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Abstract
Background: There are increasing evidences in the role of the involvement
of the fibroblast growth factor 23 (FGF 23) - clotho axis in the pathogenesis
of endothelial disfunction and cardiovascular disease. This study intended
to explore the role of FGF 23 - clotho axis in the development of allograft
vasculopathy.
Methods: A total of 38 biatrial heart transplant patients who were operated
were included in the study (20 males, 11 females; mean age: 44 ± 7 years).
CFR was measured in all patients and the patients were divided into two groups
according to respective CFR values. CFR ˃ 2 patients constituted CAV (-)
group, CFR ˂ 2 patients were enrolled into CAV (+) group. FGF 23 and clotho
levels were analyzed and compared in both groups.
Results: FGF 23 levels were significantly higher in CAV (+) group
(264.0±114.4 vs. 183.5±56.0 p=0.04). There was a good but inverse correlation
between CFR and FGF 23 levels in CAV (+) group (r= - 0.71 p=0.03). Clotho
levels were significantly lower in patients who have CAV (2.76±1.6 vs. 4.77±0.87
p=0.01). There was a moderate correlation between CFR and clotho levels
in CAV (+) group (r=0.62 p=0.04). There was an inverse correlation between
clotho and FGF 23 levels in both CAV (+) and CAV (-) groups.
Conclusion: In transplanted patients, there was a good but negative
correlation between CFR and FGF 23 levels. Conversely, there was a good
correlation between CFR and clotho levels. These results gave rise to the
thought clotho-FGF 23 axis has a role in the development of CAV.
Keywords: Fibroblast growth factor 23; Cardiac allograft vasculopathy;
Nitric oxide

Introduction
Accelerated arteriosclerosis has emerged as a major lifethreatening complication in long-term survivors of cardiac
transplantation. Both cardiac allograft vasculopathy (CAV) and
atherosclerosis are atheromatous diseases with some common
features, but there are also many distinctive characteristics of both
diseases such as sites and degree of involvement, progression rate
and more prominent autoimmune involvement in transplanted
hearts. Conventional risk factors such as diabetes, hypertension, age,
smoking and chronic kidney disease partly, but not entirely explain the
increase in morbidity and mortality. Despite successful interventions
on traditional risk factors, risk remains high in cardiovascular disease.
Endothelial dysfunction is regarded as an important contributor to
increased cardiovascular risk [1].
Endothelial dysfunction is a systemic pathological condition
which can be defined as a condition resulting from an imbalance
between the actions of vasorelaxing and vasoconstrictor factors.
The imbalance is mainly caused by reduced nitric oxide (NO)
bioavailability and/or increased generation of reactive oxygen species
(ROS) [2].
Fibroblast Growth Factor 23 (FGF 23) is a mutated gene identified
in autosomal dominant hypophosphatemic rickets with 251-amino
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acid residuals in the protein [3]. The FGF family has 23 proteins that
regulate cell proliferation, migration, differentiation and survival.
Several known subgroups of human FGFs have been defined. The
FGF19 subfamily comprises FGF19, FGF21 and FGF 23. FGF 23
is produced by osteocytes, and regulates phosphate homeostasis
via FGFR1 receptor signaling in the presence of klotho. Klotho
gene represents a type I single-pass transmembrane protein that is
associated with β-glucuronidases. Membrane klotho interacts with
FGF receptors (especially FGFR1) to form a high-affinity for FGF
23, stimulates phosphate excretion into the urine and decreases the
level of serum 1,25(OH)2D3, and inhibits secretion of parathyroid
hormone. Secreted klotho protein functions as a humoral factor that
modifies several ion channels and transporters, and other processes,
including insulin and insulin-like growth factor-1 signaling. Soluble
klotho also plays an important role in the regulation of NO production
and the integrity and permeability of endothelium [4]. In cooperation
with klotho, FGF 23 regulates blood calcium level by suppressing
the synthesis of 1,25(OH)D3 and reabsorption of phosphate in the
proximal convoluted part of the nephron. FGF 23 also can negatively
regulate the secretion of parathyroid hormone [5].
There are also increasing evidences in the role of the involvement
of the FGF 23-klotho-vitamin D axis in the pathogenesis of
endothelial disfunction and cardiovascular disease. Klotho and
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FGF 23 may function in a common single transduction pathway to
accelerate vascular calcification and cardiac hypertrophy. Klotho-null
mice or FGF 23-deficient mice shows early atherosclerosis, vascular
calcifications, impaired angiogenesis, and vasculogenesis, suggesting
the impact of this pairing on the pathophysiology of cardiovascular
disorders [6].
In this study, we aimed to explore the role of FGF 23-klotho axis
in allograft vasculopathty in patients with heart transplantation.

Methods
Study population
A total of 52 heart transplant patients were included in the study
(36 males, 20 females; mean age: 46.5 ± 9.7 years). 4 patients were
excluded due to poor echo imaging, unsatisfactory coronary flow
reserve (CFR) measurements or meeting other exclusion criteria. 50
eligible patients continued to the study. Study protocol was designed
as prospective clinical cohort study. Baseline CFR measurement
were done in the first or second month postoperatively. 2 patients
with abnormal baseline CFR results (CFR ≤ 2) were excluded. 46
patients with normal baseline CFR results (CFR > 2) continued
study. 8 patients developed antibody mediated rejection (AMR) or
cell mediated rejection (CMR) (5 AMR and 3 CMR) during follow
up. Initially, those patients excluded from main cohort to prevent
overlapping results. 6 of those were evaluated (4 AMR and 2 CMR)
after completion of study. After median 4 years follow up, CFR and
FGF 23-Klotho analyses were done. CAV (+) group consisted of
patients with CFR ≤ 2. CAV (-) group consisted of patients with CFR
≤ 2. During follow up, Coronary angiography was performed in 12
individuals out of 38 patients. Patients were followed median four
years. At the end of at least 1 year follow up period, CFR and FGF
23-klotho values were measured.
Patients with moderate to severe left ventricular (LV) wall
motion abnormality, rejection, LV ejection fraction (EF) less than
50%, atrioventricular conduction abnormalities on ECG, pericarditis,
thyroid dysfunction (TSH >4.0mIU/l or < 0.4mIU/l) , anemia (Hb
< 13gr/dl) hypercholesterolemia (LDL > 190mg/dl) , electrolyte
imbalance (Na levels greater than 145mEq/l or lower than 135mEq/l,
K levels greater than 3.5mEq/l or lower than 5mEq/l, calcium levels
greater than 8.5mg/dl or lower than 10.5mg/dl ), renal dysfunction
(glomerular filtration rate lower than 90ml/min), pulmonary
disease (obstructive physiology defined as FEV1/FVC < 70% or
reduced vital capacity and/or reduced total lung volume), moderate
to severe valvular dysfunction (moderate to severe mitral, aortic,
tricuspid or pulmonary valve stenosis and/or regurgitation defined
by echocardiography according to AAC/AHA Management of
Valvular Heart Disease Guidelines), echocardiographic image that
was technically insufficient were excluded from the study. All of the
study patients were taking respective immunosuppressive medication
(Table 1). Written, detailed, informed consent was obtained from
all patients. The institutional ethics committee approved the study
protocol. The demographic and baseline characteristics of patients in
the study and control groups were given in Table 1.

Austin Publishing Group

Vingmed Ultrasound, Horten, Norway) and measurements were
performed off-line. Two dimensional visualization of the left anterior
descending (LAD) artery was undertaken with a focal length of
40mm, lateral resolution of 0.6mm and axial resolution of 0.3mm.
Doppler analysis of blood flow was evaluated at 4MHz. The sampler
has been adapted to include only LAD data. Baseline spectral Doppler
signals were recorded in the distal portion of the LAD. Doppler
spectral tracings of flow velocity in the LAD were registered by fast
Fourier transformation analysis. The spectral Doppler of the LAD
flow demonstrated a characteristic biphasic flow pattern (Figure 1).
A 6min intravenous infusion of adenosine was initiated (140mg/
kg/min) during which time hyperemic LAD ﬂow was recorded. During
the ﬁnal minute of infusion, LAD diameter was again recorded in
short axis to exclude further ﬂow-induced vasodilatation. All patients
had continuous heart rate and ECG monitoring. Blood pressure was
recorded at baseline, every minute during adenosine infusion, and at
recovery. Mean diastolic velocity (MDV) and Peak diastolic velocity
(PDV) were measured at baseline and peak hyperemic conditions. An
average of the measurements was obtained in three cardiac cycles.
CFR was defined as the ratio of hyperemic to basal peak diastolic
coronary flow velocity (CFR PDV) and the ratio of hyperemic to basal
mean diastolic coronary flow velocity (CFR MDV). Normal CFR was
defined as >2.0 on the basis of previous studies that evaluated flow
velocities in the distal LAD [7]. The patients were divided into two
groups according to respective CFR values. While CFR > 2 patients
constituted cardiac allograft vasculopathy (CAV) (-) group, CFR < 2
patients were enrolled into cardiac allograft vasculopathy (CAV) (+)
group.
CFR measurements were performed by two individuals who
have experience in CFR measurements. In CFR measurements,
intraobserver variability was assessed in 10 selected subjects at
random from the patient group by repeating the measurements 3
days later under the same basal conditions. To test the interobserver
variability, we performed the measurements offline from video
recordings by a second observer. The intraobserver and interobserver
variability for CFR calculated from 10 consecutive patients were 4.9%
and 5.8% respectively.
ELISA Assay for determination of serum FGF 23-Klotho,
donor specific antibodies

Echocardiographic measurement of coronary flow reserve

All blood samples were obtained from patients in the morning,
after 12-hour of fasting. Samples were centrifugated at 3000rpm for
10 minutes and serum samples were aliquoted and stored at -80°C.
Concentrations of human FGF 23 and klotho were analyzed by
ELISA using commercial kits (Sunred Biological Technology Co.
Ltd). Intra-assay and inter-assay coefficient of variations for klotho
assay were <8% and <10%, respectively. The sensitivity of klotho
and FGF 23 assays were 0.05ng/mL and 5.147pg/mL. Assay range
of klotho was 0.1-20 ng/mL and 10-1500 pg/mL for FGF 23. 37°C
incubator was used in incubation periods. Measurements were taken
at 450nm using Thermo Scientific plate washer and enzyme-linked
immunosorbent assay plate reader Thermo Multiscan Go (Thermo
Fisher Scientific Inc). Four parameter logistic curves were used for
calculating concentrations.

All studies were recorded with a 5-12 MHz broadband linear
transducer on EchoPac data storage and processing system (GE

Panel reactive antibodies (PRA) were measured by ELISA method
to estimate Anti Human Leucocyte Antibody titers. Patients were
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deemed appropriate for transplantation if titers were lower than 10%
(PRA negative). Values greater than 10% were deemed inappropriate
(PRA positive). If titers increased during follow up, Plasmapheresis
was applied and biopsy intervals were shortened. 10 patients were
excluded from study due to the development of AMR or CMR during
follow up (6 AMR and 4 CMR). After median 4 years follow up, CFR
and FGF 23-klotho analyses were done. During follow up, Coronary
angiography was performed only in 12 individuals out of remaining
38 patients.
Statistical analysis
Statistical analysis was performed with SPSS software (version
20.0, SPSS Japan Inc., Tokyo, Japan). Kolmogorov-Smirnov test was
used to analyze the distribution pattern of the variables. Normally
distributed numerical variables were presented as mean ± standard
deviation, and non-normally distributed variables were presented
as median and interquartile range (IQR). Categorical variables were
presented as the number and percent (%). Group means of the
continuous variables were compared with Student’s t-test, MannWhitney U or Bonferroni corrected Mann-Whitney U tests or the
Kruskal-Wallis test, where appropriate.
Student’s t-test was performed to compare the differences in the
demographic, clinical, biochemical, echocardiographic parameters
and the parameters such as CFR, FGF 23, klotho between the
transplanted patients with/without CAV. The relationship among
the parameters such as FGF 23, klotho and CFR in the transplanted
patients with CAV was determined using the pearson coefficient of
correlation. A p value of <0.05 was considered statistically significant
with a confidence interval of 95%.

Results
There were no statistically significant difference between CAV
(+) and CAV (-) groups in terms of age (48.7 ± 9.5 vs. 43.7 ± 9.4
years; p=0.11), gender (male/female 15/6 vs. 10/7; p=0.42), systolic
blood pressure (110 ± 15 vs. 115 ± 20 mmHg; p=0.7), diastolic blood
pressure (78 ± 11 vs. 80 ± 8 mmHg; p=0.95), heart rate (85 ± 16 vs.
87 ± 18 b.p.m; p=0.77), body mass index (26 ± 5 vs. 24 ± 3 kg/m2,
p=0.15), diabetes (4 (%19) vs. 2 (%12); p=0.55), smoking (1(%5),
2(%12); p=0.44). Biochemical and complete blood count parameters
were also similar in both groups (Table 1).

Austin Publishing Group
Table 1: Comparison of demographic and clinical properties in patients with/
without cardiac allograft vasculopathy undergoing cardiac transplantation.
CAV (+) (n=21)

CAV (-) (n=17)

Patient age, years

48.7 ± 9.5

43.7 ± 9.4

0.11

Donor age, years

30 ± 8

28 ± 10

0.47

15/6

10-7

0.42

Systolic blood pressure, mmHg

110 ± 15

115 ± 20

0.38

Diastolic blood pressure, mmHg

78 ± 11

80 ± 8

0.53

Mean blood pressure, mmHg

88 ± 12

91 ± 14

0,48

Heart rate, b.p.m

85 ± 16

87 ± 18

0.71

Body mass index, kg/m2

Gender, male/female, (n)

p

26 ± 5

24 ± 3

0.15

Diabetes, n

4

2

0.55

Hypertension, n

4

3

0.91

Smoking, n

1

2

0.44

Follow up duration, years

3.9 ± 1.8

4.2 ± 1.6

0.76

Idiopathic DCMP, n

12

15

0.76

Ischemic CMP, n

3

4

0.76

Others, n

7

7

0.76

8±3

7±2

0.24.

Prednisone

21

17

0.25

Cyclosporine

4

3

0.24

Tacrolimus

19

14

0.24

Azathioprine

8

7

0.24

Baseline DSA (PRA) (%)

Sirolimus or everolimus

4

3

0.25

Statin

21

17

0.24

Mycophenolate mofetil (MMF)

12

10

0.25

Anti- thymocyte globulin induction

7

4

0.25

Notes: b.p.m: beats per minute; PRA: Panel Reactive Antibody; DSA: Donor
Specific Antibodies.

In echocardiographic examination; LV systolic diameter,
LV diastolic diameter, LV interventricular septum thickness, LV
posterior wall thickness, LV ejection fraction (EF%), aortic diameter,
mitral E wave, mitral A wave, deceleration time, and isovolumic
relaxation time were found to be similar in both groups (Table 2). As
expected, CFR values were significantly lower in patients who have
CAV (1.24 ± 0.45 vs. 2.47 ± 0.27; p <0.001*)
FGF values were distributed in a broader margin in CAV (+) group
compared to CAV (-) group (Table 5). FGF levels were significantly
higher in CAV (+) group (300.38 ± 85.03 vs. 179.88 ± 57.86; p
<0.001*) (Table 3 and Figure 2). The difference between groups was
independent from conventional risk factors such as hypertension and
diabetes. When both groups were taken into account, There was a
moderate and negative correlation between FGF levels and CFR (r=0.52; p=0.02). Correlation between CFR and FGF 23 levels was better
when CAV (+) group analyzed separately (r=-0.71; p=0.03) (Figure
Submit your Manuscript | www.austinpublishinggroup.com

Figure 1: Measurement of diastolic and systolic flow velocity of left coronary
artery by transthoracic Doppler echocardiography.

3).
Klotho levels were significantly lower in patients who have CAV
(+). Klotho levels were distributed more homogeneously compared
with FGF 23 levels in patients who have CAV (+) (2.62 ± 1.49 vs. 4.81
Austin J Clin Cardiolog 8(1): id1088 (2022) - Page - 03
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Figure 2: Distribution plot of fibroblast growth factor 23 and klotho levels in patients with/out cardiac allograft vasculopathy undergoing cardiac transplantation.

Figure 3: Correlation of coronary flow reserve with fibroblast growth factor 23 and klotho levels was better when CAV (+) group analyzed separately.
Table 2: Comparison of echocardiographic parameters in patients with/out
cardiac allograft vasculopathy undergoing cardiac transplantation.

LV systolic diameter, mm

CAV (+) (n=21)

CAV (-) (n=17)

P

29.5 ± 3.4

28.5 ± 2.7

0.15

LV diastolic diameter, mm

47.6 ± 4.5

48.4± 3.9

0.2

Interventriculer septum, mm

10.7 ± 1.2

11.1 ± 1.6

0.21

Posterior wall, mm

10.1 ± 1.6

10.4 ± 1.8

0.43

LV ejection fraction, %

60.2 ± 5.3

62.4 ± 3.5

0.39

Aortic diameter, mm

31.4± 3.5

30.8 ± 4.0

0.36

Mitral E wave, cm/s

92.23± 16.8

94.2 ± 13.4

0.45

Mitral A wave, cm/s

62.25 ± 13.1

64.42 ± 12.2

0.55

Deceleration time, ms

188.2 ± 29.3

195.3 ± 25.99

0.81

62.3 ± 5.1

57.28 ± 4.3

0.38

Isovolumic relaxation time, ms

Notes: LV: Left Ventricle; SD: Standard Deviation.

± 0.86; p<0.001*) (Table 3 and Figure 3). When both groups were
taken into account, There was a relatively weak correlation between
klotho levels and CFR (r=0.40; p=0.05). Correlation between CFR
and klotho levels was better when CAV (+) group analyzed separately
(r=0.62; p=0.04) (Figure 4). There was an inverse correlation between
Submit your Manuscript | www.austinpublishinggroup.com

Table 3: Comparison of coronary flow reserve, fibroblast growth factor 23 and
klotho levels in patients with/out cardiac allograft vasculopathy undergoing
cardiac transplantation.
CAV (+) (n=21)

CAV (-) (n=17)

P

1.24 ± 0.45

2.47 ± 0.27

0.001*

FGF 23, pg/ml

300.38 ± 85.03

179.88 ± 57.86

<0.001*

Klotho, ng/ml

2.62 ± 1.49

4.81 ± 0.86

<0.001*

Coronary reserve flow

klotho and FGF 23 levels in both CAV (+) and CAV (-) groups
(Figure 4).
Coronary angiography was performed in 12 patients. 6 patients
were labeled as ISHLT CAV 0, 4 of them as ISHLT CAV1-2 of them
as ISHLT. None of the patients were ISHLT CAV3. All of the patients
who had angiographically meaningful disease (ISHLT greater than
0) had CFR values lower than 2. Interestingly, 4 patients, out of 6
who were ISHLT O, had also CFR values lower than 2, suggesting
endothelial disfunction or vasculopathy. Those 4 patients were
considered to have developed CAV, even though angiography
suggested otherwise. ISHLT grading and CFR values were correlated
well in patients who have low CFR values CAV (+). But there were
Austin J Clin Cardiolog 8(1): id1088 (2022) - Page - 04
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Table 4: Comparison of coronary flow reserve, fibroblast growth factor 23 and
klotho levels according to CAV and PRA positivity.
CAV (+)
CAV (+)
CAV (-)
CAV (-)
PRA (+)
PRA (-)
P
PRA (+)
PRA (-)
p
(n=2)
(n=19)
(n=2)
(n=15)
CFR

1.29 ± 0.23 1.21 ± 0.18 0.24 2.35 ± 0.20 2.51 ± 0.45 0.25

FGF 23,
pg/ml

289.2 ± 63.4 309.6 ± 72.4 0.69 182 ± 59.8 175 ± 48.5 0.85

Klotho, ng/ml

2.67 ± 1.23 2.58 ± 0.45 0,82 4.75 ± 0.74 4.88 ± 0.82 0.85

Table 5: Comparison of coronary flow reserve, fibroblast growth factor 23 and
klotho levels in patients with/outcardiac allograft rejection.
AMR (n=4)

CMR (n=2)

No Rejection (n=38)

P value

1.79 ± 0.49

2.01 ± 0.43

1.87 ± 0.45

0.85

FGF 23, pg/ml

254 ± 72

272 ± 65

240 ± 65

0.75

Klotho, ng/ml

3.5 ± 1.35

3.7 ± 1.23

3.8 ± 1.47

0.92

CFR

in-vitro caused direct myocardial cell hypertrophy and repetitive
FGF 23 injections led to the development of LV hypertrophy. FGF
23 blood levels in humans have been linked to broader disease states
of the LV, including atrial fibrillation and LV dysfunction, as well
as heart failure. Serum FGF 23 levels are associated to heart failure
even in early CKD, which leads to further myocardial dysfunction,
potentially creating a vicious cycle. FGF 23 levels were found to be
higher in patients with reduced LVEF [10].
Klotho may counteract with inflammation to protect the vascular
wall integrity [11,12]. Soluble klotho suppresses tumor necrosis
factor-α and adhesion molecules intercellular adhesion molecule-1
and vascular cell adhesion molecule-1 in endothelium. It was shown
that endothelin-1, a harmful molecule to endothelium suppresses
klotho levels [13,14]. In our study, Klotho levels displayed similar
but inverse relationship with CFR compared to FGF 23 levels.
Klotho levels were lower in patients who had vasculopathy and had a
positive correlation with CFR levels. Klotho levels were found to be
significantly higher in CAV (+) group. These results gave rise to the
idea that soluble klotho had a protective effect against vasculopathy.
Since there was a correlation between CFR and klotho, it was
considered that klotho provides its beneficial effects by improving
endothelial functions and CFR.
Elevated FGF 23 levels are independently associated with
endothelial dysfunction and arterial stiffness, which have been related
to cardiovascular mortality. Circulating FGF 23 levels are correlated
with impaired vascular function. Due to its role in mineralization,
FGF 23 was clinically associated with vascular calcification which
may, in part, be caused by a deficiency of active vitamin D. Vascular
klotho deficiency potentiates the development of human artery
calcification and mediates resistance to FGF 23 [15-18].

Figure 4: Correlation of fibroblast growth factor 23 and klotho levels in patients
undergoing heart transplantation regardless of allograft vasculopathy.

some patients who were ISHLT 0 and have CFR < 2. Those patients
were considered as CAV (-) based on ISHLT CAV grading, but CAV
(+) according to CFR measurement. CFR seemed to be more sensitive
to detect vasculopathy compared to angiography. So, angiographic
evaluation was not added to statistical calculation.
There was no relation between FGF 23-klotho levels and PRA
positivity (Table 4). 8 patients were excluded from study due to the
development of AMR or CMR during follow up (5 AMR and 3 CMR).
6 of them were analyzed retrospectively (Table 5). There were no
significant differences in klotho and FGF 23 values in patients with
and without rejection (Table 5).

Discussion
The FGF family has regulatory effects on cell proliferation,
migration, differentiation and survival. In chronic kidney disease
(CKD) at all stages, blood levels of FGF 23 are one of the strongest
known indicators of cardiovascular events and are independently and
positively associated with increasing LV mass index. The relationship
with LV mass index has been demonstrated in older individuals
without CKD, suggesting that FGF 23 may be a cardiovascular risk
factor in adults, regardless of kidney function [8,9]. FGF 23 exposure
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Coronary microvascular function is a prognostic factor in
cardiovascular disorders [19,20]. Microvascular function is reduced
in coronary artery disease, even in territories without prior coronary
artery stenosis and impaired microvascular function carries a poor
prognosis [21,22]. CFR measured by transthoracic echocardiography
with spectral Doppler measurement of coronary artery flow velocity
is a non-invasive method for measurement of coronary microvascular
function.
CFR is method used to evaluate the coronary macro and
microvascular function. It is calculated by dividing hyperemic
coronary blood flow during maximum vasodilation to resting
coronary blood flow. It is a reliable, non-invasive method to identify
epicardial coronary patency as well as coronary microcirculatory
function. CFR represents the capacity of the coronary circulation
to dilate following an increase in myocardial metabolic demands.
Impaired CFR constitutes a marker of coronary microcirculatory
dysfunction and reflects the impairment of the epicardial coronary
artery flow in the presence of significant coronary stenosis [23,24].
In absence of significant coronary artery stenosis, CFR is considered
a quantitative measure of coronary microvascular function. CFR has
both diagnostic and prognostic implications and may be a useful
translational tool for risk-stratification [25,26].
Pitfalls of CFR measurement by echocardiography as follows:
Learning curve effect was seen in most centers in which contrast
agents were not used. The flow in LAD branches could be erroneously
Austin J Clin Cardiolog 8(1): id1088 (2022) - Page - 05
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interpreted as the flow in LAD main trunk. Images may not be
sufficiently clear to allow for accurate measurement of the vessel
diameter. Without estimation of the coronary artery diameter we
can measure changes only in coronary blood flow velocity, but not
changes in coronary blood flow. However, both parameters are closely
correlated and even in large invasive studies DEBATE and DESTINI,
the CFR derived from changes only in the velocity of coronary blood
flow was accepted instead of the absolute coronary blood flow, which
is measurable during invasive studies. CFR by Doppler provided a
highly satisfying correlation between non-invasive and invasive
measurements [27,28].
ISHLT CAV classification was develop to stratify the degree
of allograft vasculopathy. This measure divides patients to four
categories according to angiographic findings. ISHLT CAV O (Not
significant, No detectable angiographic lesion), ISHLT CAV1 (Mild,
Angiographic left main (LM) <50%, or primary vessel with maximum
lesion of <70%, or any branch stenosis <70% (including diffuse
narrowing) without allograft dysfunction), ISHLT CAV2 (Moderate,
Angiographic LM <50%; a single primary vessel >70%, or isolated
branch stenosis >70% in branches of 2 systems, without allograft
dysfunction. ISHLT CAV3 (Severe, Angiographic LM >50%, or two
or more primary vessels >70% stenosis, or isolated branch stenosis
>70% in all 3 systems) [29].
ISHLT CAV classification marks the lesion as grade 1 even if
they become as apparent as 69% (below 70%). ISHLT CAV grade 0
labels coronary arteries as normal and fails to detect any smoldering
endothelial pathology or underlying dysfunctional response. As a
matter of fact, coronary angiography is not gold standard to detect
CAV and endothelial dysfunction especially in early phases. Coronary
angiography can detect lesions only after they protrude towards
vessel lumen. Taking into account the nature of diffuse narrowing
of vessels in CAV, sometimes it is difficult to interpret angiography
in early stages. Additionally, Angiography may not elicit information
about coronary reserve or endothelial function without additional
tests (i.e. intracoronary adenosine, achetylcoline or papaverine). In
summary, Angiography only provides information after the disease
has become evident. As CFR studies conducted by echocardiography
could exhibit endothelial disease before the angiographically evident
changes occur, this type of study design is more suitable to serve our
purpose. Our study aimed at the ethiopathology of the disease and
it was important to detect the disease at early stages. CFR measured
by echocardiography was superior to angiographic evaluation in
our study design. Accordingly, Coronary angiography was not an
essential part of the study. If intravascular ultrasonography had
been performed, It would be valuable to detect early disease but it
would be again impossible to perform physiologic evaluation. CFR
with invasive methods could have been appropriate but performing
invasive procedure without clear indication could have led to ethical
considerations.
All of the patients who had angiographically meaningful disease
(ISHLT greater than 0) had CFR values lower than 2. Interestingly, 4
patients, out of 6 who were ISHLT 0, had also CFR values lower than 2,
suggesting endothelial disfunction or vasculopathy. Those 4 patients
were considered to have developed CAV, even though angiography
suggested otherwise. The fact that some patients with CFR < 2
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had ISHLT > 0 was estimated as an important finding to show the
reliability and sensitivity of our method. Therefore, Coronary flow
reserve measurement was chosen to detect coronary artery disease
and to delineate the relationship between FGF 23 - klotho levels and
allograft vasculopathy. While CFR > 2 patients constituted cardiac
allograft vasculopathy (CAV) (-) group, CFR < 2 patients were
defined as CAV (+) group.
The detection of high FGF 23 levels in CAV (+) group and good
correlation between FGF 23 and CVR values suggests that FGF 23
levels decrease in accordance with the severity of the coronary
disease. As the differences between groups were not associated with
conventional cardiovascular risk factors, it was considered that
there was an inverse relation between FGF 23 levels and allograft
vasculopathy. This finding suggests that besides FGF 23 becomes
increasingly known risk factor for atherosclerosis. It may also have a
role in the development of CAV. Allograft vasculopathy is generally
considered as a partly different entity compared to atherosclerosis.
While atherosclerosis generates more localized and lipid rich lesions,
Allograft vasculopathy tend to be more extensive along the coronary
vasculature. Immunosuppressive medication given to transplanted
patients and tissue mismatch were also held responsible for the
allograft vasculopathy [30]. But in the common sense, endothelial
dysfunction is responsible for the beginning and progression of both
atherosclerotic disease and allograft vasculopathy. There are clinical
associations between elevated FGF 23 and atherosclerosis, impaired
flow-mediated dilation, impaired vasoreactivity, and arterial stiffness
[31-33].
The imbalance is mainly caused by reduced nitric oxide
bioavailability and/or increased generation of reactive oxygen species.
In a study, FGF 23 levels were significantly correlated with multivessel disease [34]. Higher levels of FGF in vasculopathy group and
inverse relationship with coronary flow reserve indicate that FGF 23
may have a role in the pathogenesis of cardiac allograft vasculopathy.
Our study couldn’t find any relation between FGF 23-klotho
levels and PRA positivity and rejection (Table 4 and 5). Vasculopahy
seems to be a process of disease independent from PRA and rejection
on account of FGF 23-klotho system.

Conclusion
In heart transplantation patients, FGF 23 levels were found
to be significantly higher in patients who had CAV (+) compared
to patients who had normal CFR. There was a good but negative
correlation between CFR and FGF 23 levels. Conversely, Klotho
levels were significantly lower in vasculopathy group. There was a
good correlation between CFR and klotho levels. These results gave
rise to the thought FGF 23-klotho axis has a role in the development
of allograft vasculopathy.

Limitations
CAV was diagnosed by coronary flow reserve measurement.
Coronary angiography assisted intravascular ultrasonography or
optical coherent tomography might be very useful to detect anatomical
changes in addition to physiologic changes examined by CFR. Echo
images sometimes might not be satisfactory enough to allow for
accurate measurement of the vessel diameter and calculations were
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limited to measurements of coronary blood flow velocity. Learning
curve effect was seen in most centers in which contrast agents were not
used. Additionally, The flow in LAD branches could be erroneously
interpreted as the flow in LAD main trunk. Study was designed to
explore the effect of FGF 23-klotho on CAV. The number of patients
who have rejection and/or PRA positivity may not be sufficient to
measure the effect of FGF 23-klotho on rejection.
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