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Background: Increased intra-abdominal pressure (IAP) in patients
admitted to the intensive care unit leads to reduced abdominal
perfusion pressure (APP), causing circulatory insufficiency and
organ failure.

Aims: To investigate the effect of maintaining a targeted APP on
renal injury and the effect of increased IAP on the mortality rate in
patients with septic shock.

Study Design: Randomized, controlled, open-label study.

Methods: A total of 72 patients were randomly divided into two
groups (MAP65 or APP60). The MAP target for patients in the
MAPG65 group (n = 36) was 65 mmHg according to the Surviving
Sepsis Guidelines. In the APP60 group (n = 36), the target APP was
set to > 60 mmHg. The glomerular filtration rate (GFR), inotrope
consumption, and IAP were recorded daily. The need for renal

replacement therapy, decrease in GFR, and 30- and 90-day mortality
rates were compared between the two groups.

Results: In both the groups, the IAP was statistically similar (p = 0.458).
The decreased in GFR was similar in both groups during the first
2 days. From day 3, there was a more statistically significant rapid
decline in GFR in the MAP65 group than in the APP60 group. The
GFR p-values on the 3™, 4" and 5" days were 0.040, 0.043, and
0.032, respectively. Eight patients (22.2%) in the MAP65 group and
three patients (8.3%) in the APP group required renal replacement
therapy (p = 0.101). The 30-day mortality rates in the MAP65 and
APP60 groups were 61.1%, and 47.7%, respectively (p = 0.237). The
90-day mortality rates in the MAP65 and APP60 groups were 66.7%
and 66.7%, respectively (p = 1).

Conclusion: Setting an APP target limited the reduction in GFR.
The mortality rates were similar in the two groups and there was no
difference in the rate of end-stage renal failure between the groups.

INTRODUCTION

Septic shock, a subset of sepsis, substantially increases the
morbidity and mortality rates. It is clinically diagnosed by the
presence of persistent hypotension requiring vasoactive agents to
maintain the mean arterial pressure (MAP) above 65 mmHg despite
adequate fluid resuscitation and lactate levels > 2 mmol/l. Although
it is reccommended to maintain the MAP at > 65 mmHg for adequate
circulation, it is not the only important factor. Increased intra-
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abdominal pressure (IAP), which is frequently seen in patients with
septic shock, might lead to a decrease in the abdominal perfusion
pressure (APP) despite adequate MAP levels. This, in turn,
compromises the blood flow to the visceral organs, leading to organ
failure. The IAP is < 8 mmHg in normal people and < 10 mmHg
in critically ill patients. An IAP of > 12 mmHg is defined as intra-
abdominal hypertension (IAH), and an IAP of > 20 mmHg signals
abdominal compartment syndrome (ACS).!
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APP is calculated by subtracting either the central venous pressure
or IAP (whichever is high) from the MAP. The APP defines the
blood flow to the target organ. The perfusion pressures of all
the end-organs differ substantially; however, they are generally
maintained above 60 mmHg for visceral organs. Levels < 60
mmHg can cause damage by reducing the blood flow to the end
organ, thereby compromising the micro- and macro-circulation.
Although the mechanism remains unelucidated, the increase in
IAP and consequent decrease in APP possibly causes a decrease
in the perfusion pressure in the abdominal organs, damaging the
end organs, particularly the kidneys. A decrease in the perfusion
pressure affects the kidneys both directly, by causing renal damage,
and indirectly, by activating the renin-angiotensin-aldosterone
system. Additionally, the increased IAP secondarily leads to
deterioration of venous drainage, causing venous congestion in
the gastrointestinal organs. This increased pressure on the cardiac
and respiratory systems results in atelectasis, increased respiratory
pressures, and possibly cardiac failure, which contribute
significantly to the morbidity and mortality of patients admitted
to the ICU.

This study aimed to investigate the effects of individualized APP
secondary to increased IAP on renal injury. The primary endpoint
of this study was whether APP optimization would reduce renal
injury and the need for renal replacement therapy. The secondary
endpoint was the effect of APP optimization on the patient’s 30-
and 90-day mortality.

MATERIAL AND METHODS

This randomized, controlled, open-label study was approved by the
hospital’s local ethics committee (no: 2003; date:11.11.2018) and
conducted in the intensive care unit (ICU) of a tertiary teaching
hospital between December 2, 2019 and September 21, 2022. The
study was prospectively registered in the Protocol Registry System
at Clinicaltrials.gov (no: NCT05358912) and was conducted in
accordance with the principles of the Declaration of Helsinki.

In accordance with our primary objective of demonstrating whether
there is an increased risk of renal damage due to the increased IAP,
a preliminary study comparing the third-day glomerular filtration
rate (GFR) values of 10 patients was conducted to determine the
sample size. We determined that there should be 35 patients in each
group to achieve 95% power with an alpha error of 5% and for an
effect size “d” of 0.880 using the preliminary study data. Assuming
a dropout rate of 15%, we planned to enroll a total of 85 patients.
Of the 138 patients evaluated for eligibility, 85 patients were
enrolled. Thirteen patients were excluded from the study during the
follow-up for various reasons (the follow-up IAP measurements
of five patients were > 25 mmHg, four patients died in the first 24
hours, and four patients required abdominal or urinary surgeries
during treatment). Patients were randomized using the online
randomization tool Research Randomizer (Randomizer.org),
which uses a simple random allocation scheme without any blocks.

In the first group (MAP65; n=36), the MAP was maintained at = 65
mmHg in accordance with the recommendations of the Surviving
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Sepsis Campaign guidelines. In the second group (APP60; n =
36), the minimum target APP was set to 60 mmHg, the minimum
MAP target to 65 mmHg, and the maximum target MAP to 85
mmHg. Patients with initial IAPs > 25 mmHg were excluded from
the study because they may have required additional treatment.
Once allocated to a group, patients remained in the same group
throughout the treatment course. Furthermore, there was no cross-
over between the groups based on the later AP measurements. The
GFR values were calculated daily using the short formula, The
Modification of Diet in Renal Disease. Renal replacement therapy
was initiated in patients fulfilling one or more of the following
criteria: severe pure metabolic acidosis (pH < 7.2), GFR < 10 ml/
min/1.73 m?, hyperkalemia in the presence of electrocardiogram
signs, presence of uremic symptoms (pericarditis, serositis, and
encephalitis), and pulmonary edema that cannot be resolved by
simple measures or diuretics.

Monitoring

Continuous invasive intra-arterial pressure measurements were
obtained in all patients, preferably via the right radial artery.
Measurements were obtained via the left radial artery and right
femoral artery, when cannulations failed. The transducer used for
obtaining pressure measurements was placed at the mid-axillary
line, and a Philips mx550 (Philips Medical System DMC GmbH
Boeblingen, Germany) was used for bedside monitoring.

Septic shock was diagnosed according to the Surviving Sepsis
Campaign definition: sepsis which requires vasopressor support
despite adequate fluid support and a lactate level of =2 mmol/l.
The patients were treated accordingly.

The IAP levels were measured indirectly via a urinary catheter.
The patients were placed in the supine position, and the pressure
transducer was zeroed in the mid-axillary line. The urinary catheters
were clamped just proximal to the catheter-bag conjunction, and 25
ml of sterile saline was infused using a three-way tap. After waiting
for the bladder to relax for 30-60 seconds, the end-expiratory
bladder pressure was measured and recorded. The IAPs were
measured twice at 12-hour intervals.

The following patient data were recorded: age, sex, diagnosis at
admission, co-morbidities, first day APACHE-2 score, SOFA
score, the serum urea, creatinine, aspartate transaminase, slanine
transaminase, total bilirubin, and albumin levels, vasoactive
agent doses, duration of ICU stay, mechanical ventilatory support
requirement and its length of use in days when feasible, mortality
status at the 30" and 90™ day of ICU admission, renal replacement
therapy requirement, and the presence of permanent kidney damage
(as defined by KDIGO) (Table 1).

Treatment objectives

The MAP target was set to > 65 mm Hg for all patients. Patients
were administered 30 ml/kg of crystalloid fluid upon establishing
a diagnosis of septic shock (first 3 h). Broad-spectrum antibiotics
were also administered, and the lactate levels were routinely
monitored. Fluid responsiveness was monitored continuously
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TABLE 1. Demographic Characteristics and initial Laboratory Findings of the Study Patients.

MAPG65 group (n = 36) APP60 group (n = 36) p-value
Age! 61.19 +16.01 57.58 £10.61 0.267
Sex (M/F) 18/18 16/20 0.093
APACHE II score? 31(8) 3209) 0.817
SOFA score? 13 (5) 12 (6) 0.691
Diagnosis at the time of ICU admission, n (%) 0.502
Pneumonia 9 (25%) 12 (33.3%)
CVS diseases 8(22.2%) 10 (27.8%)
Neurologic diseases 8(22.2%) 3 (8.3%)
Trauma 4 (11.1%) 5(13.9%)
Endocrine diseases 5(13.9%) 4 (11.1%)
Hematologic diseases 2 (5.6%) 2 (5.6%)
Co-morbidities, n (%) 0.487
Diabetes mellitus 6 (16.7%) 7 (19.4%)
Hypertension 16 (44.4%) 9 (25%)
CAD 2 (5.6%) 7 (19.4%)
COPD 8(22.2%) 8(22.2%)
Dementia 4 (11.1%) 4 (11.1%)
Malignancy - 1(2.8%)
Concomitant nefrotoxin use 0.350
Carbapenem 8 5
Aminoglycoside 5 3
Polymyxin-b 5 7
Colistin 1 B
Vancomycin 1 3
Tigecycline 3 2
Radiocontrast agents 1 1
NSAIDs 1 2
Receipt of > 2 nephrotoxic drugs 11 13
Hemoglobin ' (g/dl) 8.80+1.14 8.46+1.15 0.209
Lactate ' (mmol/l) 3.87+£0.72 3.79 £ 0.88 0.671
Administered fluid®? (ml) 3,885 (572,5) 4,490 (1070) 0.035
Urine output ¢ 2 (ml) 2,955 (510) 2574.5 (1,545) 0.091
MAP! (mmHg) 61 (4) 59.50 (4) 0.219
Urea 2 (mg/dl) 52 (18.9) 48 (26.5) 0.853
Creatinine *(mg/dl) 0.85 (0.30) 0.9 (0.28) 0.874

don day 1, 'mean + standard deviation, *median (interquartile range).

TAP: intra-abdominal pressure; MAP: mean arterial pressure; APP: abdominal perfusion pressure; APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential
Organ Failure Assessment; ICU: intensive care unit; CVS: cardiovascular system; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; NSAID, NSAIDs:

Nonsteroidal anti-inflammatory drugs.

using pulse pressure variation (PPV) where applicable.
If hypotension (MAP < 65 mmHg) persisted despite fluid loading,
norepinephrine was infused. While continuously monitoring
the PPV using a bedside monitor (Philips Intellivue Mx 550; ),
additional fluid (4 ml/kg) was administered in patients with a PPV
= 11%. After achieving the target PPV, fluid management was
guided based on the patients’ daily fluid balance.

The patients were sedated using a propofol infusion (starting dose,
0.3 mg/kg/h; maximum dose < 4 mg/kg/h). The propofol dose
was titrated to maintain the Richmond Agitation-Sedation Score

between 0 and -3 for all patients. Additionally, tramadol (4 x 50
mg) was administered to all patients for analgesia.

Vasoactive agents were administered when necessary to maintain
the MAP above the target level. Patients were randomized
after calculating the TAP, and vasopressor doses were adjusted
according to the treatment goals. Vasopressor agents were
chosen in accordance with the Surviving Sepsis Guidelines
recommendations. If the MAP target was not achieved with fluid
resuscitation, norepinephrine was administered at an initial dose
of 0.01 ug/kg/min, which could be increased up to a maximum
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dose of 1 ug/kg/min when necessary. Subsequently, adrenaline
was infused.

Inclusion and exclusion criteria

Patients aged > 18 years who were diagnosed with septic shock
were included in the study. Written informed consent was obtained
from the patients or their legal guardians prior to enrollment. Patients
aged < 18 years, pregnant women, patients with intra-abdominal
diseases or diseases concerning the anterior abdominal wall, patients
and patients with coexisting significant arrhythmias, uncontrolled
hypertension, any renal or hepatic failure, retroperitoneal bleeding
and abscess, bladder perforation, severe trauma, or burns were
excluded. Patients in whom it was impossible or unsuitable to place
a urinary catheter were also excluded from the study.

Statistical analysis

IBM SPSS (version 22.0; IBM Corp, Somers, NY, USA) was
used for all statistical analyses. The categorical data are expressed
as numbers (n) and percentages (%) of events, and they were
compared using the Pearson chi-square test (sex, additional
vasopressor requirement, mortality, renal replacement therapy
requirements, and presence of arrhythmias) and linear-by-linear
association (concomitant nefrotoxin use, diagnosis at the time
of ICU admission, co-morbidities, and KDIGO). Normality was
assessed using the Kolmogorov-Smirnov test. The continuous
normally distributed data are expressed as mean + standard
deviation, and they were compared using the independent sample
t-test (hemoglobin and lactate levels). The non-normally distributed
data are expressed as median and interquartile range, and they were
compared using the Mann-Whitney U test (fluid administered,
urine output, MAP, serum urea and creatinine levels, SOFA and
APACHE-2 scores, vasopressor-free days, IAP, GFR, days of

mechanical ventilation use, LOS in ICU, and norepinephrine dose).
The data were analyzed at a confidence level of 95%. A p-value of
<0.05 was considered statistically significant.

RESULTS

A total of 85 patients were included in the study and randomly
divided into two groups (MAP65 or APP60). During the follow-
up period, 13 patients were excluded from the study for various
reasons, leaving 36 patients in each group. Of the 72 patients, 34
were male and 38 were female. Pneumonia was the most common
cause for admission. The patients’ admission APACHE-2 scores
and first day laboratory findings are listed in Table 1.

In both groups, the IAP was statistically similar (p = 0.458). The
decrease in GFR was similar in both groups during the first 2 days.
However, from day 3, there was a more rapid decline in the MAP65
group than in the APP60 group; this difference was statistically
significant (Table 2). The GFR p-values on the 3™, 4" and 5™ days
were 0.040, 0.043, and 0.032, respectively. Eight patients (22.2%)
in the MAP65 group and three patients (8.3%) in the APP60 group
required renal replacement therapy (p = 0.101).

The 30-day mortality rates in the MAP65 and APP60 groups were
61.1% and 47.7%, respectively (p = 0.237). The 90-day mortality
rates in the MAP65 and APP60 groups were 66.7% and 66.7%,
respectively (p = 1).

The number of vasopressor-free days were significantly different
between the groups. The MAP65 group had the most vasopressor-
free days (n = 11; 4); the APP60 group had five (3.75) vasopressor-
free days (p < 0.001). Furthermore, the vasopressor doses used
were higher in the APP60 group than in the APP60 group (Table 2).
Seven patients in the MAP65 group and 12 patients in the APP60
group required additional vasopressor therapy (p = 0.181).

TABLE 2. The IAP, GFR, and Inotrope Dose used in the Study Participants During the 5-day Follow-up.

MAP65 group (n = 36) APP60 group (n = 36) p-value
Abdominal pressure day 1'(mmHg) 18 (4) 18 (4) 0.458
Abdominal pressure day 2' (mmHg) 16 (3) 18 (4) 0.183
Abdominal pressure day 3 ' (mmHg) 18 (6) 20 (7) 0.234
Abdominal pressure day 4' (mmHg) 20 (6) 20 (5) 0.793
Abdominal pressure day 5' (mmHg) 20 (7) 20 (6) 0.900
Noradrenaline dose day 1' (png/kg/dk) 0.38 (0.38) 0.65 (0.21) <0.001
Noradrenaline dose day 2 ' (ug/kg/dk) 0.38 (0.23) 0.6 (0.38) <0.001
Noradrenaline dose day 3! (ng/kg/dk) 0.34 (0.23) 0.45 (0.30) <0.001
Noradrenaline dose day 4 ' (ug/kg/dk) 0.23 (0.15) 0.38 (0.30) <0.001
Noradrenaline dose day 5' (ug/kg/dk) 0.008 (0.19) 0.3 (0.36) 0.040
GFR day 1''(ml/dk/1.73 m?) 78.51 (48.17) 91.92 (41.65) 0.991
GFR day 2" (ml/dk/1.73 m?) 74.59 (53.34) 73.81 (33.46) 0.946
GFR day 3 ' (ml/dk/1.73 m?) 38.20 (54.006) 64.01 (60.33) 0.040
GFR day 4 ' (ml/dk/1.73 m?) 29.04 (53.38) 65 (61.58) 0.043
GFR day 5'(ml/dk/1.73 m?) 30.55 (51.80) 58.55 (65.21) 0.032

'median (interquartile range)

TAP: intra-abdominal pressure; GFR: glomerular filtration rate; MAP: mean arterial pressure; APP: abdominal perfusion pressure.
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TABLE 3. Comparison of the Mortality Rate and Other Relevant Data Between the Study Groups.

MAPG65 group (n = 36) APP60 group (n = 36) p-value
LOS in ICU, days ' 21 (4) 15 (12.8) 0.075
Days on mechanical ventilation, days ' 12 (9) 8.5 (10) 0.038
Vasopressor-free days' 11(3.5) 5(3.,75) <0.001
Additional vasopressor requirements, n (%) 7 (19.4%) 12 (33.3%) 0.181
Mortality on day 30, n (%) 22 (61.1%) 17 (47.2%) 0.237
Mortality on day 90, n (%) 24 (66.7%) 24 (66.7%) 1
KDIGO?, n (%) 0.130
No change 13 (36.1%) 23 (63.9%)
1 5(13.9%) 3(8.3%)
2 3(8.3%) 4 (11.1%)
3 15 (41.7%) 6 (16.7%)
Renal injury, n (%) 23 (63.9%) 13 (36.1%) 0.018
(KDIGO 1 and 2 and 3)
Renal injury, n (%) 14 (70%) 9 (33.3%) 0.013
(Excluding the patients with hypertension)
(KDIGO 1 and 2 and 3)
Renal replacement therapy requirements, n (%) 8(22.2%) 3 (8.3%) 0.101
Arrhythmia, n (%) 0.218
Atrial fibrillation 1 (2.8%) 4 (11.1%)
Ventricular tachycardia/ fibrillation 0 1(2.8%)

'median (interquartile range), *Highest KDIGO category

IAP: intra-abdominal pressure; MAP: mean arterial pressure; APP: abdominal perfusion pressure; LOS: length of stay; ICU: intensive care unit; KDIGO: Kidney Disease Improving

Global Outcomes.

The cumulative amount of fluid administered on the first day was
highest [4,490 (702.85) cc] in the APP60 group (p = 0.035).

DISCUSSION

Our study findings suggest that renal injury can be alleviated by
optimizing APP in addition to MAP. Although none of the patients
progressed to ESRD at the 90-day follow-up, maintaining a certain
level of APP reduced the estimated GFR from day 3 compared to
the MAPG65 group. There was no significant difference in 30- or
90-day mortality rates between the MAP65 and APP60 groups. In
addition, the vasopressor dose used was significantly higher in the
APP60 group than in the MAP65 group.

Renal injury in IAH usually develops secondary to a decrease in the
renal blood flow.>* The increase in renal vascular resistance as well
as the increased efferent arteriolar pressure reduce renal blood flow.
Furthermore, the physical effect of the increased IAP on the kidneys
contributes to the decrease in renal blood flow and GFR, resulting
in oliguria at 15 mmHg and anuria at 30 mmHg.* The decrease
in GFR and deterioration of the tubular function decreases urine
production. The fractional sodium excretion decreases,” urinary
sodium level decreases, and urinary potassium level increases.>
Thus, the renin-angiotensin-aldosterone system is activated, and
the antidiuretic hormone activity increases significantly.® Giil et al.”
explored the relationship between APP and the renal resistive index
and determined that an APP threshold of 72 mmHg was related
to a significant increase in the renal resistive index and impaired
renal perfusion. Similarly, our study showed that individualizing

the APP could reduce renal injury and that the GFR decrease was
significantly less in the APP60 group than in the MAP65 group.

Approximately 40-70% of acute renal injuries are related to
sepsis.*!? There are several causes of sepsis-associated acute renal
injury, including decreased global blood flow, tubular epithelial
cell death, acute tubular necrosis, microcirculatory disorders,
sepsis-associated microthrombi, oxygen radical-induced damage,
shunts, and uncontrolled increase of inflammatory markers.''?
The increased TAP and hypoperfusion caused by septic shock
contribute to the acute renal injury. In such cases, even treatment
may exacerbate the renal injury. Excessive amounts of fluid
administration, which is often required in goal-oriented treatment
plans, might contribute to the IAP elevation. McNelis et al.'
suggested that the positive fluid balance in patients with critical
surgical conditions is the main determinant of increased IAP. In
our study, we found that there was a positive fluid balance in both
the groups, with the largest positive fluid balance occurring in the
APP60 group.

IAP elevation not only affects renal function, but it also has
deleterious effects on almost all organ systems and functions,
such as respiratory failure,”® cardiac dysfunction,'® splanchnic
hypoperfusion,'” and increased intracranial pressure.'® Increased
IAP is transmitted to the mediastinum through the diaphragm,
and therefore, may be related to increased central venous and
pulmonary artery pressures.'*?® Disruption of the venous return
may cause decreased cardiac output and increased tendency
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for peripheral venous thrombosis, which collectively result in
pulmonary and peripheral edema.?*Studies suggest that an
elevated AP is closely related to mortality; furthermore, APP is
a good predictor of visceral perfusion and a reliable indicator for
resuscitation.'***?* Some studies have determined that the APP is
superior to other commonly evaluated parameters (lactate levels,
hourly urine output, and arterial pH) in predicting survival rates,
which were found to be higher in patients with IAH and ACS,
when the target APP was > 60 mmHg.?** In our study, there was
no statistically significant difference in the mortality rates between
the MAP65 and APP60 groups. However, our 30-day mortality rate
was 66% and 47% in the MAP65 and APP60 groups, respectively.

Optimization of the APP may limit the injury to the visceral organs.
We believe that our study results demonstrate this protective
effect, at least for the short-term period. However, as none of the
patients progressed to ESRD, we cannot conclude whether APP
optimization could be beneficial in the long term.

Asfar et al.?® demonstrated that targeting a higher MAP (80-85
mmHg), rather than a lower MAP (65 mmHg), in septic shock
reduces the renal replacement therapy requirements and blood
creatinine doubling rate in patients with chronic hypertension.
However, more patients in the MAP65 group experienced
higher rates of atrial fibrillation due to increased vasopressor
requirements than those in the APP60 group.®® Similarly, in our
study, a larger vasopressor dose was required for a longer time in
the APP60 group than in the MAP65 group. Although we found
no statistical difference in the cardiac arrhythmia rates between
the groups, more patients in the APP60 group experienced atrial
fibrillation than in the MAP65 group. Furthermore, patients
with chronic hypertension may require higher MAPs for renal
autoregulation, and renal perfusion pressure may further decrease
secondary to an increased IAP. Hypertension shifts the renal
blood flow-renal perfusion pressure curve to the right, and renal
autoregulation requires higher threshold pressures in patients with
hypertension.?”?® Thus, we excluded patients with hypertension
and compared the renal injury between two groups. However, we
obtained similar results. This may be attributable to the insufficient
number of patients included in the study and the exclusion of
patients with uncontrolled hypertension. However, further studies
are required to understand how hypertension affects renal damage.

In our study, we investigated the effect of intra-abdominal
perfusion on renal injury. However, all of our patients had been
diagnoses with septic shock. Septic shock can cause renal injury
via various mechanisms. The antibiotics used to treat sepsis and
the radiographic contrast agents used for imaging in these patients
can exacerbate renal damage. In our study, although the majority of
the patients had been exposed to nephrotoxic agents, there was no
statistically significant difference among the nephrotoxic agents.
Eleven patients in the MAP65 group and 13 patients in the APP60
group received two or more nephrotoxic agents.

In patients with sepsis, fluid management and vasopressor
administration are crucial in terms of renal injury. The consensus
report of the 28" Acute Disease Quality Initiative workgroup,?
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after the Surviving Sepsis Guidelines, recommends fluid
management based on the patient’s biochemical profile, selection of
an appropriate fluid, and the use of diuretics, albumin, and sodium
bicarbonate when necessary. Additionally, combining vasopressors
with fluid administration can be beneficial. In patients with septic
shock and increased IAP, the implementation of the four stages of
fluid management (resuscitation, optimization, stabilization, and
de-escalation) becomes extremely important.

Our study had some limitations. Blinding was not possible in this
study because our outcomes included the measurement of data
critical to patient management, such as MAP, which could have
otherwise significantly jeopardized patient safety.

Our sample size was estimated to detect deteriorations in
renal function rather than the rates of mortality, arrhythmia, or
ESRD. Although we detected a clinical difference in the rates of
arrhythmias and mortality between the groups, we were not able
to demonstrate a statistically significant difference. Moreover, no
patients in our study progressed to ESRD; hence, we could not
demonstrate the effect of APP on the development of ESRD.

Our study established that personalizing the MAP target according
to the IAP and targeting the APP levels reduced the acute renal
injury in patients with septic shock. Personalizing IAP was not
associated with an increased mortality, and there was no difference
in the rate of ESRD between the groups. Furthermore, maintaining
an APP target was associated with a higher inotropic agent
requirement; However, no statistically significant side effect was
observed.
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