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Abstract
Increased intra-abdominal pressure (IAP) is a significant clinical concern, which has been proven to cause
significant adverse events in patients. Respiratory infections are a high-yield problem in the intensive care
unit (ICU). In this study, we reviewed available literature regarding the relationship between elevated IAP
and the development of ventilator-associated pneumonia (VAP) in mechanically ventilated patients.
Patients with prolonged mechanical ventilation are prone to develop VAP. Longer hospitalization, prior use
of antibiotics, and comorbidities make these patients more susceptible to infections. Multidrug-resistant
VAP poses a vast threat to critically ill patients, as it is characterized by a shift in the microbiological profile
of the disease, as well as difficulties in its treatment options. Elevated IAP could adversely affect
mechanically ventilated patients, as it is associated with an elevated risk of microaspirations and altered
patency of the intestinal barrier, thus comprising an important factor for developing VAP. In addition,
elevated IAP can deteriorate pulmonary function and hemodynamic condition of the patient, adding an
extra risk for developing VAP. In such frail conditions, these patients have compromised immune function
and are at risk of developing systematic infection, even resulting in the failure of multiple organs. As the
microbiologic profile shifts toward multidrug-resistant bacteria, there is a need for comprehensive strategies
in ICU settings to mitigate the risks associated with both elevated IAP and multidrug-resistant VAP. Timely
intervention and proper management can prevent the risk of difficult-to-treat infections and life-
threatening adverse events for patients.

Categories: Pulmonology
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Introduction And Background
Ventilator-associated pneumonia (VAP) is one of the most common hospital-acquired infections, with its
incidence reaching as high as 40% of intubated patients. This clinical entity is associated with prolonged
intensive care unit (ICU) stay and overall hospitalization and is correlated with higher morbidity and
mortality. A prerequisite to differentiate VAP from any other form of hospital-acquired pneumonia is
mechanical ventilation (MV) for at least 48 hours [1].

Besides the duration of MV, VAP diagnosis requires the presence of pulmonary infiltrates, clinical signs of
infection, and microbiological evaluation. However, the diagnostic process remains debatable, as VAP
diagnosis is highly based on clinical evaluation. The use of microbiologic confirmation remains debatable, as
the endotracheal tube and respiratory tract become colonized shortly after intubation. Therefore, it is
challenging to assess where a positive culture reveals the true causative pathogen versus a false-positive
result following colonization [2]. Johanson et al. in their 1972 study first described VAP as nosocomial
pneumonia in patients undergoing MV for at least 48 hours [3]. To update the definition to be more accurate
and objective, the National Healthcare Safety Network has provided a new definition with the following
specific diagnostic criteria: (a) new pulmonary infiltrates or consolidation on sequential chest X-rays; (b)
fever and leukocytosis or leukopenia; and (c) new onset of purulent secretions, decompensated gas
exchange, and pathological breath sounds [4]. As diagnosis is based on the evaluation of the clinical
presentation, this may differ from patient to patient, adding some uncertainty. The Clinical Pulmonary
Infection Score (CPIS) helps assess the probability of VAP incidence, while microbiological evaluation helps
choose treatment options but has limited usefulness in the diagnostic process (Table 1) [5]. A CPIS score of 6
or more is indicative of pneumonia [6,7].
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Clinical parameters  Points

Temperature (°C)

36.5–38.4 0

38.5–38.9 1

≥39.0 and ≤36.0 2

Blood leukocytes (WBC/mm3)
≥4,000 and ≤11,000 0

<4,000 or >11,000 1

Tracheal secretions

Few 0

Moderate 1

Large 2

Purulent +1

Oxygenation PaO2/FiO2
>240 or ARDS 0

≤240 and no ARDS 2

Chest radiograph

No infiltrates 0

Diffuse or patchy infiltrates 1

Localized infiltrates 2

Culture of tracheal secretions

Pathogenic bacteria cultured in rare or small quantities or no growth 0

Pathogenic bacteria cultured in moderate or large quantities 1

Same pathogenic bacteria seen on Gram stain 2

TABLE 1: Clinical Pulmonary Infection Score.
WBC: white blood cells; PaO2/FiO2: arterial oxygen partial pressure/fractional inspired oxygen ratio; ARDS: acute respiratory distress syndrome

This table is reproduced from Haliloglu et al. [7] published under the Creative Commons License.

The microbiologic basis of VAP consists of a wide spectrum of bacteria, with the majority being Gram-
negative bacilli. In a significant number of VAP cases, oropharyngeal bacteria are isolated from bronchial
secretion cultures. The noticeable problem, which will be augmented even more in the next few years, is the
increased number of cases due to multidrug-resistant (MDR) bacteria. The incidence differs between each
ICU setting and in different populations [8].

Intra-abdominal pressure (IAP) is the pressure within the abdominal cavity. This pressure is usually assessed
indirectly by measuring the pressure inside the urinary bladder after instilling 25 mL of sterile saline. This
measurement takes place with the patient in the supine position, at end-expiration, with no muscle
contraction and with the transducer in the middle axillary line. The measurement is expressed in mmHg. In
most critically ill patients, IAP is usually 5-7 mmHg. An increase in IAP values above 12 mmHg describes
intra-abdominal hypertension (IAH). Further and steady increase of IAP beyond 20 mmHg is considered
abdominal compartment syndrome (ACS), which can be associated with decreased abdominal perfusion
pressure (APP). APP is expressed as mean arterial pressure minus IAP. Low APP values depict decreased
perfusion of the organs within the abdominal cavity and can indicate subsequent organ failure or
dysfunction [9].

This review explores the relationship between VAP and increased IAP, focusing on the pathophysiological
mechanisms, clinical implications, and management strategies. Moreover, we investigated whether VAP
caused by MDR bacteria from the intestinal flora, mainly as part of microaspirations or translocation
through the intestinal barrier, present different clinical characteristics compared to VAP caused by non-MDR
bacteria in patients with increased IAP.

Review
Methodology
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We conducted a comprehensive review of the literature. We conducted a literature search from 1972 up to
2024, with a focus on recently published articles in renowned medical journals. Our search was conducted
using the following search engines: PubMed, Scopus Elsevier, and Cochrane Database. The key phrases for
the search included “ventilator-associated pneumonia,” “multi-drug resistant bacteria,” “intra-abdominal
pressure,” “intra-abdominal hypertension,” “ventilator-associated pneumonia AND intra-abdominal
pressure,” “ventilator-associated pneumonia AND intra-abdominal hypertension,” “multi-drug resistant
bacteria AND ventilator-associated pneumonia.” We only included articles published in the English
language. We collected data derived from related clinical studies. All abstracts were reviewed by two
reviewers (Christos Doudakmanis and Demosthenes Makris). Selected articles were further evaluated by the
reviewers.

Ventilator-associated pneumonia: diagnosis
Given that the diagnosis of VAP remains a challenge, understanding its incidence and association with any
other concerns is challenging. The National Healthcare Safety Network has provided a newer classification
to create a more accurate, reliable, and applicable definition. The term ventilator-associated events (VAEs)
has been proposed, which encompasses every respiratory deterioration in patients undergoing MV. VAE is
subsequently stratified as ventilator-associated conditions (VACs), which is characterized by deteriorating
MV parameters such as positive end-expiratory pressure and FiO2 and infectious ventilator-associated

conditions (IVACs), which meets the criteria of VAC, in addition to signs of infection (temperature <36 or

>38°C, leukocyte count <4 or >12 × 103 cells/mm3, and addition of one or more new antibiotics for more than
four days) within two days of VAC incidence. The latter is subsequently categorized into possible VAP and
probable VAP. Both share some common criteria similar to those of IVAC combined with the presence of
sputum or bronchoalveolar lavage with more than 25 neutrophils per field. The main differentiating criteria
are that in probable VAP, there is a positive culture for specific pathogens [4].

As VAP is a hospital-acquired infection requiring endotracheal intubation for at least 48 hours, it can be
further categorized based on the time of its diagnosis. Early-onset VAP is defined when diagnosed within the
first five days following endotracheal intubation, whereas late-onset VAP is diagnosed after the first five
days of MV [10].

In addition to the clinical evaluation of the parameters mentioned above, microbiological identification of
the causative microorganism in tracheal secretion cultures is often required to confirm a VAP diagnosis.
These secretions may be collected using tracheal aspiration or bronchoalveolar lavage. There is an emerging
investigation of the possible utilization of biomarkers in the diagnostic process. Procalcitonin,
proinflammatory cytokines, soluble triggering receptor expressed on myeloid cells type 1, and C-reactive
protein are some of the biomarkers that have been studied to improve diagnostic procedures. These are non-
specific biomarkers which are all increased in certain inflammatory conditions and may be altered by
antibiotic administration. However, to date, no specific and ideal biomarker has been identified. The use of
these biomarkers is only indicative of probable VAP, but they help monitor response to treatment. Another
aspect in the diagnostic process is radiological assessment. While CT is the gold standard to diagnose VAP,
chest radiograph has also increased diagnostic value. The use of lung ultrasound is a promising alternative
but is highly user-dependent. Artificial intelligence (AI) and machine learning could offer significant
assistance, enhancing clinical and microbiological data interpretation. Most importantly, AI could help
interpret CT scans and chest radiographs to accurately diagnose new infiltrates, consolidations, or air
bronchogram [11].

Ventilator-associated pneumonia: risk factors
Among the most important risk factors is the presence and prolonged duration of MV. In addition, prior use
of antibiotics, prior hospitalization, elderly patients with serious comorbidities, nutritional status, surgical
or trauma patients, use of central catheters and parenteral nutrition, immunosuppression, and aspiration
are all potential causative mechanisms for VAP [12]. Rouzé et al. highlighted the importance of underlying
pulmonary diseases such as chronic obstructive pulmonary disease in the pathogenesis of VAP. In this
population, which is prone to pulmonary infections due to the colonization of their respiratory tract, the
authors noticed the importance of the duration of MV, the increased incidence of microaspiration secondary
to gastroesophageal reflux, as well as the impaired host defense mechanisms [13]. The patient’s body
position, especially the supine position, could increase the possibility of microaspiration, and, in turn, VAP
[14].

Nutritional status is a predictive factor for the course of VAP, with malnutrition being associated with
adverse events. Most patients have deteriorated nutritional status, which, in turn, highlights the need for
nutritional support. The main ways for this are either enteral nutrition, if feasible, or parenteral nutrition.
The latter is often associated with higher rates of catheter-related infections. Malnutrition, as it is depicted
by hypoalbuminemia, could also represent a frailty in a patient’s immune response. This is highly associated
with disease severity [15]. Disruption of the enteral barrier due to malnutrition and systemic circulation of
microorganisms with hematogenous dissemination to distant organs could be a potential mechanism [16].
However, the American Thoracic Society suggests that this is an uncommon event in patients without the
presence of other contributing risk factors [8].
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Ventilator-associated pneumonia: prevention
Certain interventions to prevent VAP incidence have been suggested. Elevated head bed position to avoid
the supine position could assist in avoiding microaspirations of oral or gastrointestinal contents through
gastroesophageal reflux. Anti-reflux prophylaxis and regular oral decontamination with chlorhexidine oral
solution have also been found helpful. Critical to avoid aspiration is the use of cuffed endotracheal tubes
with adequate cuff pressure. Proper hand sanitization before any contact with the patient is also important
[17].

Multidrug-resistant ventilator-associated pneumonia
While VAP remains one of the most challenging complications in critically ill patients, particularly those
requiring prolonged MV, the emergence of MDR pathogens has exacerbated this challenge, leading to
increased morbidity, mortality, and associated healthcare costs. The altered microbiologic basis requires
more potent agents to prevent antimicrobial resistance [18].

The most common pathogens causing VAP include methicillin-resistant Staphylococcus aureus (MRSA),
Pseudomonas aeruginosa, Klebsiella species, Escherichia coli, Acinetobacter species, and Enterobacter species.
Less frequently detected microorganisms include Serratia species, Stenotrophomonas maltophilia,
Streptococcus pneumoniae, and Haemophilus influenzae [19]. The microbiologic profile shifts from each
geographic region and in each ICU setting. While MRSA is very commonly detected, Gram-negative bacteria
comprise the majority of VAP cases [18].

Microbiological profile and treatment strategies
Even though patients with MDR VAP may have a different microbiological profile, they share common
features with non-resistant VAP cases. Fever, leukocytosis, purulent bronchial secretions, and the presence
of new and progressive pulmonary infiltrates are some of the most important features. Patients are initially
administered empirical antibiotic treatment, but they eventually do not respond effectively and deteriorate
rapidly, worsening their treatment outcomes [20].

Gram-negative bacteria due to their unique morphologic structure are more susceptible to develop
resistance. Regarding prevalence, Klebsiella pneumoniae, Acinetobacter baumanii, and Pseudomonas
aeruginosa are the most frequently identified bacteria in tracheal secretion cultures [20]. Despite its
heterogeneity, globally, the prevalence of Pseudomonas aeruginosa is higher compared to other Gram-
negative bacteria. Infections caused by this bacterium are often resistant to multiple classes of antibiotics,
making treatment a challenging endeavor [21].

Initial empirical antibiotic therapy usually includes a combination of two different classes of antibiotics,
with both Gram-positive and Gram-negative pathogen coverage [22]. The resistance pattern shows strains
resistant to beta-lactams and aminoglycosides and highly resistant to quinolones [20]. Rao et al. presented
long-term data on MDR strains. While their findings are in accordance with previous studies, they
highlighted up to 100% resistance to aminoglycosides and quinolones and the increasing resistance to
ampicillin and third-generation cephalosporines. On the other hand, no signs of resistance were detected
for antibiotics specific for MRSA, such as vancomycin, teicoplanin, and linezolid [18].

Antibiotic therapy for cases of MDR VAP is based on available microbiological data of each ICU setting and
is later modified based on the culture results in an individualized manner. For Gram-positive bacteria
causing VAP, vancomycin or linezolid should be administered. In cases of VAP caused by Gram-negative
bacteria, treatment modalities highly depend on microbiologic data and the bacteria’s susceptibility to
antibiotics. In these cases, carbapenems are highly suggested. In non-responders or septic shock cases, a
combination of two or more antibiotics is preferred. The duration of the treatment should be at least seven
days, following which de-escalation should be considered [22,23].

Risk factors for developing multidrug-resistant ventilator-associated
pneumonia
In terms of demographic parameters and coexisting comorbidities, MDR VAP affect patients equally in
comparison with non-resistant VAP [24,25]. It is well supported in the literature that prior use of antibiotics
is an independent risk factor for developing MDR VAP; however, Depuydt et al. and Grgurich et al. define it
as the cornerstone to the process [26-28]. While VAP is reported as a complication in around 30% of ICU
patients according to several studies, a significant 44% of the cases are attributed to MDR pathogens [26]. In
addition to prior use of antibiotics, incorrect use of empirical antibiotics is considered a risk factor for
developing MDR VAP [29].

Prior lower respiratory tract infection and acute respiratory distress syndrome are risk factors for developing
MDR VAP [22]. The locoregional circumstances, i.e., the hospital environment and ICU settings, are also
characterized by specific MDR pathogens, derived from the use of specific antibiotics in these settings. Use
of quinolones and carbapenems is also a stratified risk factor. On the other hand, prolonged hospitalization
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and ICU stay could also play a significant role [30]. In addition, administration of corticosteroids is
associated with increased incidence of MDR VAP [29] (Tables 2, 3).

Summary of the most common risk factors

Prolonged length of hospitalization

Prior use of antibiotics

Use of corticosteroids

Renal replacement for acute renal failure before VAP diagnosis

Sepsis and septic shock at the time of VAP diagnosis

ARDS preceding VAP

TABLE 2: Risk factors for MDR VAP.
MDR: multidrug resistant; VAP: ventilator-associated pneumonia; ARDS: acute respiratory distress syndrome

Table credits: Christos Doudakmanis

Clinical characteristics and outcomes of patients with MDR VAP

Equal incidence in both genders

Longer hospital stay

Tendency for higher MV duration

More frequent prior use of antibiotics

More frequent use of corticosteroids

Most cases had inappropriate initial antibiotic therapy

Tendency for late-onset MDR VAP

Higher mortality

TABLE 3: Characteristics of patients with MDR VAP in comparison with patients with non-MDR
VAP.
MDR: multi-drug resistant; VAP: ventilator-associated pneumonia; MV: mechanical ventilation

This table has been reproduced from Moreira and Gontijo Filho [29] published under the Creative Commons License.

Impact of multidrug-resistant ventilator-associated pneumonia
MDR VAP could further be characterized as monobacterial or polybacterial. Patients with polybacterial MDR
VAP are characterized by higher mortality compared to those with monobacterial MDR VAP. Another
interesting feature is that this mortality rate is increased in shorter time intervals due to disease severity.
The overall worse outcomes of patients with polybacterial MDR VAP highlight the possible interaction of
multiple pathogens, which is attributed to the altered efficacy of antibiotics due to the metabolites produced
by the pathogens, possible synergy, biofilm production, and altered intrinsic signals in the pathway of
immune response [31].

Another important factor that should be highlighted is the severity of the patient’s illness. Patients
with Acute Physiology and Chronic Health Evaluation II (APACHE-II) score 17 or higher on day three of their
ICU stay are categorized as being at high risk of fatality. APACHE-II scores of over 16 in patients with VAP
are an independent predictor of mortality [32]. The Charlson Comorbidity Index (CCI) indicates a more
severe condition and eventually a worse prognosis. A CCI score of above 5 is considered an indicative cut-off
point for worse outcomes [33]. The combination of two or more antibiotics in patients, in addition to
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previously administered regimens, could lead to a higher incidence of MDR VAP. Critically ill patients often
present with acute kidney injury, which in many cases requires renal replacement therapy, thus posing a
deteriorating factor for MDR VAP development [21]. Furthermore, the longer the patient is on MV, the higher
the relative risk of infection by MDR organisms [34]. In the ICU setting, other types of infections potentially
caused by MDR bacteria, such as urinary tract infections and catheter-related bloodstream infections, may
coexist and facilitate VAP [35]. Bloodstream infections and septic shock caused by these microorganisms are
also a potential causative factor for developing VAP [22].

Sepsis is a life-threatening condition which can lead to multiorgan failure. Patients with sepsis are prone to
develop VAP. Early-onset VAP depicts the severity of sepsis, as it is related to worse outcomes in terms of
mortality, when patients with late-onset VAP are affected by prolonged MV and ICU stay [36]. Raghuram et
al. reported that the incidence of sepsis in patients with MDR VAP was up to 67%, and their combination led
to higher rates of multiorgan failure and overall mortality [37]. On the other hand, up to 51% of patients with
VAP were at risk of developing severe sepsis and septic shock. CPIS depicts with relative accuracy the
severity, with increased values associated with a higher risk of septic shock. Sepsis and septic shock alter the
treatment regimens. In patients at low risk of MDR VAP, treatment regimens include empiric monotherapy
with carbapenems or fluoroquinolones, which is modified to broad-spectrum antibiotics targeting Gram-
negative pathogens in combination with MRSA-targeting drugs in higher risk patients. In case of septic
shock, dual broad-spectrum antibiotics for Gram-negative bacteria should be administered combined with
antibiotics targeting Gram-positive bacteria. A potential approach to prevent the development of MDR
infections and subsequently MDR VAP, especially in patients with long-term hospitalization, such as
patients with elevated IAP, could be a “hit hard and strong” approach. This could offer fast control of the
infections, thereby potentially avoiding long treatment duration or recurrence. However, we acknowledge
that this strategy needs further support in future studies [38].

Pathophysiology and potential association between elevated intra-
abdominal pressure and ventilator-associated pneumonia
IAP is a significant concern in critically ill patients, and its interplay with VAP presents complex clinical
challenges. IAP is defined as the measured pressure within the abdominal cavity [39]. Both direct and
indirect methods of IAP have been proposed. While direct methods have increased accuracy, they are far
more invasive and costly. Indirect measurement using the urinary bladder pressure measurement as a
reference point, as proposed by Kron et al., is recommended. This technique is easily reproducible and cost-
effective, but it is highly dependent on urinary bladder compliance and the patient’s position. IAP values are
measured using pressure transducers connected to the urinary catheter or using fluid columns.
Measurements usually occur intermittently [40]. However, continuous IAP measurement has also been
studied, with similar results [41].

Under normal conditions, IAP is well under 12 cmH2O. Elevated IAP, often defined as IAH when it exceeds

12 mmHg, can lead to ACS, when pressures exceed 20 mmHg, causing significant organ dysfunction.
Papakrivou et al. assessed increased IAP as an independent risk factor for VAP through translocation of
bacteria from the intestinal flora into the bloodstream. Elevated IAP can disrupt the intestinal barrier,
promoting bacterial translocation and systemic infection, which can complicate infection control. Patients
with VAP and elevated IAP tend to have a different microbiologic profile compared to those with normal IAP,
and this profile usually comprises bacteria from the intestinal flora. On the other hand, there is a shift in the
microbiologic profile in patients with normal IAP, as causative microorganisms are usually not from the
intestinal flora [39].

Oropharyngeal and upper gastrointestinal content aspiration has been implicated in VAP pathogenesis
through transcolonization to the respiratory tract [42]. In our previously published study, we explored the
correlation between increased IAP and VAP. Increased IAP can impair gastrointestinal motility, leading to
ileus and increased risk of aspiration of gastric and intestinal contents, further complicating respiratory
function. Increased IAP, even within normal limits, can cause VAP through microaspirations. This study also
provided data supporting that patients who developed VAP had higher mean IAP values. This correlation is
even more significant, taking into consideration that 53% of patients with VAP developed IAH during their
ICU stay. Length of stay is an indicator of a complicated ICU course. VAP results in significantly more days
in the ICU, with these patients remaining under MV for a longer duration [43]. In a study from the same
center, Papakrivou et al. reported that the incidence of VAP in their study population was 36.6%, while in
patients with elevated IAP, it increased to 53.3%. At the same time, another finding of this study was that
19.5% of patients had VAP and increased IAP. To put this into perspective, this incidence rate is high,
considering that these data came from a center with a high frequency of infections caused by MDR bacteria,
especially Klebsiella species. In the same study, in 54% of the cases with both VAP and increased IAP, MDR
Klebsiella species were isolated, while these bacteria were found only in 9.5% of patients with VAP but with
normal IAP [39]. Following personal communication, we reviewed data used in a previous study in our
center. Of the total 20 patients who developed VAP, in 35% (7/20), VAP was caused by MDR bacteria. Mean
IAP in patients with MDR VAP was 10.14 ± 3.89 mmHg, while mean IAP was 5.30 ± 3.27 mmHg in non-MDR
VAP. This was associated with a statistically significant difference (p = 0.002), meaning that in the study
sample, patients with elevated IAP tended to develop MDR VAP more frequently. Notably, three of the seven
MDR VAP patients developed IAH, while all patients with non-MDR VAP had normal IAP measurements [43].
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Abdominal compliance is a measure of susceptibility of the abdominal cavity to distention in response to
fluctuations of abdominal volume per change in IAP, and it is highly dependent on the abdominal wall and
the diaphragm [44]. Elevated IAP exerts pressure on the diaphragm, reducing intrathoracic volume and lung
compliance. In addition, it can lead to atelectasis and impaired gas exchange, exacerbating hypoxemia and
hypercapnia in patients with VAP. As a result, there is difficulty in ventilating the patient effectively. The
elevated pressure on the diaphragm, along with the reduced volume of the thoracic cavity, can also alter
hemodynamic parameters. Due to the diminished intrathoracic volume, the intrathoracic pressure increases.
As a result, venous return to the heart is reduced and leads to decreased cardiac output, causing hypotension
and lowered perfusion of the vital organs. This impaired perfusion can lead to multiorgan dysfunction,
further deteriorating the status of the critically ill patient [45]. Decreased renal perfusion should be
highlighted. Increased IAP can reduce renal blood flow, leading to acute kidney injury (AKI). This
complicates the management of fluid balance and the administration of nephrotoxic antibiotics often
required to treat VAP [46,47].

Gursel et al. reported that AKI is diagnosed in 38% of VAP patients. In the study, MDR VAP and sepsis were
correlated with a higher incidence of AKI and were stratified as independent risk factors [46]. On the other
hand, Younan et al. proposed that the incidence of AKI is a predictor of VAP severity [48]. Due to the
relationship between sepsis, VAP, and AKI, there is a need to monitor biochemical parameters, which will be
first affected in the course of the disease, so that preventive actions and quick interventions can be initiated
even before the urea creatinine rises. Renal function and AKI can be assessed by evaluating urine output and
serum creatinine values. A decline in urine output may precede the onset of AKI for at least 12 hours and can
be the first sign of affected renal function. On the other hand, serum creatinine is usually increased
gradually [49]. Elevated serum creatinine levels are observed when there is at least a 50% loss of renal
function. As sepsis reduces the production rate of creatinine, even a slight increase in serum creatinine
levels indicates a poor prognosis. Other useful biomarkers include blood urea nitrogen and serum lactate,
which have relatively good sensitivity and indicate disease severity [50] (Figure 1).

FIGURE 1: Pathophysiology and association between elevated IAP and
VAP.
IAP: intra-abdominal pressure; VAP: ventilator-associated pneumonia; AKI: acute kidney injury

Figure credits: Christos Doudakmanis

Important factors associated with multidrug-resistant bacteria
Patients with IAP measurements above normal limits usually have impaired immune function, and
dysfunction of the intestinal barrier promotes the translocation of intestinal bacteria into the bloodstream,
leading to systemic infection [51]. Bacteria passing from the intestine to the bloodstream can cause VAP,
and, in many cases, these strains show resistance to certain antibiotics. This resistance profile is explained
either by previously administered antibiotic regimens or by specific drug-resistant gene phenotypes [30].

As patients in ICUs are becoming colonized with MDR bacteria, intestinal colonization is also of concern.
Intestinal colonization with MDR bacteria is the cornerstone of both intestinal and non-intestinal
infections. If the patient’s intestine is colonized, infections are most predominantly caused by MDR bacteria,
rather than by other non-resistant strains. Increased IAP, especially IAH, are associated with alterations in
the visceral blood flow, as it can provoke intestinal ischemia through reduced mesenteric vasculature and
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portal vein flow. Increases in IAP could demonstrate a risk for bacterial translocation and gut-induced lung
injury. These mechanisms affect patients undergoing surgical interventions and operations, and, most
importantly, laparotomy [52]. 

The increased VAP incidence is a consequence of translocation of bacteria through the bloodstream and
aspirations of oropharyngeal and gastrointestinal contents in the presence of elevated IAP. Patients with
elevated IAP or IAH are often critically ill and have multiple comorbidities. Furthermore, these patients
often require longer periods under MV and overall duration of hospitalization. Elevated IAP levels are
associated with a higher incidence of VAP. Patients with VAP also have higher mortality rates. Patients with
increased IAP share the same feature. Of note, the subgroup of patients who have both VAP and elevated IAP
is also characterized by increased mortality [39,43]. We speculate that patients with increased IAP share
common characteristics with long-hospitalized ICU patients; a potential infection, such as VAP, could be,
unfortunately, an MDR infection. The physiological changes associated with increased IAP can affect the
pharmacokinetics and pharmacodynamics of antibiotics, making it difficult to achieve effective drug
concentrations at the infection site. Increased IAP and IAH may cause decreased APP. A drop in APP can
decrease visceral blood flow and perfusion and thus decrease drug bioavailability to abdominal organs.
Secondary to this, fluctuations in the visceral blood flow, which can cause organ dysfunction, may raise the
need to adjust the dosages of certain antibiotics to avoid toxicity. The interconnection of increased IAP and
MDR VAP can lead to prolonged ICU stay, which at the same time predisposes to colonization by MDR
bacteria and a higher risk for MDR infection. The combined burden is associated with higher treatment costs
and worse outcomes [20,44,53]. Despite the established link between elevated IAP and VAP, there are only a
few studies on the topic. We acknowledge that this poses a limitation of our study. To our knowledge, there
is no established correlation between VAE and increased IAP, and we hope that our review forms the basis
for future research.

Conclusions
Critically ill patients with increased IAP and MDR VAP are considered a challenging patient population in
every ICU setting. Patients with MDR VAP tend to present differently in comparison with non-MDR VAP
patients. Most cases are late-onset VAP, with prior use of antibiotics. In many patients, the initial therapy
was not optimal. These patients stay longer in the hospital and present higher mortality rates.
Understanding the pathophysiological interplay between increased IAP and VAP is essential for effective
management. After reviewing data following personal communication with authors from a previous study,
there is an initial insight that there is a potential positive correlation between elevated IAP and incidence of
MDR VAP. Increased IAP and IAH could cause VAP through translocation and gastroesophageal reflux.
Translocation is the result of reduced APP, decreased visceral blood flow, and disruption of the
gastrointestinal barrier. While elevated IAP and IAH could cause organ dysfunction, they could also alter the
bioavailability of antibiotics in target organs. By employing targeted strategies to monitor and reduce IAP,
optimize ventilation, provide hemodynamic support, and adhere to antibiotic stewardship and infection
control measures, healthcare providers can improve outcomes for these vulnerable patients. To our
knowledge, there are no published data on this topic. Hence, targeted large-scale studies should explore this
correlation. With the emergence of MDR bacteria, continued research and innovation are needed to develop
more effective interventions and improve survival rates in this high-risk group.
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