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Clinically Evident Cardiopulmonary Congestion Does Not
Significantly Impact the Prognosis of Patients With Septic
Acute Kidney Injury
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Abstract

Background: Acute kidney injury (AKI) is a common issue among
in-hospital patients, with high mortality rates. Sepsis is a primary
cause of AKI, particularly in the intensive care unit. Patients with
septic AKI often experience cardiovascular congestion, leading to
the formal classification of cardiorenal syndrome type 5. The study
aimed to evaluate the prognosis of septic AKI patients with and with-
out clinical evidence of cardiovascular congestion.

Methods: This was a retrospective observational study. AKI patients
were identified using the in-hospital AKI alert system. Sepsis was
diagnosed based on laboratory, clinical, and hemodynamic charac-
teristics, with additional consideration of the quickSOFA score. Car-
diovascular congestion was diagnosed by assessing clinical (edema),
radiographic (pulmonary congestion), echocardiographic (e.g., wall
motion abnormalities), and laboratory variables (e.g., N-terminal pro-
B-type natriuretic peptide). Endpoints included in-hospital survival,
the need for kidney replacement therapy (KRT), and recovery of kid-
ney function (ROKF).

Results: In total, 102 patients were included, and cardiopulmonary
congestion was diagnosed in 78.4%. Individuals with congestion did
not differ from patients without congestion in any of the pre-defined
endpoints.

Conclusions: It is justified not to consider clinically apparent cardio-
vascular congestion in septic AKI patients as a risk factor for death
per se. Rather, especially in the case of sepsis, clinically apparent
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positive fluid balance does not seem to be a disadvantage in terms of
survival, KRT, and ROKF.
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Introduction

Acute kidney injury (AKI) is a highly relevant issue in inpa-
tient medicine worldwide. The incidence varies between 15%
and 30% [1], with 50% or more of all patients treated in inten-
sive care conditions [2] experiencing an acute deterioration in
renal excretory function. On average, 50% of all AKI patients
receiving intensive care do not survive the course of treatment,
and any initiated kidney replacement therapy (KRT) only has
limited impact [3]. AKI is considered an independent predictor
of mortality [2, 4, 5], with the manifestation of the syndrome
typically reflecting the severity of the underlying condition
that ultimately leads to death.

In the intensive care setting, AKI often manifests as a
complication of sepsis. The latter affects an average of 30%
of the individuals treated in the intensive care unit (ICU), at
least when considering Central Europe [6]. The mechanisms
underlying acute kidney function decline in sepsis are intri-
cate. They involve systemic perfusion imbalances, leading to
oxygen and nutrient depletion in the kidneys and other organs,
as well as toxic effects of bacterial antigens on cells. Addition-
ally, the systemic inflammatory response exacerbates vascular
dysfunction and cellular damage, ultimately resulting in stimu-
lated tubular cell apoptosis [7]. Finally, diagnostic and thera-
peutic procedures used for identifying, staging, and managing
sepsis (e.g., radiocontrast media, nephrotoxic drugs) may ex-
acerbate AKI even further.

The first description of cardiorenal syndrome (CRS) was
already published in 1912 [8]. However, the concept of CRS
was “officially” introduced in 2008 by Ronco and colleagues
[9]. The term CRS refers to concomitant disorders of the heart
and kidneys, which can have either an acute or chronic onset.
The type of CRS is determined by the organ that is initially
affected [10]. Diagnosing the specific type of CRS from the 5
“classical” types can be challenging clinically [11]. CRS type
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5 is nevertheless characterized by the simultaneous presence
of heart and kidney disease stemming from conditions outside
the heart and kidneys [12]. Possible causes include diabetes
mellitus with diabetic nephropathy and cardiomyopathy, au-
toimmune diseases with heart and kidney involvement (e.g.
systemic lupus erythematosus), as well as sepsis [13]. The lat-
ter can lead to AKI, as well as potentially causing myocardial
dysfunction [14] that may result in cardiac failure and cardio-
pulmonary congestion.

The aim of the current study was to assess the prognosis of
septic AKI patients with and without evident cardiopulmonary
congestion. Primary endpoint was the in-hospital mortality,
and secondary endpoints were the need for KRT, and the prev-
alence of recovery of kidney function (ROKF) at discharge.

Materials and Methods
Design

It was a retrospective, single-center, observational study. The
observational period was January until August 2022. It was
conducted at the Department of Internal Medicine I, specifi-
cally focusing on Cardiology, Nephrology, and Intensive Care
Medicine at Brandenburg University Hospital (Brandenburg
Medical School Theodor Fontane). It was not mandatory to re-
quire formal approval for the study by the ethics committee of
the Medical School, since it was a retrospective investigation.
The same applied for written informed consent of included pa-
tients. All participants were recruited from the Department of
Internal Medicine I, and the data were extracted from the cen-
tral database of the university hospital (MEDICO® CGM). The
study did not require ethical approval due to its retrospective
design. The study was conducted in compliance with the ethi-
cal standards of the responsible institution on human subjects
as well as with the Helsinki Declaration.

Patient identification, inclusion and exclusion criteria

AKI patients were identified using the in-hospital AKI alert
system [15], which is based on an electronic algorithm that de-
tects dynamic changes in serum creatinine according to criteria
1 or 2 of the KDIGO guidelines published in 2012 [16]. Crite-
rion 3, which involves reduced urine output over time, was not
included because data on urine production were unavailable
for many individuals.

Patients who met either criterion 1 or 2 of the KDIGO
criteria and also had a diagnosis of sepsis were included. The
diagnosis of sepsis was established based on the following cri-
teria: elevated C-reactive protein (CRP) levels in conjunction
with elevated procalcitonin (PCT) levels, along with either
positive results in bacterial blood cultures and/or a positive
quickSOFA score [17] (respiratory rate > 22/min, Glasgow
Coma Scale (GCS) < 15, systolic blood pressure < 100 mm
Hg - two criteria must be met) and/or hemodynamic instability
necessitating the use of vasopressors in addition to crystalloid
solutions.
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Patients with known stage 5D chronic kidney disease
(CKD) according to KDIGO 2012 [18], terminal malignant
disease, and pregnant women were not included in the study.

Diagnosis of cardiovascular congestion

Cardiovascular congestion was diagnosed if at least one of the
following criteria was met during a period of 0 to 5 days after
the diagnosis of septic AKI:

1) Peripheral edema - the diagnosis could be determined
by the attending physicians. Typically, three physicians over-
see ICU patients on weekdays, working 8-h shifts. Conversely,
on weekends, two physicians are responsible during a 24-h
shift. The diagnosis of edema was only confirmed if it was
recorded in the central database of the Brandenburg University
Hospital.

2) N-terminal pro-B-type natriuretic peptide (NT-proB-
NP) levels exceeding 800 pg/mL - any NT-proBNP level above
800 pg/mL during the 5-day period - was considered positive.

3) Radiographic signs of pulmonary congestion - radio-
graphic congestion was identified when the official radiologi-
cal assessment by colleagues from the Department of Radiol-
ogy documented this finding in writing in the central database
of the University Hospital. The spectrum of congestion ranged
from mild interstitial fluid accumulation to alveolar pulmo-
nary edema. However, each congestion finding was evaluated
equally.

4) Abnormal findings on transthoracic echocardiography
- included one or more of the following criteria: a reduction
in left ventricular ejection fraction to below 40%, localized or
generalized cardiac wall motion abnormalities, and the pres-
ence of diastolic dysfunction.

It should be noted that the radiological and echocardio-
graphic assessments were conducted by frequently changing
staff. However, all official reports have been validated by spe-
cialists in the respective fields. Nevertheless, the influence of
subjective factors in the evaluations can never be ruled out in
this case.

Clinical and laboratory variables

The following variables were collected: age (years), gender
(female, male), duration of in-hospital therapy (DOIT, days),
AKI stage according to KDIGO 2012 [16], pre-existing CKD
(diagnosis according to the 2012 published KDIGO criteria
[18]), sepsis focus (lungs, urogenital tract, abdominal, other),
bacteria identified (no, yes), serum creatinine, blood urea
nitrogen (BUN), serum sodium and potassium, CRP (all at
baseline, peak, and discharge), use of nephrotoxic drugs (non-
steroidal anti-inflammatory drugs (NSAIDs), systemic vanco-
mycin, systemic aminoglycosides), use of vasopressors (no,
yes), respiratory support (no, yes - respiratory support was
defined as any type of inspiratory/expiratory pressure sup-
port), prevalences of several comorbidities (always no, yes):
arterial hypertension, coronary artery disease (CAD), chronic
heart failure (CHF), chronic obstructive pulmonary disease
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(COPD), obesity, diabetes mellitus, history of neoplasia, and
smoking.

Endpoints

Primary endpoint was in-hospital survival, with secondary
endpoints including the need for KRT and ROKF until dis-
charge. The need for KRT was defined as the requirement for
at least one session of individual KRT treatment, whether in-
termittent or continuous. ROKF was defined as the discontinu-
ation of KRT, accompanied by a decrease in serum levels to the
baseline value, with a difference not exceeding 10%.

Statistical analysis

All statistical analyses were conducted using WIZARD for
MacOS (version 2.0.16, developed by Evan Miller). Nu-
merical data were initially assessed for normality using the
Kolmogorov-Smirnov test. Normally distributed data were
compared using either a ¢-test (for two groups) or analysis of
variance (ANOVA) (for more than two groups). Non-normal-
ly distributed data were compared using the Mann-Whitney
test (for two groups) or the Kruskal-Wallis test (for more than
two groups). Categorical data were compared using the Chi-
square test. Multiple linear regression analysis was performed
with the Application WIZARD® for MacOS (developed by
Evan Miller, version 2.0.16). A P-value below 0.05 was con-
sidered statistically significant. Results were reported as ei-
ther mean =+ standard error of mean (SEM) or median + inter-
quartile range (IQR).

Results

Patients

In total, 102 patients were included in the study, with 42.2% (n=
43) being females and 57.8% (n = 59) males. The mean age of all
individuals was 75.4 + 11.6 years, and the in-hospital treatment
time was 18 + 16 days. The most common septic focus was uri-
nary tract infections (29.4%), followed by pulmonary (27.5%)
and abdominal infections (24.5%). Bacteria were identified in
74.5% of cases, with the sources being blood (60%), bronchial
secretions (14.7%), urine (14.7%), bile (4%), and other (6.7%).
Cardiopulmonary congestion was diagnosed in 78.4% of pa-
tients. In-hospital death occurred in 52.9% (n = 54), with 17.6%
(n = 18) requiring at least one KRT session. ROKF, according
to the pre-defined criteria, was diagnosed in 53.9% (n = 55) of
cases. Table 1 summarizes all clinical and laboratory data.

Survival

In-hospital mortality rates were not significantly different be-
tween septic AKI patients with and without symptoms or find-
ings of cardiopulmonary congestion (53.8% with congestion,
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50% without congestion; P =0.75) (Table 2 and Fig. 1).

KRT and ROKF

KRT became not mandatory more often in patients with con-
gestion (17.5% versus 18.2%; P =0.94). ROKF was diagnosed
in 46.2% of all patients with congestion, as opposed to 45.5%
without symptoms/findings of fluid overload (P = 0.94) (Table
2 and Fig. 1).

Risk factor analysis

Although no significant differences were found in the primary
and secondary endpoints between individuals with and with-
out symptoms of cardiovascular congestion, an analysis of risk
factors for reaching the endpoints was conducted. It encom-
passed the entire study population.

Survival

AKI stage III, as per KDIGO criteria, was more frequently
diagnosed in non-survivors; however, they exhibited a lower
prevalence of pre-existing CKD. Other distinctions between
survivors and non-survivors included (information in the
brackets refers to survivors): duration of in-hospital stay (high-
er), ROKF (more often), serum creatinine at discharge (lower),
peak BUN (lower), BUN at discharge (lower), peak serum po-
tassium (lower), serum potassium discharge (lower), minimum
serum sodium (lower), CRP at discharge (lower), and use of
vasopressors (less often) (Table 3).

KRT

Patients requiring KRT were younger and received ami-
noglykoside therapy more often. A multiple linear regression
analysis including independent variables age, gender, arterial
hypertension, CHF, diabetes mellitus, and cardiovascular con-
gestion revealed that age was significantly associated with the
risk of KRT (P = 0.031). Several laboratory findings differed
between individuals with versus without KRT (information in
the brackets refers to patients without KRT): baseline and peak
serum creatinine, serum creatinine at discharge (each lower),
baseline and peak BUN (each lower), and peak serum potas-
sium (lower) (Table 3).

ROKF

Subjects without ROKF were more likely to reach AKI stage
II1, but they also had a lower prevalence of pre-existing CKD.
Non-recovering patients had shorter in-hospital treatment times
and significantly lower survival rates compared to patients who
recovered. In the additional multiple linear regression analysis
with independent variables including age, gender, duration of in-
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Table 1. Characteristics of All Included Patients

Variable All patients No congestion Congestion
Age (+ SD) (years) 75.4+11.6 70.4+3 76.7+ 1.1
Female gender (%) 422 40.9 42.5
DOIT (+ SD) (days) 18+ 16 21.5+5.7 17+1.2
AKI stage (KDIGO) L I, III (%) 12.7,30.4, 56.9 9.1,36.4,54.5 13.8,28.7,57.5
Survival (%) 47.1 50 46.2
KRT (%) 17.6 18.2 17.5
ROKF (%) 53.9 54.5 53.8
Sepsis focus
Urinary tract (%) 29.4 36.4 27.5
Respiratory system (%) 27.5 18.2 30
Abdominal (%) 24.5 22.7 25
Other (%) 18.6 22.7 17.5
Vasopressor therapy (%) 47.1 54.5 45
Respiratory support (%) 48 36.4 51.2
Morbidities
Pre-existing CKD (%) 42.6 31.8 45.6
Arterial hypertension (%) 84.3 86.4 83.8
Diabetes mellitus (%) 50 455 51.2
Obesity (%) 343 18.2 38.8
Smoking (%) 11.7 22.7 8.8
CAD (%) 30.4 27.3 31.2
CHF (%) 40.2 27.3 43.8
COPD (%) 19.6 13.6 21.2
History of neoplasia (%) 40.2 59.1 35
Laboratory findings (all in mean + SD)
Baseline serum creatinine (umol/L) 294.3 £245.5 354.6 £55.2 277.5+27
Peak serum creatinine (umol/L) 393.6 +217.6 436.1 £47.1 381.9+24.2
Serum creatinine at discharge (umol/L) 240.6 = 157.5 246.8 £37.6 239+174
Baseline serum BUN (mmol/L) 24.8+22.3 40.7+14.2 22+2.8
Peak serum BUN (mmol/L) 28.1+17.1 341+7.1 269+1.7
Serum BUN at discharge (mmol/L) 21.2+12.6 21.1+3.2 21.2+2.1
Baseline serum potassium (mmol/L) 46+1.2 5+£04 45+0.1
Peak serum potassium (mmol/L) 52+1 54+£03 5.1+0.1
Serum potassium at discharge (mmol/L) 44+0.8 45+0.2 4.4+0.08
Baseline serum sodium (mmol/L) 136.7+7.9 136.9+£2.3 136.7+0.8
Minimum serum sodium (mmol/L) 1342+7.3 1334+1.9 134.5+0.7
Serum sodium at discharge (mmol/L) 141.5+8.6 140.6 £ 1.6 141.8+0.9
Baseline CRP (mg/L) 125.6 £127.9 191.2 +£39.7 108.1 £11.6
Peak CRP (mg/L) 259.1 £ 125 289.2+£31.2 250.8+13.2
CRP at discharge (mg/L) 127.8 £ 120.6 135.1 +£30.4 125.8+12.8

AKI: acute kidney injury; BUN: blood urea nitrogen; CAD: coronary artery disease; CHF: chronic heart failure; CKD: chronic kidney disease; COPD:
chronic obstructive pulmonary disease; CRP: C-reactive protein; DOIT: duration of in-hospital treatment; KRT: kidney replacement therapy; ROKF:

recovery of kidney function; SD: standard deviation.
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Table 2. Endpoint Analysis

Endpoint No congestion Congestion  P-value
Survival (%) 50 46.2 0.75
KRT (%) 18.2 17.5 0.94
ROKEF (%) 54.5 53.8 0.94

The three endpoints survival, KRT and ROKF were not reached more
frequently in patients with cardiovascular congestion. KRT: kidney re-
placement therapy; ROKF: recovery of kidney function.

hospital treatment, survival, arterial hypertension, CHF, diabetes
mellitus, and cardiovascular congestion, only survival was found
to be independently associated with ROKF (P < 0.001). Addi-
tionally, the following laboratory parameters differed between
individuals who recovered and those who did not (information in
the brackets pertains to patients with ROKF): serum creatinine at
discharge (lower), BUN at discharge (lower), serum potassium
at discharge (lower), and baseline and minimum serum sodium
(lower). Also, CRP at discharge was lower (Table 3).

Discussion

The study assesses a crucial aspect in sepsis and septic AKI:
cardiovascular congestion. First, the term “cardiovascular con-
gestion”, as used in the current study, needs to be elaborated
upon. Essentially, in this study, it refers to a positive fluid bal-
ance, meaning an increase in total body water (and sodium)
above the norm. Generally, the increase in total body water can
occur due to illness, such as a complication of a condition like
AKI with reduced diuresis. Alternatively, the positive balance
may be of therapeutic origin. The present study did not differ-
entiate between these two possible causes. If the methodology
provided evidence of a positive fluid balance, it was defined as
cardiovascular congestion. In the context of septic AKI, it may
indicate cardiac involvement and support the diagnosis of CRS
type 5 [9]. Current recommendations for treating sepsis involve
giving large volumes of fluids over relatively short periods of

time [19]. Systemic volume overload can have a significant im-
pact on the prognosis of patients with AKI, as reported by Mac-
edo and colleagues in 2010 [20]: firstly, expanding extracellular
fluid can lead to dilution of creatinine in the extracellular space,
potentially underestimating the severity of AKI. Fluid overload
may, in addition, increase the likelihood of ROKF due to im-
proved renal perfusion. However, it also raises the risk of mor-
tality: Samoni and colleagues [21] performed a prospective trial
in ICU treated patients and utilized bioelectrical impedance vec-
tor analysis for the assessment of hyperhydration. A fluid over-
load (FO) percentage of more than 10 indicated severe hyperhy-
dration. Finally, the study included 125 individuals and found
that severe hyperhydration was associated with ICU mortality. A
2018 published meta-analysis discussed 12 selected studies on
bioelectrical impedance analysis and confirmed these findings
[22]. Our study did not indicate differences in mortality rates be-
tween septic AKI patients with and without signs or symptoms
of cardiovascular congestion (mortality rates 53.8% among pa-
tients diagnosed with congestion and 50% among those without
the diagnosis). This discrepancy could have various reasons. On
the one hand, we did not utilize bioelectrical impedance analy-
sis. The hydration status was assessed by considering clinical,
laboratory, radiological, and echocardiographic criteria. This
approach does not allow for a numerical quantification of extra-
cellular fluid volume. In contrast, bioimpedance analyses pro-
vide percentages for hydration, related to the lean body mass,
for instance. As previously mentioned [20], a threshold of over
10% was identified as a risk factor for mortality. It is possible
that in our cohort, this cutoff was mostly not exceeded. It should
also be considered the positive influence of hyperhydration on
the course of sepsis itself. According to current recommenda-
tions, positive fluid balance is mainly recommended in the early
phases following the diagnosis of sepsis [19]. It is conceivable
that the overhydration we observed was rather a reflection of
successful sepsis management, ultimately resulting in a reduc-
tion of the risk of mortality.

The findings regarding KRT are somewhat surprising.
There was no difference in the frequency of KRT performance
between individuals with and without congestion. Hyperhy-

Cardiovascular congestion in septic AKI
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Figure 1. Graphical summary of all three endpoints. The P-values have been listed in Table 2. AKI: acute kidney injury; KRT:

kidney replacement therapy; ROKF: recovery of kidney function.
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dration is a crucial criterion in the decision to initiate dialysis.
In our study, we assessed the prevalence of KRT throughout
the entire ICU stay. It is important to consider that in the early
stages of sepsis, hyperhydration may have been tolerated ther-
apeutically to align with current guidelines for sepsis manage-
ment. However, persistent overhydration following the initial
phase worsens the prognosis of sepsis significantly [23]. It
is not without reason that achieving a negative fluid balance
again is recommended after the initial positive balance [24].
In our cohort, this goal seems to have been achieved without a
significantly higher rate of KRT utilization.

It is almost most surprising that no differences in ROKF
could be identified between patients with and without cardio-
vascular congestion. Considering the work of Macedo et al
[20], while hyperhydration may potentially increase the risk of
mortality, it could also enhance the chances of ROKF. Ensur-
ing adequate renal perfusion is indeed one of the central goals
in the management of AKI. While there are few established
beneficial interventions for AKI, optimizing renal blood flow
is certainly among them, as outlined in the KDIGO guidelines
published in 2012 [16]. However, our study did not consider
any hemodynamic data of the patients. Also not taken into ac-
count was the aspect of intravascular dehydration in conjunc-
tion with extravascular overhydration. This phenomenon man-
ifests, for example, in more severe albumin deficiency states
(such as liver cirrhosis, malabsorption). Although total body
water may be expanded in these cases, there is sustained sys-
temic underperfusion. Therefore, it remains unclear whether
the cardiovascular congestion we observed was actually asso-
ciated with an increase in renal perfusion.

The final risk factor analysis revealed few surprising as-
pects. Increased mortality, higher prevalence of CKD, and
lower likelihood of ROKF were predominantly associated
with higher serum concentrations of retention substances
and hyperkalemia. Relatively surprising was the lower CKD
prevalence in non-survivors. It is possible that not all patients
defined as having CKD were actually chronically kidney dis-
eased, at least not according to the KDIGO guideline published
in 2012 [16]. To accurately make this diagnosis, one would
need estimated glomerular filtration rate values and proteinu-
ria from the 3 months prior to admission to the ICU. In our
study, diagnoses from medical records mainly determined the
documentation of CKD diagnosis.

Conclusions

It is justified not to consider clinically apparent cardiovascular
congestion in septic AKI patients as a risk factor for death per
se. Rather, especially in the case of sepsis, clinically apparent
positive fluid balance does not seem to be a disadvantage in
terms of survival, KRT, and ROKF. On the other hand, conges-
tion does not significantly increase the chance of ROKF also.

Limitations

One limitation is the definition of cardiovascular congestion,

308 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

which was primarily based on the presence of hypervolemia
as indicated by increased NT-proBNP levels, along with clini-
cal or radiographic signs of volume overload/pulmonary con-
gestion. Echocardiographic findings were also considered. As
mentioned at the beginning of the discussion, our methodology
does not allow for the distinction between therapy-induced and
predominantly disease-associated hypervolemia. We have es-
sentially recorded the characteristic of a positive fluid balance.
Our study design did also not allow for the grading of conges-
tion, thus limiting the comparison with results from the cited
bioimpedance analyses. Additionally, hemodynamic param-
eters were not documented, which could have provided more
precise insights into the renal perfusion status. A minor limita-
tion is the definition of pre-existing CKD, which relied solely
on physician documentation lists. The retrospective design is
also a limitation.
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