUPS

Next to the severity of IAH, the nature and course of underlying pathology needs to be taken into account. Higher grades of IAH may be less deleterious if the disease is cured (e.g., after abdominal surgery), whereas moderate IAH may have additional aggravating effect on the patients with uncontrolled primary pathology (e.g., shock with continuing need for fluid resuscitation).

In patients with pancreatitis or intra-abdominal in​fections already the mild IAH deserves close attention as a sign of increased oedema formation. In these patients development of IAH/ACS is primarily caused by the inflammatory process inside the abdominal cavity and may be further exacerbated by aggressive fluid therapy[18,19].

Intraperitoneal bleeding should be recognized promptly and therefore in trauma patients any increase of IAP, even at the low grades, deserves particular attention.

During pregnancy IAP increases physiologically, but the effect of the IAH has been poorly studied in this specific patient group. Recently, it has been postulated that the inability to adapt to the increasing intra-abdominal volume, reflected as sustained increase of IAP above 12 mmHg may be involved in the etiopathogenesis of pre-eclampsia[20].

Children, not specifically addressed in this review, require different approach. Organ dysfunction in paediatric patients has been reported to occur at the IAP 10 to 15 mmHg, and the ACS may develop already at the IAP of 16 mmHg[19,21,22].

In contrary, after elective abdominal hernia repair transient increase of IAP up to 18 mmHg may be well tolerated[23].

EFFECT OF IAH ON SPLANCHNIC BLOOD FLOW, MICROCIRCULATION AND METABOLISM

An experimental study on pigs demonstrated that a pneumoperitoneum-caused IAP of 12 mmHg combined with positive end-expiratory pressure of 10 cmH2O decreases blood flow in the hepatic and mesenteric arteries and portal vein, impairs the hepatic and intestinal mucosal microcirculation, attenuates the hepatic pO2 and intestinal mucosal pH, this all indicating to seriously disturbed splanchnic blood flow[24]. Olofsson et al[25] showed in pigs that increased IAP correlates with decreased gastrointestinal microcirculation measured by laser Doppler flowmetry, whereas microcirculation in mucosal layer was significantly less affected than in serosa. Cheng et al[26] demonstrated that, in rabbits, microvascular blood flow is decreased by 40% during IAP 15 mmHg for 2 h, and by 81% when the IAP was 25 mmHg for 6 h, while markers of intestinal injury increased significantly, in proportion to IAP and exposure time. After prolonged exposure to increased IAP, erosions and necrosis of the jejunal villi, mitochondrial swelling and discontinuity of intracellular tight junctions were microscopically observed[26]. These findings are clearly contrasted by recent study on mechanically ventilated sheep without sepsis, which demonstrated decreased renal blood flow and diuresis but preserved blood flow in superior mesenteric artery at IAP of 20 mmHg and no changes in microcirculatory variables. However, sheep with IAH received large amounts of fluids compared to sham and still developed relevant lactic acidosis. As shown by Dubin et al[27] in septic sheep, resuscitation was able to normalize mean arterial blood pressure, cardiac output, superior mesenteric artery blood flow and sublingual and serosal intestinal microvascular flow indexes, but not to restore percentage of perfused ileal villi, which could explain elevation of lactate. These different findings may be explained by several aspects: the level, mechanism and duration of the elevated IAP, presence or absence of sepsis, resuscitation strategy as well as the methodology of assessment of microcirculation all may play an important role.

In humans, the effect of IAP on gut perfusion is not well studied, but significant reduction of splanchnic blood flow has been demonstrated after the IAP increases from 7 to 14 mmHg[28]. As the splanchnic area is difficult to access in clinical setting, the monitoring of sublingual microcirculation might be considered for indirect evalu​ation of splanchnic microcirculation[29], although it is not clear whether this is well applicable in case of IAH where splanchnic bed is directly affected through the extravascular pressure.

So far, the associations between IAP and sublingual microcirculation have been evaluated in two studies[30,31]. No significant alterations in sublingual microcirculation were demonstrated at IAH grades Ⅰ and Ⅱ, neither in elective surgery nor in critically ill patients. In elective laparoscopic surgery the microcirculatory perfusion indices were relatively low at the baseline and did not improve during the study period[30].

In heterogeneous group of critically ill patients, the moderate but prolonged increase of IAP (median 14.5 mmHg) for up to 24 h exhibits a negligible influence on the sublingual microcirculation[31]. Ten out of 15 of these patients were in circulatory shock, and it is somewhat surprising that no significant alterations in the sublingual microcirculation were detected[31]. Observed positive correlations between microvascular flow index, MAP and APP, however, may support the importance of APP in clinical management of this situation[31].

Relevant alterations in microcirculation should result in the increased anaerobic metabolism and this hypothesis has led to studies investigating influence of IAP on tissue metabolism[30-35]. The findings suggest that the deterioration of tissue metabolism in the abdominal area may occur well before IAH-related organ dysfunction become evident[30-35]. 

In animal experiments, tissue microdialysis has been increasingly used to evaluate metabolic status in different vascular beds and in different conditions. By this method, Meier et al[35] were able to demonstrate the accumulation of metabolites of anaerobic glycolysis in the rectus abdominis muscle (RAM) of rats subjected to IAH. The RAM is surrounded by a tight sheet of fascia, which makes the muscle-fascia compartment relatively non-compliant. The pressure in the intra-abdominal cavity directly influences the muscle tissue and its perfusion. This muscle is easily accessible and makes the RAM microdialysis minimally invasive; therefore the RAM serves as a good model of intra-abdominal organ[32].

We performed RAM microdialysis in elective laparo​scopic surgery (median IAP 12.5 mmHg) and in critically ill patients (median IAP 14.5 mmHg)[32,33]. In both groups the RAM tissue metabolism was seriously disturbed when compared to the baseline before surgery or to the references from other studies[36]. Elevated lactate, lactate-to-pyruvate ratio, and glutamate levels indicated anaerobic metabolism during moderately raised IAP. The correlation analysis revealed a negative correlation of APP, pyruvate and glycerol, supporting the relevance of APP as a resuscitation end-point when setting the targets for MAP and vasopressor therapy[33]. 

Considering these factors, some experimental studies indicate that increased IAP results in impaired splanchnic microcirculation and metabolism. Limited data suggests that similar changes may occur also in humans although direct assessment of the splanchnic area would be desirable to confirm these findings. Setting the APP or any other macrocirculatory variable as a resuscitation endpoint in patients with IAH remains controversial. 
PITFALLS IN MANAGEMENT RECOMMENDATIONS

The Abdominal Compartment Society management algorithm suggests initiating medical treatment at IAP of 12 mmHg or higher and tailoring treatment to keep IAP below 15 mmHg[4]. Several mechanisms may lead to IAH: increased baseline IAP (e.g., obesity), increased intra-abdominal volume (e.g., ascites or oedema), and decreased abdominal wall compliance (e.g., tight abdominal closure after hernia repair)[6,37]. It is clear that these different mechanisms require different therapeutic approaches. However, the severity of IAH (grade of IAH) should also guide the selection of the best management option in these different situations. It is not clear whether in some cases lower grade IAH could merely be observed, whereas in others it should be aggressively treated with, e.g., sedatives and muscle relaxants. Current IAH/ACS guidelines suggest stepwise IAH treatment: From medical and minimally invasive techniques to aggressive surgical decompression[4]. A stepwise approach in general is definitely wise. However, different grades of IAH and different patient groups are not considered. As most of the options for IAP reduction are not without risks (e.g., drainages) and side effects (e.g., sedation, muscle relaxation), it is important not to apply these strategies without clear indication. It is possible that not treating moderate IAH could impair the outcome in one patient, whereas aggressive treatment (e.g., muscle relaxation) could be harmful in the other. 

Future studies should form the basis for more detailed recommendations, whereas currently these decisions should be made during careful bedside evaluation, and require deep knowledge and experience.
FUTURE STUDIES

Based on existing evidence, it is likely that lower grades of IAH are relevant in terms of both pathophysiology and clinical consequences. However, the relationships are most likely complex, and the influence of IAP depends on patient characteristics (e.g., obese vs non-obese; ventilated vs spontaneously breathing, critically ill vs ward patients), concomitant macro- (dependent on MAP) and microcirculation and disease characteristics (e.g., pancreatitis vs pneumonia). As IAH has been often assessed as a yes-or-no variable, these issues are not yet clarified. Accordingly, there are several issues that should be studied more closely in future studies.

IMPORTANCE OF IAH GRADES IN DIFFERENT PATIENT GROUPS

Normal IAP in critically ill patients is thought to be between 5-7 mmHg[4], but there is not enough data to identify normal values in spontaneously breathing patients. Moreover, “normal” or expected IAP levels in patients with abdominal pathology, e.g., after elective major abdominal surgery, are unknown.

Signs of organ dysfunction, duration of mechanical ventilation, ICU length of stay and ICU mortality seem to increase in patients with elevated IAH, whereas in most cases, IAP ranges between 12-16 mmHg. Dalfino et al[11] showed that elevated IAP and low APP are associated with the development of acute renal failure (ARF) in critically ill patients after shock and identified a cut-off IAP of 12 mmHg for increasing the risk of ARF. A cut-off value of 12 mmHg for IAH is also supported by several other studies[1,5,7-10]. However, it is not clear whether the current IAH grading system can be translated to gradually increasing mortality or worsening organ function.

Spontaneously breathing patients

None of the studies has specifically addressed IAH in spontaneously breathing patients. Therefore, it is not known, whether 12 mmHg is also applicable to this subset of patients. Moreover, the likelihood of more unstable measurement conditions in spontaneously breathing patients may lead to wide variations, and muscle tonus may play an important role.

Patients with chronically elevated IAP

Obesity and pregnancy are chronic states of low-graded IAH to which the patient has adapted[6,38]. Both conditions develop relatively slowly, and the human organism adapts to these (patho) physiological changes, but there is still an issue if such patients need to be admitted to an ICU. IAP levels that trigger specific treatment should be most likely higher, but how much so, remains unclear.

Patients after abdominal surgery

Post-operative complications after abdominal surgery are frequent and are associated with increased morbidity and mortality[39-42]. Intra-abdominal hypertension and its pathophysiological consequences may contribute to the development of postoperative complications[43,44], but no specific data are available thus far. Therefore, a cut-off that triggers interventions directed to lower IAP and/or to increase APP in such patients is warranted.

CONCOMITANT CHANGES IN MACRO- AND MICROCIRCULATION DURING IAH

Ideally, the management of hemodynamics should ensure normal microcirculation and organ function in different vascular beds. We currently lack reliable tool(s) to assess microcirculation at the bedside, and the clinical signs (diuresis, mottled skin) and macrohemodynamic variables (MAP, cardiac output) rather than microcirculatory changes direct the patient management in clinical practise. However, in the case of increased abdominal pressure, “normal” MAP and cardiac output might be insufficient to assure the adequate perfusion of abdominal and retroperitoneal organs. Moreover, due to heterogeneous aspects of microcirculatory perfusion, effect of classical hemodynamic interventions on microcirculation will most likely be limited[45]. Whether microcirculatory measurements may be supportive for hemodynamic management during IAH remains to be elucidated.

The identification of patient groups where even mild IAH leads to microcirculatory dysfunction with anaerobic metabolism would be desirable for the more precise adjustment of management suggestions.

MANAGEMENT OF IAH 

Higher grades of IAH are infrequent; most patients with IAH qualify as grade Ⅰ of IAH. Therefore, further studies should focus on mild to moderate IAH to clarify, which patients should be treated aggressively and which patients can simply be observed. Studies are needed to allow revision of the algorithm based on evidence. More specific recommendations including treatment triggers in spontaneously breathing patients, obese patients, patients after abdominal surgery and other specific groups, are warranted.
CONCLUSION

IAH occurs in about 40% of the ICU population. More than half of these patients present with IAH grade Ⅰ and approximately a quarter with IAH grade Ⅱ. Patients with IAH have a significantly longer duration of mechanical ventilation and, longer length of stay in the ICU and in the hospital. The impact of IAH and its different grades on mortality is controversial.

Preliminary data suggest that grades Ⅰ and Ⅱ IAH has a negative impact on tissue perfusion and microcirculation. Further studies are needed to clarify whether and in which particular sub-group of patients the occurrence of mild to moderate IAH should trigger immediate interventions directed at lowering the IAP.
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Figure 1  Prevalence of different grades of intra-abdominal hypertension in clinical studies performed in consecutive intensive care unit patients. IAH: Intra-abdominal hypertension.
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