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ABSTRACT 

Background and Objectives: Intra-abdominal hypertension (IAH) is frequently encountered in patients undergoing 
major emergency abdominal surgery and is associated with adverse outcomes in the intensive care unit (ICU). This 
study aims to evaluate the prevalence, risk factors, and outcomes of IAH in a surgical ICU setting. 

Methodology: This prospective observational study was conducted at the Center for Anesthesia & Surgical Intensive 
Care, Bach Mai Hospital, from April 2023 to September 2023. We included adult patients who underwent emergency 
major abdominal surgery and were in the surgical ICU for more than 48 h. Intra-abdominal pressure (IAP) was 
measured via a urinary bladder catheter upon ICU admission, and subsequently at 24 and 48 h. IAH was classified 
according to the World Society of the Abdominal Compartment Syndrome guidelines from 2013. The incidence of 
IAH and treatment outcomes, including the number of days on mechanical ventilation and the 28-day mortality rate, 
were recorded. Odds ratios (OR) and 95% CI were calculated to assess the effect size of perioperative risk factors. 

Results: Among 92 patients, 38 were diagnosed with IAH. The majority of these patients had IAH grade I, (31.5%), 
with no cases of grade IV observed. multivariable Logistic-regression analysis revealed several risk factors for IAH 
included septic shock (odds ratio [OR]; 95% confidence interval [CI]: 3.31; 1.34–8.01), peritoneal fluid  (5.28; 1.33–
21.05), massive fluid resuscitation (6.93; 1.38–34.80), intra-abdominal infection (7.19; 2.58–20.04), and 
coagulopathy (3.73; 1.55–8.94). Patients with IAH had a significantly longer duration of mechanical ventilation and 
ICU length of stay (P = 0.009 and P = 0.049, respectively). The 28-day mortality rate was markedly higher in the IAH 
group compared to the non-IAH group (34% vs. 5.6%, P = 0.000). A strong correlation was observed between IAH 
and 28-day mortality, with each 1 mmHg increase in IAP associated with a 5.3-fold increase in mortality rate. 

Conclusion: IAH is common among patients undergoing major emergency abdominal surgery and is linked to 
prolonged ICU stay, extended mechanical ventilation, and increased 28-day mortality. Key risk factors for IAH include 
septic shock, intra-peritoneal fluid collections, massive fluid resuscitation, intra-abdominal infection, and 
coagulopathy. 

Abbreviations: ACS: Abdominal compartment syndrome, BMI: body mass index, ICU: Intensive Care Unit , IAH: Intra-
abdominal hypertension, IAP: Intra-abdominal pressure, RRT: renal replacement therapy 
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1. INTRODUCTION 

Wendt E. first documented intra-abdominal hypertension 

(IAH) in 1976. Since then, numerous studies have 

explored and defined this condition in various ways. In 

2013, the World Society of the Abdominal Compartment 

Syndrome (WSACS) established diagnostic criteria and 

a classification system for IAH severity, which has 

become the widely accepted standard.1 Recent research 

indicates that IAH affects 30–85% of ICU patients. IAH 

is known to cause multi-organ dysfunction, prolonged 

ICU stays, and extended hospitalization.2,3 In surgical 

patients, the incidence of IAH was higher, and may up to 

65% in abdominal surgery and associated with high 

morbidity and mortality. IAH occurs frequently in 

cardiac surgery patients, with 83.3% experiencing it at 

least once postoperatively, and may be associated with 

kidney dysfunction.4-5 Therefore, early diagnosis and 

targeted interventions to reduce intra-abdominal 

pressure (IAP) are crucial for improving both organ 

function and patient outcomes.4-5 Many studies have 

underscored risk factors such as massive fluid 

resuscitation, elevated body mass index (BMI), 

pancreatitis, and emergency abdominal surgery.5,6 

Abdominal surgery, in particular, is frequently cited as 

an independent risk factor for IAH, with an even higher 

prevalence observed in patients experiencing septic 

shock.7-10  This study focuses on patients who underwent 

major emergency abdominal surgery, examining the 

prevalence, risk factors, and outcomes associated with 

IAH in this population. 

2. METHODOLOGY 

The study was conducted in the 

Center for Anesthesia and Surgical 

Intensive Care at Bach Mai 

Hospital between April 2023 and 

September 2023. This was a 

prospective, observational, single-

center study involving adult 

patients who underwent major 

emergency abdominal surgery and 

required admission to the surgical 

ICU. These patients had at least one 

criterion: an ASA ≥ 3, or in shock 

state, or the need for mechanical 

ventilation. Patients with 

urinarytract-related conditions such 

as chronic cystitis,  

 

hematuria, bladder trauma, bladder tumors, as well as 

those who were pregnant or admitted to the ICU for less 

than 48 h, were excluded from the study. 

Based on Marije Smit’s 2020 study,7 we estimated the 

prevalence of IAH among patients to be 33%. A total of 

84 patients were required for this study, as determined by 

the sample size calculation. 

IAP was measured by the Cheatham’s method,7 upon 

ICU admission, after 24 h, and again at 48 h. The 

Cheatham bladder pressure measurement method is an 

indirect technique used to determine intra-abdominal 

pressure by measuring bladder pressure8. This system 

employs a pressure gauge fixed at a "zero" level aligned 

with the mid-axillary line at the iliac crest, and connects 

through three-way stopcocks to a Foley catheter, a 0.9% 

saline bag, a 50mL syringe, and the pressure 

measurement system. During the procedure, the patient 

is positioned supine with legs straight and head flat, and 

the perineal area is cleaned. After inserting the Foley 

catheter to drain all urine, 50mL of 0.9% saline is 

instilled into the bladder through the stopcock system. 

Approximately one minute later, the stopcock is opened 

to connect the Foley catheter to the water column, and 

the bladder pressure is recorded when the water column 

stabilizes at the end of exhalation. 

 The maximum IAP was determined by the highest 

recorded daily average during the study period. IAH was 

diagnosed when consecutive measurements showed an 

IAP ≥ 12 mmHg. If IAP reached ≥ 20 mmHg at any 

point, the measurement was repeated after 1 hour. In 

cases where  

   Figure 1: Flowchart of study participants 
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abdominal compartment 

syndrome (ACS) was 

diagnosed, the decision to 

intervene—whether 

through medical 

management, 

interventional radiology, 

or surgery—was left to the 

attending physician. 

Potential interventions 

were guided by the 

WSACS (World Society 

of the Abdominal 

Compartment Syndrome) 

recommendations for ACS 

management.1 Medical 

management options 

included temporarily 

halting enteral feeding, 

inserting a nasogastric 

tube to drain stomach 

contents, increasing 

sedation and/or analgesia, 

administering 

neuromuscular blockers, 

placing a rectal cannula or 

enema, and removing fluids through diuretics or renal 

replacement therapy (RRT). Interventional radiology 

could involve drainage of ascites or other abdominal 

fluid collections, while surgical management could 

include surgical decompression. The severity of IAH and 

ACS was categorized based on the WSACS guidelines 

from 2013.1 

Baseline characteristics, including age, sex, body mass 

index (BMI), admitting diagnosis, surgical service, 

operative urgency, comorbidities, APACHE II score, and 

SOFA score, were recorded. Bladder pressure 

measurements were used to categorize the population 

into two groups: Those with IAH and those without IAH. 

Coagulopathy was diagnosed if one or more of the 

following criteria were met: platelet count < 150 G/L, 

prolonged prothrombin time (PT), prolonged activated 

partial thromboplastin time (aPTT), or decreased 

fibrinogen levels (< 2 g/dl). Massive fluid resuscitation 

was defined as a positive fluid balance exceeding 2 liters 

within a 24-hour period. 

2.1. Statistical analysis 

Data were analyzed using SPSS version 23.0. 

Quantitative variables were expressed as means with 

standard deviations and compared using the t-test for 

normally distributed variables and the Mann-Whitney U 

test for non-normally distributed variables. Qualitative 

variables were presented as counts (n) and percentages 

and analyzed using the chi-squared test. Odds ratios 

(OR) and 95% CI were calculated to assess the effect size 

of perioperative risk factors. Then we performed 

multiple logistic regression analysis, with IAH as 

dependent variables to define risk factors for its 

presence. Baseline variables associated with IAH in 

univariate analysis (using P < 0.05) were incorporated in 

the initial model together with variables physiologically 

likely to be associated with IAH. A model was then 

constructed by backward elimination of nonsignificant 

predictor variables. A multiple logistic regression 

analysis was conducted with IAH as the dependent 

variable to identify significant risk factors. Baseline 

variables that showed an association with IAH in 

univariate analysis (P < 0.05) were included in the initial 

multivariable model. Additionally, variables considered 

to have a potential physiological association with IAH 

were also included. The effect sizes of perioperative risk 

factors were evaluated using odds ratios (ORs) with 

corresponding 95% confidence intervals (CIs). 

The univariate logistic regression model was also used 

to assess the relationship between 28-day survival rates 

and intra-abdominal pressure. P < 0.05 was considered 

to be statistically significant. 

We conducted this study in compliance with the 

principles of the Declaration of Helsinki.  

The study’s protocol was reviewed and approved by the 

Bach Mai hospital Ethical Review Board vide No. 4663 

QĐ/BM. Written informed consent was obtained from 

all of the participants or their attendants. 

Table 1: Demographic characteristics and perioperative variables 

Characteristics 

 

Categories IAH 

(n= 38) 

Non IAH 

(n = 54) 

P 

Sex Male 28 (73.7) 34 (63) 0.28 

Female 10 (26.3) 20 (37) 

Age Years 72.9 ± 13.8 67.1 ± 14.0 0.053 

BMI  21.6 ± 3.0 20.7 ± 2.6 0,138 

History Hypertension 16 (42.1) 20 (37) 0.62 

Diabetes 8 (21.1) 17 (31.5) 0.26 

COPD 3 (7.9) 2 (3.7) 0.645 

CKD 4 (10.5) 1 (41.9) 0.156 

SOFA score 8.6 ± 3.6 5.4 ± 3.2 0.163 

SOFA score 48h 6.8 ± 4.2 3.2 ± 3.2 0.03 

APACHE II 18.1 ± 6.9 13.9 ± 5.0 0.011 

Mechanical ventilation 38 (100) 54 (100) 1 

Values are presented as mean ± standard deviation, or number (%). P-values were determined 
by t-test, chi-square test, or Fisher's exact test; COPD: Chronic Obstructive Pulmonary Disease 

CKD: Chronic kidney disease; SOFA: Sequential Organ Failure Assessment 
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3. RESULTS 

A total of 92 eligible patients were included in the study. 

The average IAP for the study population was 10.1 ± 4.5 

mmHg. Among the 92 patients, 31 (33.7%) had IAH 

upon ICU admission, while 38 patients (41.3%) 

developed IAH within the first 48 h of their ICU stay. 

The majority of patients experienced grade I IAH 

(31.5%), and no cases of grade  

Table 2: The distribution of patients according to 
grade of IAH 

Grade of IAH N (%) 

Grade I (12-15) 29 (76.3) 

Grade  II (16-20) 7 (18.4) 

Grade III (21-25) 2 (5.2) 

Grade IV (>25) 0 (0) 

 

IV IAH were observed. When comparing the IAH group 

to the non-IAH group, no statistically significant 

differences were found in demographic variables such as 

gender, age, BMI, or comorbidities (Table 1).  

However, the average APACHE II scores were 

significantly higher in the IAH group compared to the 

non-IAH group (18.2 ± 6.9 vs. 13.9 ± 5.0, P = 0.011). 

Additionally, 48-hour SOFA scores were significantly  

 

higher in the IAH group than in the non-IAH group (6.9 

± 4.2 vs. 3.2 ± 3.2, P = 0.03).  

The majority of patients were in grade I, accounting for 

76.3%, and there were no patients in grade IV (Table 2).    

There are five independent risk factors associated with 

IAH. The odds ratio for septic shock was 3.31 (95% 

confidence interval [CI], 1.34−8.01); for intra-peritoneal 

fluid collections was 5.28 (95% CI, 1.33–21.05); for 

massive fluid resuscitation was 6.93 (95% CI, 1.38–

34.80); for intra-abdominal infection it was 7.19 (2.58–

20.04), and for coagulopathy was 3.73 (95% CI; 1.55–

8.94) (Table 3).  

Patients with IAH also had significantly longer durations 

of mechanical ventilation and ICU stays (P = 0.009 and 

P = 0.049, respectively). The 28-day mortality rate was 

markedly higher in the IAH group compared to the non-

IAH group (34% vs. 5.6%, P = 0.000) (Table 4).  

Notably, there was a strong correlation between IAH and 

28-day mortality: for every 1 mmHg increase in IAP, 

there was a 5.3-fold increase in the risk of mortality 

(Figure 2). 

4. DISCUSSION 

The incidence of IAH among postoperative abdominal 

patients in this study is 41.3%, negatively impacting 

patient outcomes. Independent risk factors for IAH 

identified include septic shock, intra-peritoneal fluid  

 

 

 

 

 

 

 

 

 

 

Table 3: Independent predictors in two groups from multivariable logistic - regression analysis 

Factors IAH 

(n = 38) 

Non IAH 

(n = 54) 

P OR 

95% CI 

Sepsis shock 28 (73.6) 22 (40.7) 0.003 3.31 (1.34−8.01) 

Peritoneal fluid 9 (23.7) 3 (5.6) 0.011 5,28 (1.33−21.05) 

Massive fluid resuscitation 8 (21.1) 2 (3.7) 0.008 6.93 (1.38−34.80) 

Abdominal infection 32 (84.2) 23 (42.6) 0.000 7.19 (2.58–20.04) 

Coagulation 24 (63.2) 17 (31.5) 0.03 3.73 (1.55 - 8.94) 

Values presented as mean ± SD, or number (%); P-values were determined by t-test, chi-square test, or Fisher's exact 
test. 

Table 4: The outcome for patients with intra-abdominal hypertension 

Outcome IAH Non - IAH P-value 

Duration of mechanical ventilation (days) 7.4 ± 8.6 3.2 ± 6.5 0.009 

Duration in ICU (days) 8.5 ± 8.3 5.3 ± 6.98  0.049 

Mortality  13 (34) 3 (5,6) 0.000 

Values are presented as mean ± standard deviation, or number (%). p-values were determined by t-test, chi-square test, 
or Fisher's exact test.  
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collections, massive fluid resuscitation, intra-abdominal 

infection, and coagulopathy. 

Most studies have focused on mixed ICU patient 

populations, with few specifically addressing the 

epidemiology of intra-abdominal hypertension (IAH) in 

patients following abdominal surgery. For instance, 

Serpytis (2008) reported an IAH incidence of 40% 

among patients after major abdominal surgery.11 In  

another study by Kim et al. (2012), which examined a 

mixed ICU setting, 19 out of 37 surgical patients (45.2%) 

were found to have IAH2. These findings align closely 

with our study's prevalence of IAH in surgical abdominal 

patients, which includes both elective and emergency 

surgeries. It is important to differentiate between these 

types of surgeries. Recently, Smit et al. (2020) studied a 

mixed ICU population and reported IAH incidences of 

17.1% for elective surgeries and 50% for emergency 

surgeries6. Notably, they identified admission to the ICU 

following emergency abdominal surgery as a significant 

risk factor for developing IAH. 

The WSACS guidelines, updated in 2013, provide a 

comprehensive discussion of the risk factors for IAH.1 

Sepsis is a notable risk factor for IAH, as highlighted in 

the WSACS guidelines. Sepsis related to abdominal 

conditions in the surgical ICU is a serious concern and 

represents a significant number of cases. Previous 

studies have shown a clear link between sepsis, 

abdominal compartment syndrome (ACS), and higher 

IAP.3,5,14,15 This connection is mainly due to factors like 

fluid resuscitation, inflammation, postoperative ileus, 

and increased tension in the abdominal wall after 

surgery. Therefore, it's important to understand how 

often these issues occur in patients in shock and to 

explore their relationships. 

Massive fluid resuscitation or positive fluid balance 

is also an independent risk factor for IAH/ACS, as 

demonstrated in several studies, which is similar to 

our findings. Massive fluid resuscitation is believed 

to trigger significant inflammatory responses and 

increased capillary permeability, leading to diffuse 

tissue infiltration, cardiovascular impairment, bowel 

edema, and elevated IAP.15 Research by Mindaugas 

Šerpytis et al. shows that IAP is sensitive to daily 

changes in fluid balance in patients after major 

abdominal surgery.14 Effective fluid management in 

major abdominal surgery has been a widely debated 

issue, and our current goal is to implement goal-

directed fluid therapy to mitigate the complications 

associated with restrictive or liberal fluid 

resuscitation methods.  

Coagulation issues are another risk factor for IAH, 

as noted in the WSACS guidelines; however, there 

is limited research on the relationship between IAH and 

coagulopathy. A recent study indicated that disseminated 

intravascular coagulation (DIC) is a risk factor for 

developing ACS in abdominal trauma patients.18 

Additionally, we found, consistent with other studies, 

that intra-abdominal infections and intra-peritoneal fluid 

collections are significant risk factors for IAH, primarily 

due to their impact on increasing intra-abdominal 

contents. This may be the reason why we have few 

patients with severe IAH. 

Most studies indicate that intra-abdominal hypertension 

(IAH) is associated with adverse outcomes and longer 

ICU stays; however, some single-center studies have not 

confirmed this finding.3,6, 20,21 Our data supports the 

notion that patients with IAH experience prolonged 

durations of mechanical ventilation and ICU stays, along 

with higher mortality rates compared to those without 

increased intra-abdominal pressure. Notably, we found a 

strong correlation between the 28-day mortality rate and 

IAH, with a 1 mmHg increase in IAP associated with a 

5.3-fold rise in mortality (as analyzed using univariate 

logistic regression). Additionally, the severity of IAH 

significantly impacts mortality rates: the patients with 

grade II IAH had a markedly higher mortality rate 

compared to those with grade I IAH. However, the 

limited number of patients with grade III IAH (only 2) 

and none with grade IV precluded a thorough analysis of 

these higher grades. According to a prospective 

multicenter study by Annika Reintam Blaser, the 

presence and severity of IAH during the first two weeks 

in the ICU significantly and independently increased 28- 

and 90-day mortality.6 Importantly, this study suggested 

that grade I IAH (12–15 mmHg) might not increase 

mortality risk, indicating that lower-grade IAH may 

Figure 2: The relationship between intra-abdominal 

pressure max and survival rate 
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reflect the severity of underlying disease and its 

treatment rather than causing additional physiological 

harm. Thus, the severity of IAH should be carefully 

considered in future research and when developing 

treatment recommendations. 

5. LIMITATIONS 

Several limitations should be acknowledged in our study. 

First, we did not differentiate between various types of 

surgical operations, which prevented us from analyzing 

the differences in IAH rates and severity across different 

procedures. Second, our study did not explore treatment 

approaches for IAH or the causes of mortality; it 

primarily aimed to determine the prevalence of IAH and 

the associated outcomes in patients following abdominal 

surgery by identifying key risk factors rather than 

examining treatment modalities or mortality causes. 

6. CONCLUSIONS 

IAH is common among patients undergoing major 

emergency abdominal surgery and is linked to prolonged 

ICU stay, extended mechanical ventilation, and 

increased 28-day mortality. Key risk factors for IAH 

include septic shock, intra-peritoneal fluid collections, 

massive fluid resuscitation, intra-abdominal infection, 

and coagulopathy. 

From our findings, we emphasize the importance of 

routinely measuring IAH in postoperative abdominal 

patients to ensure early detection and timely 

management of complications. In addition to well-

known risk factors such as intra-peritoneal fluid 

collections and intra-abdominal infections, it is crucial to 

consider other complex risk factors, including septic 

shock, massive fluid resuscitation, and coagulopathy.  

7. FUTURE PERSPECTIVE 

Future research should focus on analyzing patient 

subgroups based on the type of surgical procedures and 

investigating treatment approaches and outcomes for 

each grade of IAH. Such studies are vital for developing 

specific, evidence-based treatment guidelines. 
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