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Background: Cardiac allograft vasculopathy (CAV) is the leading complication limiting the long-term survival of heart trans-
plant (HTx) patients. The goal of this study was to assess carbohydrate metabolism disorders in relation to CAV
intensification in heart transplant patients according to the ISHLT grading scheme.

Material/Methods: This retrospective study involved 477 HTx recipients undergoing angiographic observation for up to 20 years
after transplantation. The patients were assigned to 4 groups on the basis of their carbohydrate metabolism
status: without diabetes, with type 2 diabetes prior to HTx, with new-onset diabetes after transplantation, and
with transient hyperglycemia.

Results: In the study, 62.7% (n=299) of the patients manifested no diabetes after HTx, while 14.3% (n=68) of patients
had type Il diabetes prior to HTx and 18.4% (n=88) developed new-onset diabetes after transplantation. In to-
tal, 1442 coronary angiograms were taken in the specified control periods. CAV incidence increased over time
after transplantation, reaching 11% after 1 year, 57% after 10 years, and 50% after 20 years. The longest sur-
vival time was observed for patients who had developed type Il diabetes prior to HTx, but the difference was
not statistically significant. The multivariate analysis failed to identify an independent risk factor for develop-
ing cardiac allograft vasculopathy.

Conclusions: Despite the relatively high rates of CAV and carbohydrate metabolism disorders in heart transplant patients,
our retrospective analysis revealed no statistically significant link between these 2 diseases.
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Background

The second half of the 20" century was a time of major de-
velopments in transplant medicine. With the advancement in
surgical procedures, the new challenge was to overcome the
immune response of the recipient’s body. Effective immunosup-
pressive protocols were developed as a result of many years of
observations and research, which significantly improved post-
operative care. However, the incidence of long-term complica-
tions, such as cardiac allograft vasculopathy (CAV) and post-
transplantation diabetes mellitus (PTDM), must be reduced
further as much as possible to increase patients’ life expec-
tancy and quality of life [1,2].

The carbohydrate metabolism disorders, such as post-trans-
plantation diabetes mellitus (PTDM), are a major issue, not only
after heart transplantation (HTx), but also after other solid or-
gan transplantations. It occurs in 10% to 20% of kidney trans-
plant recipients [3]. It is well established that PTDM and car-
bohydrate metabolic disorders are associated with increased
mortality due to cardiovascular events [3-6].

Cardiac allograft vasculopathy is one of the 3 most common
causes of death, together with cancer and renal failure, in the
first 3 years following transplantation [7]. The development of
vasculopathy after transplantation is a complex process. It is
primarily influenced by immunologic factors, such as the infil-
tration of the vascular intima by inflammatory cell populations,
including lymphocytes and macrophages. The significance of
specific antibodies produced by activated B lymphocytes is em-
phasized as well [8-10]. It is believed that commonly known
risk factors for atherosclerosis have a major role in the devel-
opment of the disease in extended time periods. This results
in overlap of typical atherosclerosis with vasculopathic lesions.

The risk factors for CAV development identified thus far include
donor age of over 50 years, dyslipidemia in the recipient, nic-
otinism, type Il diabetes, episodes of acute cellular rejection,
and donor-specific antibodies binding to human leukocyte an-
tigens. Statins and mTOR kinase inhibitors reduce the risk of
onset of cardiac allograft vasculopathy [11-18].

CAV may result in arrhythmia and sudden cardiac death, since
typical stenocardial problems do not occur because of cardi-
ac denervation. This is why it is so essential to perform rou-
tine recommended coronary angiography, which is the criteri-
on standard in CAV diagnostics according to the current ISHLT
guidelines of 2010 [19].

It is recommended to perform angiography once a year or every
2 years. Less frequent monitoring can be performed in patients
with no abnormalities found over a period of 3-5 years [20].
However, angiography-based CAV diagnosis can be extremely
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difficult due to the diffuse and distal location of concentric
stenoses in CAV, which is unlike the focal and eccentric prolif-
eration in coronary artery disease.

The goal of this study was to measure the incidence and de-
termine the risk factors for cardiac allograft vasculopathy in
heart transplant patients, and to analyze their long-term out-
comes depending on the occurrence of carbohydrate metab-
olism disorders.

Material and Methods

Sample Group

The analysis encompassed 477 patients hospitalized at the
Severe Circulatory and Respiratory Insufficiency and Mechanical
Circulatory Support Ward of the Silesian Center for Heart
Diseases in Zabrze, who had undergone heart transplanta-
tion and coronary angiography during observation in the years
2001-2018. The patients were divided into 4 groups: patients
without diagnosed diabetes, patients with type Il diabetes di-
agnosed prior to transplantation, patients with transient hy-
perglycemia, and patients with diabetes after transplantation.

Diabetes mellitus was classified according to the guidelines
created by the WHO. Temporary hyperglycemia in the early
post-transplant period was identified as a significant clinical
problem; however, due to the lack of clear diagnostic criteria,
these data were not analyzed.

Different publications have their own, varied definitions of
post-transplant diabetes. We have adopted the principle that
each new diagnosis of diabetes following heart transplanta-
tion is defined as NODAT.

“New-Onset Diabetes After Transplantation” (NODAT) refers to
patients whose diabetes was only diagnosed after organ trans-
plantation (this term does not refer to hyperglycemia found
shortly after the procedure) [21].

Post-transplant diabetes mellitus (PTDM) includes patients
with persistent hyperglycemia (possibly due to pre-existing di-
abetes that had not been diagnosed before transplantation),
NODAT patients, and those with temporary post-transplant hy-
perglycemia that resolves within 1 year of transplantation [22].

The CAV grading was based on angiocardiography, accord-
ing to the criteria proposed by the International Society for
Heart and Lung Transplantation (ISHLT). The cardiac angiog-
raphy results were analyzed and ISHLT CAV grades were given
retrospectively. The need for revascularization resulted in the
highest grade. The institutional follow-up protocol consisted
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HTx recipients 2001-2018
n=477
Baseline Follow-up
Time post-HTx 1y 2y 4y 7y 10y 15y 20y
n patients 477 469 398 307 215 93 25
n patients with angiogram 3N 288 309 237 158 63 16
% angiogram 77.8% 61.4% 77.6% 77.2% 73.5% 67.7% 64.0%

Figure 1. Selection of the studied population and the total number of angiograms taken 1, 2, 4, 7, 10, 15, and 20 years after heart

transplantation (STATISTICA 13.3 by StatSoft).

of angiocardiography performed 15 months after transplan-
tation (when there were no other indications). When coro-
nary artery disease was observed during the exam, angiogra-
phy was done every 1-2 years. However, when percutaneous
coronary intervention was performed, the controlled catheter-
ization was scheduled after 6 months.

The nature of the lesions largely suggests their type: donor-
transferred ones are short, eccentric, and occur in large ves-
sels. In our study, CAV classification was developed based on
the result of the first coronary angiography.

Database

A retrospective study was carried out by analyzing the patient
database. The database included the following clinical parame-
ters from the discharge report, concerning the donor: sex, age,
cause of death; and the recipient: sex, age, body mass, height,
clinical diagnoses, treatment, presence of diabetes, arterial hy-
pertension, renal failure, and cytomegalovirus infection (CMV)-
patients with IgG- and IgM-positive results of serology tests.
The database also contained information regarding NODAT
treatment and occurrence of acute graft rejection (date of re-
jection control, rejection grade per ISHLT, rejection treatment).
Additionally, it also included data concerning coronary vessel
angiograms, which made it possible to classify them accord-
ing to the CAV categories defined by ISHLT.

Statistical Analysis

For quantitative variables, the data are presented as aver-
age valueststandard deviation, whereas qualitative variables
are presented in the form of numbers and percentages. Data
regarding the time until the occurrence of an event (patient
death) was visualized by means of the Kaplan-Meier method;
the occurrence of differences between the studied groups was
determined by means of the ¥? test.
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The results of the survival and risk analysis were presented us-
ing Cox proportional-hazards models. A univariate analysis was
performed for all the risk factors. The multivariate model only
contains variables with a sufficient number of observations. For
risk factors with 2 types of regression, univariate and uncorrect-
ed HR values are presented above, whereas corrected HR values
with multiple variables can be found below. In the multivariate
Cox proportional hazards model, the CAV grades were evaluat-
ed as variables dependent on time and adapted to the date of
transplantation, the age and the sex of the recipient, the inci-
dence of ischemic cardiomyopathy prior to transplantation, ar-
terial hypertension, and the estimated glomerular filtration rate.

The global level of significance in the conducted analysis was
defined as P<0.05. The statistical analysis was performed us-
ing STATISTICA 13.3 analytical software as well as the program-
ming language R and the RStudio environment. The Forestplot
package was used as well.

Results

Group Characteristics

The analyzed data set encompasses 477 heart transplant pa-
tients with an average observation time of 13.56+6.92 years.
Figure 1 presents the study population and the total number
of angiograms taken during the post-transplantation obser-
vation. In total, 1442 coronary angiograms were performed
in the specified control periods. The clinical characteristics,
with a division into 4 sample groups, are presented in Table 1.

A significant majority of patients without diabetes diagnosed
during the observation period were male, and they were also
younger than the patients with type Il diabetes and NODAT.
Furthermore, the increase in body mass after 2 years of post-
transplantation observation was significantly higher in patients
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Table 1. Characteristics of the sample group divided into 4 subgroups (Excel by Microsoft 365).

Without diabetes Diabetes type 2

Number of patients 299 (62.7%) 68 (14.3%) 22 (4.6%) 88 (18.4%)
| e EE—m e 25 (819%) 57 (838%) 15 (682%) 70 (796%)
| Recipientage—yeas  BEEeTeEE 527482 465:117 5224103
CBMI—kgmt
”””” BMIat discharge  233#35 256433 256433 256833
”””” BMiatlyfolow-up 253840 275440 275840 275440
”””” BMI at last available follow-up  260#48  283:42  283t42 283142

't';l‘;r:fig‘_l;?’z%‘f’)eight in 2y after OHT by more 230 (76.9%) 43 (63.2%) 14 (63.6%) 42 (47.7%)
| schemic—re - == o4 (314% 34 (50%) o 409% 52 (59.9%)
GR-mUminl73me 0408400 - 7048306 009:27.5 7884209
Boipicematnocon 52 (17.4%) 27 (G97%) o 409%) 30 (341%)
| cMviseropositviyeneical . B 52 (17.4%) 19 (280%) 3 (136%) 20 (27%)
[ e R 40 (134% 14 (06%) 1 8 (364% 25 (284%)
[ A 20 ©7% s (74%) 1 @50%) 10 (114%)
* Cyclosporine immunosuppressive scheme —no. (%) 38 (1271%) 11 (16.18%) 11 (50%) 25 (2841%)
 Statinstherapy—no. (%) 148 (495%) 45 (66.18%) 18 (818%) 73 (82.95%)
Psecdtiespy DN .
 Gmthpostransplant 150 (502%) 54 (79.41%) 22 (100%) | 80 (90.91%)
| v 62 207% 25 (368%) 13 (59.1%) 23 (261%)
| o e 7 57% 11 (162% 8 (364%) 9 (102%)
©ISHLT >3aatdischarge—no. %)) 9% (201%) 28 (5.9%) 16 (34%) 52 (10.9%)
* The episode numer of ISHLT >3a during the 1%year

post-transplantation — no. (%)

0 91 (30.4%) 23 (33.8%) 3 (13.6%) 29 (33%)
T 73 (44%) 26 (382%) 12 (545%) 30 (41%)
T 55 (184%) 6 88%) 4 (182%) 16 (182%)
e I a4 (147%) 3 (44%) 1 @s%) o (102%)
”””” s 19 64%) 5 (4w 2 01% 4 (45%)
”””” s 111G 105  000% 0 00%
”””” 6 207 3@  000%) 0 00%
”””” 7 201 000  000%  000%)
”””” s 103 105  000%) 0 00%
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Figure 2. Incidence of CAV over time (STATISTICA 13.3 by StatSoft).

without diagnosed diabetes. Patients with diabetes diagnosed
prior to and after transplantation were characterized by de-
creased renal function, expressed in eGFR. In patients with
type Il diabetes there was a lower incidence of dyslipidemia
and less need for hypotensive pharmacotherapy. On the other
hand, patients without diabetes diagnosed during observation
were more frequently treated with levothyroxine and statins
at the point of discharge from the hospital following HTx. The
coronary angiograms performed on patients without diabetes
were significantly more likely to exhibit cardiac allograft vas-
culopathy, expressed in grades >0 per ISHLT.

Incidence of CAV

Figure 2 presents the distribution of CAV in heart transplant
patients after 1, 2, 4, 7, 10, 15, and 20 years. The incidence
of CAV >0 increased with time after transplantation, reaching
11% after 1 year, 23% after 2 years, 29% after 4 years, 41%
after 7 years, 57% after 10 years, 66% after 15 years, and 50%
after 20 years following heart transplantation.

Relationship Between Survival Time and the Incidence of
Diabetes

Figure 3 presents survival analysis with a division into 3 groups
(patients without diabetes, patients with type Il diabetes, and
patients with NODAT). The survival of patients with diabetes
after transplantation is depicted by the least favorable curve,
yet no statistical significance was determined. A deviation of
the curve at an extended point in time following transplanta-
tion is particularly visible. The longest survival time was ob-
served for patients who had developed type Il diabetes prior
to heart transplantation.
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Figure 3. Kaplan-Meier survival analysis with division into 3
groups (STATISTICA 13.3 by StatSoft).

Clinical data were additionally analyzed from the perspective
of the risks of developing vasculopathy (Figure 4). In the uni-
variate analysis, significant CAV risk factors included the age
of the donor (HR 1.00, P=0.001), head trauma as the donor’s
cause of death (HR 1.5, P=0.012), as well as other causes of
death, excluding stroke and central nervous system injury (HR
0.61, P=0.003). Additional significant factors included the re-
sults of biopsy according to the ISHLT grading scheme signify-
ing cellular rejection (»3a) (HR 1.8, P=0.000) as well as the ab-
sence of diabetes over the entire observation period (HR 0.76,
P=0.017). The administration of statins during treatment of
heart transplant patients exhibited a statistically significant in-
fluence in the univariate analysis (HR 1.80, P=0.000). The mul-
tivariate analysis failed to identify an independent risk factor
for developing cardiac allograft vasculopathy.
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Hazard ratio

Subgroup No. of patients HR HR95% CI P value
Recipient age 477 ] 1.00 0.99-1.00 0.980
el 1.00 0.99-1.01 0.482

Recipient sex (M) 477 ——y 0.97 0.74-1.30 0.820
L s— 0.97 0.71-1.33 0.852

BMI at discharge 355 » 1.00 0.97-1.00 1.000
Donor’s age 471 . 1.00 1.00-1.00 0.001
[ ] 1.00 0.99-1.01 0.813

Donor’s sex (M) 424 —— 110 081-140 0700
—_———i 1.07 0.78-1.45 0.685

Donor cause of death (head trauma) 477 —_— 1.50 1.10-2.00 0.012
—_——————{ 0.91 0.51-1.64 0.757

Donor cause of death (other) 477 $——y 0.61 0.44-0.85 0.003
b - J 0.86 0.44-1.70 0.672

Donor cause of death (stroke) 477 b o J 1.20 0.67-2.10 0.550
eGFR recipient <59 ml/min/1.73 m? (yes) 352 —— 1.00 0.75-130 1.000
ISHLT >3a during first year posttransplant 476 - 0.88 0.81-0.96 0.001
[ o] 0.92 0.84-1.02 0.109

(yclosporine immunopressive scheme (yes) 477 0,—'—' 1.20 0.88-1.70 0.240
— 1.07 0.76-1.50 0.689

Statind therapy (yes) 477 i — 1.80 1.40-2.40 0.000
(e — 1.36 0.98-1.88 0.063

Hypotensive pharmacotherapy (yes) 477 D-;—.—c 1.20 0.94-1.60 0.130
——| 1.05 0.79-1.40 0.730

Ischemic cadiomopathy (yes) 477 —e—t 0.93 0.74-1.20 0.560
—— 0.96 0.73-1.26 0.758

CMV (yes) 318 |—¢—| 1.00 0.75-1.30 1.000
Nodat (without diabetes) 477 —— 076 0.60-09 0.017
e 0.87 0.64-1.19 0.379

Nodat (diabetes) 477 .-lh._. 1.20 0.90-1.70 0.190
Nodat (hyperglycemia) 477 C et 1 1.20 0.70-2.00 0520
! - '] 0.97 0.54-1.73 0.929

Nodat (NODAT) 477 #.#‘ 1.20 0.93-1.60 0.140

0.5 1 1.5 2 25
<o Lower gk e e Higher risk >

Figure 4. Chart presenting the results of the analysis of risk factors for developing CAV, using Cox proportional-hazards models.
A univariate analysis was performed for all the risk factors. The multivariate model only contains variables with a sufficient
number of observations. For risk factors with both types of regression, univariate and uncorrected HR values are presented
above, whereas corrected HR values with multiple variables can be found below (STATISTICA 13.3 by StatSoft).

Discussion

The source of cardiac allograft vasculopathy may lie in endo-
thelial dysfunctions or atheromatous plaques present in the
coronary vessels of both the donor and the recipient. Allograft
vasculopathy is a term that describes a process that differs
from standard atherosclerosis in a physiological and patho-
physiological manner. Some transplanted hearts exhibit classic
atheromatous plaques, which were transferred together with
the organ, and are referred to as “passenger atherosclerosis.”

There is a clear increase in the incidence of CAV in older men
who are transplant recipients [23-25]. CAV develops more often
in hearts obtained from older donors, but is less frequent in
female donors, but this was not confirmed in our study group.

Currently, the primary risk factor influencing the development
of CAV is acute cellular rejection (ACR) during the first year af-
ter transplantation, expressed in the present study as ISHLT
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>3a. Acute cellular rejection occurs most frequently during the
first 6 months after heart transplantation, and HTx recipients
typically experience an average of 1 ACR episode during the
first year [24]. In our study, 69% of follow-up patients had at
least 1 ACR during the first year after HTx.

Efforts to standardize the definition of rejection were attempt-
ed for a long time, but it was only made possible with the in-
troduction of the biopsy-based grading scheme proposed in
1990 (and modified in 2004) by the International Society for
Heart and Lung Transplantation. Most medical centers do not
perform coronary angiography in the first year after transplan-
tation, which is why histopathologic findings are primarily tak-
en into consideration.

The conclusions of research concerning acute rejection from
before the biopsy-based ISHLT grading scheme was developed
should be approached with caution, as the lack of standardized
criteria led to significant discrepancies in the obtained results.
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It is reasonable to assume that immunologic activation can re-
sult in vasculitis and lead to a heightened risk of CAV. Numerous
studies have proven that the development of cardiac allograft
vasculopathy is dependent on both immunologic and non-im-
munologic factors (eg, cold ischemia time).

Patel and Kobashigawa demonstrated that performing a cardi-
ac muscle biopsy after the first year following surgery does not
have a significant influence on survival time [26]. Up to 20% of
the cases exhibit a false-negative rejection result during biop-
sy. The use of non-invasive monitoring should be considered
in the future, including troponin measurements, echocardiog-
raphy, cardiac magnetic resonance imaging, and imaging with
the use of radiolabeled lymphocytes and anti-myosin antibod-
ies or annexin V [27,28].

The cytomegalovirus (CMV) is one of the most common and
clinically significant causes of post-transplant infection, affect-
ing up to 80% of heart and lung transplant recipients. Despite
having an available and effective antiviral medication for the
prevention and treatment of CMV infections, due to the im-
munosuppressive burden and the particular characteristics of
transplantation, CMV infection remains the primary clinical is-
sue in heart and lung transplant recipients [29,30]. It is suggest-
ed that the significant relationship between a CMV infection
and early CAV is most likely associated with direct endotheli-
alinjury or more frequent rejections. Prophylaxis for reducing
asymptomatic CMV infections is additionally associated with
lower CAV development [31].

The role of CMV in the development of CAV has been exten-
sively analyzed, but a positive relationship was not confirmed
in our study. The discrepancy in the results suggests the need
to conduct further research and perform prospective assess-
ment of heart transplant patient therapy.

Tramblay-Gravelet et al, using univariate analysis, indicated
that post-transplant diabetes was related to higher mortali-
ty among 298 patients who underwent a heart transplanta-
tion between 1983 and 2011 at the Montreal Heart Institute.
However, this finding has never been confirmed in multivari-
ate analysis, nor has it been proved to be linked with disease
progression [32]. Also, among the patients analyzed in our re-
search, the presence of the diabetes did not have any signif-
icant impact on developing the allograft vasculopathy and,
as a result, on the mortality in this particular patient sample.
These conclusions confirm the earlier observations that the
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risk factors of CAV are slightly different than those related to
development and complications of CAD in patients who had
never undergone a heart transplant [33].

The present single-center cohort study described in this paper
contains a review of the incidence of CAV and the risk factors
and survival prognosis depending on the presence of type Il
diabetes and diabetes after transplantation in the observed
patients. The incidence of CAV after 1 year was comparable to
the incidence in the ISHLT register and the Leuven single-cen-
ter study [34], although in subsequent control periods the in-
cidence was slightly higher, but with a stable falling tendency.

Nevertheless, the present study has a number of limitations.
First of all, it was a single-center study, whereas the subject of
study itself is of an extremely pioneering character in Europe.
The issue was approached only by the research center in Leuven
[34], but the influence of glucose metabolism disorders was
not evaluated. Secondly, given the subclinical coronary inci-
dents, events occurring between the planned angiograms list-
ed in the protocol must not be excluded. Thirdly, the intensi-
fication of CAV was assessed only by means of angiography,
which is less sensitive to the early stages of CAV than intra-
vascular USG or optical coherence tomography. Due to the ob-
servational character of the study, the authors were unable to
assess the influence of therapeutic interventions after CAV de-
tection and treatment. The primary advantage of this cohort
study is the long observation period (up to 20 years after HTx)
and relatively strict follow-up schedule, which enabled a low
rate of follow-up loss.

Conclusions

To conclude, the incidence of CAV remains high. Considering
the lack of risk factors identified in the multivariate analysis,
diagnosing CAV will most likely continue to pose a major chal-
lenge in the future. It is therefore necessary to conduct fur-
ther research to determine other factors that influence the
development of cardiac allograft vasculopathy during long-
term observation.

Declaration of Figures’ Authenticity
All figures submitted have been created by the authors, who

confirm that the images are original with no duplication and
have not been previously published in whole or in part.
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