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Abstract

Background—\Venous congestion has become increasingly recognized as a potential contributor
to end-organ dysfunction in heart failure. Elevated I-FABP, which is excreted specifically from
damaged intestinal epithelial cells, has been found in patients with abdominal hypertension and
intestinal ischemia. We hypothesize that elevated intestinal fatty acid-binding protein (I-FABP)
levels would identify patients with more advanced heart failure who have venous and intestinal
congestion.

Methods—Baseline serum I-FABP levels were measured in 69 acute decompensated heart failure
(ADHF) patients admitted to the intensive care unit for invasive hemodynamic monitoring and
tailored medical therapy. Comprehensive echocardiography examinations were performed in all
study patients, and clinical outcomes (death, cardiac transplant or left ventricular assist device
placement) were assessed.

Results—The median circulating I-FABP level was 853 pg/ml (interquartile range: 533 to 1448
pg/ml). Age, gender, race, and baseline comorbidities were comparable between patients with low
and high I-FABP levels. Although there were no significant correlations between I-FABP levels
and invasively-measured hemodynamic parameters nor echocardiographic parameters, patients
with higher I-FABP levels (=853 g/ml) had significantly worse clinical outcomes compared to
those with lower I-FABP levels (<853 pg/ml, P=0.025).

Conclusion—Circulating I-FABP levels had no association with invasively-measured
hemodynamic parameters, but were associated with adverse clinical outcomes in patients with
ADHF with systolic dysfunction.
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1. INTRODUCTION

Heart failure (HF) is a systemic clinical syndrome characterized by the involvement of
multiple organ systems. Both reduced cardiac output (forward failure) and increased central
venous pressure (backward failure) are important in describing the organ-to-organ crosstalk
between the diseased heart and other organs. Cardiorenal syndrome specifically exemplifies
this pathology between the heart and kidneys and is widely recognized in cardiology.
Furthermore, intestinal congestion is a common clinical entity that has been thought to be
the result from venous congestion due to right-sided, backward HF. While accumulating
evidence indicates that organ crosstalk and interaction occur between the heart and the gut,
the pathophysiology underlying this interaction is not well understood. There are no typical
biochemical abnormalities observed in patients with intestinal congestion, whereas patients
often complain of unspecified symptoms, such as feeling of fullness or constipation.

Fatty acid binding proteins (FABPs) comprise a group of cytoplasmic, small molecular mass
proteins with high organ specificity. Uniquely located in mature intestinal enterocytes,
intestinal FABP (I-FABP) is a member of the FABP family involved in the uptake and
transport of long chain fatty acids from the intestinal lumen. - 2 Because I-FABP is mainly
expressed in the villi where ischemic injury first occurs, and not in the crypt, I-FABP might
be an early and useful marker for mucosal compromise or injury. 1 3 4 Recently, elevated I-
FABP levels have been found in patients suffering from intestinal disease and systemic
inflammatory response syndrome and have been reported as a promising sensitive marker for
intestinal injury. 510

Therefore, we aimed to investigate the relationship between serum I-FABP levels and the
severity of heart failure, to examine I-FABP as a non-invasive biomarker to detect intestinal
congestion.

2. METHODS
2.1. Study Population

This was a prospective, observational cohort study in patients hospitalized with acute
decompensated HF (ADHF) who underwent pulmonary artery catheter-guided therapy. 11
Patients were eligible if they were admitted with a primary diagnosis of ADHF with New
York Heart Association (NYHA) class 111 or IV symptoms, a left ventricular ejection
fraction (LVEF) <35%, and elevated filling pressures defined by a pulmonary capillary
wedge pressure (PCWP) > 18 mmHg and/or a right atrial pressure (RAP) > 8 mmHg.
Patients who underwent mechanical ventilation or renal replacement therapy were excluded.

The hemodynamic goals were to achieve a decrease in PCWP to <18 mmHg, decrease in
RAP to <8 mmHg and improvement in cardiac index to <2.2 I/min/m2, while maintaining
mean arterial pressure >65mmHg. The pharmacologic approach to intravenous therapy in
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the specialized heart failure intensive care unit has been previously described. 12 A pre-
specified endpoint was defined as the composite of all-cause mortality, heart transplantation,
and HF re-hospitalization. This study was approved by the Cleveland Clinic Institutional
Review Board. All patients provided written informed consent.

2.2. I-FABP Measurements

Blood samples were collected in serum separating tubes, and were clotted at room
temperature for 30 minutes. Samples were then centrifuged for 20 minutes at 2000 x g and
serum was collected in 2.0 ml tubes and stored at —80°C until analysis. Serum I-FABP levels
were determined with a human FABP2/I-FABP enzyme-liked immunosorbent assay
(ELISA), commercially available from R&D Systems (Minneapolis, MN). The assay was
performed according to the manufacturer’s recommendations, with serum samples diluted
1:5 in calibrator diluent provided. Concentration was determined via standard curve from
absorbance read at 450nm and corrected at 570nm.

2.3. Statistical Analyses

Categorical variables, represented as numbers and percentages, were compared using either
the chi-square test or the Fisher’s exact test. Continuous variables were summarized as mean
and standard deviation or median and interquartile range (IQR) where appropriate. Based on
the distribution, continuous variables were compared using the Student’s t test or Wilcoxon
rank sum test. Two-sided p-values <0.05 were considered statistically significant.
Spearman’s correlation was used to assess the association between I-FABP levels and
hemodynamic or other clinical parameters. The Kaplan Meier method was used to estimate
cumulative event-free survival, and differences in the survival curves were compared via the
log-rank test. A multivariable Cox proportional hazards model with risk adjusting variables
was constructed to estimate the adjusted hazard ratio. These risk adjusting variables included
age, gender, LVEF, serum creatinine, beta-blocker, angiotensin converting enzyme inhibitor
or angiotensin receptor blocker, mineralocorticoid receptor antagonist medication,
hypertension, diabetes mellitus, and hyperlipidemia. All variables were selected a priorias
they were either predictors of risk in HF or because of their ability to confound the I-FABP-
risk relationship. All statistical analyses were performed with JMP Pro 10.0.0 (SAS Institute
Inc., Cary, North Carolina) and R v3.2.1 software (R Foundation for Statistical Computing,
Vienna, Austria).

3. RESULTS

3.1. Patient characteristics

The mean patient age was 55.8+12.6 years, 80% were male, and the mean LVEF was
28.0+9.2%. The median I-FABP level was 853 pg/ml (IQR: 533 to 1448 pg/ml). Baseline
characteristics that were stratified by the I-FABP levels are provided in Table 1. Although
age, gender, race and other baseline characteristics were comparable between the groups,
higher I-FABP levels were associated with baseline markers of worse renal function,
including elevated levels of blood urea nitrogen (28.6+£18.0 vs 43.0+£28.4 mg/dl, P=0.03),
serum creatinine (1.24+0.63 vs 1.63+0.74 mg/dl, P=0.04), Cystatin-C (1.73+0.78 vs
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2.21+1.00 mg/l, P=0.03), and neutrophil gelatinase-associated lipocalin (NGAL, 120.5+58.8
vs 172.3+113.4 ng/ml, P=0.02).

3.2. Relationship of I-FABP Levels to Invasively-Measured Hemodynamics,
Echocardiographic Indices and Other Biomarkers

Patients’ vital signs and invasively-measured hemodynamic parameters, stratified by I-FABP
levels, are shown in Table 2. There were no significant differences in hemodynamic
parameters between patients with low and high I-FABP levels. Similarly, there were no
significant differences between patients with low and high I-FABP levels in
echocardiographic indices, including LVEF, estimated LV filling pressure (E/e’), and
estimated RV function (tricuspid annular plane systolic excursion, right ventricular fractional
area change, and right atrial volume index) (Table 3). In addition, I-FABP levels are not
correlated with hemodynamic parameters, including RAP (0=0.08, P=0.52), PCWP (0=0.05,
P=0.69) and cardiac output (0=0.07, P=0.59); and echocardiographic indices such as LVEF
(p=0.19, P=0.40), RA volume index (p=0.23, P=0.07) and I\VC diameter (0=0.01, P=0.93,
Table 4).

3.3. I-FABP Levels and Post-discharge Clinical Outcomes

Overall, there were 21 deaths (30.4%), 20 heart transplantations (29.0%) and 8 left
ventricular assist device (LVAD) placements (11.6%) during a median follow-up of 2.9
(IQR: 1.7 to 7.8) years. Patients with higher I-FABP levels had significantly worse clinical
outcomes measured as a composite of death from all cause, heart transplantation or LVAD
placement compared to those with lower 1-FABP levels (Figure 1, P=0.025). However, after
adjusting for confounders, the risk of the composite outcomes for the higher I-FABP group
relative to the lower group was neutral (adjusted hazard ratio: 1.71, 95% confidence interval:
0.64 to 4.56, P=0.29).

4. DISCUSSION

In the present study, although there were no significant correlations between serum I-FABP
levels and invasively measured hemodynamic parameters or echocardiography indices, we
found that the 1-FABP levels were elevated in ADHF patients, and patients with higher I-
FABP had worse outcomes than those with lower I-FABP levels.

Increased RAP is a known risk factor for worse prognosis in patients with HF. 13: 14
Intestinal problems in the setting of HF are common because both passive venous congestion
and decreased cardiac output could develop intestinal edema, leading to loss of function. 15
Further, constipation is a common complaint in advanced HF, and ADHF patients often
present with abdominal symptoms, such as nausea and vomiting. 16 17 Peripheral edema and
jugular vein distension, which reflect varying degrees of venous congestion, still have
significant roles in the management of HF, despite diversity of the factors driving these
signs. Given these diagnostic challenges, invasively-measured central venous pressure
remains the ideal standard for diagnosing venous congestion. 18 Thus, identifying and
evaluating the extent of intestinal congestion in HF remains a challenge. A specific
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biomarker to detect intestinal congestion and to predict the necessity to intervene more
aggressively is in high demand.

I-FABP is a member of the FABP family, which consists of 15 kD cytoplasmic proteins
involved in the intracellular buffering and transport of hydrophobic fatty acids within the cell
cytoplasm. 2 I-FABP is expressed in the enterocytes at the tip of the villi and makes up 2%
of intracellular protein. 1 19 Since the gut is a blood-demanding organ and villi are most
vulnerable during ischemia, 1-FABP has been demonstrated to be released into systemic
circulation due to enterocyte membrane integrity loss by intestinal ischemia. 2 4 Elevated
serum concentrations of I-FABP were found in patients suffering from necrotizing
enterocolitis, intestinal ischemia due to abdominal sepsis, systemic inflammatory response
syndrome, and intestinal injury due to mesenteric infarction. 4 % 20 Results from these
reports suggest I-FABP could be a promising sensitive marker for intestinal injury. % 10 In
addition, Derikx et al., reported that elevated serum I-FABP was associated with poor
outcomes in patients with abdominal sepsis. ® In HF, both reduced intestinal perfusion
(forward failure) and bowel wall edema due to venous congestion (backward failure) can
cause intestinal epithelial ischemia. 2122

In the current study, however, serum I-FABP levels were not correlated with hemodynamic
and echocardiographic parameters, reflecting reduced cardiac output or elevated filling
pressure. Since observed median I-FABP levels (843 pg/ml) were high in this study, even the
lower I-FABP group had higher levels as compared to previous reports. This may be an
indication of the advanced HF present in the patients enrolled in this study (1-year rate of
death, LVAD or heart transplantation was 46.5 %). Derikx et al., reported that higher serum
I-FABP was associated with poor outcomes, and the mean 1-FABP levels were 406 pg/ml in
patients with in-hospital death versus 85 pg/ml in those discharged alive. ° Likewise, Haan et
al., reported that I-FABP levels were associated with intestinal epithelial damage and
inflammatory response, with mean I-FABP levels of 455 pg/ml in the high-risk group and
259 pg/ml in the low-risk group. 7 However, further study is needed to investigate whether I-
FABP can detect intestinal congestion in less severe HF patients. Nevertheless, the lack of
associations between I-FABP and hemodynamic values implies that venous congestion itself
is not a major determinant of circulating I-FABP values. In the current analysis, I-FABP was
associated with increased incidence of death, LVAD, or heart transplantation. However,
patients with higher I-FABP had significantly worse renal function than those with lower I-
FABP, and the impact of I-FABP on the outcomes was neutral after multivariable
adjustment. As I-FABP is primarily excreted by the kidney, serum concentration of I-FABP
might be affected by patients’ renal function in this study. Recent studies have demonstrated
that I-FABP levels in urine, not serum, were useful as a marker of intestinal mucosal damage
in the early diagnosis of necrotic enterocolitis.23 Further investigations into the prognostic
value of urinary I-FABP are therefore warranted.

Our study has several limitations. First, this was a single-center study that recruited patients
admitted to our HF intensive care unit. Hence, selection bias that may have identified that
only patients with advanced HF (NYHA 111 or V) were included. Therefore, these results
may not apply to other patient populations with ADHF. Second, only a single time-point
blood draw was analyzed, and we did not have any information regarding gastrointestinal
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symptoms, intra-abdominal pressure and composition of gut microbiota. These could be
insightful to assess venous and/or intestinal congestion.® 24 Third, ELISA-based assays are
needed to measure I-FABP, which forms a major limitation for practical, daily clinical
practice. Finally, the small sample size may be insufficient to assess the relationships
between I-FABP levels and post-discharge outcomes. Despite these limitations, our study is
the first to demonstrate I-FABP levels in patients with ADHF, encompassing a unique
dataset that enabled us to assess the relationship between I-FABP levels, and hemodynamic
and echocardiographic parameters in detail. Further studies are needed to confirm the link
between I-FABP and other clinical parameters suggesting venous and/or intestinal
congestion, such as intra-abdominal pressure and gut microbiota composition.

5. CONCLUSIONS

Circulating I-FABP levels had no association with invasively-measured hemodynamic
parameters, but were associated with adverse clinical outcomes in patients with ADHF with
systolic dysfunction.
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HIGHLIGHTS

Elevated I-FABP was associated with adverse clinical events in heart failure
patients.

Serum I-FABP levels had no association with right-side filling pressure in
heart failure patients.

Serum I-FABP was not associated with echocardiographic parameters
suggesting venous congestion.
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Figure 1.

Kaplan-Meier survival curves for freedom from the composite endpoint of all-cause death,
heart transplantation, and LVAD placement between patients with higher (=853 pg/ml) and

lower (<853 pg/ml) serum I-FABP levels.
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Table 1

Baseline Patient Characteristics Stratified by I-FABP Levels

I-FABP <853 pg/ml (N=34)  I-FABP=853 pg/ml (N=35) P
Age, years 54 +12 57+13 0.38
Male 30 (88) 25 (71) 0.08
Caucasian 29 (85) 31(89) 0.69
Body weight, kg 92.0+23.9 83.9+19.3 0.13
Body surface area, m? 2.10+0.29 1.98 +£0.25 0.06
Ischemic etiology 16 (48) 20 (59) 0.40
Hypertension 17 (50) 22 (63) 0.28
Diabetes mellitus 24 (71) 18 (51) 0.10
Hyperlipidemia 19 (58) 18 (53) 0.15
Prior stroke 7(21) 4(11) 0.30
Baseline medication
Beta blocker 27 (79) 25 (71) 0.44
ACEIl or ARB 27 (79) 25 (71) 0.44
MRA 17 (50) 16 (46) 0.72
Baseline laboratory measures
Sodium, mEg/I 136.0+4.1 133.8+55 0.12
Glucose, mg/dl 105.2 £ 25.7 119.3+48.5 0.25
Hemoglobin, g/dl 119+22 11.8+19 0.82
Blood urea nitrogen, mg/dl 28.6 +18.0 43.0+284 0.03
Creatinine, mg/dl 1.24 +0.63 1.63+0.74 0.04
Cystatin-C, mg/I 1.73+0.78 2.21+1.00 0.03
NGAL, ng/ml 120.5+58.8 172.3+113.4 0.02
Albumin, g/dl 3.6+0.5 3.9+05 0.17
NT-pro BNP, pg/ml 7720 + 8969 7402 + 4924 0.86
BNP, pg/ml 1691 + 2045 1613 + 1012 0.84

Page 10

Values are n (%), or mean + SD. ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; MRA = mineralocorticoid

receptor antagonist; NGAL = neutrophil gelatinase-associated lipocalin; NT-pro BNP = n-terminal brain natriuretic peptide.
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Table 2

Hemodynamics parameters stratified by I-FABP levels.

I-FABP <853 pg/ml (N=34)  I-FABP=853 pg/ml (N=33) P
Systolic blood pressure, mmHg 111+ 17 107 £ 17 0.36
Diastolic blood pressure, mmHg 62 +12 57+14 0.16
Heart rate, bpm 87 +17 78 +13 0.03
Right atrial pressure, mmHg 11.5+6.1 13.8+55 0.10
Systolic PA pressure, mmHg 48.0+11.6 50.4 £ 16.0 0.48
Diastolic PA pressure, mmHg 235+73 23.1+6.4 0.81
Mean PA pressure, mmHg 34876 375+104 0.27
PCWP, mmHg 20.8+6.8 21775 0.63
Cardiac output, L/min 418 +1.30 4.44 +1.54 0.47
Cardiac index, L/min/m? 1.99 £0.52 2.23+0.76 0.16

Values are n (%), or mean + SD.

PA = pulmonary artery; PCWP = pulmonary capillary wedge pressure.
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Table 3

Echocardiographic indices stratified I-FABP levels.

I-FABP <853 pg/ml (N=34)  1-FABP=853 pg/ml (N=35) P
LV Ejection fraction, % 26.4+8.8 29.6+9.6 0.23
LV EDD, mm 69 +12 65+ 12 0.19
LV ESD, mm 61+12 55+ 12 0.07
LV EDV, mm 253.5+107.9 2145+ 86.8 0.11
LV ESV, mm 193.3+91.3 157.1+729 0.08
LV mass, g 405.4 +160.3 378.0+103.8 0.42
Ele’ 20.7+9.2 196+7.6 0.61
LVOT-TVI 13.7+43 145+4.2 0.47
LA volume index 452+12.3 455+18.3 0.94
RA volume index 343+12.8 40.0+16.1 0.12
TAPSE 1.25+0.25 1.15+0.25 0.19
RV FAC 29.0+88 27.3+10.3 0.50

Values are n (%), or mean + SD.
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LV = left ventricular; EDD = end-diastolic dimension; ESD = end-systolic dimension; EDV = end-diastolic volume; ESV =end-systolic volume;
LVOT-TVI = left ventricular outflow-tract time velocity integral; LA = left atrial; RA = right atrial; TAPSE = tricuspid annular plane systolic

excursion; RV FAC = right ventricular fractional area change.
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Associations between 1-FABP levels and clinical parameters.

p* P value
Hemodynamic indices
Right atrial pressure, mmHg  0.08 0.52
PCWP, mmHg 0.05 0.69
Cardiac output, L/min 0.07 0.59
Echocardiographic indices
LVEF, % 0.19 0.40
Ele’ 0.001 0.99
TAPSE -0.18 0.22
RV-FAC -0.01 0.93
RA volume index 0.23 0.07
I\VVC diameter, cm 0.01 0.93
Laboratory marker
NT-pro BNP, pg/ml 0.08 0.51
BNP, pg/ml 0.12 0.31
Creatinine, mg/dI 0.22 0.07
Cystatin-C, ml/I 0.19 0.12
NGAL, mg/ml 0.09 0.48

*
Spearman correlation coefficients.

Table 4
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PCWP = pulmonary capillary wedge pressure; LVEF = left ventricular ejection fraction; TAPSE = tricuspid annular plane systolic excursion; RV-
FAC = right ventricular fractional area change; RA = right atrial; I\VC = inferior vena cava; NT-pro BNP = N-terminal pro-brain natriuretic peptide;
NGAL = neutrophil gelatinase-associated lipocalin.
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