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Evaluation of Cardiac Parameters in Bone Marrow Transplant
Patients: Effect of Pulmonary Artery Pressure on Survival

Kemik I1igi Nakli Yapilan Hastalarda Kardiyak Parametrelerin Degerlendirilmesi: Pulmoner
Arter Basincinin Sagkalima Etkisi
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Objective: Hematopoietic stem cell transplantation (HSCT) is a choice
of treatment for malignant and non-malignant diseases. After HSCT,
some complications may develop in patients. Cardiac complications
are particularly important. The aim of this study was to investigate
whether systolic pulmonary artery pressure (PAP) is a marker for
overall survival (0S) in HSCT patients.

Materials and Methods: In our study, 428 HSCT patients were
evaluated. Ejection fraction (EF) and PAP values were investigated
during symptom-oriented echocardiography in the pre-HSCT and
post-HSCT periods.

Results: Pre-HSCT EF values were similar between the groups. In
patients with autologous HSCT (auto-HSCT) (PAP >25 mmHg), it was
found that the 5-year mortality rate was 48.6%, while in the other
group (PAP <25 mmHg) the 5-year mortality was 25.5%. There was
a significant association between 5-year mortality rate and PAP level
(p<0.046) in the auto-HSCT group. OS was 38% in the pre-auto-
HSCT period with PAP values of >25 mmHg, while OS was 61% in
the pre-auto-HSCT period with PAP values of <25 mmHg (p<0.001).
We determined that there was a statistically significant difference
between OS and PAP levels in patients with auto-HSCT. Five-year
mortality rate and OS were not significantly different in patients
undergoing allogeneic HSCT (allo-HSCT) (p>0.05).

Conclusion: Our results suggest that pre-HSCT PAP value is an
important risk factor for mortality and OS in patients undergoing
auto-HSCT.

Keywords: Hematopoietic stem cell transplantation, Pulmonary artery
pressure, Overall survival

Amag: Hematopoietik kék hiicre transplantasyonu (HKHT) malign
ve non-malign hastaliklarda kullanilan bir tedavi secenegidir.
Nakil sonrasinda bir cok komplikasyon gelismektedir. Kardiyak
komplikasyonlar 6nemli bir yer tutmaktadir. Bu calismanin amaci,
sistolik pulmoner arter basincinin (PAB) nakil yapilan hastalarin
sagkalimina olan etkisini arastirmaktir.

Gere¢ ve Yontemler: Calismamizda 428 HKHT vyapilan hasta
degerlendirildi. Ejeksiyon fraksiyonu (EF) ve PAB degerleri, semptom
oryante ekokardiyografi ile post ve pretransplantasyon dénemde
degerlendirildi.

Bulgular: Karsilastirilan gruplar arasinda pre-HKHT déneminde EF
degerleri agisindan farklilik saptanmadi. Bes yillik mortalite otolog
HKHT yapilan hastalarda PAB degeri 25 mmHg lizeri olanlarda %48,6,
diger grupta %25,5 olarak gozlendi ve istatistiksel olarak p<0,046
olarak hesaplandi. Total sagkalima bakildiginda otolog HKHT yapilan
hastalarda; nakil dncesi PAB degeri 25 mmHg tizeri olanlarda %38 iken;
nakil 6ncesi PAB degeri 25 mmHg altinda olan grupta sagkalim %61
olarak saptandi ve bu durum istatistiksel olarak anlamh hesaplandi
(p<0,001). Ayni verileri degerlendirerek total sagkalim ve PAB degeri
arasinda otology HKHT vyapilan hastalarda anlamh iliski oldugunu,
allojenik HKHT yapilanlar arasinda istatistiksel olarak anlamli iliski
olmadigini tespit etmis bulunmaktayiz.

Sonug: Calismamizin sonuglarina gére HKHT dncesi ve sonrasi dl¢lilen
PAB degeri hastalarda total sagkalim ve mortalite lizerine 6nemli
etkisi olan bir faktdr olarak karsimiza ¢cikmaktadir.

Anahtar Sézciikler: Hematopoietik kdk hiicre transplantasyonu,
Pulmoner arter basinci, Total sagkalim
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Introduction

Hematopoietic stem cell transplantation (HSCT) is used in the
treatment of life-threatening malignant and non-malignant
diseases. Allogeneic HSCT (allo-HSCT) can provide an advantage
for overall survival (0S) in 15%-20% of patients with acute
leukemia after induction therapy and this rate may increase to
35% when HSCT is applied during the first relapse and second
remission [1]. Autologous HSCT (auto-HSCT) is a good choice of
treatment for multiple myeloma; it can be applied in first- and
second-line treatment and can also be used in patients with
lymphoma as an effective treatment [1].

Short- and long-term complications can develop after HSCT.
These include nausea, vomiting, pneumonia, thyroiditis, and
cardiovascular side effects [2]. Cardiac complications such as
pericarditis, arrhythmia, pulmonary edema, heart failure, and
sudden cardiac death developing within the first 100 days
of HSCT are considered as acute cardiotoxicity. Studies have
shown that post-transplant acute cardiac complications have
1.2% mortality and morbidity ranging from 5% to 43% [3].

Heart failure (HF) is the most serious of cardiac complications.
HF is defined as a 10% decrease in the ejection fraction (EF) or
EF of less than 50% before HSCT [4]. Clinical findings such as
orthopnea, paroxysmal nocturnal dyspnea, exercise intolerance,
night cough, wheezing, palpitations, and syncope may develop
in HF. To date, there is no medical treatment that can regenerate
scar tissue in the routine management of HF, thus increasing
mortality and morbidity [5]. It is therefore important to detect
HF early. In our study, all of the patients were evaluated for HF
with echocardiography.

Pulmonary hypertension (PH) is defined as pulmonary artery
pressure (PAP) of more than 25 mmHg at rest. Right heart
catheterization is used as the gold standard in diagnosis, but
this method is not suitable for daily practical use [6]. In the
past 30 years, prodigious technological improvements in
echocardiography have increased its sensitivity for quantifying
PAP and it is now used as a safe and available alternative to
invasive catheterization [7].

To date, elevation of PAP has not been reported among the cardiac
complications in the European Group for Blood and Marrow
Transplantation (EBMT) guidelines. In the literature, the focus
is generally on PH and mortality in the post-transplant period.
A study by Dandoy et al. [8] revealed that symptoms of newly
developed tachypnea, hypoxia, and respiratory failure occurred
following transplant. It was reported that the mortality rate in
40 cases presented in the literature was 55% and the cause of
mortality was PH and its complications in 86% of those cases.

The aim of this study was to investigate whether PAP is a marker
of OS for HSCT patients.
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Materials and Methods
Research Strategy

In this study, 428 patients who underwent HSCT in the Bone
Marrow Transplantation Unit of the Department of Hematology,
Faculty of Medicine, at Gaziantep University in Turkey were
investigated. The median age was 29 (range: 15-63) years in
allo-HSCT patients and 54 (range: 17-76) years in the auto-
HSCT group. Males comprised 250 (58.4%) of the patients
and 178 (41.6%) were female. In this retrospective analysis,
the patients who underwent HSCT once between 2009 and
2016 were evaluated using the official Medulla system and by
scanning files from the archives. Ethics committee approval was
obtained from the Gaziantep University Medical Faculty Ethics
Committee with decision number 4.4.2016/103. This study was
conducted in accordance with the World Medical Association's
2000 Declaration of Helsinki.

Methods

EF and PAP values were evaluated during symptom-oriented
echocardiography (Vivid 9, GE, Norway) examinations
performed in the pre-HSCT and post-HSCT periods. Continuous
wave Doppler imaging of the tricuspid regurgitation (TR) trace
was used to measure the difference in pressures between
the right ventricle and right atrium. The simplified Bernoulli
equation (p=4[TRmax]2) was used to calculate this pressure
difference using peak TR velocity. This method correlates
well with systolic PAP for right heart catheterization [9]. The
cut-off EF value was 50% and that of PAP was 25 mmHg
according to the 2015 European Society of Cardiology/
European Respiratory Society Guidelines for the diagnosis and
treatment of PAP [10].

Statistical Analysis

The analysis of data was performed using SPSS 18.0 for Windows
(SPSS Inc., Chicago, IL, USA). The statistical significance of
the differences between the patient groups was estimated by
logistic regression analysis. The adjusted odds ratios (ORs) were
calculated with a logistic regression model that checked for sex
and age and are reported with 95% confidence intervals (Cls).

Differences in the patients group were compared using the chi-
square test and the Fisher exact test when required. For statistical
comparison of groups, the median test was used. OS was defined
as the time period between the time of transplantation to death
due to any reason. OS evaluations were performed using the
Kaplan-Meier method. A p-value of less than 0.05 was accepted
as significant.

Results

Allo-HSCT was performed for 154 (36%) and auto-HSCT
was performed for 274 (64%) of the 428 patients who were
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enrolled in this study. General characteristics of the patients
are summarized in Table 1. The patients who had undergone
auto-HSCT were mostly diagnosed with multiple myeloma 175
(40.9%), followed by 87 (22.4%) with non-Hodgkin lymphoma.
A total of 92 (21.5%) patients (80 allo-HSCT and 12 auto-HSCT
cases) were diagnosed with acute myeloid leukemia, being the
third most common disease group. The final group of patients
consisted of 27 (6.3%) patients with aplastic anemia (Table 1).
When the follow-up period was taken into account, it lasted
between 3 and 84 months (median: 24 months) in the allo-HSCT
group and between 3 and 88 months (median: 30 months) in
the auto-HSCT group.

In patients who underwent allo-HSCT, pre-transplant EF values
were between 43% and 67% (median: 60%), while EF values
in patients with auto-HSCT ranged between 35% and 70%
(median: 60%). In the post-transplant period, 105 patients were
evaluated using echocardiography, and 3 (2%) patients in the
allo-HSCT group and 8 patients (2.9%) in the auto-HSCT group
had lower EF values before transplantation. As a result of this
study, it was found that EF values increased by more than 10%
in post-transplant evaluations in 2 out of 45 patients (4.4%)
in the allo-HSCT group and 2 out of 60 patients (3.3%) in the
auto-HSCT group. In stem cell treatment, multipotent bone
marrow-derived mesenchymal stem cells appear to be the most
promising candidates. Bone marrow-derived mesenchymal stem
cells increase proliferation and attenuate scar tissue [11]. The
EF increases detected in our study were thought to be due to
regeneration.

PAP was higher than 25 mmHg in 35 patients (12.8%) in the
auto-HSCT group and in 22 (14.3%) in the allo-HSCT group. In
the pre-transplant period, 105 patients were evaluated using
percentage of forced expiratory volume in one second (FEV,
%), with a median of 83% (80%-95%) in the allo-HSCT group
and 89% (82%-97%) in the auto-HSCT group. Tricuspid and
mitral regurgitation ratings are shown in Table 2. Table 3 shows
the association of PAP elevation with survival and effect of
engraftment in auto-HSCT patients. In auto-HSCT patients, 100-
day mortality and 12-month mortality were not statistically
significantly different between the groups with high PAP and
normal PAP values (p>0.05). Five-year mortality rates were
48.6% (17 patients) and 10.9% (26 patients) in patients with
a PAP of >25 mmHg and normal PAP values, respectively. This
difference was statistically significant (p<0.05). Furthermore,
5-year survival was 38% (median: 33.6 months) in 35 patients

Table 2. Pulmonary and cardiac characteristics of the patients
undergoing hematopoietic stem cell transplantation.

Allogeneic Autologous
HSCT HSCT
Number of patients 154 274
EF* 60 (43-67) 60 (35-70)
EF <50% 3 (2%) 8 (2.9%)
EF >10% increase 2/45 (4.4%) 2/60 (3.3%)
FEV, %" 83 (80-95) 89 (82-97)
Tricuspid regurgitation >grade 1 2 (1.3%) 10 (3.6%)
Mitral requrgitation >grade 1 1 (0.7%) 3 (1.1%)

PAP mmHg >25 22 (14.3%) 35(12.8%)

*Median. EF: Ejection fraction, PAP: pulmonary artery pressure, FEV; %: percentage of

Table 1. General characteristics of the patients undergoing forced expiratory volume in one second, HSCT: hematopoietic stem cell transplantation.
hematopoietic stem cell transplantation.
. Table 3. Association between pulmonary artery pressure and
Allogeneic | Autologous talit d val i tients wh d t autol
HSCT HSCT mortality :.m. survival in patients w 9un erwent autologous
. hematopoietic stem cell transplantation.
Number of patients 154 274
- - - PAP >25 PAP <25 p-value
Age at the time of diagnosis* 29 (15-63) | 54 (17-76) mmHg mmHg
Male/female 93/61 157/117 35/274
Number of patients 239/274
AML |80 12 P (12.8%) /
ALL |38 - ﬁge igstlze time of 63(39-74) |53 (17-76)
Diagnosis NHL |9 87 g
Male/fi | 171 14
AA 2 3 ale/ em-a e /18 0/99
MM |- 175 ('\:j‘;‘;tsgo"h" engraftment” | 14 (g_g) 11 (10-24) | 0.326#
Neutrophil engraftment* (days) 15 (10-21) | 11 (9-20) Platelet engraftment* 13 (6-61) 12 (6-61) 0,696
Platelet engraftment* (days) 13 (9-61) 12 (9-61) (days) )
100-day mortality % 11 (7.1%) 12 (4.4%) 100-Day mortality % 3 (8.6%) 9 (3.8%) 0.347@
12-month mortality % 32 (20.8%) | 33 (12%) 12-Month mortality % 7 (20%) 26 (10.9%) | 0.316@
Overall 5-year survival % 61 58 Overall 5-year mortality % | 17 (48.6%) 61 (25.5%) | 0.046@
Follow-up duration* (months) 24 (3-84) 30 (3-88) Overall 5-year survival % 3383 . - 61 0.001&
*Median. NHL: Non-Hodgkin lymphoma, AML: acute myeloid leukemia, ALL: acute (33.6 months)
lymphoid leukemia, AA: aplastic anemia, MM: multiple myeloma, HSCT: hematopoietic &Log rank test; @0R (95% Cl) was adjusted by age and sex; *median; *median test.
stem cell transplantation. PAP: Pulmonary artery pressure.
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with a PAP of >25 mmHg and 61% in the other group (Figure
1). This difference was statistically significant (p<0.05). When
allo-HSCT transplant patients were evaluated, there was no
statistically significant difference between the two groups in
terms of overall survival rates (p>0.05) (Table 4).

Discussion

There are many complications after HSCT. Cardiac
complications rarely cause mortality and morbidity. Early
cardiovascular complications may occur due to pre-
transplant medical history, primary diagnosis, age, associated
comorbidities, mobility regimen, and transplantation type
[12]. Late cardiovascular complications may develop due to

0,8-

Overall survival

0,0~

Time (years)

Figure 1. Five-year overall survival (38% vs. 61%) for the whole
population according to pulmonary artery pressure in autologous
hematopoietic stem cell transplantation group.

Table 4. Association between pulmonary artery pressure and
mortality and survival in patients who underwent allogeneic
hematopoietic stem cell transplantation.
PAP >25 | PAP <25 | p-value
mmHg mmHg
. 22/154
Number of patients (14.3%) 132/154
Age at the time of diagnosis 28 (15-58) | 30 (15-63)
Male/female 10/12 83/49
Neutrophil engraftment* (days) | 15 (10-28) | 15 (10-24) | 0.706#
Platelet engraftment™ (days) 13 (11-61) | 13 (9-61) | 0.990#
100-Day mortality % 4(18.2%) | 8 (6%) 0.075@
12-Month mortality % 6(27.3%) |26 (19.7%) | 0.440@
Overall 5-year mortality % 8 (36.3%) | 42 (31.8%) | 0.673@
Overall 5-year survival % 60 61 0.743&
&Log rank test; @0R (95% Cl) was adjusted by age and sex; *median; #median test.
PAP: Pulmonary artery pressure.
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cardiotoxic chemotherapy exposure, radiotherapy, and age
at the time of transplantation. In particular, post-transplant
cardiovascular risk increases threefold in women, and in the
auto-HSCT group, the risk of cardiac dysfunction increases
fourfold [12]. Therefore, pre-transplant cardiac monitoring
is routinely performed. A patient who is planned to undergo
HSCT has adequate cardiac reserve for transplantation when
the EF is above 35%-400% [13]. In our study, only 11 patients
were found to have undergone transplantation with EF below
50%.

Murdych and Weisdorf [14] studied a total of 2821 patients
who underwent HSCT. Cardiac complications were detected
in 26 (0.9%) of these patients and 11 patients died due to
HF. Decrease in EF can usually occur after treatment with
cardiotoxic chemotherapeutic agents. In our study, we did
not have death due to heart failure. Anthracycline-related
HF risk is associated with a cumulative 500-550 mg/m2 dose
in 4% and a cumulative 600 mg/m2 dose in 36%. For HSCT-
treated patients, a cumulative dose of 250 mg is required
for the threshold HF development limit [15]. We did not
encounter anthracycline at doses exceeding the upper limits
available in our study. Post-transplant beta-blockers can be
used to reduce the cardiotoxic effects of anthracycline drugs
[16].

The EF value increased after transplantation in 2 patients in each
group. The association of this elevation with transplantation is
regarded as insignificant for two reasons. The first is that no
information was found on whether the patients received HF
treatment, and, if so, how regular that treatment was. The second
reason is that when the possibility of cardiac regeneration due
to HSCT is emphasized, the probability of stem cells passing
through the pulmonary artery and capillaries without any
damage after transplantation is low [17].

A study by Dandoy et al. [8] revealed that symptoms of newly
developed tachypnea, hypoxia, and respiratory failure occurred
on the median 70th day. It was reported that the mortality rate
in 40 cases presented in the literature was 55% and the cause
of mortality was PH and its complications in 86% of these
cases. A literature review reported that patients developed PH
between 1 month and 51 years after transplantation (median:
12.6 years). In our study, no significant increase in mortality was
found in the 100-day and 12-month follow-ups in both groups
of allo-HSCT and auto-HSCT patients who had PAP values of
>25 mmHg; however, overall 5-year survival was poor for auto-
HSCT patients (p<0.001).

All pre-transplant patients should be evaluated with respiratory
function tests. The FEV; % value should be above 80% of the
expected value, while carbon monoxide diffusion capacity
(DLCO) should be greater than 50% of the expected value
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[18,19]. In our study, the FEV; % value was a median of 83%
(80%-95%) for patients with allo-HSCT and 89% (82%-97%)
for patients with auto-HSCT.

The EBMT has established a risk classification for patients who
have undergone allo-HSCT. The classification includes the age
of the patient, the stage of disease, the type of donor, the
time interval between diagnosis and transplantation, and a
sex difference between donor and host [20]. In our study, we
investigated the age and sex of patients and found that PAP
values increase the mortality rate as an independent risk factor
when age and sex are taken into the confidence interval in
transplantation patients.

Conclusion

The PAP value, which has not yet been investigated in acute
and chronic cardiac complications, has emerged here as an
important risk factor that can affect overall survival.
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