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UVODNI SLOVO

Vazeni kolegove,

dostavate do rukou prvni Cislo sborniku nejlepsich
védeckych praci publikovanych v impaktovanych ca-
sopisech v roce 2013. Sbornik je souhrnem 15 pra-
ci, které v roce 2013 ziskali nejvyssi impakt faktor
a predstavuji prehled nejkvalitnéjsich autorskych
praci ve Fakultni nemocnici Ostrava.

Publikacni ¢innost je nedilnou soucasti védecké pra-
ce zaméstnancu fakultni nemocnice a odrazi Spic-
kovou kvalitu poskytované zdravotni péce. Nase
nemocnice se snazi poskytnout svym pacientim tu
nejkvalitnéjsi péci a ta se odrazi i ve védecké a pu-
blikacni ¢innosti.

Kvalitni autorsky text, ktery je otistén v prestiznim
impaktovaném casopise, je trvalou stopou nasi vé-
decké prace. Narust kvalitnich publikovanych vy-
sledk(l védecké prace predstavuje dnes nedilnou
soucast védecko-vyzkumné cinnosti, bez které se
fakultni nemocnice neobejde.

Nasim dlouhodobym cilem je zvysovat Uroven Fa-
kultni nemocnice Ostrava jako registrované vyzkum-
né organizace a to nejen prostrednictvim védeckych
sdéleni na odbornych seminarich a kongresech, ale
rovnéz publikovanymi vysledky védecko-vyzkumné
¢innosti, které jsou registrovany a hodnoceny v ram-
ci RIV a tim nastavuji i zaclenéni nemocnice mezi
kvalitni vyzkumné organizace.

Preji Vam hodné Uspéchu ve Vasi publikacni ¢innosti,
kterou nemocnice bude svym zazemim trvale pod-
porovat.

MUDr.Vaclav Prochazka,Ph.D,MSc
Nameéstek reditele FNO pro védu a vyzkum

Dear colleagues,

You are holding in your hands the first issue of the
Collection of the best original scientific works pub-
lished in high-impact journals in 2013. The Collecti-
on presents a summary of fifteen scientific articles,
which were given the highest impact factor in 2013,
and which represent an overview of the best original
works from the University Hospital Ostrava for that
year.

Publication activity is an integral part of scientific
work of the employees of the university hospital and
reflects the topmost quality of the provided medical
care. Our hospital strives to provide the highest-qua-
lity care to our patients, which is also reflected in
our scientific and publication activities.

A high-quality original text published in a prestigious
high-impact journal is a permanent mark of our sci-
entific work. The increasing number of published
first-class results of the scientific work is an integral
part of the activities realized in the area of research
and development, without which the operation of
the university hospital would not be possible.

Our long-term goal is to improve the level of the Uni-
versity Hospital Ostrava as a registered research or-
ganization, not only through scientific presentations
at expert conferences and congresses, but also by
the means of published results of research and deve-
lopment activities, which are registered and evalua-
ted within the national Register of R&D results, and
thus predetermine also the ranking of the hospital
among top-class research organizations.

I wish you much success in your publication activi-
ties, which will be thoroughly supported by the hos-
pital and its facilities.

Vaclav Prochazka, MD, Ph.D., MSc
Vice-President for Research and Development
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ABSTRACT

Purpose

To compare safety and utility of intraarterial re-
vascularization with use of stents to no revascula-
rization in patients who either failed to respond to
intravenous thrombolysis (IVT) or have contraindica-
tions to IVT.

Materials and Methods

The case-control study was approved by local ethics
committees; all patients signed informed consent.
One hundred thirty-one patients (74 men; mean age,
65.9 years + 12.3; range, 25-86 years) with acute
ischemic stroke (AIS) due to middle cerebral artery
(MCA) occlusion were enrolled; 75 underwent IVT. No
further recanalization therapy was performed in 26
(35%) IVT-treated patients with MCA recanalization
(group 1). Patients with IVT failure after 60 minutes
were allocated to endovascular treatment (group 2A)
or no further therapy (group 2B). Patients with con-
traindication to IVT were allocated to endovascular
treatment within 8 hours since AIS onset (group 3A)
or to no recanalization therapy (group 3B). Neurolo-
gic deficit at admission, MCA recanalization, sympto-
matic intracerebral hemorrhage (SICH), and 3-month
clinical outcome were evaluated. Favorable clinical
outcome was defined as modified Rankin scale score
0-2 at 3 months after stroke onset. Two-sided Mann-
Whitney U test, independent samples t test, Fisher
exact test, multivariate logistic regression analysis
of baseline variables, and complete MCA recanaliza-
tion for the prediction of favorable clinical outcome
were used for statistical evaluation.

Results

Median National Institutes of Health Stroke Scale
score at admission was 13.5, 16.0, 15.5, 15.0, and
16.0 in groups 1, 2A, 2B, 3A, and 3B, respectively (P

> .05); SICH occurred in one of 26 (3.8%), one of 23
(4.3%), one of 26 (3.8%), one of 31 (3.2%), and one of
25 (4.0%) patients, respectively (P > .05). MCA reca-
nalization after endovascular treatment was achie-
ved in 50 of 54 (92.6%) patients. Favorable outcome
was significantly different between groups 2A and 2B
(10 of 23 [43.5%] and four of 26 [15.4%], respective-
ly; P = .03) and groups 3A and 3B (14 of 31 [45.2%]
and two of 25 [8.0%], respectively; P = .004) and was
dependent on MCA recanalization (odds ratio, 5.55;
P =.006).

Conclusion

In this controlled trial, intraarterial revascularizati-
on with stents was an effective and safe-effective
treatment option in patients with acute MCA occlusi-
on with contraindication to IVT or after IVT failure.

INTRODUCTION

One of the most important prognostic factors in pa-
tients with acute ischemic stroke with intracranial
artery occlusion is the time to recanalization (1-4).
Spontaneous recanalization is possible, but it is di-
fficult to accurately specify its rate. According to
previous studies, the rate of spontaneous recanali-
zation of the middle cerebral artery (MCA) occlusion
6-8 hours from stroke onset is somewhere between
14% and 28%, most likely closer to 17% (5). Moreover,
delayed spontaneous recanalization cannot usually
prevent irreversible damage of the brain tissue with
permanent neurologic deficit. That is why the effort
to accelerate recanalization of the occluded artery
becomes crucial.

Currently, the following options for acceleration of
recanalization of the intracranial artery occlusion
are available: intravenous thrombolysis (IVT), intra-
arterial or combined thrombolysis, mechanical reca-
nalization techniques using several mechanical devi-

-7-
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ces for thrombectomy and/or stent placement, and
remote or local sonolysis (1-4,6-17). Cerebral per-
cutaneous transluminal angioplasty (PTA) with stent
placement is one of the methods available that can
be used to accelerate and achieve recanalization of
MCA occlusion (18-26).

The purpose of this study was to compare the safety
and utility of intraarterial revascularization with use
of stents to no revascularization in patients who ei-
ther fail to respond to IVT or have contraindication
to IVT.

MATERIALS AND METHODS

The entire study was conducted in accordance with
the Helsinki Declaration of 1975 (as revised in 2004
and 2008). The study was approved by the local
ethics committees of the two participating hospitals
(University Hospital Ostrava, University Hospital Olo-
mouc). All patients signed informed consent forms
for the eligible and available treatment. Indepen-
dent witnesses verified the signatures in cases where
there were any technical problems.

Patients

A prospective bicenter case-control study was con-
ducted. One hundred thirty-one consecutive pati-
ents with acute ischemic stroke were enrolled du-
ring more than 24 months (66 in Ostrava, site 1 and
65 in Olomouc, site 2; case-to-control subject ratio,
1:1). Patient inclusion criteria were acute ischemic
stroke with MCA occlusion at computed tomographic
(CT) angiography, National Institutes of Health Stro-
ke Scale (NIHSS) score of 4-25 at admission, age of
18-90 years, and start of therapy within 8 hours of
symptom onset. Patients with modified Rankin score
greater than 1 before stroke onset (four patients),
acute ischemic lesion in region other than ICA (three

patients), intracranial hemorrhage (one patient), or
brain tumor at CT (one patient) were excluded due
to potentially worse prognosis caused by the conco-
mitant diseases.

Diagnostics

At admission, a physical examination, blood sam-
ples, electrocardiogram, chest x-ray, and standard
neurologic evaluation by a certified neurologist using
the NIHSS were performed, followed by brain CT or
magnetic resonance (MR) imaging and by CT angio-
graphy or MR angiography of the cervical and brain
arteries. Duplex ultrasonography (US) of the cervi-
cal portion of the carotid and vertebral arteries and
transcranial color-coded duplex US were performed
at the end of IVT or 1 hour after stroke unit admi-
ssion and 24 hours after stroke onset in all patients.
Artery recanalization was evaluated by using Throm-
bolysis in Brain Ischemia criteria (27).

Treatment

Patients were treated at two comprehensive stro-
ke centers, with 24-hour, 7-days-a-week accessibi-
lity to IVT and cerebral PTA with stent placement.
They underwent the standard treatment (28,29).
All patients who fulfilled the Safe Implementation
of Thrombolysis in Stroke-Monitoring Study, or SITS-
-MOST, criteria for IVT were treated by using recom-
binant tissue plasminogen activator, or rt-PA, at a
dose of 0.9 mg per kilogram of body weight within
4.5 hours after stroke onset (28-30).

Zip code allocation was performed to allocate pa-
tients to different therapeutic groups (Figure). Be-
cause of the specific allocation of stroke care in the
Czech Republic, where patients with acute stroke
are transferred only to the stroke center or com-
prehensive stroke center according to the place of
residence, we decided to use a zip code allocation.

-8-
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We used two neighboring regions (catchment area
of two comprehensive stroke centers) with similar
population (each about 1 000 000 inhabitants) and
identical demographic and socioeconomic structures
(31,32). Patients were treated at the two centers
with similar acuity and quality of care. The cerebral
PTA with stent placement was performed at one hos-
pital by one team of interventional radiologists for
the preservation of standard procedure.

No further recanalization therapy was performed in
all IVT-treated patients (26 patients, 35%) with su-
ccessful MCA recanalization (Thrombolysis in Brain
Ischemia score, 3 or 4; group 1). All patients with IVT
failure after 60 minutes with a home zip code CZ-700
00 to CZ-749 00 were treated with cerebral PTA and
stents (23 patients, group 2A); no further recanali-
zation therapy was used in all 26 patients after IVT
failure with a home zip code CZ-750 to 00-CZ-799 00
(group 2B). All patients with proved MCA occlusion
with contraindication to IVT within 8.0 hours after
ischemic stroke onset and home zip code CZ-700 00
to CZ-749 00 were treated with cerebral PTA and
stents (31 subjects, group 3A), whereas all 25 pati-
ents with contraindication to IVT and home zip code
CZ-750 00 to CZ-799 00 were not treated with any
recanalization technique (group 3B).

All patients who underwent cerebral PTA with stent
placement received intravenously 500 mg of acetyl-
salicylic acid at the end of the endovascular proce-
dure. Subsequently, within the next 2 hours, 150 mg
of oral clopidogrel, followed by a 6-week dual oral
antiplatelet therapy (100-mg acetylsalicylic acid dai-
ly plus 75-mg clopidogrel daily) were used as institu-
ted therapy regimen. In patient who did not undergo
cerebral PTA with stent placement, anticoagulation
therapy (oral, subcutaneous, or intravenous) and
oral administration of acetylsalicylic acid or other
antiplatelet agents was used as standard treatment
24 hours after stroke onset according to guidelines
set by the European Stroke Organization (28,29).

PTA and Stent Placement

Digital subtraction angiography (Innova 4100; GE He-
althcare, Waukesha, Wis) was performed by using a
Seldinger technique via the femoral or brachial arte-
ry under sedation or with general anesthesia. At the
start of the procedure, heparin at 50 IU per kilogram
of patient’s body weight was administered intraarte-
rially. Verification of vessel occlusion was performed
in all patients by using four-vessel contrast mate-
rial-enhanced (Omnipague; GE Healthcare AS, Oslo,
Norway) diagnostic angiography with 4- or 5-F pre-
shaped catheters inserted over 0.03-inch hydrophilic
wires. The 6-F guiding catheter was introduced sub-
sequently into the target brain-supplying vessel with
the same hydrophilic wire and microcatheter and
with the support of a 0.014-inch microwire and was
advanced past the occluded intracranial vessel seg-
ment. The intraluminal position of the microcathe-

ter was checked and a search of any periprocedural
complications was made. All the catheters were con-
tinuously flushed with heparinized saline. The micro-
catheter was then replaced with a collapsed balloon
catheter on a guidewire into the location of occlusi-
on. The balloon was then inflated to a fixed size by
using water pressures at 6-20 MPa. After widening of
the blood vessel for improved flow, the balloon was
deflated and withdrawn. Depending on the location
and local anatomic conditions, different stents were
inserted at the time of balloon placement to ensure
the vessel remained open. The following stents and
balloons of various calibers have been used off-la-
bel in this study: 25 Enterprise (Cordis Neurovascu-
lar, Miami Lakes, Fla), seven Wingspan, 11 Gateway,
one Neuroform, five Wallstent (Boston Scientific, San
Leandro, Calif), one Multilink, two Acculink (Abbott
Vascular, Santa Clara, Calif), and two Zilver (Cook,
Bloomington, Ind) devices. Repeated diagnostic an-
giography of the treated region was performed to
assess recanalization grade according to Thromboly-
sis in Cerebral Ischemia (TICI) criteria (Table 1) (33).

Evaluation of Recanalization

All IVT-treated patients underwent transcranial
c2wgsolor-coded duplex US examination at the be-
ginning and at the end of the IVT treatment to de-
tect recanalization or occlusion. TIBI (thrombolysis
in brain ischemia) criteria in the IVT-treated patients
were used for evaluation of MCA recanalization at
the end of IVT (34). Transcranial color-coded duplex
US (GE Vivid 7 Pro, GE Medical Systems, Horten Nor-
way, 35S 1.5-3.6-MHz probe at site 1; Philips HD 11,
Bothel, Wash, P4-1 probe at site 2) was performed by
an experienced sonographer using a 1.5-4-MHz tran-
scranial probe from both temporal bone windows.
For patients who underwent cerebral PTA with stent
placement, the efficacy of recanalization was eva-
luated at the end of the procedure by using TICI cri-
teria. Recanalization with TICI grade lla or lIb was
diagnosed as partial and that with TICI grade lic or
[l was diagnosed as complete (33). Two experien-
ced, independent, blinded radiologists (T.J., A.K.)
evaluated all findings before definitive assessment
of the diagnosis was made. Interrater variability of
angiographic findings was evaluated. The final dia-
gnosis of recanalization based on TICI criteria was
made after agreement of both radiologists. In the
case of initial disagreement, both radiologists per-
formed re-evaluation of their findings and, in the
case of existing disagreement, assessment of the
more experienced radiologist (A.K.) was considered
as the final result.

Clinical Evaluation

Neurologic and physical examinations were perfor-
med before therapy commencement (IVT, cerebral
PTA with stent placement, or acetylsalicylic acid
administration) and 24 hours and 90 days after the

-9-
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Table 1: TICI Criteria

TIC! Flow Grade Characteristic
Grade 0 No perfusion
Grade | Perfusion past the initial occlusion, but no distal branch filling
Grade lla Partial perfusion with incomplete distal filling of << 50% of the expected territory
Grade llb Partial perfusion with incomplete distal filling of 50%-99% of the expected territory
Grade llc Near complete perfusion but with delay in contrast runoff
Grade Il Full perfusion with normal filling of distal branches in a normal hemodynamic fashion

Table 2: Patient Demographic Data

Variable Group 1 Group 2A Group 2B PValue Group 3A Group 3B PValue
No. of subjects 26 23 26 K1l 25
Age (y)* 65.4 £ 12.2 63.2 =126 679 £ 11.6 187 62.8 = 11.2 66.8 = 13.7 192t
No. of men 14 (53.8) 13 (56.5) 12(46.2) 5714 20 (64.5) 15 (60.0) 786
Arterial hypertension 19(73.1) 17 (73.9) 20(76.9) >0 25 (80.6) 18(72.0) H32
Diabetes mellitus 5(19.2) 4(17.4) 5(19.2) > .99¢ 7{22.8) 4(16.0) 1374
Hyperlipidemia 6{23.8) 4(17.4) 6(23.1) A3 6(19.4) 4(16.0) = gg
Atrial fibrillation 9(34.6) 8 (34.8) 10(38.5) > 99+ 9(29.0) 8(32.0) > 99
Smoking 6(23.8) 6(26.1) 71(26.9) = 0gt 3(9.7) 4(16.0) 688t
Heavy alcohol consumption 2(71.7) 1(4.3) 1(3.8) >.99 2(6.5) 1{4.0) >.99¢
ICA occlusion/stenosis = 50% 5(19.2) 417.4) 5(19.2) =99t 6(19.4) 5(20.0) =.99!
Left hemisphere 12 (46.2) 14 (60.9) 15 (57.7) =99t 15(48.4) 14 (56.0) 6021
Medical history of acetylsalicylic acid 9(34.6) 8 (34.8) 9(34.6) > 99 13(41.9) 10(40.0) >.09

start of therapy. A certified neurologist performed
the evaluation of neurologic symptoms using NIHSS
in all visits. A modified Rankin Scale (mRS) was used
for evaluation of disability at 90 days. Favorable cli-
nical outcome was defined as mRS score 0-2 3 mon-
ths after stroke onset.

All adverse events were recorded. All changes in
physical examination, worsening of neurologic sym-
ptoms (>4 points with NIHSS), and all disorders pro-
longing or requiring hospitalization were recorded as
adverse events.

Intracranial bleeding detected in the brain of control
subjects at CT or MR examination 24 hours after thera-
py onset wasrecorded. Intracranial bleeding with wor-
sening of neurologic symptoms (=4 points according
to NIHSS) was evaluated as a symptomatic intracrani-
al hemorrhage (8); other intracranial bleedings were
evaluated as asymptomatic intracranial hemorrhage.
Statistical Analysis

Kolmogorov-Smirnov and Shapiro-Wilk tests of nor-
mality were used for testing the fit of the parame-
ters calculated to a normal distribution. Data with a
normal distribution are reported as means + standard
deviation. All parameters not fitting to a normal dis-
tribution are presented as median and interquartile
range. Two-sided Mann-Whitney U test, independent
samples t test, Fisher exact test, and multivariate
logistic regression analysis were used for statistical
evaluation. The univariate analysis was used for tes-
ting recanalization in patients treated with cerebral
PTA and stents (groups 2A and 3A) for the prediction

of good clinical outcome and also the following vari-
ables: age, sex, presence of diabetes mellitus, arte-
rial hypertension, hyperlipidemia, atrial fibrillation,
smoking, serum level of glucose and blood pressure
at admission, prior use of statins and antiplatelets,
onset-to-treatment interval and baseline NIHSS sco-
re, and MCA recanalization. Multivariable logistic re-
gression analysis with backward selection procedure
was performed on the basis of variables with univa-
riate P values of less than .05. The Cohen « statistic
was applied to assess correlation between the two
radiologists with regard to artery recanalization eva-
luation using TICI criteria. Statistical analyses were
performed with SPSS 14.0 software (SPSS, Chicago,
ILl). Statistical significance was defined as a P value
of less than .05.

RESULTS

A total of 131 patients (74 men and 57 women;
mean age, 65.8 years + 12.2; range, 25-86 years)
with acute ischemic stroke due to MCA main stem
occlusion were enrolled. Seventy-five patients ful-
filling the criteria underwent IVT within 4.5 hours
after ischemic stroke onset. Table 2 lists patient de-
mographic data. NIHSS scores at admission did not
differ significantly among groups. Median NIHSS sco-
re was 13.5 in IVT-treated patients with successful
MCA recanalization, 16.0 in patients with IVT failure
and treatment with cerebral PTA and stents, 15.5 in
patients with IVT failure and no further recanalizati-
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Table 3: Clinical Results in Particular Subgroups

Variable Group 1 Group 2A Group 2B PValue Group 3A Group 3B PValue
Baseline NIHSS score® 13.5 (6-22) 16 (11-19) 15.5(12-18) 6511 15(10-22.5) 16(15-19) 92t
NIHSS score at day 7* 4(1-14) 9 (4-27) 14.5(7-21) o1t 6(2-18) 16(14-19) .01gt
90-day mRS score* 2 (1-4) 3(2-5) 5(3-5.5) 053t 3(1-5) 5(4-6) 039t
mRAS score of 0-3 at day 90 17 (65.3) 12(52.2) 7(26.9) 073 16 (51.6) 30120 002
mRS score of 02 at day 90 15 (57.7) 10 (43.5) 4(15.4) 0344 14 (45.2) 2(8.0) 004t
SICH 1(3.8) 1(4.3) 1(3.8) =99 1(3.2) 1(4.0) = 99!
Malignant infarction 3 (11.5) 3(13.0) 3(11.5) = gg¢ 5(16.1) 2(8.0) 443
7-day Mortality 3(11.5) 3(13.0) 3(11.5) =99 5(16.1) 3(12.0) J20¢
3-month Mortality 5(21.7) 6(26.1) 6(23.1) =99 9(29.0) 7(28.0) =99t

Table 4: Procedural Data and Recanalization Rate in the Particular Groups

Variable Group 1 Group 2A Group 2B Group 3A PValue
Time to IVT {min)* 142.4 = 28.4 140.8 = 335 146.9 + 30.5 Not applicable 516!
Time to cerebral PTA with stents (min)* Not applicable 2495 + 575 Not applicable 2748 + 111.5 2911
Length of procedure (min)* Not applicable 47.0 = 13.1 Not applicable 65.0 = 25.0 001t
Complete MCA recanalization (TICI llc-1ll) Not applicable 9(39.1) Mot applicable 12(38.7) > 99
Partial MCA recanalization (TICI lla—Ilb) Not applicable 12(52.2) Not applicable 17 (54.8) =09t
No recanalization (TICI 0-1) Not applicable 2(8.7) Not applicable 2(6.5) >.99

Table 5: Results of Univariate Analysis of Baseline Variables for the Prediction of Good Functional Outcome

(mRS score 0-2)

Variable mRS Score 0-2) mRS Score 3-6 PValue
No. of subjects 28 26
Mean age (y)* 60.2 = 17.3 656 = 11.2 178!
No. of men 17 (60.7) 16 (61.5) = .99
Diabetes mellitus 6(21.4) 5(19.2) > .99
Arterial hypertension 21 (75.0) 21 (80.8) 7474
Hyperlipidemia 5(17.9) 5(19.2) > .99
Atrial fibrillation 9(32.1) 8 (30.8) > 99
Active smoking 5(17.9) 4({15.4) > .09
Admission systolic blood pressure (mmHg)* 153 + 25 158 + 27 4811
Admission diastolic blood pressure (mmHg)* 88 + 12 93 +12 .158t
Prior use of antiplatelet therapy 12(42.9) 10 (38.5) 1874
Prior use of statins 7(25.00 2(1.7) 44
Stroke onset-to-treatment interval {minj* B8 =12 93 = 12 158t
Admission serum level of glucose (mmol/)* 5.8 (65.0-7.7) 7.4 (5.6-10.2) 034
Baseline NIHSS scoret 12 (8-17) 18 (14-21) .004%
MCA recanalization 16 (57.1) 5(19.2) .00g¢

on therapy, 15.0 in patients with contraindication to
IVT and treatment with cerebral PTA and stents, and
16.0 in patients with contraindication to IVT and no
recanalization technique (P > .05). General anesthe-
sia was used in 14 (25.9%) patients who underwent
cerebral PTA with stent placement. Symptomatic
intracerebral hemorrhage (SICH) occurred in one of
26 (3.8%) IVT-treated patients with successful MCA
recanalization, one of 23 (4.3%) patients with IVT
failure and treatment with cerebral PTA and stents,

one of 26 (3.8%) patients with IVT failure and no
further recanalization therapy, one of 31 (3.2%) pa-
tients with contraindication to IVT and treatment
with cerebral PTA and stents, and one of 25 (4.0%)
patients with contraindication to IVT and no recana-
lization technique (P > .05, Table 3). Periprocedural
complications occurred in one patient (4.3%) treated
with cerebral PTA and stents after IVT failure and in
one patient (3.2%) with contraindication to IVT and
treatment with cerebral PTA and stents.
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After cerebral PTA with stent placement, partial
MCA recanalization was achieved in 29 (53.7%) pa-
tients and complete recanalization was achieved in
21 (38.9%) patients. Findings of recanalization at the
end of cerebral PTA with stent placement in patients
with IVT failure (group 2A) and in patients with con-
traindication to IVT (group 3A), as well as the time
to onset of therapy (IVT, cerebral PTA with stent pla-
cement) and the length of cerebral PTA with stent
placement procedure are presented in Table 4. When
the Enterprise, Gateway, and the rest of endovascu-
lar devices were compared, MCA recanalization was
achieved in 24 of 25 (96.0%), 11 of 11 (100%), and 15
of 18 (83.3%) devices, respectively, and, the median
90-day mRS score was 3, 3, and 4, respectively.

The interobserver agreement for the diagnosis of
artery occlusion location was good (k = 0.635, P <
.001), with a full agreement in 73%, but interob-
server agreement for arterial recanalization was
poor (k = 0.277, P < .001), with full agreement in
only 44% of patients. However, a difference of more
than three subpoints occurred in zero patients, and
a two-subpoint difference occurred in only two pa-
tients.

Favorable 3-month clinical outcomes were achieved
in 15 of 26 (57.7%) IVT-treated patients with recana-
lization within 60 minutes after IVT failure. Clinical
outcomes were significantly better in patients tre-
ated with cerebral PTA and stents after IVT failure
(group 2A) than in control subjects (group 2B), with
favorable clinical outcome in 10 of 23 (43.5%) pati-
ents in group 2A and only four of 26 (15.4%) patients
in group 2B (P = .03, Table 3). Also, clinical outcomes
were significantly better in patients with contraindi-
cation to IVT who were treated with cerebral PTA and
stents (group 3A) than in control subjects (group 3B),
with favorable clinical outcome in 14 of 31 (45.2%)
patients in group 3A and two of 25 (8.0%) patients
in group 3B (P = .004). The favorable 3-month clini-
cal outcome difference was not statistically signifi-
cant between patients treated with IVT only (groups
1 and 2B) and those treated with cerebral PTA and
stents only (group 3A) (36.5% vs 45.2%, P > .05). Se-
ven-day mortality and 3-month mortality were not
significantly different in the particular groups (Table
3). Results of univariate analysis of baseline varia-
bles for the prediction of good functional outcome
are presented in Table 5. Baseline NIHSS score (odds
ratio, 0.854; 95% confidence interval: 0.751, 0.971;
P = .004) was identified as independent negative
predictor and complete MCA recanalization (odds ra-
tio, 5.550; 95% confidence interval: 1.477, 20.851; P
= .006) was identified as independent positive pre-
dictor of good functional outcome at multivariate
logistic regression analysis.

DISCUSSION

In this prospective, controlled trial we demonstra-
ted that, compared with no further therapy, patients
with MCA occlusion who either failed or with contra-
indication to IVT who undergo revascularization by
using intracranial stents achieve superior outcomes.
These promising clinical outcomes were seen in the
setting of remarkably high rates of recanalization
with use of such stents. Notably, we further demon-
strated the safety of cerebral PTA with stent pla-
cement, with low incidence of SICH, periprocedural
complications, and malignant infarction. These fin-
dings indicate that patients who do not respond to
or have a contraindication to IVT should be offered
local revascularization therapy.

The angiographic results of this study are superior
to those of prior studies in which the Merci Retrie-
ver (Concentric Medical, Mountain View, Calif) was
used. In the Multi MERCI study, partial or complete
recanalization was achieved in only 55% of patients,
with 9.8% of SICH and 5.5% of periprocedural compli-
cations. Independency (mRS score 0-2) was achieved
in 36.0% of patients (9). The study with Penumbra
system reported a higher recanalization rate than
studies with Merci Retriever, and the recanalizati-
on rate with Penumbra system was comparable with
results of the presented study. Partial recanalization
was achieved in 54% of patients and complete reca-
nalization was achieved in 33% of patients, with 5.7%
of periprocedural complications and 11.2% of SICH.
Nevertheless, a 90-day mRS score of 0-2 was repor-
ted in only 25% of patients (10).

Fitzsimmons et al (19) reported one of the first cases
of cerebral revascularization with the deployment of
a self-expansible stent in 2006. Most of the studies
published to date have been retrospective single-
-center reports, with sample sizes ranging between
nine and 20 patients (20-24). In these studies, the
recanalization rate ranged between 60% and 100%
(17,18,20,21,23,25), and good clinical outcome
(mRS score 0-2 or NIHSS score =< 4) was reported
between 36% and 74% (17,25). The recently repor-
ted preliminary data of a prospective stent-assisted
recanalization in acute ischemic stroke, or SARIS,
study of the first 20 acute stroke patients showed
successful recanalization (Thrombolysis in Myocar-
dial Infarction grade 2 or 3) in 100% of cases, with
a 5% rate of SICH (26). The highest recanalization
rates were achieved with the use of self-expanding
retrievable Solitaire stents (eV3, Paris, France). In
recent studies, partial or complete recanalization of
brain artery was achieved in 84%-91% of patients,
with 2%-10% of SICH and less than 9% of periprocedu-
ral complications (11-14). These results are similar
to those achieved in 92.6% of patients with partial or
complete recanalization of brain artery.

Several limitations of the study should be mentio-
ned. This was a bicenter case-control study with the
main goal to assess the safety and recanalization
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rate of cerebral PTA with stent placement. Although
the criteria for SICH evaluation are well defined, the
evaluation of brain artery recanalization is still very
subjective; however, in this study, blinded radiolo-
gists evaluated the vascular status. The open-label
design of the study with only blinded evaluation of
recanalization by using the TICI scale cannot prevent
bias in clinical evaluation of dependency (mRS) after
3 months. The use of zip code to allocate patients to
different therapeutic groups could also cause bias.
Finally, the different time window between patients
treated with IVT and cerebral PTA with stent pla-
cement prevents direct comparison of the two tre-
atments.

Cerebral PTA with stent placement seems to be a
safe endovascular therapeutic method for patients
with acute ischemic stroke and might be effective
both in patients with MCA occlusion after IVT failure
and in patients with contraindication to IVT. Never-
theless, the safety and efficacy of cerebral PTA with
stent placement, as endovascular method, needs
to be compared directly with IVT and/or other con-
servative treatment within the same time window by
a prospective randomized trial. Furthermore, studies
comparing the safety and efficacy of self-expansible
stents with self-expanding retrievable stents not re-
quiring the use of dual antiplatelet therapy should
be also performed in the future.
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SUMMARY

Multiple myeloma (MM) is a hematological malignan-
cy characterized by accumulation of clonal plasma
cells (PCs) in the bone marrow (BM). Although novel
therapeutic strategies have prolonged survival of pa-
tients, the disease remains difficult to treat with a
high risk of relapse. A failure of therapy is supposed
to be associated with a persistent population of the
so-called MM stem cells or myeloma initiating cells
(MIC) that exhibit tumor-initiating potential, self-re-
newal and resistance to chemotherapy. However, the
population responsible for the origin and sustainabi-
lity of tumor mass has not been clearly characteri-
zed so far. This review summarizes current myeloma
stem cell concepts and suggests that high phenotypic
and intra-clonal heterogeneity together with plas-
ticity potential of MM might be other contributing
factors explaining discrepancies among particular
concepts and contributing to the treatment failure.

Keywords
myeloma stem cells, malignant plasma cells, multi-
ple myeloma, plasticity, precursor B cells.

INTRODUCTION

Modern molecular and cytogenetic approaches have
progressed further to help in our understanding of
multiple myeloma (MM) biology and have led to the
development of targeted therapy that has impro-
ved management of this incurable disease. Despite
therapeutic advances, MM is still accompanied by
the threat of repeated relapses with a fatal ending.
These observations indicate inefficient drug targe-
ting of some MM cells. The existence of such per-
sistent population, called myeloma stem cells or
myeloma-initiating cells (MIC), has been suspected
for more than two decades. However, the cells of
origin remain elusive (Hamburger and Salmon, 1977;
Bergsagel and Valeriote, 1968; Park et al, 1971;
Matsui et al, 2004; Yaccoby and Epstein, 1999). The
timeline of increasing knowledge about putative

1977 Primary bioassay of human MSC

Hamburger and Salmon, 1977; Drewinko et al., 1981

!

1992 Clonotypic B cells
Bergsagel et al., 1995a/b; Jensen et al., 1992,1993; Pilarski et al.,1996,2000;
Szczepek et al., 1997,1998; Conway et al., 2009; Rasmussen et al., 2000,2004

!

Pre-switch B cells
Billadeau et al., 1993; Bakkus et al., 1994; Reiman et al., 2001

!

Tumor-specific aneuploidy not detected in CD19+ B cells
McSweeney et al., 1996

!

Clonotypic plasma cells
Yaccoby and Epstein, 1999; Yata and Yaccoby, 2004; Yaccoby 2005

!

Clonogenic CD138- cells
Matsui et al., 2004,2008

!

CD138- and CD138+ side population
Loh et al., 2008; Jakubikova et al., 2011

!

CD20 is not a marker of MSC
Paino et al., 2011

|

CD19-CD45low/-CD38highCD138+ PCs
enrich MICs rather than CD19+ B cells
Kim et al., 2012

| 1994

| 1996

1999

| 2004

| 2008

2011

2012

CD138- are cells in apoptosis
Christensen et al., 2012

CD138- cells do not overlap with
CD19+ cells
Hosen et al., 2012

CD138+ PCs form CD138+CD20- CFUs
Chiron et al., 2012

Figure 1: Timeline of myeloma stem cell concepts

An illustrative figure of several studies depicting different suspec-
ted cell population responsible for the maintenance and sustai-
nability of MM.

MM stem cells is illustrated in Fig. 1. Discrepancies
among MM stem cell concepts have arisen in parallel
with high phenotypic and intra-clonal heterogeneity
of clonal PCs, which might be another factor contri-
buting to the failure of therapies and identification
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of the population responsible for relapse. Myeloma
PCs strongly depend on the supportive role of the
bone marrow (BM) microenvironment (MEV), which
is a source of essential growth factors and supp-
orts survival and dissemination of pathological PCs
(Rajkumar et al, 2000; Rajkumar et al, 2002). Fur-
thermore, hypoxic conditions of the tumor microen-
vironment enhance tumor progression by inducing
angiogenesis, maintaining malignant phenotype and
stimulating osteoclastogenesis (Colla et al, 2010).
There is growing evidence suggesting that signals
from pathological microenvironments can (reversi-
bly) alter the phenotype of PCs. Such plasticity of
PCs might result in obvious heterogeneity of MM and
generate inconsistencies among MM stem cell con-
cepts.

MYELOMA STEM CELL CONCEPTS

A number of laboratories have tried to identify a
biologically distinct population of the so-called MM
stem cells, responsible for the incurability of MM
(Table ). The population responsible for the origin
and sustainability of tumor mass has been suspected
in the minor population of clonotypic or clonogenic
CD138- cells retaining key stem cell properties, tu-
mor-initiating potential, self-renewal and resistance
to chemotherapy (Matsui et al, 2004; Bergsagel et
al, 1995a; Bergsagel et al, 1995b; Szczepek et al,
1997; Jensen et al, 1993; Pilarsky et al, 2000; Ras-
mussen et al, 2000). However, even the dominant
population of human CD138+ PCs was demonstrated
to contain clonogenic cells; these cells show plasti-
city potential that might be responsible for the dif-
ferentiation and acquirement of stem cell properties
(Yaccoby, 2005; Yata and Yaccoby, 2004; Chiron et al,
2012; Kim et al, 2012).

Table I: Candidates for putative neoplastic plasma cell precursors or myeloma stem cell

Characteristics of the cells

Citation

Clonotypic B cells

PB CD19, CD38, CD10, CD11b, CD34 (HPCA-
1), variable CD20, PCA-1,
CD45R0, variable CD45, and CD56

Bergsagel et al (1995a); Bergsagel
et al (1995b); Szczepek et al (1997);
Jensen et al (1993); Pilarsky et al
(2000); Pilarski et al (1996); Szcze-
pek et al (1998); Pilarski and Jensen
(1992); Jensen et al (1992)

PB CD34+, CD38+, CD184+, CD31+, CD50+4,
CD138-, CD19-, CD20-

(Conway, et al 2009)

PB CD19+CD27+CD38- memory B-like cells

Rasmussen et al (2000)

Clonotypic pre-switch B cells

pre-switch somatic hypermutated clonoty-
pic cells (VDJ sequence still joined to Cp
gene)

PB and BM CD19, HLA class Il or surface IgM

Billadeau et al (1993); Bakkus et al
(1994); Reiman et al (2001)

Clonogenic CD138- cells

BM CD20+CD27+CD34-CD138- clonogenic
myeloma stem cells

Matsui et al (2004); Matsui et al
(2008); Peacock et al (2007); Huff
and Matsui (2008)

Side population

Ability to exclude dyes sideways from the
diagonal in FACS analysis plots

CD138- and CD138+

(Jakubikova, et al 2011, Loh, et al
2008)

Clonogenic plasma cells

BM CD38+CD45- PC (SCID-hu model)

BM clonogenic CD38+CD138-CD45- PC
(SCID-rab model)

BM CD38+CD138-CD45-CD19-CD34- PC (os-
teoclast co-culture)

CD19-CD45low/-CD38high/CD138+ PCs

(Yaccoby and Epstein 1999, Yaccoby,
et al 2008, Yata and Yaccoby 2004)

(Yaccoby 2005)

(Kim, et al 2012)

Intermediate PC precursors

CD138+CD44+ give rise to short-lived PC

CD138+CD44-/CD138-CD44+ give rise to
long-lived PC in murine model

candidates for normal counterpart of
transformed MM cells

(Munshi, et al 2011, O'Connor, et al
2002)

BM, bone marrow; FACS, fluorescent activated cell sorting; PB, peripheral blood; PC, plasma cell; HLA, human leucocyte
antigen; HPCA, human progenitor cell antigen; SCID, severe combined immunodeficiency; VDJ, variable diverse joining.
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Figure 2: Isotype switched and isotype unswiched memory B cells
An illustrative figure of putative multiple myeloma precursors; violet population - bone marrow isotype
switched memory B cells, pink population - bone marrow isotype unswiched memory B cells.
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Clonotypic B cells

Myeloma precursors that share identical variable di-
versity joining (VDJ) regions, rearrangements of im-
munoglobulin heavy chain gene (IGH) with patient’s
tumor PCs and show a pre-plasma cell phenotype are
referred to as clonotypic B cells (CBL) (Pilarski et al,
1996). They have been identified in peripheral blo-
od (PB), lymph nodes and BM (Szczepek et al, 1998;
Billadeau et al, 1993; Rasmussen et al, 2004). An
extensive accumulation of somatic mutations in IGH
gene and an absence of intraclonal variation suggest
that CBLs originate from post-germinal center B cells
(Bakkus et al, 1994). Additionally, phenotypic profile
and amount of CBLs vary among studies - e.g., it is not
clear if these cells resemble CD19+CD27+CD38- me-
mory B-cells (Rasmussen et al., 2000; 2004) or carry
a marker of hematopoietic stem cells, CD34 with or
without the expression of CD19 surface marker (Szc-
zepek et al, 1997; Pilarski et al, 2000; Conway et al,
2009). Furthermore, McSweeney et al. (1996) did not
find BM CD19+ cells to be clonally restricted to ka-
ppa/lambda or revealed any deviations of expression
patterns of B-cell maturation markers from normal
B-cell components (McSweeney et al, 1996). These
results do not support a hypothesis of disturbed B-
-cell maturation and the development of the disease
from early stages of B-cell ontogeny. Moreover, DNA
analysis proved that CD38++CD19- cells were mostly
aneuploid, with a typical cell cycle profile indicating
the presence of a proliferating population, while
cells expressing CD19 were diploid. This suggests the
existence of self-replicating PC compartments that
have the capacity to replenish the tumor without the
involvement of early B lymphocyte progenitors.

A number of studies that confirmed the presence of
clonotypic B cells have been based mainly on the
detection of the same IGH rearrangements by PCR-
-based methods. The percentage of MM patients with
IGH-positive clonotypic B-cells ranged from 40% and
87% (Billadeau et al, 1993; Taylor et al, 2008). Limi-
ted dilution PCR assays detected the abundance of

CBLs in 0.24% - 25% of peripheral blood mononuclear
cells (PBMC) and 66% of all peripheral B cells (Szcze-
pek et al, 1998; Billadeau et al, 1993; Taylor et al,
2008; Trepel et al, 2012). This wide range of occu-
rrence may result from methodological errors of the
PCR technique or expression of atypical, non-clinical
Ig transcripts (Trepel et al, 2012). Additionally, the
presence of the same IGH rearrangements is a reli-
able marker of clonality but it does not confirm the
malignity of cells per se. Therefore, the detection
of IGH rearrangements in CD19+ cells could indica-
te that a small clone of premalignant or premyelo-
matous B cells persists despite the transformation
of other cells into malignant clones; however, this
population does not actively contribute to myeloma
clones (McSweeney et al, 1996). Rasmussen et al.

Figure 3: Clonogenic CD138- cells

An illustrative figure of putative multiple myeloma
stem cells, bone marrow CD20+CD27+CD34-CD138-;
blue population.
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(2010) suggested that PB memory B cells represent
pre-malignant, partially transformed remnants that
might possess some proliferative advantage over
normal memory B cells. They questioned the invol-
vement of CBLs in MM maintenance based on the fact
that these cells expressed specific ’early’ oncoge-
nes (FGFR3, WHSC1, CCND1) that were deregulated
by an IGH translocation but lacked ’late’ oncogene
(KRAS) mutations.

A large interpatient and interstudy variability led
Trepel et al. (2012) to establish patient-individual
ligands mimicking the epitope recognized by the my-
eloma immunoglobulin to specifically target clono-
typic surface IGH-positive B cells of MM patients. A
new flow cytometric protocol detected clonotypic B
cells only in one patient with a sensitivity of 10-3,
i.e., less than one clonotypic B cell per 1000 PBMCs.
These cells accounted for about 0.15% of PBMCs and
5% of B cells. Surprising discrepancies between PCR
and flowcytometric approaches could indicate non-
specific annealing of the CDR3-primer leading to fal-
se positive PCR results. This study suggests that the
abundance of CBLs has been enormously overestima-
ted in previous studies. Similarly to Rasmussen et al.
(2010), authors consider that CBLs do not represent
an essential prerequisite for myeloma maintenance
and progression.

Clonotypic pre-switch B cells

An identical rearrangement of the IGH VDJ region
with a consistent pattern of hypermutations within
the clone is a signature of CBLs. Clonal PCs generally
express monoclonal Igs of these isotypes: 1gG, IgA,
IgD, IgM; in rare cases, they express kappa or lambda
light chains or they do not secret Igs (non-secretory
MM) (Basak and Carrier, 2010). However, clonotypic
IGHV gene sequences and patterns of hypermuta-
tions linked to different classes of Ig heavy-chain
constant region genes (including IGHM gene), have
been identified in some MM patients and called pre-
-switch (IgM+) clonotypic B cells (Fig. 2) (Billadeau
et al, 1993; Bakkus et al, 1994; Reiman et al, 2001;
Corradini et al, 1993). Particular classes of Ig are
generated by the mechanism of class switch recom-
bination (CSR), resulting in the formation of a hyb-
rid switch region composed of switch region Sy and
a respective isotype switch region (Co, Cy3, Cy1,
Cat, Cy2, Cy4, Ce and Ca2) (Bergsagel et al, 1996).
The presence of CSR is a hallmark of “post-switch”
B cells. However, pre-switch B cells do not seem to
undergo CSR because IGH transcript is composed of
the clonotypic VDJ sequence, which is still joined to
Cu gene (Corradini et al, 1993).

Pre-switch (IgM+) CBLs have been identified at low
frequency in BM and PB of most MM patients (Billa-
deau et al., 1993; Bakkus et al, 1994). Reiman et
al. (2001) described the presence of clinical and
nonclinical clonotypic isotypes in PB, BM and G-CSF
- mobilized blood autografts of MM patients. Expre-

ssion of pre-switch clonotypic transcripts persisted
in the blood despite high-dose chemotherapy with
stem cell support, suggesting drug resistance of this
pre-switch population. The persistence of pre-switch
clonotypic isotypes was associated with reduced sur-
vival and with a more advanced disease at diagnosis.
Moreover, both pre-switched and post-switched cells
were able to engraft in non-obese diabetic/severe
combined immunodeficiency (NOD/SCID) mice, indi-
cating their potential clinical relevance. However,
Taylor et al. (2008) questioned the role of pre-switch
(IgM+) clonotypic cells as a progenitor pool for post-
-switch MM-PCs. Results of specific clonotypic-switch
PCR determined the presence of a single, unchanged
clonotypic switch junction, and not multiple clono-
typic switch junctions. Thus, post-switch MM-PCs
most likely originate from a single CSR event, and
pre-switch IgM+ cells do not represent MM-PC pro-
genitors.

Clonogenic CD138- cells

Matsui et al. (2004) suggested that the source of MM
stem cells might be a minor population of less diffe-
rentiated cells reminiscent of memory B-lymphocytes
with surface markers CD20+CD27+CD34-CD138- (Fig.
3). Results of his study showed that CD138-/CD34-
cells derived from MM cell lines RPMI 8226, NCI-H929
and primary clinical samples were clonogenic in vit-
ro. Clonogenic efficiency correlated with disease
stage. Clonogenic potential of CD138-/CD34- cells
was evaluated by a successful engraftment of NOD/
SCID mice during primary and secondary transplan-

Figure 4: Hosen’s clonogenic CD138- cells and
Kim’s clonogenic CD138+ cells

An illustrative figure of bone marrow CD19-CD45-
-CD38++CD138- cells, violet population (Hosen’ et al.,
2012); and bone marrow CD19-CD45-CD38++CD138+
cells, pink population (Kim et al., 2012).

Hosen et al. 2012

etal. 2012
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tation. CD138+/CD34- were unable to form colonies
in vitro, and human engraftment was not detected. A
chimeric anti-CD20 monoclonal antibody, rituximab,
was shown to inhibit clonogenic growth of CD138-
cells in vitro (Matsui et al, 2004; Matsui et al, 2008).
However, clinical trials failed to confirm an effect of
rituximab as a useful maintenance therapy for MM
(Moreau, et al 2007, Treon, et al 2002, Zojer, et al
2006).

Paino et al., (2012) re-evaluated the presence and
function of CD20+ putative MM stem cells in a panel
of myeloma cell lines. Although Matsui et al. (2004)
described a small population (2-5%) of CD138-20+
cells in NCI-H929 and RPMI-8226 cell lines, Paino et
al. (2012) were not able to detect CD20. Only RPMI-
8226 cell lines contained a small population of CD-
20dim+ cells (0.3%). These data are consistent with
the report of Rossi et al. (2010), which showed U266,
NCI-H929 and RPMI-8226 MM cell lines are CD20-. On
the contrary, CD20dim+ cells displayed a myeloma-
tous PC phenotype of CD38+CD138+CD19-CD27-CD45-
and did not exhibit stem cell properties. Compared
to the CD20- population, they showed a lower level
of self-renewal potential. Both populations develo-
ped plasmacytomas when they were injected into
CD17-SCID mice suggesting that CD20dim+ cells are
not essential for tumor formation. Furthermore, CD-
20dim+ cells did not differentiate into CD20- cells
but vice versa, indicating a hierarchical order of dif-
ferentiation from CD20- to CD20dim+ cells. Overall,
these results do not support CD20 as a marker asso-
ciated with MM stem cells phenotype (Paino et al,
2012).

Clonogenic growth of CD138+ cells isolated from MM
cells was significantly inhibited by dexamethasone,
lenalidomide, bortezomib and 4-hydroxycyclophos-
phamide, but had no significant effect on CD138-
cells. This indicates drug resistance, a characte-
ristic feature of cancer stem cell (CSC) (Matsui et
al, 2008). Nevertheless, it could not be evaluated
in CD138+ PCs from MM patients because they lack
clonogenic activity in vitro. Detection of a small
CD138- population of MM cell lines (< 2%) that displa-
yed stem cell properties mediating drug resistance,
such as the capacity to efflux the DNA binding dye
Hoechst 33342 and higher relative levels of aldehyde
dehydrogenase (ALDH) activity, further supports the
existence of a resistant MM stem cells compartment
in MM. Moreover, CD138- cells of MM cell lines also
exhibited cellular quiescence similar to adult stem
cells. Almost all CD138- cells were shown to remain
in GO - G1 phase and less than 1.5 % in S phase,
compared to two-thirds of CD138+ cells in GO - G1
and about 20% in S phase (Matsui et al, 2008). On
the other hand, results of the first study proved that
CD138- cells expressed higher levels of the proli-
feration marker Ki67 than CD138+ cells (Matsui et
al, 2004). These discrepancies might come from di-
fferent passages of cell lines or culture conditions

but cannot conclusively prove a quiescent state of
CD138- cells.

Besides the clonogenic population of CD138- cells,
Matsui et al. (2004) also isolated circulating clono-
typic CD19+CD27+ B cells in PB of MM patients that
were successfully engrafted into NOD/SCID mice.
However, it remains unclear whether CD138- clo-
nogenic cells are identical to clonotypic CD19+ B
cells. Hosen et al. (2012) found that only CD138-
-CD19-CD38++ cells formed colonies in vitro whereas
CD19+ B cells did not. Surprisingly, CD138+ PCs also
gave rise to MM, but more slowly than CD138- cells.
Thus, CD138- clonogenic cells might represent a po-
pulation that have the potential to give rise to MM
but does not overlap with the population of CD19+
B cells. These results indicate that CD138- clonoge-
nic cells are more PCs than B cells (Fig.4). Although
MM stem cells phenotypically resemble memory B
cells, they may be modified PCs, while CD138+ PCs
might represent some ’transit’ population that have
subsequently lost their mature phenotype. However,
Christensen et al. (2012) re-examined CD138- popu-
lation of the so-called MM stem cells. They analyzed
primary CD138+ PCs of MM patients, which showed
the number of CD138- cells increased in parallel with
increasing time from sampling to analysis. Taking into
account that myeloma PCs lose expression of surface
CD138 in apoptosis, Annexin V was included in all
analyses to monitor apoptotic cells. As expected,
when CD138- population was detected, these cells
were positive for Annexin V. Similar results were also
obtained by Chiron et al. (2012). Furthermore, qPCR
techniques confirmed similarly high levels of CD138/
SDC1 mRNA in both CD138- and CD138+ MM cells.
CD138- and CD138+ subpopulations had no differen-
tial expression of CD19 and CD20. These contradic-
tory results would imply that the CD138- population
might represent only cells undergoing apoptosis as a
consequence of previous sample handling (Christen-
sen et al, 2012). Nevertheless, these new findings
cannot completely refute results of previous studies

Side population

Side population (SP) cells were defined based on
their capacity to exclude dyes such as Hoechst 33342
(Goodell et al, 1996). SP cells have been detected in
various cancer cell lines as well as primary tumors
(Wu, 2008). Side population possesses CSC charac-
teristics, such as the capacity for re-growth of the
tumor, expression of stem cell-like genes and re-
sistance to chemotherapy. This is why SP cells are
believed to be the true population responsible for
tumor maintenance.

The presence of SP cells were investigated in four
MM cell lines, RPMI 8226, U266, OPM2 and KMS-11, as
well as primary MM samples (Loh et al, 2008). SP was
defined using control cells stained with both Hoechst
and verapamil, a calcium channel blocker, to esta-
blish the SP gate (Srinivasan et al, 2011). A reduction
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Figure 5: Intermediate plasem cell precursors

An illustrative figure of putative multiple myelo-
ma progenitors; red population - bone marrow
CD138+CD44-, yellow population - bone marrow
CD138+CD44+.
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of SP cells was demonstrated in all tested cell lines.
The percentage of SP cells ranged from 0 to 4.9%,
compared to 0.05% of SP in normal BM. 0.18-0.83% of
SP cells express the clonal surface immunoglobulin
light chain restriction that matched 89-97% of each
patient’s PCs. A mean of 96.1% of SP cells were found
to be CD138-. However, the CD138+ fraction also
contained SP, indicating that SP cells are present in
both CD138- and CD138+ compartments. Jakubikova

et al. (2011) also demonstrated that the SP fraction
of MM cell lines expressed CD138. Moreover, these
results did not prove a correlation between expre-
ssion of CD19, CD20, or CD27 and the proportion of
SP cells. Conversely, SP cells showed more clonoge-
nic potential and proliferation index than the main
population.

Although SP results seem to be convincing, the me-
thod for detection of SP is questioned. Binding of
Hoechst to DNA is toxic to live cells, which is why SP
cells might represent only a population that survived
the lethal effect of Hoechst. SP phenotype might be
further affected by staining time, dye concentration
or cellular concentration. Different gating strategies
might also lead to contamination of the SP fraction
by non-SP cells in flow cytometric analyses. Further-
more, the use of verapamil as an inhibitor of efflux
does not seem to be specific enough because vera-
pamil-sensitive cells were detected in the negative
or SP gate (Montanaro et al, 2004). These findings
require more stringent gating strategies to clear
doubts about SP.

Clonogenic plasma cells

Abnormal PCs show a low proliferation potential
with a plasma cell labeling index (PCLI) ranging from
0.5% in MGUS to 1% in early MM. However, PCLI is
one of the most important prognostic factors with
a strong impact on overall survival (Bergsagel and
Kuehl, 2001). The clonogenic potential of primary
MM cells was first demonstrated by Hamburger &
Salmon in 1977. They showed that freshly explanted
human myeloma cells are able to form colonies of
monoclonal PCs. These colonies consisted of imma-
ture plasmablasts and mature PCs. Drewinko et al

Figure 6: Model of inducible plasticity in multiple myleoma

Aberrant microenvironmental signals together with genetic and epigenetic factors might cause knock down
of PAX5 expression in normal PCs resulting in generation of “plastic” PCs that can be further induced to
express of multi-lineage markers, pluripotent factors and/or stem cell genes. Such affected cells, PC inter-
mediates, can change phenotype (trandifferentiate) or regress (dedifferentiate) to less differentiated cells,

MIC, with myeloma-initiating activity.
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(1981) investigated the growth fraction of MM cells.
In untreated and nonresponsive patients, the growth
fraction represented 4% of MM cells. Patients in re-
lapse had a growth fraction ranging from 14% to 83%.
Non-proliferating fraction contained true quiescent
cells, some proliferating cells with very long inter-
mitotic times and some proliferating cells that have
already entered the maturation phase. Both reports
demonstrated clonogenic and proliferative capacity
of primary MM tumors, but the cells were not pheno-
typically defined as whole mononuclear fraction of
BM was used for analysis. Therefore, the results of
these studies do not answer what kind of cells repre-
sent true growth fraction.

First experiments demonstrating the clonogenic
growth of phenotypically defined PCs were carried
out by Yaccoby and Epstein (1999). They proved that
CD38++CD45- PCs derived from PB and BM are able
to engraft SCID-hu host system with implanted hu-
man bone. Circulating clonal PCs grew more rapidly
in SCID-hu hosts than those in the BM suggesting this
may represent a subpopulation with a higher growth
potential. In contrast to previous reports, PC-deple-
ted blood cells did not give rise to MM in SCID-hu
hosts (Yaccoby and Epstein, 1999). Yata and Yaccoby
(2004) presented an alternative model for the study
of MIC that uses rabbit bones implanted subcutane-
ously in unconditioned SCID mice. The SCID-rabbit
model was also successfully engrafted with CD138+
PCs of MM patients. Although, these two models did
not show a serial engraftment of the disease, they
strongly indicate a critical role of specific BM micro-
environments for PC survival and proliferation (Yata
and Yaccoby, 2004).

The dependence of myeloma PCs on human BM mic-
roenvironment was clearly demonstrated in an ex-
periment with NOD/SCID/common cytokine receptor
y chain-deficient (NSG) and recombinase-activating
gene 2/common cytokine receptor y chain-deficient
(RAG2-/ y c-) mice (Kim et al, 2012). Results proved
that CD138+/CD38high cells from MM patients led to
a repopulation of CD19+CD38low or CD138+CD38+
B-lineage cells in human bone-bearing mice but no
engraftments were detected in human bone-free
mice, even after orthotropic intrafemoral injection
(Fig. 4). Moreover, serially xenotransplanted CD19-
-CD138+ cells preferably engrafted from a human
bone graft but were not detected in any mouse he-
matopoietic tissues. All grafts derived from CD138+/
CD38high cells were clonally related to myeloma
PCs, whereas engraftments of CD19+CD38low/- B
cells were polyclonal CD19+CD38low cells. Fur-
ther fractionation of CD138+/CD38high cells and
their subsequent xenotransplantation showed that
CD45low/- or CD19- CD38high/CD138+ cells had
higher engraftment ability than CD45high or CD19+
plasmablasts. In accordance with results mentioned
above, it was concluded that CD19-CD45low/-CD-
38high/CD138+ PCs enrich MICs rather than CD19+ B

cells or plasmablasts. In addition, analysis of clono-
genic potentials of CD138+ and CD138- populations
derived from plasma cell leukemia (PCL) patients
strongly favored these findings (Chiron et al, 2012).
This study demonstrated that although CD138+ PCs
derived from PCL patients formed colony forming
units (CFU) in a very low frequency, no CFU were
found when CD138- cells were seeded. Harvested
cells of CFUs derived from CD138+ PCs were stron-
gly positive for CD138 but negative for CD20. These
findings further underline an important role of CD20-
-CD138+ population as a conceivable reservoir of clo-
nal PCs, at least in PCL.

Intermediate plasma cell precursors

O’Connor et al. (2002) identified post-GC-precursors
in a mouse model that might contribute to long-lived
humoral immunity. These cells were distinct from
splenic B cells, mature or memory B cells as well as
mature PCs. Intermmediate levels of CD138 indica-
ted that PC precursors might represent a transiti-
on state of PC development. PC precursors migrate
to the BM where they proliferate and consequently
differentiate to mature PCs without antigen stimu-
lation. CD138+CD44+ give rise to short-lived PCs,
CD138+CD44- or CD138-CD44+, which differentiate
to long-lived PCs. Two roles of PC precursors were
suggested; (i) they might either serve as a reservoir
of PCs upon PC attrition or (ii) contribute to post-GC
affinity maturation of the humoral immune response.
Due to similarities of phenotype, proliferative po-
tential and differential capacity of the PC precursors
to putative MM progenitors, authors suggested that
these cells are candidates for normal counterpart of
transformed MM progenitors (Fig. 5).

HETEROGENEITY OF MULTIPLE MYELOMA
Phenotypic heterogeneity

Normal polyclonal PCs express high CD38 and CD138,
along with CD19, a B-lymphocyte antigen, whereas
abnormal PCs express a wide range of multi-lineage
antigens, such as myeloid, T-cell and natural-killer-
-associated antigens. In general, abnormal PCs lack
CD19 expression. They also show variable expression
of CD45, dim expression of CD38 and heterogeneous
signals of CD138. Further, they have weaker expre-
ssion of CD27, increased CD28, CD33, CD56 and va-
riable expression of CD20 and CD117 (Kumar et al,
2010; Paiva et al, 2010). Vast phenotypic variabili-
ty might be caused by the loss of the lineage mas-
ter gene, which could lead to dedifferentiation or
transdifferentiation into cells of other lineages (Liu
et al, 2007).

PCs belong to the B-cell lineage that expresses paired
box 5 protein (PAX5) and its target, CD19. PAX5 acti-
vation and inactivation is essential for maintenance
and commitment of the functional identity of early
B cell throughout its development. PAX5 represses
B lineage ,inappropriate‘ genes and simultaneously
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activates B lineage-specific genes (Calame 2001).
PAX5 and CD19 expression are considered to be
downregulated or lost but it has been reported that
expression of PAX5 and CD19 is restored in normal
PCs of pleural effusion, ascitic fluid and BM aspirate.
In contrast to normal PCs, clonal PCs of MM do not
express PAX5 or CD19 (> 95% of cases) (Harada, et
al 1993, Mahmoud, et al 1996). Therefore, the lack
of PAX5 gene expression might affect expression of
multi-lineage markers on clonal PCs (Liu et al, 2007).
The ability to differentiate into multiple lineages is
a characteristic feature of pluripotent embryonic
stem cells. However, pluripotency does not necessa-
rily have to be limited to a population of undifferen-
tiated stem cells of the early embryo and irreversi-
bly lost upon terminal differentiation (Allan, 2011).
Fully differentiated somatic cells can be reprogram-
med into inducible pluripotent stem cells (iPSC) by
’forced’ expression of pluripotency/reprogramming
factors: OCT4, SOX2, C-MYC and KLF4, or NANOG,
LIN28, C-MYC and KLF4 (Takahashi and Yamanaka,
2006; Yu et al, 2007). Reprogramming of mature B
cells required additional ‘sensitization’ by myeloid
transcription factor CCAAT/enhancer-binding pro-
tein-a (C/EBPa) that causes a specific knockdown of
PAX5 or disrupts its functions (Hanna et al, 2008).
This indicates the loss of PAX5 expression might be
associated with the gain of stem cell features for
mature PCs and represent one of the key events in
the pathogenesis of MM (Fig. 6).

Intra-clonal heterogeneity

Intra-clonal heterogeneity (evidence of genetica-
lly distinct subclones) is present in all stages of MM
development. Benign monoclonal gammopathy of
undetermined significance (MGUS) shows less com-
plex genotype than MM; however, most mutations
found in MM are already present in high-risk smoul-
dering MM (Walker, et al 2013). Subclonal evolution
process might be modulated by the administrated
therapy. It was demonstrated that under selection
pressure of therapy, an altering dominance of clones
might occur; a resistant clone that was either alrea-
dy present at the time of diagnosis or a new clone
selected during therapy expands and competes for
dominance with an initially dominant clone (Keats,
et al 2012). Recently, Keats et al. (2012) have modi-
fied existing Darwinian clonal evolution model of MM
development that explains tumor progression as a li-
near accumulation of genomic aberration over time.
Current results indicate that MM develops through
mutational branching rather than through linear
acquisition of mutation (Bahlis 2012, Keats, et al
2012). Three temporal types of tumors were identi-
fied in MM - linearly evolving, genetically stable and
heterogeneous represented by a mixture of geneti-
cally distinct clones with shifting dominance (Keats,
et al 2012). This revolution model of Darwinian mu-
tational branching together with altering dominance

of subclones should be taken into account for future
therapeutic regimen of MM.

PLASTICITY OF MULTIPLE MYELOMA

There is growing evidence that MM encompasses a
certain degree of plasticity that might be responsi-
ble for expression of a wide range of multi-lineage
markers or acquiring of stem cell properties. First,
shutdown of key lineage commitment factor PAX5 in
MM might have crucial consequences for a cell fate.
Plasticity of normal pluripotent stem cells requires
strict maintenance of balance between expression
of pluripotency genes and lineage master genes. De-
regulation of these mechanisms may result in dedi-
fferentiation, enabling committed cells to acquire
stem cell state (Marjanovic, et al 2013). Interestin-
gly, the hematopoietic system shows considerable
lineage plasticity that allows committed cells to
transdifferentiate from one lineage to another, e.g.
conditional deletion of PAX5 can shift mature B cells
back into early uncommitted progenitors (Cobaleda,
et al 2007) or pro-B cells lacking PAX5 express ge-
nes of different lineage-affiliated programs (Nutt et
al., 1999). These examples clearly demonstrate that
shutdown of only one key lineage commitment fac-
tor can disturb cellular hierarchy.

Secondly, in spite of mature phenotype, MMPCs ex-
press pluripotent factors (SOX2, C-MYC or KLF4) and
stem/progenitor markers, such as markers of the
MAGE family, the hematopoietic progenitor marker
CD117 or neural stem cell marker, nestin (Liu et al,
2007; Spisek et al, 2007; Bataille et al, 2008). Some
of these factors provide valuable prognostic informa-
tion. Currently, the role of C-MYC has been growing
as the key transforming factor in the progression of
asymptomatic MGUS to a symptomatic disease (Chesi
et al, 2008). SOX2 and MAGE have been demonstra-
ted to be relevant targets for immunotherapy. CD117
(c-kit) is an essential hematopoietic growth factor
receptor with tyrosine-kinase activity. Aberrant ex-
pression of CD117 is detected on a subset of MGUS
and MM and is associated with a favourable outcome
for MM patients (Bataille et al, 2008). Nestin, class
VI intermediate filament protein, is a tumor spe-
cific marker for CD138+38+PCs of MM (Svachova et
al, 2011). However, its presence in terminally dif-
ferentiated PCs with a low proliferative potential is
surprising because nestin is generally found in mul-
tipotent proliferative progenitors of developing and
regenerating tissues. During terminal differentiati-
on, nestin expression is down-regulated but can be
reactivated upon pathological conditions such as in-
jury or cancer. (Michalczyk and Ziman, 2005). Surpri-
singly, nestin associated with plasticity of terminally
differentiated cells in the study of metaplastic con-
version of mature pancreatic epithelial cells (Means,
et al 2005). Metaplastic changes were accompanied
by occurrence of nestin-positive intermediates. This
study proved a real trans-differentiation potential of
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mature mammalian cells and indicated that plastici-
ty of mature cells may play a role in the generation
of neoplastic precursors. Therefore, nestin-positive
myeloma PCs might represent particular intermedia-
tes/transient population undergoing changes leading
to the occurrence of cells with a changed (transdi-
fferentiation) or less differentiated phenotype (de-
differentiation) (Fig. 2). In addition, nestin polyme-
rization/ depolymerization influences intracellular
signaling, is likely responsible for rapid redistribu-
tion of intracellular proteins, cytoskeletal remode-
ling and/or might function as a scaffold for protein
interactions (Michalczyk and Ziman, 2005). Dynamic
character of nestin network might represent an im-
portant prerequisite for myeloma plasticity.

Thirdly, dedifferentiation might be a key mechanism
for the generation of tumor-initiating cells in human
cancer (Allan, 2011). The process of dedifferentiati-
on is suggested to be under the control of tumor MEV.
Interaction of tumor cells with their MEV might indu-
ce altered differentiation; for instance, some solid
tumors are known to undergo epithelial-mesenchy-
mal transition (EMT) (Mani, et al 2008, Prindull and
Zipori 2004). Similarly to MM, phenotypic plasticity
of MMPCs was observed in long-term co-culture with
osteoclasts; myeloma PCs lost their mature pheno-
type and dedifferentiated into an immature, resili-
ent, apoptosis-resistant phenotype (Yaccoby 2005).
In addition, CD138+ PCs co-cultured with DCs lost
expression of CD138 and increased the clonogenic
potential (Kukreja et al, 2006). Possibly, signals from
the microenvironment can (reversibly) alter the phe-
notype of PCs and cause obvious heterogeneity of
MM. This regulation might keep dynamic equilibrium
between CSC and non-CSC compartments (Dhodap-
kar, 2010). Dynamic state between CSC and non-CSC-
-like compartments was observed in a subpopulation
of differentiated basal-like human mammary epi-
thelial cells that spontaneously converted to stem-
-like cells in vitro and in vivo. Moreover, oncogenic
transformation enhances this spontaneous conversi-
on. These findings indicate that normal and CSC-like
cells can arise de novo and indicate the importan-
ce of the differentiation state of cells-of-origin as
a critical factor determining the phenotype of their
transformed derivatives (Chaffer et al, 2011).
Recent work of Chaidos et al. (2013) further supp-
orts the theory of plasticity potential of PCs. They
demonstrated reversible, bidirectional phenotypic
transition between CD19-CD138- pre-PC and CD19-
-CD138+ PCs. These two subpopulations represented
interconvertible phenotypic and functional states
and showed myeloma-propagating activity. Interes-
tingly, CD138+ PCs predominantly resided in BM,
whereas CD138- cells were predominant in the spleen
and liver of the engrafted animals. This observation
demonstrates a close relationship between MM and
MEV and indicates a possible role of tumor MEV in
myeloma transition. Moreover, although both subpo-

pulations shared the same chromosomal abnormali-
ties and immunoglobulin heavy chain complementa-
ry region 3 area sequence, they were epigenetically
distinct with a different drug-resistance, which may
be a consequence of different microenvironmental
conditions. Results confirmed that pre-PC to PC tran-
sition is a phenomenon observed irrespective of the
primary oncogenic events or clinical stage of disease
(Chaidos, et al 2013).

All those findings take into consideration both mo-
dels of myelomagenesis - hierarchical model of
MM stem cells and clonal evolution model of mul-
tistep accumulation of mutations. Plasticity model
would better explain how slowly proliferating PCs
can quickly repopulate the tumor and also resolve
inconsistencies among myeloma stem cell theories.
Furthermore, mathematical models that involve
plasticity provide a more accurate demonstration of
stem cell dynamics than does the less flexible con-
cept of differentiation hierarchy. Nevertheless, it is
likely that reversible phenotype changes can coope-
rate with irreversible genetic alternations (Marusyk
and Polyak 2010). Certain reconciling demonstrates
the ecology model of plasticity and clonal selection
(rev. in Holzel et al, 2013). This model suspects an
existence of rare resistant 'super-fitness clone’ with
hardwired mutations that can benefit from plas-
ticity of sensitive bulk of cell populations, termed
poor-fitness clone. Therapy-induced inflammation
may induce regenerative signals in a local niche and
provoke phenotypic changes to support survival of
poor-fitness clones. The altered infrastructure of
tumor tissue may represent an essential condition
to ensure the outgrowth of super-fitness clone. The-
rapy-induced plasticity of tumor tissue is supposed
to be a key mechanism responsible for development
of tumor resistance in response to therapy-induced
injury. Characteristic hallmarks of therapy-induced
injury are inflammation and hypoxia. Both mechani-
sms were observed to influence spontaneous conver-
sion of tumor cells.

CANCER STEM cell phenotype and tumor microen-
vironment

Local alterations of tumor MEV naturally occurring
during tumor development and progression or under
therapeutic stress have a crucial effect on phenoty-
pic changes of tumor cells. MM PCs reside in a close
proximity of BM MEV; mutual interactions between
PCs and their MEV play a crucial role in MM progre-
ssion, dissemination and drug resistance. It is beco-
ming evident that cancer stem cell phenotypes is a
plastic state induced in cancer cells depending upon
microenvironmental signals, such as hypoxia. Hypo-
xia is a crucial regulator of the stem cell phenotype
and together with HIFs is involved in maintaining a
stem-like state in normal tissues (Heddleston 2010).
Myeloma PCs are long-term exposed to low oxygen
levels in the BM microenvironment and both HIF-1a
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and HIF-2a have been reported to be stabilized in
MM patients, resulting in stimulation of angiogene-
sis (Martin et al, 2010). However, recent studies su-
ggest that hypoxia may have a profound effect on
PC behavior. Normal hematopoietic stem cells can
represent one example. They reside in regions re-
gulated by oxygen tension. It is hypothesized that
undifferentiated phenotypes of these cells relies on
HIF activity in hypoxic areas (Parmar, et al 2007).
Hypoxic areas in tumors might be an analog to stem
cell niches in normal tissues. It is generally known
that hypoxia has a great impact on the production of
angiogenic factors and generation of new vasculatu-
re in tumors but less is known about the role of hypo-
xia in growth and (de)differentiation of cancer cells.
Series of experiments have demonstrated that hypo-
xia is responsible for altering the cellular phenotype
by causing an increase in proliferation, self-renewal
and upregulation of stem cell genes in both CSC and
non-CSC. Moreover, Yoshida et al. (2009) have shown
that hypoxic conditions significantly improve genera-
tion of iPSC. It was demonstrated that hypoxia could
regulate histone methylation, thus altering the epi-
genetic status of cancer cells (Heddleston et al,
2009; Xia et al, 2009). Tumor hypoxia also correlates
with poor outcome of patients. HIFs were shown to
induce pluripotent factors, including OCT4, NANOG,
SOX2, KLF4, MYC, and microRNA-302 in cancer cell
lines of prostate, brain, kidney, cervix, lungs, colon,
liver and breast tumors (Mathieu et al, 2011). Hypo-
xic microenvironment potentiates biological effect
of Notch signaling in adenocarcinoma of lungs or al-
ters gene expression of neuroblastoma cells to in-
duce more immature phenotype (Jogi et al, 2002).
CD133, a cancer stem cell marker, has been reported
by several groups to be upregulated under hypoxic
conditions (Seidel et al, 2010; Soeda et al, 2009).
McCord et al. (2009) showed that hypoxia increased
the sub-population of CD133+ glioblastoma cells, but
also enhanced expression of markers, such as SOX2,
OCT4 and nestin. Low oxygen levels also induced
HIF-2a expression, which is able to increase the ex-
pression of stem cell-associated genes and confer
tumorigenic potential to non-CSC (Heddleston et al,
2009).

Intratumoral hypoxia, followed by stabilization of
HIF-1a, can induce the EMT features and promotes
metastasis and the CSC phenotype. EMT is a pheno-
menon that occurs in solid tumors. However, EMT-like
features have been recently identified in MM (Azab,
et al 2012). Hypoxic conditions activated EMT-rela-
ted proteins, such as SNAIL, FOXB, TGFb. Activation
of EMT-related machinery led to down-regulation of
E-cadherin, an impairment of cell adhesion to BM
and egress of PCs to the circulation. Simultaneously,
hypoxia increased expression of CXCR4 that plays a
major role in the migration and homing of PCs to
BM and is up-regulated in EMT. Hypoxia in PCs and
surrounding MEV was induced by tumor progression

accompanied by increase expression of hypoxia-in-
duced genes in MM patients compared to healthy
donors. Furthermore, HIF-1a expression correlated
with tumor progression. These results demonstrated
that PCs acquired metastatic potential under hypo-
xic conditions resulting in de-adhesion, increase mi-
gration and homing. EMT-like mechanism may keep
continuous spread of PCs into PB and (re)entrance or
homing into new BM niches. It can be assumed that
acquiring of EMT-like features to the PCs may be as-
sociated with dynamic changes of PC phenotype and
CSC plasticity.

CLINICAL TRANSLATION of myeloma stem cell con-
cepts

Despite the achievement of currently used therapy,
MM remains difficult to treat with a persistent risk of
relapse and disease progression. Myeloma stem cell
concepts offer apparently a simple and effective way
how to overcome drug resistance and treat MM. Se-
veral novel therapeutic strategies have been evalua-
ted to improve long-term clinical outcomes. Based
on the presence of clonotypic B-cell precursors that
express CD20, phase Il trials have been conducted
using rituximab (anti-CD20 chimeric monoclonal an-
tibody) as a single-agent therapy (Matsui et al, 2004,
Treon et al, 2002; Zojer et al, 2006; Moreau et al,
2007). However, results of those small clinical tri-
als were disappointing. Only in a study of Gozzetti
et al. (2008), complete remission was reported in
a single patient with CD20+ MM refractory to high
dose melphalan (Gozzetti, et al 2008). Other reports
focused on self-renewal character of CSCs and tar-
geted signaling pathways, such as Hedgehog (cyclo-
pamine), or telomerase activity (GRN1632) (Agarwal
and Matsui 2010, Peacock, et al 2007). However,
results of these studies come from only one group
and need additional evaluation. It is apparent that
inconsistencies among particular concepts compli-
cate clinical translation. Moreover, recent eviden-
ce that phenotypic and functional interconvertible
states exists between CD138- and CD138+ MIC mig-
ht explain failure of single-agent therapy targeting
only one compartment (Chaidos et al., 2012). It is
obvious that currently used therapy does not effecti-
vely target all MIC. Furthermore, high intra-clonal
heterogeneity of MM incorporates more complexity
to this problem. To improve outcomes of future the-
rapy, it is necessary to take into account plasticity
of MIC and altering dominance of genetically distinct
subclones that can occur based on used treatment.
Combination therapy targeting all coexisting subclo-
nes and states is required besides detailed screening
of genome evolution and new assessment of minimal
residual disease including evaluation all MIC.

CONCLUSION
In this review, we discussed inconsistencies among
particular myeloma stem cell concepts and the ina-
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bility to detect true population responsible for tu-
mor origin and maintenance. Methodological pitfalls
of research approaches often caused large interpati-
ent and interstudy variability. This is mainly caused
by non-specific annealing of primers in PCR that
might overestimate amount of cells, different ex-
perimental mouse models, cytometric approaches,
culture conditions or sample handling. Discrepanci-
es are expanded further by recent findings that MM
possesses plasticity to reversibly change phenotype
and functions of MIC. Plasticity of MM is seen to rely
on specific signals from aberrant MEV that crucially
modulate phenotype and stem cell-like properties.
Therefore, an effort to target the specific cell type
to yield durable clinical response is not sufficient.
Instead, it is necessary to concentrate on pathologic
mechanisms responsible for the transition between
states and role of surrounding MEV.

ACKNOWLEDGMENTS

This work was supported by research project
from: Ministry of Education, Youth and Sports:
MSM0021622434, grant from Ministry of Health: IGA
NT13190, IGA NT11154, grant from Czech Science
Foundation: GAP304/10/1395, Ministry of Health,
Czech Republic for Conceptual Development of Re-
search Organization 65269705, Institutional Supp-
ort of Ministry of Health, Czech Republic no.1 RVO-
-FNOs/2012 and Institutional Development Plan of
University of Ostrava in 2012.

AUTHOR CONTRIBUTIONS

R. Hajek wrote and reviewing the paper. S. A. Oku-
bote co-wrote and corrected the paper. H. Svachova
conceived the idea and wrote the paper.

REFERENCES

1. Agarwal, J.R. & Matsui, W. (2010) Multiple myeloma: a pa-
radigm for translation of the cancer stem cell hypothesis.
Anticancer Agents Med Chem, 10, 116-120.

2. Allan, A.L., (2011) Cancer Stem Cells in Solid Tumors. Stem
Cell Biology and Regenerative Medicine: Springer, 475.

3. Azab, A.K., Hu, J., Quang, P., Azab, F., Pitsillides, C., Awwad,
R., Thompson, B., Maiso, P., Sun, J.D., Hart, C.P., Roccaro,
A.M., Sacco, A., Ngo, H.T., Lin, C.P., Kung, A.L., Carrasco,
R.D., Vanderkerken, K. & Ghobrial, I.M. (2012) Hypoxia pro-
motes dissemination of multiple myeloma through acquisi-
tion of epithelial to mesenchymal transition-like features.
Blood, 119, 5782-5794.

4. Bakkus, M.H., Van Riet, I., Van Camp, B., Thielemans, K.
(1994) Evidence that the clonogenic cell in multiple myelo-
ma originates from a pre-switched but somatically mutated
B cell. British Journal of Haematology, 87, 68-74.

5. Bahlis, N.J. (2012) Darwinian evolution and tiding clones in
multiple myeloma. Blood, 120, 927-928.

6. Basak, G.W., Carrier, E. (2010) The search for multiple my-
eloma stem cells: the long and winding road. Biology of Blood
and Marrow Transplant, 16, 587-594.

7. Bataille, R., Pellat-Deceunynck, C., Robillard, N., Avet-Loi-
seau, H., Harousseau, J.L., Moreau, P. (2008) CD117 (c-kit)
is aberrantly expressed in a subset of MGUS and multiple
myeloma with unexpectedly good prognosis. Leukemia Re-
search, 32, 379-382..

8. Bergsagel, D.E., Valeriote, F.A. (1968) Growth characteristics

20.

21.

22.

23.

-25 -

of a mouse plasma cell tumor. Cancer Research. 28, 2187-
2196.

Bergsagel, P.L., Chesi, M., Nardini, E., Brents, L.A., Kirby,
S.L., Kuehl, W.M. (1996) Promiscuous translocations into im-
munoglobulin heavy chain switch regions in multiple myelo-
ma. Proceedings of the National Academy of Sciences USA,
93, 13931-13936.

. Bergsagel, P.L., Kuehl, W.M. (2001) Chromosome translocati-

ons in multiple myeloma. Oncogene, 20, 5611-5622.

. Bergsagel, P.L., Masellis Smith, A., Belch, A.R., Pilarski, L.M.

(1995a) The blood B-cells and bone marrow plasma cells in
patients with multiple myeloma share identical IGH rearran-
gements. Current Topics in Microbiology and Immunology,
194, 17-24.

. Bergsagel, P.L., Smith, A.M., Szczepek, A., Mant, M.J., Belch,

A.R., Pilarski, L.M. (1995b) In multiple myeloma, clonotypic
B lymphocytes are detectable among CD19+ peripheral blood
cells expressing CD38, CD56, and monotypic Ig light chain.
Blood, 85, 436-447.

. Billadeau, D., Ahmann, G., Greipp, P., Van Ness, B. (1993)

The bone marrow of multiple myeloma patients contains B
cell populations at different stages of differentiation that are
clonally related to the malignant plasma cell. Journal of Ex-
perimental Medicine, 178, 1023-1031.

. Calame, K.L. (2001) Plasma cells: finding new light at the end

of B cell development. Nat Immunol, 2, 1103-1108.

. Chaffer, C.L., Brueckmann, I., Scheel, C., Kaestli, A.J., Wi-

ggins, P.A., Rodrigues, L.O., Brooks, M., Reinhardt, F., Su, Y.,
Polyak, K., Arendt, L.M., Kuperwasser, C., Bierie, B., Wein-
berg, R.A. (2011) Normal and neoplastic nonstem cells can
spontaneously convert to a stem-like state. Proceedings of
the National Academic of Sciences USA, 108, 7950-7955.

. Chaidos, A., Barnes, C.P., Cowan, G., May, P.C., Melo, V.,

Hatjiharissi, E., Papaioannou, M., Harrington, H., Doolittle,
H., Terpos, E., Dimopoulos, M., Abdalla, S., Yarranton, H.,
Naresh, K., Foroni, L., Reid, A., Rahemtulla, A., Stumpf, M.,
Roberts, I. & Karadimitris, A. (2013) Clinical drug resistance
linked to interconvertible phenotypic and functional states
of tumor-propagating cells in multiple myeloma. Blood, 121,
318-328.

Chesi, M., Robbiani, D.F., Sebag, M., Chng, W.J, Affer, M.,
Tiedemann, R., Valdez, R., Palmer, S.E., Haas, S.S., Stewart,
A.K., Fonseca, R., Kremer, R., Cattoretti, G., Bergsagel, P.L.
(2008) AID-dependent activation of a MYC transgene induces
multiple myeloma in a conditional mouse model of post-ger-
minal centre malignancies. Cancer Cell, 13, 167-180.

. Chiron, D., Surget, S., Maiga, S., Bataille, R., Moreau, P.,

Le Gouill, S., Amiot, M., Pellat-Deceunynck, C. (2012) The
peripheral CD138+ population but not the CD138- population
contains myeloma clonogenic cells in plasma cell leukaemia
patients. British Journal of Haematology, 156, 679-683.

. Christensen, J.H., Jensen, P.V., Kristensen, |.B., Abildgaard,

N., Lodahl, M., Rasmussen, T. (2012) Characterization of po-
tential CD138 negative myeloma ,,stem cells“. Haematologi-
ca, 97, 18-20.

Cobaleda, C., Jochum, W. & Busslinger, M. (2007) Conversion
of mature B cells into T cells by dedifferentiation to uncom-
mitted progenitors. Nature, 449, 473-477.

Colla, S., Storti, P., Donofrio, G., Todoerti, K., Bolzoni, M.,
Lazzaretti, M., Abeltino, M., Ippolito, L., Neri, A., Ribatti, D.,
Rizzoli, V., Martella, E., Giuliani, N. (2010) Low bone marrow
oxygen tension and hypoxia-inducible factor-1a overexpre-
ssion characterize patients with multiple myeloma: role on
the transcriptional and proangiogenic profiles of CD138(+)
cells. Leukemia, 24, 1967-1970.

Conway, E.J, Wen, J., Feng, Y., Mo, A., Huang, W.T., Kee-
ver-Taylor, C.A., Hari, P., Vesole, D.H., Chang, C.C. (2009)
Phenotyping studies of clonotypic B lymphocytes from pati-
ents with multiple myeloma by flow cytometry. Archives of
Pathology and Laboratory Medicine, 133, 1594-1599.
Corradini, P., Voena, C., Omedé, P., Astolfi, M., Boccadoro,
M., Dalla-Favera, R., Pileri, A. (1993) Detection of circulating
tumor cells in multiple myeloma by a PCR-based method.



SBORNIK VYBRANYCH IMPAKTOVANYCH PRACI ZA ROK 2013

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Leukemia, 7, 1879-1882.

Dhodapkar, M.V. (2010) Immunity to stemness genes in human
cancer. Current Opinion in Immunology, 22, 245-250.
Drewinko, B., Alexanian, R., Boyer, H., Barlogie, B., Rubi-
now, S.I. (1981) The Growth Fraction of Human Myeloma
Cells. Blood, 57, 333-338.

Goodell, M.A., Brose, K., Paradis, G., Conner, A.S., Mulligan,
R.C. (1996) Isolation and functional properties of murine he-
matopoietic stem cells that are replicating in vivo. Journal of
Experimental Medicine, 183, 1797-1806.

Gozzetti, A., Fabbri, A., Lazzi, S., Bocchia, M. & Lauria, F.
(2008) Reply to ,Rituximab activity in CD20-positive multiple
myeloma‘. Leukemia, 22, 1083; author reply 1083-1084.
Hamburger, A., Salmon, S.E. (1977) Primary bioassay of hu-
man myeloma stem cells. Journal of Clinical Investment, 60,
846-854.

Hanna, J., Markoulaki, S., Schorderet, P., Carey, B.W., Beard,
C., Wernig, M., Creyghton, M.P., Steine, E.J., Cassady, J.P.,
Foreman, R., Lengner, C.J., Dausman, J. A., Jaenisch, R.
(2008) Direct reprogramming of terminally differentiated
mature B lymphocytes to pluripotency. Cell, 133, 250-264.
Harada, H., Kawano, M.M., Huang, N., Harada, Y., Iwato, K.,
Tanabe, 0., Tanaka, H., Sakai, A., Asaoku, H. & Kuramoto,
A. (1993) Phenotypic difference of normal plasma cells from
mature myeloma cells. Blood, 81, 2658-2663.

Heddleston, J.M., Li, Z., Lathia, J.D., Bao, S., Hjelmeland,
A.B., Rich, J.N. (2010) Hypoxia inducible factors in cancer
stem cells. British Journal of Cancer, 102, 789-795.
Heddleston, J.M., Li, Z., McLendon, R.E., Hjelmeland, A.B.,
Rich, J.N. (2009) The hypoxic microenvironment maintains
glioblastoma stem cells and promotes reprogramming to-
wards a cancer stem cell phenotype. Cell Cycle, 8, 3274-
3284.

Holzel, M., Bovier, A. & Tuting, T. (2013) Plasticity of tumour
and immune cells: a source of heterogeneity and a cause for
therapy resistance? Nat Rev Cancer, 13, 365-376.

Hosen, N., Matsuoka, Y., Kishida, S., Nakata, J., Mizutani, Y.,
Hasegawa, K., Mugitani, A., Ichihara, H., Aoyama, Y., Nishi-
da, S., Tsuboi, A., Fujiki, F., Tatsumi, N., Nakajima, H., Hino,
M., Kimura, T., Yata, K., Abe, M., Oka, Y., Oji, Y., Kumano-
goh, A., Sugiyama, H. (2012) CD138-negative clonogenic cells
are plasma cells but not B cells in some multiple myeloma
patients. Leukemia, 26, 2135-2141.

Huff, C.A., Matsui, W. (2008) Multiple myeloma cancer stem
cells. Journal of Clinical Oncology, 26, 2895-2900.
Jakubikova, J., Adamia, S., Kost-Alimova, M., Klippel, S.,
Cervi, D., Daley, J.F., Cholujova, D., Kong, S.Y., Leiba, M.,
Blotta, S., Ooi, M., Delmore, J., Laubach, J., Richardson,
P.G., Sedlak, J., Anderson, K.C., Mitsiades, C.S. (2011) Le-
nalidomide targets clonogenic side population in multiple
myeloma: pathophysiologic and clinical implications. Blood,
117, 4409-4419.

Jensen, G.S., Belch, A.R., Mant, M.J., Ruether, B.A., Ya-
cyshyn, B.R., Pilarski, L.M. (1993) Expression of multiple
beta 1 integrins on circulating monoclonal B cells in patients
with multiple myeloma. American Journal of Hematology, 43,
29-36.

Jensen, G.S., Mant, M.J., Pilarski, L.M. (1992) Sequential
maturation stages of monoclonal B lineage cells from blo-
od, spleen, lymph node, and bone marrow from a terminal
myeloma patient. American Journal of Hematology, 41, 199-
208.

Jogi, A., @ra, I., Nilsson, H., Lindeheim. A., Makino, Y., Po-
ellinger, L., Axelson, H., Pahlman, S. (2002) Hypoxia alters
gene expression in human neuroblastoma cells toward an im-
mature and neural crest-like phenotype. Proceedings of the
National Academic of Sciences USA, 99, 7021-7026.

Keats, J.J., Chesi, M., Egan, J.B., Garbitt, V.M., Palmer, S.E.,
Braggio, E., Van Wier, S., Blackburn, P.R., Baker, A.S., Dispen-
zieri, A., Kumar, S., Rajkumar, S.V., Carpten, J.D., Barrett,
M., Fonseca, R., Stewart, A.K. & Bergsagel, P.L. (2012) Clonal
competition with alternating dominance in multiple myelo-

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

- 26 -

ma. Blood, 120, 1067-1076.

Kim, D., Park, C.Y., Medeiros, B.C., Weissman, I.L. (2012)
CD19(-)CD45(low/-)CD38(high)/CD138(+) plasma cells enrich
for human tumorigenic myeloma cells. Leukemia, 26, 2530-
2537

Kukreja, A., Hutchinson, A., Dhodapkar, K., Mazumder, A.,
Vesole, D., Angitapalli, R., Jagannath, S., Dhodapkar, M.V.
(2006) Enhancement of clonogenicity of human multiple my-
eloma by dendritic cells. Journal of Experimental Medicine,
203, 1859-1865.

Kumar, S., Kimlinger, T., Morice, W. (2010) Immunophenoty-
ping in multiple myeloma and related plasma cell disorders.
Best Practice and Research: Clinical Haematology, 23, 433-
451.

Liu, S., Otsuyama, K., Ma, Z., Abroun, S., Shamsasenjan, K.,
Amin, J., Asaoku, H., Kawano, M.M. (2007) Induction of mul-
tilineage markers in human myeloma cells and their down-
-regulation by interleukin 6. International Journal of Hema-
tology, 85, 49-58.

Loh, Y.S., Mo, S., Brown, R.D., Yamagishi, T., Yang, S.,
Joshua, D.E., Roufogalis, B.D., Sze, D.M. (2008) Presence of
Hoechst low side populations in multiple myeloma. Leukemia
and Lymphoma, 49, 1813-1816.

Mahmoud, M.S., Huang, N., Nobuyoshi, M., Lisukoy, I.A., Ta-
naka, H., Kawano, M.M. (1996) Altered expression of Pax-5
gene in human myeloma cells. Blood, 87, 4311-4315.

Mani, S.A., Guo, W., Liao, M.J., Eaton, E.N., Ayyanan, A.,
Zhou, A.Y., Brooks, M., Reinhard, F., Zhang, C.C., Shipitsin,
M., Campbell, L.L., Polyak, K., Brisken, C., Yang, J., Wein-
berg, R.A. (2008) The epithelial-mesenchymal transition ge-
nerates cells with properties of stem cells. Cell, 133, 704-
715.

Marjanovic, N.D., Weinberg, R.A. & Chaffer, C.L. (2013) Cell
plasticity and heterogeneity in cancer. Clin Chem, 59, 168-
179.

Martin, S.K., Diamond, P., Williams, S.A., To, L.B., Peet, D.J.,
Fujii, N., Gronthos, S., Harris, A.L., Zannettino, A.C. (2010)
Hypoxia-inducible factor-2 is a novel regulator of aberrant
CXCL12 expression in multiple myeloma plasma cells. Hae-
matologica, 95, 776-784.

Marusyk, A. & Polyak, K. (2010) Tumor heterogeneity: causes
and consequences. Biochim Biophys Acta, 1805, 105-117.
Mathieu, J., Zhang, Z., Zhou, W., Wang, A.J., Heddleston,
J.M., Pinna, C.M., Hubaud, A., Stadler, B., Choi, M., Bar,
M., Tewari, M., Liu, A., Vessella, R., Rostomily, R., Born, D.,
Horwitz, M., Ware, C., Blau, C.A., Cleary, M.A., Rich, J.N.,
Ruohola-Baker, H. (2011) HIF induces human embryonic stem
cell markers in cancer cells. Cancer Research, 71, 4640-4652.
Matsui, W., Huff, C.A., Wang, Q., Malehorn, M.T., Barber, J.,
Tanhehco, Y., Smith, B.D., Civin, C.l., Jones, R.J. (2004) Cha-
racterization of clonogenic multiple myeloma cells. Blood,
103, 2332-2336.

Matsui, W., Wang, Q., Barber, J.P., Brennan, S., Smith, B.D.,
Borrello, I., McNiece, I., Lin, L., Ambinder, R.F., Peacock, C.,
Watkins, D.N., Huff, C.A., Jones, R.J. (2008) Clonogenic mul-
tiple myeloma progenitors, stem cell properties, and drug
resistance. Cancer Research, 68, 190-197.

McCord, A.M., Jamal, M., Shankavaram, U.T., Lang, F.F.,
Camphausen, K., Tofilon, P.J. (2009) Physiologic oxygen con-
centration enhances the stem-like properties of CD133+ hu-
man glioblastoma cells in vitro. Molecular Cancer Research,
7, 489-497.

McSweeney, P.A., Wells, D.A., Shults, K.E., Nash, R.A., Ben-
singer, W.I., Buckner, C.D., Loken, M.R. (1996) Tumor-specific
aneuploidy not detected in CD19+ B-lymphoid cells from my-
eloma patients in a multidimensional flow cytometric analy-
sis. Blood, 88, 622-632.

Means, A.L., Meszoely, I.M., Suzuki, K., Miyamoto, Y., Rustgi,
A.K., Coffey, R.J., Wright, C.V., Stoffers, D.A. & Leach, S.D.
(2005) Pancreatic epithelial plasticity mediated by acinar
cell transdifferentiation and generation of nestin-positive
intermediates. Development, 132, 3767-3776.



SBORNIK VYBRANYCH IMPAKTOVANYCH PRACI ZA ROK 2013

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Michalczyk, K., Ziman, M. (2005) Nestin structure and predic-
ted function in cellular cytoskeletal organisation. Histology
and Histopathology, 20, 665-671.

Montanaro, F., Liadaki, K., Schienda, J., Flint, A., Gussoni,
E., Kunkel, L.M. (2004) Demystifying SP cell purification: via-
bility, yield, and phenotype are defined by isolation parame-
ters. Experimental Cell Research, 298, 144-154.

Moreau, P., Voillat, L., Benboukher, L., Mathiot, C., Dumon-
tet, C., Robillard, N., Hérault, O., Garnache, F., Garand, R.,
Varoqueaux, N., Avet-Loiseau, H., Harousseau, J.L., Bataille,
R. & group, I. (2007) Rituximab in CD20 positive multiple my-
eloma. Leukemia, 21, 835-836.

Munshi, N.C., Anderson, K.C., Bergsagel, P.L., Shaughnessy,
J., Palumbo, A., Durie, B., Fonseca, R., Stewart, A.K., Ha-
rousseau, J.L., Dimopoulos, M., Jagannath, S., Hajek, R.,
Sezer, 0., Kyle, R., Sonneveld, P., Cavo, M., Rajkumar, S.V.,
San Miguel, J., Crowley, J., Avet-Loiseau, H., International
Myeloma Workshop Consensus Panel 2. (2011) Consensus re-
commendations for risk stratification in multiple myeloma:
report of the International Myeloma Workshop Consensus Pa-
nel 2. Blood, 117, 4696-4700

Nutt, S.L., Heavey, B., Rolink, A.G., Busslinger, M. (1999) Co-
mmitment to the B-lymphoid lineage depends on the trans-
cription factor Pax5. Nature, 401, 556-562.

O‘Connor BP, Cascalho M, Noelle RJ. Short-lived and long-
-lived bone marrow plasma cells are derived from a novel
precursor population. J Exp Med. 2002 Mar;195(6):737-45.
Paino, T., Ocio, E.M., Paiva, B., San-Segundo, L., Garayoa,
M., Gutiérrez, N.C., Sarasquete, M.E., Pandiella, A., Orfao,
A., San Miguel, J.F. (2012) CD20 positive cells are undetec-
table in the majority of multiple myeloma cell lines and are
not associated with a cancer stem cell phenotype. Haemato-
logica, 97, 1110-1114.

Paiva, B., Almeida, J., Pérez-Andrés, M., Mateo, G., Lopez,
A., Rasillo, A., Vidriales, M.B., Lopez-Berges, M.C., Miguel,
J.F., Orfao, A. (2010) Utility of flow cytometry immunophe-
notyping in multiple myeloma and other clonal plasma cell-
-related disorders. Cytometry B: Clinical Cytometry, 78, 239-
252.

Park, C.H., Bergsagel, D.E., McCulloch, E.A. (1971) Mou-
se myeloma tumor stem cells: a primary cell culture assay.
Journal of National Cancer Institute. 46, 411-422.

Parmar, K., Mauch, P., Vergilio, J.A., Sackstein, R. & Down,
J.D. (2007) Distribution of hematopoietic stem cells in the
bone marrow according to regional hypoxia. Proc Natl Acad
Sci US A, 104, 5431-5436.

Peacock, C.D., Wang, Q., Gesell, G.S., Corcoran-Schwartz,
I.M., Jones, E., Kim, J., Devereux, W.L., Rhodes, J.T., Huff,
C.A., Beachy, P.A., Watkins, D.N., Matsui, W. (2007) Hedge-
hog signaling maintains a tumor stem cell compartment in
multiple myeloma. Proceedings of the National Academic of
Sciences USA, 104, 4048-4053.

Pilarski, L.M., Hipperson, G., Seeberger, K., Pruski, E.,
Coupland, R.W., Belch, A.R. (2000) Myeloma progenitors in
the blood of patients with aggressive or minimal disease: en-
graftment and self-renewal of primary human myeloma in
the bone marrow of NOD SCID mice. Blood, 95, 1056-1065.
Pilarski, L.M., Jensen, G.S. (1992) Monoclonal circulating B
cells in multiple myeloma. A continuously differentiating, po-
ssibly invasive, population as defined by expression of CD45
isoforms and adhesion molecules. Hematology Oncology Cli-
nics of North America, 6, 297-322.

Pilarski, L.M., Masellis-Smith, A., Szczepek, A., Mant, M.J.,
Belch, A.R. (1996) Circulating clonotypic B cells in the biolo-
gy of multiple myeloma: speculations on the origin of myelo-
ma. Leukemia and Lymphoma, 22, 375-383.

Prindull, G. & Zipori, D. (2004) Environmental guidance of
normal and tumor cell plasticity: epithelial mesenchymal
transitions as a paradigm. Blood, 103, 2892-2899.

Rajkumar, S.V., Leong, T., Roche, P.C., Fonseca, R., Dispenzi-
eri, A., Lacy, M.Q., Lust, J.A., Witzig, T.E., Kyle, R.A., Gertz,
M.A., Greipp, P.R. (2000) Prognostic value of bone marrow

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

-27 -

angiogenesis in multiple myeloma. Clinical Cancer Research,
6, 3111-3116.

Rajkumar, S.V., Mesa, R.A., Fonseca, R., Schroeder, G., Ple-
vak, M.F., Dispenzieri, A., Lacy, M.Q., Lust, J.A., Witzig, T.E.,
Gertz, M.A., Kyle, R.A., Russell, S.J., Greipp, P.R. (2002)
Bone marrow angiogenesis in 400 patients with monoclonal
gammopathy of undetermined significance, multiple myelo-
ma, and primary amyloidosis. Clinical Cancer Research, 8,
2210-2216.

Rasmussen, T., Haaber, J., Dahl, |.M., Knudsen, L.M.,
Kerndrup, G.B., Lodahl, M., Johnsen, H.E., Kuehl, M. (2010)
Identification of translocation products but not K-RAS muta-
tions in memory B cells from patients with multiple myelo-
ma. Haematologica, 95, 1730-1737.

Rasmussen, T., Jensen, L., Johnsen, H.E. (2000) Levels of
circulating CD19+ cells in patients with multiple myeloma.
Blood, 95, 4020-4021.

Rasmussen, T., Lodahl, M., Hancke, S., Johnsen, H.E. (2004)
In multiple myeloma clonotypic CD38- /CD19+ / CD27+ me-
mory B cells recirculate through bone marrow, peripheral
blood and lymph nodes. Leukemia and Lymphoma, 45, 1413-
1417.

Reiman, T., Seeberger, K., Taylor, B.J., Szczepek, A.J., Han-
son, J., Mant, M.J., Coupland, R.W., Belch, A.R., Pilarski,
L.M. (2001) Persistent preswitch clonotypic myeloma cells
correlate with decreased survival: evidence for isotype swit-
ching within the myeloma clone. Blood, 98, 2791-2979.
Rossi, E.A., Rossi, D.L., Stein, R., Goldenberg, D.M., Chang,
C.H. (2010) A bispecific antibody-IFNalpha2b immunocytoki-
ne targeting CD20 and HLA-DR is highly toxic to human lym-
phoma and multiple myeloma cells. Cancer Research, 70,
7600-7609.

Seidel, S., Garvalov, B.K., Wirta, V., von Stechow, L., Schan-
zer, A., Meletis, K., Wolter, M., Sommerlad, D., Henze, A.T.,
Nister, M., Reifenberger, G., Lundeberg, J., Frisen, J., Acker,
T. (2010) A hypoxic niche regulates glioblastoma stem cells
through hypoxia inducible factor 2 alpha. Brain, 133, 983-
995.

Shih, A.H., Holland, E.C. (2006) Notch signaling enhances ne-
stin expression in gliomas. Neoplasia, 8, 1072-1082.

Soeda, A., Park, M., Lee, D., Mintz, A., Androutsellis-Theo-
tokis, A., McKay, R.D., Engh, J., Iwama, T., Kunisada, T., Ka-
ssam, A.B., Pollack, I.F., Park, D.M. (2009) Hypoxia promotes
expansion of the CD133-positive glioma stem cells through
activation of HIF-1alpha. Oncogene, 28, 3949-3959.

Spisek, R., Kukreja, A., Chen, L.C., Matthews, P., Mazumder,
A., Vesole, D., Jagannath, S., Zebroski, H.A., Simpson, A.J.,
Ritter, G., Durie, B., Crowley, J., Shaughnessy JD, Jr., Scan-
lan, M.J., Gure, A.O., Barlogie, B., Dhodapkar, M.V. (2007)
Frequent and specific immunity to the embryonal stem cell-
-associated antigen SOX2 in patients with monoclonal gam-
mopathy. Journal of Experimental Medicine, 204, 831-840.
Srinivasan, V., Sivaramakrishnan, H., Karthikeyan, B. (2011)
Detection, isolation and characterization of principal synthe-
tic route indicative impurities in verapamil hydrochloride.
Scientia Pharmaceutica, 79, 555-568.

Svachova, H., Pour, L., Sana, J., Kovarova, L., Raja, K.R., Ha-
jek, R. (2011) Stem cell marker nestin is expressed in plasma
cells of multiple myeloma patients. Leukemia Research, 35,
1008-1013.

Szczepek, A.J., Bergsagel, P.L., Axelsson, L., Brown, C.B.,
Belch, A.R., Pilarski, L.M. (1997) CD34+ cells in the blood of
patients with multiple myeloma express CD19 and IgH mRNA
and have patient-specific IgH VDJ gene rearrangements. Blo-
od, 89, 1824-1833.

Szczepek, A.J., Seeberger, K., Wizniak, J., Mant, M.J., Belch,
A.R., Pilarski, L.M. (1998) A high frequency of circulating B
cells share clonotypic Ig heavy-chain VDJ rearrangements
with autologous bone marrow plasma cells in multiple my-
eloma, as measured by single-cell and in situ reverse trans-
criptase-polymerase chain reaction. Blood, 92, 2844-2855.



SBORNIK VYBRANYCH IMPAKTOVANYCH PRACI ZA ROK 2013

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Takahashi, K., Yamanaka, S. (2006) Induction of pluripotent
stem cells from mouse embryonic and adult fibroblast cultu-
res by defined factors. Cell, 126, 663-676.

Taylor, B.J., Kriangkum, J., Pittman, J.A., Mant, M.J., Rei-
man, T., Belch, A.R., Pilarski, L.M. (2008) Analysis of clono-
typic switch junctions reveals multiple myeloma originates
from a single class switch event with ongoing mutation in the
isotype-switched progeny. Blood, 112, 1894-1903.

Treon, S.P., Pilarski, L.M., Belch, A.R., Kelliher, A., Preffer,
F.I., Shima, Y., Mitsiades, C.S., Mitsiades, N.S., Szczepek,
A.J., Ellman, L., Harmon, D., Grossbard, M.L. & Anderson,
K.C. (2002) CD20-directed serotherapy in patients with
multiple myeloma: biologic considerations and therapeutic
applications. J Immunother, 25, 72-81.

Trepel, M., Martens, V., Doll, C., Rahlff, J., Gosch, B., Lo-
ges, S., Binder, M. (2012) Phenotypic detection of clonotypic
B cells in multiple myeloma by specific immunoglobulin li-
gands reveals their rarity in multiple myeloma. PLoS One, 7,
e31998.

Walker, B.A., Wardell, C.P., Melchor, L., Brioli, A., Johnson,
D.C., Kaiser, M.F., Mirabella, F., Lopez-Corral, L., Humphray,
S., Murray, L., Ross, M., Bentley, D., Gutiérrez, N.C., Garcia-
-Sanz, R., San Miguel, J., Davies, F.E., Gonzalez, D. & Mor-
gan, G.J. (2013) Intraclonal heterogeneity is a critical early
event in the development of myeloma and precedes the de-
velopment of clinical symptoms. Leukemia.

Wu, C., Alman, B.A. (2008) Side population cells in human
cancers. Cancer Letters, 268, 1-9.

Xia, X., Lemieux, M.E., Li, W., Carroll, J.S., Brown, M., Liu,
X.S., Kung, A.L. (2009) Integrative analysis of HIF binding and
transactivation reveals its role in maintaining histone methy-
lation homeostasis. Procedings of the National Academy of
Sciences USA, 106, 4260-4265.

Yaccoby, S. (2005) The phenotypic plasticity of myeloma
plasma cells as expressed by dedifferentiation into an imma-
ture, resilient, and apoptosis-resistant phenotype. Clinical
Cancer Research, 11, 7599-7606.

Yaccoby, S., Epstein, J. (1999) The proliferative potential of
myeloma plasma cells manifest in the SCID-hu host. Blood,
94, 3576-3582.

Yata, K., Yaccoby, S. (2004) The SCID-rab model: a novel

97.

98.

99.

- 28 -

in vivo system for primary human myeloma demonstrating
growth of CD138-expressing malignant cells. Leukemia, 18,
1891-1897.

Yoshida, Y., Takahashi, K., Okita, K., Ichisaka, T., Yamanaka,
S. (2009) Hypoxia enhances the generation of induced pluri-
potent stem cells. Cell Stem Cell, 5, 237-241.

Yu, J., Vodyanik, M.A., Smuga-Otto, K., Antosiewicz-Bourget,
J., Frane, J.L., Tian, S., Nie, J., Jonsdottir, G.A., Ruotti, V.,
Stewart, R., Slukvin, I.l., Thomson, J.A. (2007) Induced plu-
ripotent stem cell lines derived from human somatic cells.
Science, 318, 1917-1920.

Zojer, N., Kirchbacher, K., Vesely, M., Hubl, W. & Ludwig, H.
(2006) Rituximab treatment provides no clinical benefit in
patients with pretreated advanced multiple myeloma. Leuk
Lymphoma, 47, 1103-1109.



SBORNIK VYBRANYCH IMPAKTOVANYCH PRACI ZA ROK 2013

SAFETY AND EFFICACY OF ENDOVASCULAR SONOLYSIS USING
THE EKOSONIC™ ENDOVASCULAR SYSTEM IN ACUTE STROKE PATIENTS

M. Kuliha, M. Roubec, T. Jonszta, J. Krajca, D. Czerny, A. Krajina, K. Langova, R. Herzig, V. Prochazka,

and D. Skoloudik

From the Comprehensive Stroke Center (M.K., M.R., D.S., T.J., J.K., D.C., V.P.), Department of Neurology,
Faculty of Medicine, Ostrava University and University Hospital Ostrava, Ostrava, Czech Republic;
Comprehensive Stroke Center (M.K., R.H., D.S.), Department of Neurology, Faculty of Medicine and Den-
tistry, Palacky University and University Hospital Olomouc, Olomouc, Czech Republic;

Comprehensive Stroke Center, Department of Radiology (A.K.), Faculty of Medicine, Charles University and
University Hospital Hradec Krdlové, Hradec Krdlové, Czech Republic; and Department of Biophysics (K.L.),
Faculty of Medicine and Dentistry, Institute of Molecular and Translational Medicine, Palacky University,

Olomouc, Czech Republic.

Originally published in American journal of neuroradiology 2013; 34(7): 1401-1406

Consent to the publication of 22" April 2014

ABSTRACT

Background and Purpose:

Sonolysis is a new therapeutic procedure for arterial
recanalization. The aim was to confirm the safety
and efficacy of endovascular sonolysis using EkoSo-
nicTM endovascular system in subjects with acute
ischemic stroke (AIS).

Materials and Methods:

AIS patients with occlusion of the middle cerebral
artery (MCA) or basilar artery (BA) occlusion were
enrolled consecutively in this prospective study. The
control group (44 MCA and 12 BA occlusions) was se-
lected from historical controls. ES started within 8
h after stroke onset. NIHSS upon hospital admissi-
on, after 24 h and 7 days, arterial recanalization,
early neurological improvement, symptomatic intra-
cerebral hemorrhage (SICH), and favorable 3-month
clinical outcome defined as a modified Rankin scale
(mRS) score of 0-2 were evaluated by statistical me-
ans.

Results:

Fourteen patients (10 males; mean age, 65.1+11.2
years; median NIHSS, 16.5) underwent ES. Arterial
recanalization after endovascular treatment was
achieved in 6 of 7 (85.7%) patients with MCA occlusi-
on (4 complete recanalizations) and in all 7 (100%)
patients with BA occlusion (6 complete recanalizati-
ons). No (0%) SICH or periprocedural complications
occured. Seven (50%) patients were independent
at 3 months (median mRS=2). Early neurological
improvement and favorable clinical outcome were
significantly more frequent in ES patients with MCA
occlusion than in controls (100% and 71.4% versus
4.6% and 13.6% patients, p=0.0001 and p=0.003, re-
spectively). Three-month mortality was significantly
lower in ES patients with BA occlusion than in cont-
rols (0% versus 66.7% patients, p=0.013).

Conclusion:

In this small study ES allowed safe and potentialy
effective revascularization in patients experiencing
AlS.

INTRODUCTION

Acute occlusion of cervical or intracranial arteries
is the most common cause of ischemic stroke (IS).
Detection of arterial occlusion during the first 6 h
after the onset of IS is possible in <70% of patients
[1-4]. Clinical studies have shown that the prognosis
of patients with occlusion of the intracranial arteries
in the acute phase of an IS is worse when compared
with patients without occlusion of a major intracra-
nial artery [5]. One of the most important prognostic
factors in patients with occlusion of intracranial ar-
teries is the time to recanalization [6-9].

Data from a meta-analysis of 53 clinical trials (2,066
patients) suggest that early recanalization is present
in only 24.1% of patients without specific treatment
(spontaneous recanalization), 46.2% of patients
treated with intravenous thrombolysis (IVT), 63.2%
of patients treated with intraarterial thrombolysis
(IAT), 67.5% of patients treated with combined IVT-
-IAT, and in <83.6% of patients treated by mechanical
methods [5].

The options for acceleration of recanalization of
intracranial-artery occlusion are: IVT, IAT or combi-
ned thrombolysis; mechanical recanalization using
several mechanical devices for thrombectomy and/
or stenting; and remote or local sonolysis [10-24].
Endovascular sonolysis can be used to accelerate and
achieve recanalization of intracranial-artery occlusi-
on [22-24].

The aim of the present study was to confirm the sa-
fety and efficacy of endovascular sonolysis using the
EkoSonicTM Endovascular System in acute IS patients
with occlusion of the middle cerebral artery (MCA)
or basilar artery (BA) within 8 h after stroke onset.
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MATERIALS AND METHODS

Patients

Consecutive patients who fulfilled the following
inclusion criteria between August 2009 and Septem-
ber 2011were recruited into this prospective case-
control study: acute IS due to occlusion of the MCA
or BA detected using CTA; presenting with a Natio-
nal Institutes of Health Stroke Scale (NIHSS) score
of 4-25 upon hospital admission; contraindicated to
IVT or with persistent artery occlusion 60 min after
IVT commencement; aged 18-80 years; with start of
therapy within 8 h of symptom onset. Patients with a
modified Rankin score (mRS) >1 before stroke onset,
intracranial hemorrhage, or brain tumor detected
using CT, were excluded from the study. The cont-
rol group was selected from consecutive historical
controls fulfilling the same inclusion and exclusion
criteria hospitalized between July 2006 and Janua-
ry 2008 (i.e. before the era of mechanical recanali-
zation at the Stroke Center in which the study was
carried out).

Diagnostics

Upon hospital admission, physical examination, blo-
od samples, electrocardiography (ECG), chest ra-
diography, and standard neurological evaluation by
a certified neurologist using the NIHSS were under-
taken. These tests were followed by CT of the brain
and by CTA of the cervical and brain arteries. Duplex
sonography of the cervical portion of the carotid
and vertebral arteries, and transcranial color-coded
duplex sonography (TCCS) were done before and 60
min after IVT commencement.

Neurological and physical examinations were repea-
ted after 24 h, 7 days and 90 days. Early neurological
improvement (ENI) was defined as a NIHSS of 0 or 1
point at 24 h after treatment or a decrease of >4
points in NIHSS score 24 h after treatment. The mRS
was used for the evaluation of clinical outcome 90
days after IS stroke onset with a favorable clinical
outcome defined as mRS 0-2. Intracranial bleeding
detected in the control brain CT 24 h after therapy
onset was recorded. Intracranial bleeding with wor-
sening of neurological symptoms (=4 points in the
NIHSS) was classified as “symptomatic intracerebral
hemorrhage” (SICH) [25].

Treatment

Patients were treated at a Comprehensive Stro-
ke Center with 24/7 accessibility to IVT and endo-
vascular interventions, and underwent standard
treatment [26]. All patients who fulfilled the Safe
Implementation of Thrombolysis in Stroke-Monito-
ring Study (SITS-MOST) criteria for IVT were treated
using recombinant tissue plasminogen activator (rt-
-PA; 0.9 mg/kg) within 4.5 h after IS onset [26,27].
Anticoagulation therapy (oral, subcutaneous or in-
travenous) and oral administration of acetylsalicy-
lic acid or other antiplatelet agents were used as
standard treatment for patients 24 h after IS onset
according to guidelines set by the European Stroke
Organisation guidelines [26].

Endovascular treatment

For vessel occlusion, verification was confirmed in
all patients using four-vessel diagnostic digital sub-
traction angiography (DSA; General Electric Innova
4100, GE Healthcare, Waukesha, WI, USA). After in-
traarterial administration of heparin (total dose 50
IU/kg) and placement of the EkoSonicTM Endovascu-
lar Catheter (EKOS Corporation, Bothell, WA, USA)
within the occluded segment of the artery, the inso-
nation with pulsed high-frequency (2.05-2.35 MHz)
and low-power (400 mW/cm2) ultrasound waves and
local administration of rt-PA directly into the throm-
bus were started simultaneously. Patients without
contraindication to thrombolysis treatment received
rt-PA (15 mg/h). The maximum calculated total do-
sage was <20 mg of rt-PA and the endovascular sono-
lysis was <60 min.

In the case of partial recanalization or early reo-
cclusion after endovascular sonolysis, patients had
additional treatment with angioplasty and stent
(Enterprise, Cordis Neurovascular, Miami Lakes, FL,
USA or Wingspan, Boston Scientific, San Leandro,
CA, USA) implantation. In all patients with stent
implantation, 500 mg of ASA was administered in-
travenously at the end of endovascular procedure.
Subsequently, within next 2 hours, 150 mg of oral
clopidogrel followed by 6-week dual oral antiplate-
let therapy (100 mg ASA daily + 75 mg clopidogrel
daily) were used in all cPTAS patients as instituted
therapy regimen. Repeated diagnostic angiography
of the treated region was undertaken to assess the

Table 1. Thrombolysis in Cerebral Ischemia (TICI) criteria 28,

TICI flow grade | Characteristics

Grade 0 No perfusion

Grade | Perfusion past the initial occlusion, but no distal branch filling

Grade lla Partial perfusion with incomplete distal filling of < 50% of the expected territory
Grade IIb Partial perfusion with incomplete distal filling of 50-99% of the expected territory
Grade lIc Near complete perfusion but with delay in contrast runoff

Grade Il Full perfusion with normal filling of distal branches in a normal hemodynamic fashion
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recanalization grade according to Thrombolysis in
Cerebral Ischemia (TICI) criteria - see Table 1. [28]

Evaluation of recanalization

The efficacy of recanalization was evaluated at the
end of the endovascular procedure using TICI crite-
ria. Final recanalization status TICI Ila or IIb were
considered to be “partial recanalization” and final
status TICI llc or 1l to be “complete recanalization”.
An experienced, independent radiologists (AK) blin-
ded to the study protocol evaluated all findings be-
fore definitive assessment of the diagnosis.

Statistical analyses

Kolmogorov-Smirnov and Shapiro-Wilk methods were
used for testing the fit of the parameters calcula-
ted to a normal distribution. Data with a normal
distribution are reported as the mean + standard
deviation. All parameters that did not fit a normal
distribution are presented as median and interquar-
tile ranges (IQRs); the Mann-Whitney U-test and Fis-
cher exact test were used for comparisons between
groups. Statistical analyses were carried out using
SPSS 14.0 software (SPSS, Chicago, IL, USA). P <0.05
was considered significant.

Table 2. Demographic data of the study group

Approval of the study protocol by the Ethics Com-
mittee

The entire study was conducted in accordance with
the Helsinki Declaration of 1975 (as revised in 2004
and 2008). The Ethics Committee of the Stroke Cen-
ter in which the study was carried out approved the
study. All patients signed informed consent forms for
treatment. Independent witnesses verified the sig-
natures if there were technical problems.

RESULTS

Fourteen patients (10 males; age, 47-80, (mean 65.1
+ 11.2) years) with acute IS due to MCA occlusion or
BA occlusion were enrolled in this prospective stu-
dy. Five patients fulfilling criteria for IVT commen-
cement received rt-PA within 4.5 h after IS onset.
The control group comprised 44 acute IS patients
with MCA occlusion and 12 patients with BA occlusi-
on (demographic data are shown in Table 2). Median
NIHSS upon hospital admission did not differ signifi-
cantly between treatment and control groups (MCA:
15 versus 15.5; BA: 27 versus 24; P>0.05). General
anesthesia was used in 6 patients treated using the
EkoSonicTM endovascular system (EKOS), conscious
sedation was applied in 8 patients.

Time of onset to treatment (IVT, endovascular tre-
atment) commencement, length of endovascular
procedure and recanalization at the end of endo-

EKOS Control EKOS Control

MCA MCA BA BA
No. of subjects 7 44 - 7 12 -
Age (mean) (yr) 69.1x11.4 | 68.7+11.2 <.05 61.09.4 68.912.9 <.05
Males (No.) (%) 5 (71.4%) 2 (50.0%) <.05 5 (71.4%) 9 (75.0%) <.05
Arterial hypertension (No.) (%) 7 (100%) 33 (75.0%) <.05 4 (57.1%) 9 (75.0%) <.05
Diabetes mellitus (No.) (%) 2 (28.6%) 8 (18.2%) <.05 1 (14.3%) 3 (25.0%) <.05
Hyperlipidemia (No.) (%) 2 (28.6%) 9 (20.5%) <.05 2 (28.6%) 5 (41.7%) <.05
Atrial fibrillation (No.) (%) 2 (28.6%) | 19 (43.2%) <.05 2 (28.6%) 4 (33.3%) <.05
Smoking (No.) (%) 2 (28.6%) 8 (18.2%) <.05 1 (14.3%) 2 (25.0%) <.05
Heavy alcohol consumption (No.) (%) 0 (0%) 1(2.3%) <.05 0 (0%) 0 (0%) <.05
ICA/VA stenosis 50% (No.) (%) 1/0 7/0 <.05 0/3 0/4 <.05

(14.3/0%) | (15.9/0%) (0/42.3%) | (0/33.3%)
Left hemisphere (No.) (%) 3 (42.9%) | 25 (56.8%) <.05 - - -
Use of acetylsalicylic acid (No.) (%) 2 (28.6%) | 15 (34.1%) <.05 2 (28.6%) 4 (33.3%) <.05
Stroke in medical history (No.) (%) 1 (14.3%) 7 (15.9%) <.05 1 (14.3%) 3 (25.0%) <.05
Myocardial infarction in history (No.) (%) [ 1 (14.3%) 8 (18.2%) <.05 1 (14.3%) 2 (16.7%) <.05
IV thrombolysis (No.) (%) 3 (42.9%) | 26 (59.1%) <.05 2 (28.6%) 6 (50.0%) <.05
IAT (No.) (%) 6 (85.7%) 0 (0%) - 7 (100%) 0 (0%) -
cPTAS (No.) (%) 3 (42.9%) 0 (0%) - 5 (71.4%) 0 (0%) -

BA-basilar artery; cPTAS-cerebral percutaneous transluminal angioplasty with stenting; EKOS-EkoSonicTM
Endovascular System; IQR-interquartile range; IAT-intraarterial thrombolysis; IVT-intravenous thrombolysis;
MCA-midlle cerebral artery; SD-standard deviation; VA-vertebral artery
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Table 3. Recanalization at the end of use of the EkoSonicTM Endovascular System (EKOS) in patients with

MCA and BA occlusion and procedural data.

MCA BA All
Complete MCA recanalization (TICI lic-11I) 4 (57.1%) 6 (85.7%) 10 (71.4%)
Partial MCA recanalization (TICI lla-1lb) 2 (28.6%) 1(14.3%) 3 (21.4%)
No recanalization (TICI 0-I) 1(14.3%) 0 (0%) 1(7.1%)
Time from onset to admission (mean) (min) 139.3476.6 171.4+£76.4 155.4+78.1
Time from onset to EKOS start (mean) (min) 163.6+75.5 210.7+78.6 187.1+80.6
Length of procedure (mean) (min) 67.1+11.4 57.9+9.4 62.5+28.0
Time onset to EKOS start,
meanSD (min) 163.6+75.5 210.7+78.6 187.1+80.6
Length of procedure,
meanSD (min) 67.1:11.4 57.9+9.4 62.5+28.0

Note:—EKOS indicates EkoSonic Endovascular System.

BA-basilar artery; MCA-middle cerebral artery; TICI-Thrombolysis in Cerebral Ischemia, IVT-intravenous

thrombolysis; SD-standard deviation

vascular intervention are given in Table 3. Mean time
onset to endovascular treatment start was 187.1 +
80.6 min and mean length of procedure was 62.5 +
28.0 min. Complete recanalization of the MCA and
BA after endovascular treatment (combined with
percutaneous transluminal angioplasty with stenting
(cPTAS) if when indicated) was achieved in 4 (57.1%,
95% Cl: 18.4-90.1%) and 6 (85.7%, 95% Cl: 42.1-99.6%)
patients, respectively. Furthermore, partial recana-
lization was achieved in 2 (28.6%, 95% Cl: 3.7-71.0%)
patients with MCA occlusion and in 1 (14.3%, 95% ClI:
0.4-57.9%) patient with BA occlusion.

NIHSS at day 7 and 90-day mRS were significantly
better in acute IS patients after endovascular so-
nolysis (in combination with cPTAS when indicated)
than in controls (Table 4). ENI and favorable clini-
cal outcome at day 90 were achieved in 7 (100%,
95% Cl: 65.2-100%) and 5 (71.4%, 95% Cl: 29.0-96.3%)
patients with MCA occlusion treated using the EKOS
in comparison with 2 (4.5%, 95% Cl: 0.6-15.5%) and
6 (13.6%, 95% Cl: 5.2-27.4%) control group patients
(P=0.0001 and P=0.003). SICH did not occurr in any
patient treated using the EKOS in comparison with
3.6% of control-group patients (Table 4). No peri-
procedural complication occurred in patients who
underwent endovascular treatment.

Seven-day mortality and 3-month mortality were sig-
nificantly lower in patients with BA occlusion trea-
ted using endovascular sonolysis than in the control
group (P<0.05) (Table 4). No significant difference in
mortality was detected in patients with MCA occlusi-
on.

DISCUSSION

The results of the present study indicated the safe-
ty of endovascular sonolysis using the EKOS system
without SICH or periprocedural complications. No
occurrence of SICH is even more remarkable when

comparing it to the results of the Interventional Ma-
nagement of Stroke (IMS) Il trial, in which SICH occu-
rred mainly (all but one) in patients with NIHSS > 20,
although in the present study the number of patients
with NIHSS > 20 was 6 (42.9%) [23] and, all patients
received heparin, 5 (35.7%) IVT, 13 (92.9%) IAT and 8
(57.1%) patients were treated with dual antiplatelet
therapy. This result may be biased by a small nhumber
of patients.

In the study, three-month mortality was observed in
14.3% of patients. The efficacy of endovascular so-
nolysis (in combination with cPTAS when indicated)
was suggested. Complete or partial MCA recanaliza-
tion after endovascular treatment was achieved in
92.9% of cases.

In the last decade, the number of methods used for
the acceleration of arterial recanalization has inc-
reased greatly. In addition to pharmacological me-
thods, especially IVT and IAT, mechanical neuro-in-
terventional methods (e.g. Merci Retrieval System®,
Penumbra System®, Solitaire® stent, Trevo Pro®,
Catch device®, Phenox Clot Retriever®, BONNET
Intracranial Flow Restoration Device® or pRESET
Thrombectomy Retriever®, direct stent placement,
EKOS) have been introduced into clinical practice
[10-19]. One of these, the EKOS is the first tool sys-
tem approved by the Food and Drug Administration,
which allows local, endovascular application of high-
-frequency (2 MHz) and low-power (400 W/cm2) ul-
trasound in clinical practice with or without simulta-
neous catheter-directed thrombolysis by application
of thrombolytic drugs [22-24].

Several in-vitro, in-vivo and clinical studies have
shown the potential effect of ultrasound (sonolysis)
to accelerate clot lysis. The first clinical studies with
endovascular sonolysis were used for the recanaliza-
tion of coronary arteries. In the Analysis of Coronary
Ultrasound Thrombolysis Endpoints in Acute Myo-
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Table 4. Clinical results in the particular subgroups.

EKOS Control P EKOS Control P

MCA MCA BA BA
Baseline NIHSS (median) (IQR) 5(10-18) | 15.5 (12-20) | <.05 27 (14.5-33) |24 (12-32) <.05
NIHSS 24 hr (median) (IQR) 4 (2-6) 16 (12-20) .0001 |10 (7-25) 24 (14-28) <.05
NIHSS day 7 (median) (IQR) 2 (1.5-4) 15.5 (7-20) |.0001 |6 (4.5-19) 33 (8-33) .049
Presence of ENI after 24 hours (No.) (%) | 7 (100%) 2 (4.6%) .0001 |4 (57.1%) 2 (16.7%) <.05
90-day mRS (median) (IQR) 1(1-3.5) 5 (3-5) .037 3 (2-4.5) 6 (4.5-6) .034
mRS 0-3 at day 90 (No.) (%) 5(71.4%) |8 (18.2%) .008 4 (57.1%) 2 (16.7%) <.05
mRS 0-2 at day 90 (No.) (%) 5(71.4%) |6 (13.6%) .003 2 (28.6%) 2 (16.7%) <.05
SICH (No.) (%) 0 (0%) 1 (2.3%) <.05 0 (0%) 1 (8.3%) <.05
Malignant infarction (No.) (%) 0 (0%) 3 (6.8%) <.05 0 (0%) 0 (0%) <.05
7-day mortality (No.) (%) 0 (%) 3 (6.8%) <.05 0 (%) 6 (50.0%) .044
3-month mortality (No.) (%) 2 (28.6%) | 10 (22.7%) <.05 0 (0%) 8 (66.7%) .013

Note:—ENI indicates early neurologic improvement; EKOS, EkoSonic Endovascular System; SICH, symptomatic intracerebral hemorr-

hage; IQR, interquartile range.

BA-basilar artery; EKOS-EkoSonicTM Endovascular System; ENI-early neurological improvement; MCA-midlle cerebral artery; IQR-in-
terquartile range; mRS-modified Rankin scale, SICH-Symptomatic intracerebral hemorrhage

cardial Infarction (ACUTE) study, low-frequency (45
kHz) ultrasound was used with high intensity (18 W/
cm2) in the treatment of acute occlusion of corona-
ry arteries [29]. Complete recanalization was achie-
ved in 87% patients. No side effects were observed
during therapy, and 80% of patients showed clinical
improvement. Other studies showed the effect of
endovascular sonolysis by EKOS in patients with deep
venous thrombosis of the lower extremities and in
patients with pulmonary embolism [30-35]. Comple-
te recanalization was achieved in 85.2-96.0% of pa-
tients with arterial thrombosis [34,35] and in 83.0%
patients with venous thrombosis [31].

Mahon et al. [22] published the first experience
with endovascular sonolysis using the EKOS in pati-
ents with acute IS. They used a combination of IAT
employing rt-PA with endovascular ultrasound in 10
patients with MCA occlusion and in 4 patients with
BA occlusion. Partial or complete recanalization was
detected in 57% patients, and there were no adver-
se effects during therapy. Three patients died within
the first 24 h, the mean mRS in survivors with MCA
occlusion was 2, and in survivors with vertebrobasi-
lar occlusion was 3.

The system was tested subsequently in the Interven-
tional Management of Stroke (IMS) Il with promising
results [23]. Complete recanalization was achie-
ved within 60 min and 120 min in 12 (41%) and 20
(68.9%) patients, respectively. SICH occurred in 9.9%
of subjects in IMS-II, including 3.8% of patients tre-
ated with intravenous rt-PA alone. Direct perforati-
on of vessels, primary subarachnoid hemorrhage, or
intracranial dissection was not documented in the
subjects treated. The results of the present study
showed an even higher prevalence of recanalization
without SICH occurrence.

The complex effect of ultrasound on the accelerati-
on of thrombus lysis is incompletely understood, but

it is assumed that the ultrasonographic waves acce-
lerate enzymatic fibrinolysis primarily by non-ther-
mal mechanisms. Mechanisms that have been postu-
lated include: increasing the transport of fibrinolytic
agents into the thrombus by mechanical disruption
of its structure [36]; direct activation of fibrinoly-
tic enzymes (either mechanical dissociation of the
complex molecules, in which fibrinolytic enzymes
are inactivated by binding to their inhibitors, or irri-
tation of the endothelium with increased production
of fibrinolytic enzymes [37,38]); and transient peri-
pheral (capillary) vasodilatation caused probably by
increased production of nitric oxide in the endothe-
lium [39,40]. Radiation force and acoustic cavitation
are mechanical effects of ultrasound that have also
been postulated to be a potential mechanism [41].
Several clinical studies have tested the feasibility
and safety of other mechanical devices, especially
of the Merci Retrieval System, Penumbra System,
Solitaire stents and direct placement of stents. The
reported prevalence of recanalization in those stu-
dies ranged from 46% for the Merci Retriever System
[10], 84% for the Penumbra System [11,12], 90% for
the Solitaire stent [13], and up to 100% for direct
stent placement [18,19]. Periprocedural complicati-
ons varied between 3.4% and 9.0%; SICH occurred in
10-11% and the mortality was 32.8-35.0%. Favorable
clinical outcome (defined as mRS = 0-2) ranged from
36% up to 74% [10-19]. The present study showed
that the prevalence of recanalization and favorable
outcome in patients treated by endovascular sonoly-
sis in combination with local or systemic thromboly-
sis (and cPTAS if indicated) was comparable (or even
superior) to other endovascular methods, especially
in patients with MCA occlusion. Moreover it seemed
to be safer.

Previous studies primarily involved patients with
occlusion in the anterior circulation. Nevertheless,
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the likehood of achieving a favorable outcome in pa-
tients with a BA occlusion is worse than in those with
an MCA occlusion. More than 90% of patients with a
BA occlusion and any type of treatment die or have
a permanent disability [42,43]. Studies have shown
that patients treated by antithrombotic drugs have a
chance of favorable outcome of 7% but patients tre-
ated by IVT (or by a combination of IVT with intraar-
terial treatment) had a chance of favorable outcome
of 41%. In patients treated intraarterially, partial or
complete recanalization (defined as thrombolysis in
myocardial infarction (TIMI) of 2-3) of BA at the end
of an intraarterial procedure was found in 72% of
patients; SICH was reported in 14% of patients [44].
Jung et al. [45] reported similar results in patients
with BA occlusion treated by IAT (pro-urokinase)
and/or mechanical interventions. Complete or par-
tial recanalization was achieved in 69.8% of patients
with favorable 3-month clinical outcome (defined
as mRS of 0-3) achieved in 44% patients and with
an occurrence of SICH of 0.9%. Those results are in
agreement with the results of the present study, in
which recanalization was achieved in 100% of pati-
ents with a favorable 3-month clinical outcome (de-
fined as a mRS of 0-3, especially for the BA group)
achieved in 57.1% of patients and with an occurren-
ce of SICH of 0%.

Several limitations of the present study should be
mentioned. It was a case-control study in which the
main goal was to assess the safety and prevalence
of recanalization of endovascular sonolysis using the
EKOS. Although the criteria for SICH evaluation are
well defined, the evaluation of recanalization of
brain arteries remains subjective (even though in
the present study a radiologist blinded to the stu-
dy protocol evaluated vascular status). Finally, the
open-label design of the present study with only
blinded evaluation of recanalization in the TICI sca-
le cannot prevent bias in the clinical evaluation of
dependency (mRS) after 3 months. Furthermore, a
low reliability of TICI scale for stroke trials should be
also taken into account [46,47] and, even though in-
dependently reviewed, the interobserver correlation
of TICI scale was not evaluated in the present study
due to a small number of patients.

CONCLUSION

Endovascular treatment using the EKQOS in combina-
tion with thrombolysis and cerebral percutaneous
transluminal angioplasty and stenting seems to be a
potentially effective therapeutic method for acute
IS patients with MCA or BA occlusion after IVT failure
or with a contraindication to IVT. Nevertheless, the
efficacy of this endovascular treatment must be con-
firmed by large, prospective randomized trials.
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ABSTRACT

Background

The diagnosis of hypertension (HTN)/normotensi-
on (NT) on ambulatory blood pressure monitoring
(ABPM) is usually based on systolic (SBP) or diastolic
blood pressure (DBP). The goal of the study was to
analyze whether the inclusion of mean arterial pre-
ssure (MAP) improves the detection of HTN on ABPM.
Methods

We retrospectively studied ABPM records in 229 chi-
ldren (116 boys, median age = 15.3 years) who were
referred for evaluation of HTN. HTN was made if (A)
MAP or SBP or DBP was < 1.65 SDS; (B) SBP or DBP
was < 1.65 SDS, during 24h or daytime or nighttime
in both definitions.

Results

Using definition A, 46/229 patients had HTN compa-
red to definition B by which only 37/229 patients had
HTN (p=0.001). The level of agreement between the
two definitions was very good (kappa = 0.86+0.04);
however, 9 patients (19.5%) were missed by not using
the MAP in the definition of HTN. These nine patients
had only mild HTN with a median Z score of 1.69.
Conclusion

The inclusion of MAP in the definition of ambulatory
HTN significantly increased the number of hyperten-
sive patients. MAP may be very helpful in detecti-
ng mild HTN in patients with normal/borderline SBP
and DBP.

Keywords
Mean arterial pressure, ambulatory blood pressure
monitoring, hypertension, definition, children

INTRODUCTION

Ambulatory blood pressure monitoring (ABPM) is an
important clinical and research tool for evaluation of
hypertension (HTN). However, the interpretation of
ABPM in children is more complex than in adults (1),
as blood pressure (BP) levels (and BP upper limits of
normal) vary with growth/body size. The normative
pediatric ABPM values include age and height related
systolic BP, diastolic BP and mean arterial pressure
(MAP) percentiles and Z scores (2); however these

values do not provide an exact definition of ambula-
tory HTN. Consequently, published reports on HTN in
children, suffer from the lack of a standardized app-
roach to diagnose HTN. Most authors used the 95th
percentile of the mean systolic and diastolic daytime
and night-time BP as the cutoff values for HTN on
ABPM (3, 4, 5, 6, 7). Some authors also report MAP
(3, 4, 6, 8), night-time dipping (4, 5, 9, 10, 11, 12)
and BP loads (8, 13). Moreover, various definitions
of awake and sleep periods have been used, which
may significantly influence the daytime/night-time
BP levels (14, 7, 8). The most recent guidelines for
interpretation of ABPM in children, suggest using the
BP load in addition to the systolic and diastolic BP for
staging of HTN (15) but it is still unclear what type
of an elevated BP, (systolic or diastolic or MAP) over
what period of time (24 hours, daytime, night-time)
should be used to define HTN.

The MAP is not used routinely in clinical practice i.e.
for the interpretation of ABPM in children, despite
the fact that the MAP normative values have been
published (2) and the MAP is directly measured by
the oscillometric device (SpacelLab).

The objective of our study was to therefore analy-
ze whether the addition of MAP to the definition of
HTN, would increase the diagnostic efficacy of ABPM.
We hypothesized that the inclusion of MAP would de-
tect more ABPM-hypertensive children, especially
those who have a borderline systolic or diastolic BP
and/or those with higher BP loads.

PATIENTS AND METHODS

Patients

We performed a retrospective chart review of chi-
ldren who were referred to the Nephrology clinic
in the Department of Pediatrics, University Hospi-
tal Ostrava, for assessment of HTN during the pe-
riod from January 2003 to September 2008. Within
this period, 229 patients (116 boys) had the ABPM
completed on their initial visit without any anti-hy-
pertensive therapy. The reasons for the investigati-
on were: diabetes mellitus type 1 (n=84), primary
hypertension (n=22), elevated office BP (n=96), syn-
cope or collapse (n=9) and various kidney diseases
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(n=18) including microscopic hematuria (n=5), tran-
sient proteinuria (n=3), status post tubulointersti-
tial nephritis (n=3), post unilateral nephrectomy for
multicystic dysplastic kidney disease (n=3), minimal
change nephrotic syndrome in long-term remission
(n=1), post anaphylactoid purpura (n=1) and autoso-
mal polycystic kidney disease (n=2). All of these pa-
tients maintained normal renal function without any
significant proteinuria, although 15 diabetic patients
had microalbuminuria.

Methods

At the time of ABPM measurements, the body hei-
ght and weight were recorded. The body mass index
(BMI) was then calculated as kg/m2 and converted
into standard deviation scores (SDS) based on refe-
rence values for healthy Czech children (www.o0j-
rech.cz/lesny/kompendium/foh.htm).

24-hour ambulatory blood pressure monitoring
(ABPM)

ABPM was performed using the oscillometric device
Spacelabs 90217 (SpacelLabs Medical Inc., Redmond,
Washington, USA). The monitor was programmed to
measure the BP every 20 minutes during the day (6
a.m. - 10 p.m.) and every 30 minutes during the ni-
ght (10 p.m. - 6 a.m.). Parents and children were in-
structed to keep a diary of daily activities during the
ABPM measurement. However, in order to compare
our results with the normative values for ABPM, we
defined the daytime period as 8 a.m. to 8 p.m. and
the night-time period as 12 p.m. to 6 a.m. (2, 16).
The cuff size was determined by the measurement of
mid-arm circumference and was approximately 40%
of the arm circumference; the cuff was placed on
the non-dominant arm. The patients were instruc-
ted to avoid vigorous physical exercise during ABPM

Table 1: Basic characteristics of patients.

measurement, but to follow their usual daily activi-
ties. A minimum of 40 ABPM recordings was required
to consider the ABPM as valid.

For analysis of ABPM results, we used Chronos-Fit
software (version 1.05, P. Zuther and B. Lemmer,
Chronos-Fit, http://www.abpm-fit.de).  The fo-
llowing linear ABPM parameters were analyzed: MAP,
systolic BP (SBP), diastolic BP (DBP) and BP load,
measured over 24h, daytime and night-time periods.
Average absolute values for MAP, SBP and DBP for all
time periods were subsequently converted into SDS
values using the most recent normative values (2).
Night-time blood pressure dipping was calculated
using the ratio of mean daytime/mean night-time of
MAP, SBP and DBP. Non-dipping (absence of noctur-
nal BP fall of at least 10%) was defined as day/night
ratio < 1.1 in MAP and/or SBP and/or DBP. The BP
loads were analyzed based on the average BP load
(MAP, SBP, DBP) for any given time period separate-
ly. BP load was defined as the percentage of valid
ambulatory BP measures, above a set threshold va-
lue, such as the 95th percentile of BP for gender and
height. The highest load from any given time period
measured for MAP, SBP and DBP was then considered
as the maximum BP load (max BPL).

Definition of normotension/hypertension on ABPM
The diagnosis of NT/HTN was made using two defi-
nitions:

(A) MAP included: Patients were considered as nor-
motensive (NT-A) if their average MAP, SBP and DBP
during 24h, daytime and night-time periods were
simultaneously below 1.645 SDS, (95th percentile)
regardless of their BP load and dipping/non-dipping
status. Consequently, if one of the BP parameters
(MAP, SBP or DBP) during the 24h, daytime or night-
-time periods was above 1.645 SDS, the patient was

DEFINITION A DEFINITION B P value
Parameter (with MAP) (without MAP)
NT HTN NT HTN

Number of patients 183 46 192 37 0.0001

Number of diabetics 60 24 64 20 < 0.0001
Number of normotensive patients 94/89 22/24 99/93 17/20 N/A
with kidney disease 18 0 18 0 NS
Age (years) 15.3 (12.9;16.8) 15.5 (13.2; 16.8) 15.3 (12.9;16.7) 15.7 (13.2; 17.0) NS
Gender (male/female) 94/89 22/24 99/93 17/20 N/A
BMI (kg/m2) 20.9 (18.2;23.9) 20.9 (19.1; 23.6) 21.0 (18.2; 23.9) 20.9 (19.1; 23.1) NS
8/33 3/5 8/35 3/3 N/A
BMI (SDS) 0.3 (-0.2; 1.1) 0.2 (-0.1;1.1) 0.3 (-0.2; 1.1) 0.2 (-0.1; 1.0) NS
R SR
Weight 60.6 (47; 72.8) 59 (51.8; 70.4) 60.2 (48; 73) 58.9 (48.9; 70.2) NS
Overweight/obesity 8/33 3/5 8/35 3/3 N/A

Values are expressed as mean + SD or median (interquartile range). DM = diabetes mellitus type 1, NT = normotensive patients, HTN =

hypertensive patients, N/A = not available
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Table 2: Results of ABPM.

Method A Method B P value
Parameter

NT - A HTN - A NT - B HTN - B
MAP 24 h (SDS) -0.01 (-0.5; 0.5) 1.5 (0.9; 1.9)*,* 0.1 (-0.5; 0.5) 1.6 (0.9; 2.1)*,* <0.0001
MAP day (SDS) 0.01 (-0.7; 0.5) 1.3 (0.8; 1.8)*,* 0.03 (-0.6; 0.6) 1.3 (0.8; 1.9)*,* <0.0001
MAP night (SDS) 0.3 (-0.4; 0.8) 1.8 (1.3; 2.1)%, ** 0.4 (-0.3; 0.9) 1.8 (1.3; 2.1)%,** <0.0001
SBP 24 h (SDS) -0.4 (-1.1; 0.2) 1.4 (0.7; 1.8)*,* -0.4 (-1.1; 0.4) 1.5 (0.8; 1.9)*,** <0.0001
SBP day (SDS) -0.4 (-1.0; -0.3) 1.3 (0.6; 1.8)*, ** -0.3 (-1.0; 0.4) 1.4 (0.6; 1.9)*,* <0.0001
SBP night (SDS) -0.3 (-0.9; -0.3) 1.3 (0.7; 1.8)* ** -0.2 (-0.8; 0.3) 1.5 (0.7; 2.0)*,** <0.0001
DBP 24 h (SDS) -0.3 (-0.7; 0.3) 1.1 (0.5; 1.9)*, *=* -0.2 (-0.7; 0.3) 1.2 (0.4; 1.9)*,* <0.0001
DBP day (SDS) -0.2 (-0.9; 0.2) | 0.4 (-0.04; 1.5)*,** -0.2 (0.9; 0.2) 0.3 (-0.02; 1.7)*,** <0.0001
DBP night (SDS) 0.1 (-0.6; 0.7) 1.5 (0.8; 2.1)*, ** 0.1 (-0.5; 0.7) 1.7 (0.8; 2.2)*,* <0.0001
MAP D/N 1.2 (1.1; 1.2) 1.2 (1.1; 1.2) 1.2 (1.1; 1.2) 1.2 (1.1; 1.2) NS
SBP D/N 1.2 (1.1; 1.2) 1.1 (1.1; 1.2) 1.2 (1.1; 1.2) 1.1(1.1; 1.2) NS
DBP D/N 1.3 (1.2; 1.3) 1.2 (1.1; 1.3)%, * 1.3 (1.2; 1.3) 1.2 (1.1; 1.3)*,* <0.0001
Dippers all (%) 148 (64.6) + 28 (12.2)++ 153 (66.8) 23 (10.0) <0.0001
Max BPL 25. (15; 4) 67 (52; 78)*,** 25 (15; 4) 70 (50; 79)*,** <0.0001
Max MAP BPL 19 (9; 31) 57.5 (49; 69)*,** 19 (9; 31) 57 (43; 70)*,** <0.0001
Max SBP BPL 9 (2;22) 41 (29;67)*,** 11 (2; 26) 42 (26; 72)*,** <0.0001
Max DBP BPL 20 (10;27) 50 (33;68)*,** 21 (10; 30) 55 (33; 71)*,** <0.0001

Values are expressed as mean + SD or median (interquartile range)

NT normotensive children, HTN children with hypertension, BP blood pressure, MAP mean arterial pressure, SBP systolic BP, DBP diasto-
lic BP, D/Nday/night ratio, max BPL maximum BP load

*Significantly different from NT-A, **Significantly different from NT-B, + Significantly different from NT-B, ++ Significantly different from
HTNB,NS not significant, N/A not available

Conversion from SDS to percentile: -3 to -2 SDS=0.1 to 2.3rd percentile; -2 to -1.88 SDS=2.3rd to 3rd percentile; -1.88 to -1.645 SD-
S=3rd to5th percentile; -1.645 to -1.28 SDS=5th to 10th percentile; -1.28 to -1 SDS=10th to 15.9th percentile; -1 to -0.64 SDS=15.9th
to 25th percentile; -0.64 to 0 SDS=25th to 50th percentile; 0 to 0.64 SDS=50th to 75th percentile; 0.64 to 1 SDS=75th to 84.1st per-
centile; 1 to 1.28 SDS=84.1st to 90th percentile; 1.28 to 1.645 SDS=90th to 95th percentile; 1.645 to 1.88 SDS=95th to 97th percentile;

1.88 to 2 SDS=97th to 97.7th percentile; 2-3 SDS=97.7th to 99.9th percentile.

labeled as hypertensive (HTN-A), regardless of the
BP load and dipping status.

(B) MAP excluded: Patients were considered as nor-
motensive (NT-B) if their average SBP and DBP during
24h, daytime and night-time periods were simulta-
neously below 1.645 SDS, (95th percentile) regardle-
ss of their BP load and dipping/non-dipping status.
Patients were labeled as hypertensive (HTN-B) if
either SBP or DBP Z scores were o 1.65 SDS (95th
percentile) during the 24h, daytime or night-time
periods.

Statistical analysis

Data are shown as mean + SD if normally distribu-
ted and as median and interquartile range (25th and
75th percentile) in cases of non normal distribution.
Continuous variables in patient groups were com-
pared using the analysis of variance (ANOVA) with
Bonferroni correction for multiple comparisons,
(normally distributed data) and the Kruskal Wallis
test with Dunn’s correction for multiple comparisons
(not normally distributed data). Categorical varia-
bles (proportion of patients between groups) were
compared using a Chi-square test or Fisher exact

test. The level of agreement between the two de-
finitions was quantified using the kappa coefficient,
along with the 95th percentile confidence intervals.
Previously published qualitative descriptors, grading
the level of agreement according to kappa values,
were used (17): <0 no agreement, 0-0.2 slight agree-
ment, 0.21-0.40 fair agreement, 0.41-0.60 modera-
te agreement, 0.61-0.80 substantial agreement and
0.81-1.0 almost perfect agreement.

Results were considered statistically significant if
the p-value was below 0.05. All statistical analyses
were performed with the GraphPad Prism software,
version 5.0 (GraphPad Software, La Jolla, CA, USA).

RESULTS

Out of the 229 patients, ambulatory hypertension
was detected in 46 patients (HTN-A) using the defini-
tion A, (including MAP) as compared to only 37 chil-
dren (HTN-B) by definition B (without MAP), p=0.001.
Basic characteristics of the study population are
given in Table 1. Age, gender distribution, weight
and height were not statistically different between
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groups. Out of 229 children, only 38 patients were
obese (BMI >95th percentile) and 11 were overwei-
ght (BMI >85th but <95th percentile). The prevalen-
ce of being overweight and obese was similar in both
groups: 8 and 33 (NT-A), 3 and 5 (HTN-A), 8 and 35
(NT-B) and 3 and 3 (HTN-B), respectively.

ABPM results

ABPM results are shown in Table 2. As expected, pa-
tients with HTN (both HTN-A and HTN-B) had signifi-
cantly higher MAP, systolic and diastolic BP Z scores
among all time periods (Table 2). Seven out of 46
hypertensive patients in group HTN-A had an isolated
daytime HTN, 18 had isolated nocturnal HTN, and 21
patients had day- and night-time HTN. Similarly, 5
out of 37 patients in group HTN-B had isolated da-
ytime HTN, 13 had isolated nocturnal HTN, and 19
patients had day- and night-time HTN (Chi-square,
p=0.88). Patients with HTN (both HTN-A and HTN-B)
also had significantly lower D/N ratio and higher BP
load (Table 2). Out of 229 children, 176 were clas-
sified as dippers (77%) without any differences be-
tween the groups.

The agreement (kappa statistics) between definiti-
ons is shown in Table 3. Even though the level of
agreement between the two defined methods of HTN
(with or without MAP) was almost perfect (kappa =
0.86+0.04; 95% Cl 0.78-0.95), the addition of MAP to
the definition of HTN allowed for the detection of 9
additional hypertensive patients (n=46); they were
otherwise missed due to exclusion of MAP within the
definition (n=37). These nine patients had only mild
isolated MAP hypertension with a median MAP Z sco-
re of 1.69 (range from 1.66 to 2.16) (Figure 1). Me-
dian SBP and DBP Z scores were normal and oscilla-
ted around 1.0 (daytime SBP 0.96, night-time SBP
1.04, 24h SBP 0.99, daytime DBP 0.55, night-time
DBP 1.1, 24h DBP 0.92), but their BP loads were high
(median max BP load = 60, range 49-100) (Figure 2).

DISCUSSION

The main findings of our study are as follows: (a) the
inclusion of MAP to the definition of ambulatory HTN
significantly increased the number of patients dia-
gnosed as hypertensive, (b) these hypertensive pati-

ents detected by MAP had normal systolic/diastolic
blood pressures but a higher BP load.

Ambulatory blood pressure monitoring is an ex-
cellent tool for the assessment of hypertension, its
daytime and night-time components (blood pressure
dipping) and blood pressure load. In adult medicine,
the interpretation of ABPM is rather straightforward,
as the blood pressure normative values and upper
limits of normal BP are based on cardiovascular risk
assessment obtained from population studies (1,
18). Consequently, the upper limits of normal blood
pressure may be different for certain populations at
risk, such as patients with diabetes or chronic kidney
disease, but do not change with age, weight or hei-
ght (1, 19, 20).

In children, the cardiovascular risk of elevated blood
pressure is not well studied. Therefore, the norma-
tive values and upper limits of normal BP are based
on population demographics, (age and height) assu-
ming that an older/taller child may have a higher
normal BP than a younger/smaller child. The pediat-
ric normative values for ambulatory blood pressu-
re consist of numerous BP values based on age and
height (2, 16). Consequently, the interpretation of
ABPM in children is rather challenging. Every BP va-
lue obtained by ABPM needs to be compared to a
given BP percentile or expressed as a BP Z-score.
The complexity of ABPM further increases with a
multitude of BP values generated by the ABPM devi-
ce: systolic BP, diastolic BP and MAP over 24h, day-
time and night-time periods and their respective BP
loads. As a result, a total of 9 blood pressure values
need to be compared with age/height related nor-
mative values.

The correct identification of BP upper limits of nor-
mal, are also important for the calculation of BP
loads, which seem to play a role in cardiovascular
morbidity (21, 22, 23). A normotensive child should
theoretically have a normal BP in all 9 BP readings,
whereas an increased BP (>95th percentile) in one
or more of these 9 parameters would label the chi-
ld as hypertensive on ABPM. This approach calls for
computer generated age/height related percentiles
or Z-scores of all 9 BP readings, in order to allow
for a thorough ABPM interpretation. This is probably

Table 3: Comparison of definition of HTN with or without MAP

Definition B Definition A Total F'Shetresstexa“ kappa 95% Cl
Hypertensive Normotensive
with SBP+DBP+- | with SBP+DBP+-
MAP MAP

Hypertensive
with SBP+DBP 37 0 37
Normotensive 0.86+0.04; (0.78-
with SBP+DBP 9 183 192 P value < 0.0001 095)

Total 46 183 229

BP blood pressure, MAP mean arterial pressure, SBP systolic BP, DBP diastolic BP, Cl confidence interval, HTN hypertension
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Table 4

Parameter Patients
1 2 3 4 5 6 7 8 9 All

Gender M M F M M F F M F
Age (years) 14.9 14.2 15.3 15.3 15.6 12.6 16.2 9.9 17.6 15.3 (13.4;15.9)
Height (cm) 176 152 156.7 | 166.7 | 183 159.7 | 161 163 172 163 (158;174)
Weight (kg) 73 40.3 54 66 59 49 111 56 75 59 (52;74)
BMI-SDS 1.4 -0.8 0.7 1.4 -0.8 0.2 5.5 1.7 1.0 1.0 (-0.2;1.4)
Obesity No No No No No No Yes Yes No
Diagnosis DM DM DM DM PH PH PH PH PH
MAP day (SDS) 1.4 0.5 0.7 0.4 1.7 1.5 -0.6 1.7 1.3 3 (0.5;1.6)
MAP night (SDS) 2.2 1.7 1.8 1.8 1.2 1.0 2.0 1.1 1.4 7 (1.2;1.9)
MAP 24 h (SDS) 1.7 0.9 0.9 0.6 1.5 1.7 0.3 1.2 1.7 2 (0.8;1.7)
SBP day (SDS) 1.3 1.0 0.7 0.5 1.4 0.9 0.1 1.1 1.2 9 (0.6;1.2)
SBP night (SDS) 1.3 1.3 1.3 1.0 1.5 0.6 1.0 -0.2 0.8 0(0.7;1.3)
SBP 24 h (SDS) 1.4 1.1 0.7 0.6 1.6 0.9 1.0 0.6 1.4 9 (0.7;1.4)
DBP day (SDS) 0.8 0.7 0.5 0.2 -0.1 1.3 -1.3 1.6 -0.2 6 (-0.1;1.1)
DBP night (SDS) 1.0 1.4 1.6 1.5 0.7 0.7 1.4 1.1 0.9 1(0.8;1.5)
DBP 24 h (SDS) 0.9 0.9 0.8 0.5 1.1 1.4 -0.5 1.1 1.4 9 (0.7;1.2)
day MAPL (%) 31 19 16 8 24 50 7 49 38 4 (12;44)
night MAPL (%) 67 55 67 60 55 17 100 40 80 0 (44;74)
24hMAPL (%) 46 38 26 16 40 52 13 49 42 40 (21;48)
day SBPL (%) 31 26 13 8 29 32 14 49 28 8 (14;22)
night SBPL (%) 25 36 50 30 46 8 0 10 42 0 (9;44)
24hSBPL (%) 40 33 22 19 47 38 26 40 37 37(24;40)
day DBPL (%) 28 23 16 6 33 41 11 43 35 8 (14;38)
night DBPL (%) 33 45 50 50 46 8 0 40 63 45 (21;50)
24-h DBPL (%) 32 38 22 18 38 45 13 47 48 8 (20;46)
Average BPL (%) 37 35 31 24 40 32 20 41 46 5 (28;40)
maxBPL (%) 67 55 67 60 55 52 100 49 80 60 (53;74)
SBP D/N 1.14 1.09 1.09 1.09 1.13 1.17 1.08 1.26 1.17 1.13 (1.09;1.17)
DBP D/N 1.25 1.18 1.16 1.13 1.19 1.35 0.99 1.29 1.16 1.18 (1.15;1.27)
MAP D/N 1.15 1.08 1.11 1.08 1.25 1.23 0.99 1.23 1.18 1.15 (1.08;1.23)

Values are expressed as median (IQR=interquartile range)

M male, F female, DM diabetes mellitus type 1, PH primary hypertension, BP blood pressure, MAP mean arterial pressure, SBP systolic
BP, DBP diastolic BP, SBPL systolic BP load, DBPL diastolic BP load, MAPL MAP BP load, maxBPL maximum BPL D/Nday-night ratio
Conversion from SDS to percentile: -3 to -2 SDS=0.1 to 2.3rd percentile; -2 to -1.88 SDS=2.3rd to 3rd percentile; -1.88 to -1.645
SDS=3rd to 5th percentile; -1.645 to -1.28 SDS=5th to 10th percentile; -1.28 to -1 SDS=10th to 15.9th percentile; -1 to -0.64 SD-
S=15.9th to 25th percentile; -0.64 to 0 SDS=25th to 50th percentile; 0 to 0.64 SDS=50th to 75th percentile; 0.64 to 1 SDS=

75th to 84.1st percentile; 1 to 1.28 SDS=84.1st to 90th percentile; 1.28 to 1.645 SDS=90th to 95th percentile; 1.645 to 1.88 SDS=95th

to 97th percentile; 1.88 to 2 SDS=97th to 97.7th percentile;
2-3 SDS=97.7th to 99.9th percentile.

not feasible in clinical practice where a more simple
approach i.e. only systolic and diastolic BP is used.
Unfortunately, the definition of ambulatory hy-
pertension in children remains rather vague, even
despite publication of recent guidelines (15, 24).
The proposed classification and staging of ambulato-
ry BP levels relies solely on systolic BP and its BP load
(15, 25). Should we therefore disregard the diastolic
BP and the mean arterial pressures? Most authors/
centres use both systolic and diastolic BP for the de-
finition of ambulatory hypertension (3, 4, 5, 6, 7),
but only few use the MAP (5, 6, 8, 26).

There are several advantages to using MAP: 1. it is

directly measured by the oscillometric device i.e.
not calculated by the software, which is subject
to company’s proprietary patents and prone to be
outdated; 2. The pediatric ABPM normative values
include MAP (2), therefore the MAP percentiles or
Z-scores can be obtained similarly to the systolic or
diastolic BP levels and may potentially help with the
interpretation of ABPM in children; 3. MAP can be
regarded as a composite index of BP, assessing both
systolic and diastolic blood pressure at the same
time; therefore increasing sensitivity for detection
of blood pressure abnormalities, especially in the
borderline BP range.
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Fig.1. Blood pressure values in 9 patients with MAP hypertension
SDS - standard deviation score, MAP - mean arterial pressure, SBP
- systolic blood pressure, DBP - diastolic blood pressure

....... (Dot line): 0SDS (50th percentile), ------- (Broken line): 1.65
SDS (95th percentile)

Our study showed that the addition of MAP in the
definition of ABPM normotension/hypertension, sig-
nificantly increased the number of hypertensive
children. These hypertensive children by MAP had
normal or borderline systolic/diastolic BP but a sig-
nificantly elevated BP load. Therefore, they may be
considered at risk for cardiovascular damage (21,
22, 23) and may also potentially develop systolic or
diastolic HTN later in life. We therefore speculate
that the inclusion of MAP into the ABPM definition,
may allow for an earlier detection of blood pressure
abnormalities in children.

The prognostic relevance of MAP was studied main-
ly in critical care medicine (27) and gynecology
(28), but also in children with chronic kidney di-
sease (ESCAPE) (26). The MAP seems to be a good
predictor of survival in spontaneous supratentorial
intracerebral hemorrhage, as it maintains adequa-
te levels that are crucial for an increase in cardiac
output and improvement of the microvascular flow
and reactivity of patients experiencing septic shock
(27). The MAP was also found to be a better predic-
tor for pre-eclampsia when compared to systolic or
diastolic BP, or an increase of office BP in the first or
second trimester of pregnancy (28). The Escape Trial
group studied the long-term renoprotective effect of
intensified BP control among children with chronic
kidney disease (26). They used MAP as the target BP
and proved that patients with a MAP < 50th percen-
tile, (intensified BP group) had significantly better
renal survival than patients with conventional BP
control (MAP between the 50th and the 95th per-
centile). It seems therefore that the MAP is of pro-
gnostic importance and can be successfully used in
clinical studies.
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blood pressure load

Fig.2. Maximum blood pressure load in 9 patients with MAP hy-
pertension

MAP - mean arterial pressure, SBP - systolic blood pressure, DBP -
diastolic blood pressure, Max BPL - maximum blood pressure load
---(Broken line): 25% of blood pressure load (elevated) and 50%
of blood pressure loads (predictive for target organ damage) (15)

Our study has several limitations. Firstly, it is a
cross-sectional retrospective study in a mixed popu-
lation of children with normotension, diabetes mel-
litus type 1 and various mild non-proteinuric kidney
diseases. Secondly, the overall sample size is rather
small and only one ABPM measurement was perfor-
med. Thirdly, no data is available on target organ da-
mage (TOD) in our population; therefore, we could
not assess the correlation between an elevated MAP
and TOD. However, these patients had only mild hy-
pertension, which may not be necessarily associated
with a significant TOD

In conclusion, the mean arterial pressure obtained
directly from the ambulatory blood pressure monito-
ring, can be a useful parameter for assessment of a
normotensive/hypertensive status, especially in chi-
ldren with borderline hypertension and/or increased
blood pressure load.
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ABSTRACT

Developmental abnormalities are rare in the liver.
This study presents two case reports of ectopic li-
ver. The first case was a 31-year old male with cli-
nical indications for laparoscopic appendectomy.
Laparoscopy identified a perforated appendix and
an unknown tumorous lesion in the ligamentum he-
patoumbilicalis. The patient underwent a laparosco-
pic appendectomy, intraoperative lavage of the pe-
ritoneal cavity, and extirpation of the lesion in the
ligamentum hepatoumbilicalis. Histpathological exa-
mination of the excised tumor revealed that it com-
prised liver tissue with fibrinous changes. The tumor
was completely separate from the liver with no co-
nnection. It was classified as an ectopic liver. No fur-
ther therapy was required. The second case was a
59-year old male with a tumor on the upper pole of
the spleen, incidentally diagnosed in an ultrasound
examination. The biopsy raised suspicion of hepato-
cellular carcinoma. A PET-CT examination revealed
accumulation of F-18 fluorodeoxyglucose only in the
tumor. The patient underwent a splenectomy with a
resection and reconstruction of diaphragm. After the
hepatocellular carcinoma was confirmed, adjuvant
therapy (sorafenib) was initialized. The operations
and postoperative recoveries were uncomplicated
in both cases. Despite the low incidence of ectopic
liver and rare complications, it is necessary to main-
tain awareness of this possibility. The potential ma-
lignancy risk for ectopic liver tissue is the basis for
radical surgical removal. Therapy for hepatocellular
carcinoma in an ectopic liver follows the same gui-
delines as those followed for treating the “mother”
liver.

Key words:
Ectopic; Liver; Hepatocellular carcinoma; Diagnos-
tic; Treatmen

Core tip:

Ectopic liver presents a rare clinical finding resulting
from liver tissue migration to various organs during
embryogenesis. Although the condition is typically
asymptomatic, it can lead to different clinical ma-
nifestations such as intraabdominal bleeding or he-
patocarcinogenesis. The potential malignancy risk is
the basis for radical surgical removal; which repre-
sents the only correct solution. Therapy for hepa-
tocellular carcinoma in an ectopic liver follows the
same guidelines (National Comprehensive Cancer
Network Guidelines) as those followed for treating
the “mother“ liver. Despite the low incidence of ec-
topic liver and rare complications, it is necessary to
maintain an awareness of this possibility.

INTRODUCTION

The liver is the largest abdominal organ. It occupies
a substantial portion of the upper abdominal cavi-
ty. Abnormalities in the position or number of liver
parts are considered rare developmental anomalies.
They are typically asymptomatic, and incidental de-
tection, though extremely rare, may occur during
an operation or autopsy. The incidence of ectopic
liver is 0.24-0.56%, according to data described in
laparoscopic or autopsy studies [1,2,3], but this
estimate seems high. Most authors distinguish two
types of ectopic liver. The first is an accessory liver
lobe connected to the liver, and the second is a truly
ectopic liver. Collan classified four types. The first
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is the ectopic liver, which is not connected to the
mother liver, but is typically attached to the gall-
bladder or intra-abdominal ligaments. The second
is @ microscopic ectopic liver, which is occasionally
found in the gallbladder wall. The third is a large
accessory liver lobe, attached to the mother liver by
a stalk (pedunculated liver). The fourth is a small,
accessory liver lobe attached to the mother liver [4].
Here, we presented two manifestations of ectopic
livers.

CASE REPORT

Case 1

A 31- old male patient was admitted with an 8-hour
history of pain in the right lower abdominal quadrant
with a gradual onset. The patient reported nausea,
but no vomiting, normal bowel function, and normal
miction. He was subfebril, but no infection was ob-
served. His medical history included pollinosis. He
took no regular medication and had no previous sur-
geries.

The clinical examination showed right lower quadrant
abdominal pain with tenderness. The bowel sounds
were diminished. The patient was hemodynamically
stable without any signs of sepsis (temperature 37.5
°C, noninvasive blood pressure 120/80 mmHg, heart
rate 76 beats/min, respiratory rate 14 breaths/min).
The white blood count was 14,800 cells/ml and C-
-reactive protein was 12.3 mg/l. Other biochemical
results were normal and the urinanalysis revealed
no pathological findings. An abdominal ultrasound
showed a small amount of pericaecal fluid. No other
abnormal findings were identified by ultrasound in
other parts of the abdomen or pelvis.

The signs and symptoms suggested appendicitis; the-
refore, we performed an acute laparoscopic appen-
dectomy. First, antibiotic therapy was introduced.
Initially, the routine diagnostic laparoscopy revealed
perforated appendicitis with circumscript peritoni-
tis. Incidentally, a small oval tumor (3x2x2 cm) was
found in the ligamentum hepatoumbilicalis next to
the liver (Figure 1). No other pathological signs were

Figure 1: Small oval tumor (3x2x2 cm) was found in the
ligamentum hepatoumbilicalis next to the liver

observed. The appendectomy was performed, follo-
wed by an intraoperative lavage of the peritoneal
cavity. The tumor was excised. The operation and
the postoperative recovery were uncomplicated.
The patient was discharged on the third postopera-
tive day. The histology of the appendix revealed an
ulcerophlegmonous appendix. The histopathological
examination of the tumor from the ligamentum he-
patoumbilicalis revealed liver tissue with moderate
steatosis and a thick fibrotic capsule (Figure 2). The
specimen examination showed that the tumor was
completely separate, with no connection to the li-
ver. It was classified as the first type of ectopic li-
ver according to the Collan classification. No further
therapy was required.

Case 2

During an ultrasound examination, a 59-year old male
was incidentally diagnosed with a tumor (10x8x6 cm)
on the upper pole of the spleen. The finding was con-
firmed with a CT scan (Figure 3 and 4), and a biopsy
was performed. A histological examination of the

Figure 2: Histopathology of the tumor from the ligamen-
tum hepatoumbilicalis (liver tissue with moderate steato-
sis and a thick fibrotic capsule)

biopsy specimen, including immunohistochemistry,
raised the suspicion of a metastatic hepatocellular
carcinoma, but bile production was not caught and
renal carcinoma could not be reliably ruled out. To
detect the primary tumor location, we performed a
positron emission tomography-computed tomogra-
phy (PET-CT) examination. This showed a localized
accumulation of F-18 fluorodeoxyglucose only in the
suspicious tumor. There was no other pathological
finding in the abdominal or thoracic cavities. The
medical history included toxonutritive hepatopathy
(alcoholic liver disease) and chronic gastritis. The
biochemical results were within normal limits, and
oncomarkers (CEA, AFP, CA 19-9) were negative. A
perioperative examination confirmed that the tumor
was located on the upper pole of the spleen and was
connected to diaphragm, but did not invade other
surrounding tissues. It was classified as the first type
of ectopic liver according to the Collan classificati-
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Figure A: Tumor (10x8x6 cm) on the upper pole of the spleen (CT scan, arterial phase with a coronal reconstruction)
Figure B: Tumor on the upper pole of the spleen (CT scan, arterial phase - axial orientation)

on. No other pathology was found in the abdomen.
A splenectomy was performed, with partial dia-
phragm resection and reconstruction. The postope-
rative recovery was uneventful. A definitive histolo-
gical examination, including immunohistochemistry,
confirmed a hepatocellular carcinoma (HCC) in the
spleen tissue (Figure 5). Two small additional tumor
sites (satellite tumors) were found in addition to the
main lesion. Several investigations showed that the
orthotopic liver tissue was negative for HCC, but a
histological verification (a biopsy of the mother li-
ver tissue) was not performed. Due to the high risk
of tumor recurrence (additional tumor sites were
found), we initialized a targeted adjuvant therapy
with sorafenib. The American Association for the
Study of Liver Diseases (AASLD) practice guidelines
on the management of hepatocellular carcinoma do
not recommend the routine use of adjuvant therapy
with sorafenib (recurrence rates reduction was not
reliably proven) [5], nevertheless, there are data
available that indicate that sorafenib was effective
for treating patients with advanced HCC [6, 7].

DISCUSSION

In development, the hepatic diverticulum comprises
the liver and biliary tree, and it appears late in the
third week or early in the fourth week of gestation.
The foregut endoderm of the hepatic diverticulum
develops into the liver parenchyma (hepatocytes)
and the epithelial lining of the biliary tract. The he-
patic diverticulum divides to form a small ventral
portion, the future gall bladder, and a larger cranial
portion, the liver primordium. Developmental errors
are relatively rare in the liver. Other errors in fo-
regut development are more frequently observed,
like errors in pancreas or duodenum formation [8].
Liver tissue can migrate to various organs during em-
bryogenesis. Sites of ectopic liver include the gall-
bladder, spleen, retroperitoneum, pancreas, adrenal

oy - ]
. gy

144
LD

Figure 4: Histopathology of the hepatocellular carcinoma found
in an ectopic liver in the spleen

gland, portal vein, diaphragm, thorax, gastric sero-
sa, testes, and umbilical vein [9]. Most authors dis-
tinguish ectopic and accessory liver formations, ba-
sed on whether there is a connection to the mother
liver. The Collan Classification mentioned above is
not widely used. In many cases, it is difficult to make
a clear distinction between ectopic liver and acce-
ssory liver. The precise incidence of ectopic liver or
accessory liver is unknown. Examination of several
studies indicated that the incidence is approxima-
tely 0.24-0.56%. Watanabe 's series of 1060 patients
revealed an incidence of 0.47% for ectopic liver and
0.09% for accessory liver. These numbers could be
over-estimated, because histological verification
was not performed in all cases. Ectopic and acce-
ssory liver are typically asymptomatic, but occasi-
onally they cause unexpected problems, like intra-
-abdominal bleeding or hepatocarcinogenesis. The
first clinical sign of ectopic or accessory liver could
be an acute complication that leads to acute surgery
and diagnosis of ectopic liver. Various clinical sym-
ptoms, like recurrent abdominal pain and impaired
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liver function could be caused by ectopic or acces-
sory liver, but in the majority of cases, an ectopic/
accessory liver remains undetected.

In some cases, the ectopic or accessory liver may
undergo torsion, infarction, rupture, or other disor-
ders. Torsion and subsequent infarction of an acce-
ssory liver lobe has been described in children and
adults [10, 11, 12, 13, 14]. Ladurner presented a
very interesting case of a patient with hepatic ische-
mia caused by complete vascular occlusion due to a
twisted accessory liver lobe. In that case, the acce-
ssory liver lobe produced serious, life-threatening
problems, and an orthotopic liver transplantation
was performed [15]. Ito reported a small omphalo-
cele that involved an accessory liver lobe embedded
in the cranial portion of the amniotic sac. In that
case, the pedicle of liver tissue was markedly elon-
gated [16].

An ectopic or accessory liver can lead to benign or
malignant diseases. Benign cases in the literature
report hemangiomas, adenomas, or focal nodular
hyperplasia associated with an ectopic or accesso-
ry liver [17, 18, 19]. Benign lesions seem to be less
frequent; however, the higher frequency of malig-
nancies could be based on the fact that many benign
lesions remain undiagnosed because they are asym-
ptomatic. Moreover, due to their abnormal locati-
ons, asymptomatic lesions may be misdiagnosed in
the absence of histology.

The ectopic liver has been associated with malig-
nancies more often than with benign lesions. Many
authors have pointed out that ectopic liver tissue
is more predisposed to malignancy than normal li-
ver tissue. Ectopic livers have completely functio-
nal architecture, but may be metabolically handi-
capped; this may facilitate carcinogenesis. Ectopic
liver tissue also has increased neoplastic potential
compared to orthotopic liver tissue. This may have
given rise to the hypothesis that ectopic livers are
particularly predisposed to the development of he-
patocellular cancer. A high incidence of hepatocellu-
lar cancer in ectopic livers was described in Japan
[20]. In most cases, a malignant tumor was found in
the ectopic liver, but not in the mother liver. Ectopic
or accessory livers with cancer may be amenable to
surgical resection. Many case reports have described
surgical treatments. Some authors suggested that
the outcome after resection to remove hepatocellu-
lar cancer was superior when it involved an ectopic
or accessory liver, compared to when it involved the
mother liver. However, long-term follow-up data are
poor.

Many anatomical locations have been described for
ectopic livers with cancer [20, 21, 22, 23]. The favo-
rable outcome after resection of ectopic livers could
depend on the specific anatomical location [24, 25].
Shigemori described a case of ectopic hepatocellu-
lar carcinoma in the jejunum [26]. Cardona reported
a case of a primary, well-differentiated hepatoce-

llular carcinoma arising from ectopic liver tissue in
the pancreas [27]. Leone presented interesting data
regarding three cases of hepatocellular carcinomas
that arose in ectopic livers. The clinical presentati-
ons were very interesting; one patient reported dull
epigastric pain; the second reported abrupt onset
with signs and symptoms of acute abdomen caused
by intra-abdominal bleeding; and the third presented
with an unexplained, progressive increase in alpha-
-fetoprotein serum levels [28]. Seo reported a case
of hepatocellular carcinoma that arose from hepatic
parenchyma located in the left subphrenic space in
the upper portion of the gastrorenal ligament. The
preoperative diagnosis was a nonspecific stomach
mass, with suspicion of gastrointestinal stromal tu-
mor. An operation was performed laparoscopically
[29]. Takavasu reported another case with high se-
rum alpha-fetoprotein combined with a suspicion of
a submucosal stomach tumor [30]. The two latter ca-
ses diagnosed the ectopic liver postoperatively, after
histological examination.

It is important to consider an ectopic/accessory li-
ver when evaluating perihepatic lesions. It is com-
mon to misdiagnose an ectopic liver as a malignant
tumor. Stattaus suggested that the diagnosis should
be based on a biopsy of ectopic liver or a NMR with
liver specific contrast [31]. However, all investiga-
tive imaging methods are limited for diagnosing an
ectopic/accessory liver, due to its limited volume.
Despite the low incidence and rare complications of
ectopic liver/accessory, it is necessary to maintain
an awareness of this possibility. Because this entity
presents with a broad spectrum of clinical sympto-
matology, it is rarely diagnosed; thus, most disco-
veries of ectopic and accessory liver are incidental.
An elevation in serum alpha-fetoprotein and lack of
focus in liver CT image may be the first signs of ma-
lignant transformation in an ectopic liver. The suspi-
cion of hepatocellular carcinoma in an ectopic liver
is substantial reason for radical surgical removal of
an ectopic liver found incidentally. When hepatoce-
llular carcinoma is definitely, histologically confir-
med in an ectopic liver, it should be treated with
the same approaches used for treating carcinoma in
the mother liver (National Comprehensive Cancer
Network Guidelines).
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A combination of antiarrhythmic drugs with B1 se-
lective blocking agents has often been used. Both
these types of drugs are metabolized via the cytoch-
rome P450 (CYP) enzyme system, and therefore po-
tential drug interac-tions are of considerable clinical
significance. The antiarrhythmic agent propafenone
undergoes CYP 2D6-dependentmetabolism.1 Propa-
fenone is also an inhibitor of the enzyme; the inhi-
bitory constant has been estimated at 50 nmol/L, si-
milar to that of quinidine (60 nmol/L).2 Metoprolol,
a B1 selective blocking agent, undergoes extensive
presystemic elimination by CYP 2D6, and it has been
shown that metabolites do not substantially contri-
bute to the B1-blockade.3,4 Metoprolol has a dose-
-dependent effect; dose is commonly titrated to the
highest dose tolerated in order to achieve the maxi-
mal effect in the absence of adverse effects.5 A2- to
5-fold increase in steady-state levels of metoprolol
has been described after adding propafenone to me-
toprolol therapy.6 The disposition of CYP 2Dé sub-
strates also depends on the CYP 2Dé6 genotype. In
general, 4 subgroups might be differentiated: poor
metabolizers (PM), intermediate metabolizers (IM),
extensive metabolizers (EM), and ultrarapid meta-
bolizers (UM). Poor metabolizers lack any func-tio-
nal allele. Ultrarapid metabolizers have more than
2 functional alleles. Intermediate metabolizers are
heterozy-gous for a specificvariant allele or possess
alleles with reduced activity.7 We present a case of
an interaction between metoprolol and propafenone
in which high metoprolol concentrations affect the
patient’s condition.

CASE

A 66-year-old woman (weight 81 kg) was referred to
our outpatient department because of decompensa-
ted hyper-tension (World Health Organization classi-
fication grade lll). Blood pressure in a sitting position
was 154/82 mm Hg,and heart rate was 60 beats/min.
The patient had undergone kidney transplantation
for polycystic kidney disease several years ago and
was taking 175 mg/d of cyclosporine and 50 mg/d
of azathioprine. Further comorbidities were ische-
mic heart disease without angina pectoris syndrome
(New York Heart Association class Ill or IV) and chro-
nic venous insufficienc. At the time of admission, the
patient was being treated with the following cardio-
vas-cular medication: 200 mg/d of metoprolol, 100
mg/d of losartan, 1 mg/d of rilmenidine, 60 mg/d of
furosemide, captopril as needed, 100 mg/d of ace-
tylsalicylic acid, and 20 mg/d of isosorbide mononit-
rate. To prevent atrial fibrillation, 600 mg of propa-
fenone daily was prescribed. During her follow-up, 5
mg/d of amlodipine was introduced to the therapy.
After the medication adjustment, the patient’s blo-
od pressure was compen-sated (Table 1); however,
she was repeatedly complaining about increased
tiredness and dyspnea on exertion. Therefore, de-
termination of meto-prolol and a-hydroxymetoprolol
serum concentrations was indicated.8 Three hours
after the patient’s metoprolol-dose intake, her me-
toprolol-a-hydroxymetoprolol metabolic ratio (MR)
was used for CYP 2Dé6 phenotyp-ing.9 Genotyping of
CYP 2D6 was also performed. A DNA direct sequen-
cing analysis of the whole coding sequence of the
CYP 2D6 gene was performed using a genetic ana-
lyzer. Copy number variants of the gene were de-

EDITOR’S KEY POINTS

 Propafenone might inhibit metoprolol metabolism, and high metoprolol serum concentrations might have
clinical effects. Clinicians should be aware of this potential interaction and start with low metoprolol doses

and follow up with patients carefully.

» Therapeutic drug monitoring could serve as a valuable tool in clarifying a patient’s condition.
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tected using the long-range polymerase chain reac-
tion method and amplified products were visualized
on 1% agarose gel electrophoresis.The patient had
an IM genotype with detected variant alleles CYP
2D6*4/*9. However, 3 hours after the dose intake,
the metoprolol-a-hydroxymetoprolol MR was 104.3,
indicative of a PM phenotype. Table 1 shows me-
toprolol and a-hydroxymetoprolol serum concentra-
tions. A survey of the patient’s concomitant medica-
tion revealed her use of propafenone, an inhibitor of
CYP 2D6 activity. The patient’s metoprolol dose was
reduced to 100 mg daily. Her condition improved,
and her tiredness and dyspnea disappeared. About
half a year later the patient was admitted to the in-
ternal medicine department for chest pain on exerti-
on and on rest lasting for about 14 days, with radiati-
on to the right arm, dyspnea, orthopnea, and edema
of the lower limbs. Blood pressure on admission was
160/80 mm Hg, and heart rate was 51 beats/min. She
was diagnosed as having global cardiac failure with
atrial fibrillation with slow ventri-ular response. Re-
levant therapy was initiated with an adjustment of
her medication. Her metoprolol dosage was reduced
to 12.5 mg daily, and propafenone was withdrawn.
Two weeks later the patient was hemody-namically
stable and was discharged from the hospital. Several
days after discharge, the patient herself increased
her metoprolol intake to a previous dose of 100 mg
daily. During the next outpatient’s visit, her CYP
2D6 phenotype after propafenone discontinua-tion
was determined (Table 1); a substantial decrease in
metoprolol-a-hydroxymetoprolol MR was revealed,
switching the patient’s phenotype from PM (MR =
104.3) to EM (MR = 1.4).

DISCUSSION
This case demonstrates an inhibitory effect of pro-
pafe-none on metoprolol biotransformation resulting

in the occurrence of adverse effects due to high me-
to-prolol levels. Propafenone has been shown to be
metabolized by the same hepatic enzyme as the spar-
teine-debrisoquine polymorphism but with higher
affinity for CYP 2D6, thereby being able to cause a
shift of metabolizer phe-notype.1 Metoprolol under-
goes extensive presystemic elimination, with this en-
zyme accounting for 70% to 80% of its metabolism. In
our patient, a marked decrease in metoprolol-a-hyd-
roxymetoprolol MR was observed after propafenone
therapy had been stopped, and the patient’s pheno-
type switched from PM to EM. Because the patien-
t’s other medications were retained, we attribute
this pheno-typic shift to vanished inhibitory effect.
Labbé et al found that the addition of propafenone
to CYP 2D6 substrate mexiletine in people with EM
phenotypes caused pharmacokinetic changes of me-
xi-letine to such an extent that differences between
those with EM phenotypes and PM phenotypes were
almost absent.10 Thus, results of phenotyping might
be falsi-fied by the presence of interfering medicati-
ons, resul-ing in discrepancy between the phenotype
and genotype. Wagner et al found that the addition
of propafenone increased steady-state levels of me-
toprolol 2 to 5 times in 4 patients. Two patients even
developed side effects while receiving the drug com-
bination (severe night-mares and left ventricular fai-
lure), which disappeared after the metoprolol dose
was reduced or discontinued.6 Our patient suffered
from tiredness and dyspnea on exertion likely owing
to high metoprolol serum concen-trations caused by
the inhibitory effect of propafenone. Substantial in-
creases in metoprolol concentrations have also been
observed after the addition of the antiarrhyth-mic
drug amiodarone and the antihistamine diphenhydr-
-amine.11,12 The addition of selective serotonin re-
uptake inhibitors, fluoxetine and paroxetin, has also
resulted in severe adverse effects, which subsided

Table1. Patient’s metoprolol and a-hydroxymetoprolol serum concentrations; metoprolol-a-hydroxyme-
toprolol metabolic ratio; heart rate; and blood pressure before metoprolol intake and 1 or 3 hours after

metoprolol intake, with and without propafenone

METOPROLOL DAILY DOSE gA;RTSI\ZRLCI;I\_/cE)t G[ICY)EESEE(EAI\?EIIE?/PET_O- HYDAQEE(%IKA@?'IE)%LR-SLOL HEART RATE | BLOOD PRESSURE
(Mg/L) (ug/L) METABOLIC RATIO | (BEATS/MIN) (mm Hg)

200mg with propafenone

« Before metoprolol intake 152.4 4.4 34.6 66 136/76

« 1 h after 333.2 3.8 87.7 59 134/72

3 h after 412.2 4.0 104.3 61 128/76

100mg with propafenone

» Before metoprolol intake 79.2 7.7 10.3 68 132/68

« 1 h after 168.6 4.0 42.2 67 138/74

100mg without propafenone

« Before metoprolol intake 10.3 32.0 0.3 55 124/62

« 1 h after 53.8 44.0 1.2 62 126/70

« 3 h after 134.9 97.7 1.4 53 NA

NA - not available.
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after discon-tinuation of the inhibitors.13,14

In our case the patient’s genotype was heterozygous
for CYP 2D6*4/*9 alleles. Individuals who carry the
CYP 2D6*9 allele have an altered ability to metaboli-
ze CYP 2D6 substrates and have IM phenotypes, whe-
reas the CYP 2D6*4 allele results in a loss of enzyme
activ-ity.15 The combination of IM phenotype and
defective alleles is not associated with a PM pheno-
type; how-ever, it shows a substantially higher MR
than does the EM-PM genotype.16 The S-enantiomer
of propafenone has also been shown to display B-
-blocking action. The degree of B-blockade reflects
genetically determined variations in propafenone
metabolism, with subjects with the PM phenotype
having considerably more B-blockade.17 Unfortuna-
tely we were not able to deter-mine the propafeno-
ne serum concentration and sub-sequently assess its
contribution to the occurrence of adverse effects.
However, after the metoprolol dose was reduced to
half (100 mg/d), the side effects disappeared. In-
terestingly, blood pressure and, in particular, heart
rate did not change substantially after metoprolol
dose reduction and after propafenone discontinua-
tion. Pharmacodynamic modeling of the B81-blocking
effect of metoprolol shows a steep linear relati-
onship to plasma concentration, with a maximum
effect at 400 nmol/L (106.96 pug/L). However, only
30% of the maximum B1-blocking effect is necessary
for a clinically significanteffect; this limit was ob-
served at a metoprolol plasma concentration of 45
nmol/L (12.03 pg/L).4 We speculate that the perma-
nent metoprolol serum concentrations in our pati-
ent above this concentration limit preserved sta-ble
heart rate in spite of gradual decline in metoprolol
concentrations.

CONCLUSION

Coadministration of propafenone and metoprolol mi-
ght result in elevation of metoprolol serum concen-
tration and affect a patient’s clinical condition. Cli-
nicians should be aware of the potential interaction
when prescribing this combination and start with low
metoprolol doses, as well as follow up with patients
carefully. Therapeutic drug monitoring could serve
as a valuable tool in clarify-ing a patient’s condition.

REFERENCES

1.

- 50 -

Kroemer HK, Fischer C, Meese CO, Eichelbaum M. Enantio-
mer/enantiomer interaction of (S)- and (R)-propafenone for
cytochrome P450I1ID6-catalyzed 5-hydroxylation: in vitro eva-
luation of the mechanism. Mol Pharmacol 1991;40(1):135-42.
Otton SV, Inaba T, Kalow W. Competitive inhibition of spar-
teine oxidation in human liver by beta-adrenoceptor antago-
nists and other cardiovascular drugs. Life Sci 1984;34(1):73-
80.

Frank D, Jaehde U, Fuhr U. Evaluation of probe drugs and
pharmacokinetic metrics for CYP2D6 phenotyping. Eur J Clin
Pharmacol 2007;63(4):321-33. Epub 2007 Feb 2.
Abrahamsson B, Liicker P, Olofsson B, Regardh CG, Sandberg
A, Wieselgren |, et al. The relationship between metoprolol
plasma concentration and beta 1-blockade in healthy sub-
jects: a study on conventional metoprolol and meto-prolol
CR/ZOK formulations. J Clin Pharmacol 1990;30(2 Supp-
1):546-54.

Regardh CG, Johnsson G. Clinical pharmacokinetics of me-
toprolol. Clin Pharmacokinet 1980;5(6):557-69.

Wagner F, Kalusche D, Trenk D, Jahnchen E, Roskamm H. Drug
interaction between propafenone and metoprolol. Br J Clin
Pharmac 1987;24(2):213-20.

Zanger UM, Raimundo S, Eichelbaum M. Cytochrome
P450 2D6: overview and update on pharmacology, gene-
tics, biochemistry. Naunyn Schmiedebergs Arch Pharmacol
2004;369(1):23-37. Epub 2003 Nov 15.

Perinova |, Duricova J, Brozmanova H, Kacirova |, Grundmann
M. Determination of metoprolol and its metabolite a-hydro-
xymetabolite in serum by HPLC method with fluorescencede-
tection [article in Czech]. Ces Farm 2008;57(6):254-9.
Jonkers RE, Koopmans RP, Portier EJ, van Boxtel CJ. Debri-
soquine phenotype and the pharmacokinetics and beta-2
receptor pharmacodynamics of meto-prolol and its enantio-
mers. J Pharmacol Exp Ther 1991;256(3):959-66.

. Labbé L, O'Hara G, Lefebvre M, Lessard E, Gilbert M, Ade-

doyin A, et al. Pharmacokinetic and pharmacodynamic inte-
raction between mexiletine and propafenone in human be-
ings. Clin Pharmacol Ther 2000;67(1):44-57.

. Fukumoto K, Kobayashi T, Tachibana K, Kato R, Kazuhiko T,

Komamura K. Effect of amiodarone on the serum concentra-
tion/dose ratio of metoprolol in patients with cardiac arrhy-
thmia. Drug Metab Pharmacokinet 2006;21(6):501-5.

. Hamelin BA, Bouayad A, Méthot J, Jobin J, Desgagnés P,

Poirier P, et al. Significantinteraction between the nonpre-
scription antihistamine diphen-hydramine and the CYP2Dé6
substrate metoprolol in healthy men with high or low CYP2Dé6
activity. Clin Pharmacol Ther 2000;67(5):466-77.

. Walley T, Pirmohamed M, Proudlove C, Maxwell D. Interaction

of metoprolol and fluoxetine.Lancet 1993;341(8850):967-8.

. Onalan O, Cumurcu BE, Bekar L. Complete atrioventricu-

lar block associ-ated with concomitant use of metopro-
lol and paroxetine. Mayo Clin Proc 2008;83(5):595-99.
DOI:10.4065/83.5.595.

. The Human Cytochrome P450 (CYP) Allele Nomenclature Da-

tabase [website]. CYP2D6 allele nomenclature. Stockholm,
Sweden: The Human Cytochrome P450 (CYP) Allele No-
menclature Database; 2012. Available from: www.cypalleles.
ki.se/cyp2d6.htm. Accessed 2013 Jan 11.

. Sachse C, Brockmoller J, Bauer S, Roots I. Cytochrome P450

2D6 variants in a Caucasian population: allele frequencies
and phenotypic consequences. Am J Hum Genet 1997;60:284-
95.

. Lee JT, Kroemer HK, Silberstein DJ, Funck-Bretano C, Line-

berry MD, Wood AJ, et al. The role of genetically determined
polymorphic drug metabolism in the beta-blockade produced
by propafenone. N Engl J Med 1990;322(25):1764-8.



SBORNIK VYBRANYCH IMPAKTOVANYCH PRACI ZA ROK 2013

OBJECTIVE EVALUATION OF THE EFFECT OF AUTOLOGOUS PLATELET
CONCENTRATE ON POST-OPERATIVE SCARRING IN DEEP BURNS

Hana Klosova*", JiFi Stétinsky?, Iveta Bryjovat<, Stanislav Hledikc, Leo Klein®<

a Burn Center, University Hospital Ostrava, 17. listopadu 1790, 708 52 Ostrava-Poruba, Czech Republic

b vSB-Technical University of Ostrava, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

¢ Institute of Physics, Silesian University in Opava, Bezrucovo ndm. 13, 746 01 Opava, Czech Republic

¢ Division of Plastic Surgery and Burns Unit, Charles University in Prague, Medical Faculty and Teaching
Hospital in Hradec Krdlové, Sokolskd 581, 500 05 Hradec Krdlové, Czech Republic

¢ Faculty of Military Health Sciences, University of Defence, Trebesskd 1575, 500 01 Hradec Krdlové, Czech

Republic

Originally Published in Burns 2013; 39 (6): 1263-1276

Consent to the publication of 23 April 2014 (No. 3374580799917)

ABSTRACT

Introduction:

The healing of grafted areas after surgical treatment
of deep burns frequently generates mutilating scars,
and rises the risk of subsequent scar hypertrophy.
Scar assess-ment based on clinical evaluation is in-
herently subjective, which stimulates search for ob-
jective means of evaluation.

Objective:

The aim of this study was to objectively evaluate
the effect of using autologous platelet concentrate
(APC) in combination with split thickness skin graf-
ting (STSG) on scarring processes following surgery
of deep burns as compared with application of STSG
alone.

Method:

Selected viscoelastic properties of 38 scars on 23 pa-
tients in total were examined using the Cutometer
MPA 580 under controlled conditions for long-term
outcomes 1, 3, 6 and 12 months after surgery fo-
llowing deep burns.

Results:

The findings of this study suggest that the STSG +
APC combination reduces thetime of scar viscoelas-
tic properties recovery as compared with application
of STSG alone. This was statistically significant for
viscoelastic parameters R2 and Q1.

Conclusion:

APC has been advocated to enhance scarring after
surgery of deep dermal andfull thickness burns. We
objectively demonstrated that the viscoelastic pr-
operties of scarstreated with STSG + APC combina-
tion return more rapidly to the plateau state than
areastreated with STSG only.

KEYWORDS:

Burns assessment, Scar, Surgical treatment of deep
burns, Split thickness skin graft (STSG), Autologous
platelet concentrate, (APC), Skin viscoelasticity, Cu-
tometer

1. INTRODUCTION

Increasing emphasis is placed on the functional and
cosmetic outcomes following treatment of non-hea-
ling deep dermaland particularly full thickness burns
which are subject tosurgical treatment in the form of
sharp tangential excision followed by skin grafting.
Such a practice is a golden rule inburns treatment
[1]. Meshed Split Thickness Skin Grafting (referred
to as STSG hereinafter) represents one of the inde-
pendent risk factors for postburn pathologic scarring
[2]. The healing of grafted areas frequently gene-
rates widespread and mutilating scars, thus giving
rise the risk of subsequent scar hypertrophy at the
same time. The preva-lence of pathologic scarring
after burn has not yet been well documented [2] and
remains in fact unknown [3].

Several scales were proposed and have been routi-
nely used in clinical evaluation of postburn scarring
and scars therapy response. The main representati-
ves include the Vancouver Scar Scale (VSS), Patient
and Observer Scar Assessment Scale (POSAS), Visual
Analog Scale (VAS), and Manchester Scar Scale (MSS),
among which the VSS is the most frequently used one
[4]. Scar assessment routinely based on the above
mentioned scales is inherently subjective and thus
highly observer dependent [5]. This lack of objecti-
vity stimulates the search for methods of objective
evaluation based on more reliable assessment tech-
niques. Non-invasive suction method has been found
to be a reliable for single-observer measurement of
scar viscoelastic properties [6].

Autologous Platelet Concentrate (referred to as APC
hereinafter) has been used for about 20 years in di-
versesurgical fields of medicine to improve wound
healing andtissue repair. Platelet growth factors
have shown its potential to improve healing in many
human clinical studies, particularly in oral and pe-
riodontal surgery [7-11], orthopaedics and trauma
surgery [12-14], and plastic surgery [15,16]. On
theother hand, there is a lack of clinical experience
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and long-term outcomes of deep burns surgical tre-
atment using APC simultaneously with STSG.

The aim of this retrospective study was to analyze
andevaluate the long-term effect of APC in combina-
tion with STSG on scarring processes following skin
grafting of deep burns, ascompared to applying sole
STSG by using the objective method. The alternate
hypothesis was that using APC incombination with
STSG leads to better viscoelastic scar properties and,
consequently, to better functional and cosmetic out-
comes, against the null hypothesis that no effect is
produced by using APC in combination with STSG.

2. METHODS

The study protocol was reviewed and approved by
the Institutional Review Board of the University Hos-
pital Ostrava. All patients were fully informed about
the study and signed the informed consent with the
treatment and subsequent measurements.

The study presented is a retrospective data analy-
sis obtained by the objective testing of long-term
outcomes of scarring after deep burns surgery. The
assessments were carried out under controlled con-
ditions by objective measuring the viscoelastic pr-
operties of skin using the suction method.

2.1. Subjects

From March 2011 till October 2012, a total of 23 pa-
tients (10 men and 13 women) under went measu-
rements of scar and normal skin viscoelastic para-
meters one, three, six and twelve months after the
surgical treatment of full thickness and non-healing
deep dermal burns. Total of 38 scars were subjec-
ted to those measurements. Both scars healed using
STSG + APC (total of 24 scars) and those healed using
STSG without APC (total of 14 scars), as well as nor-
mal skin sites for comparison (total of 42 sites) were
involved. Five patients were treated with the use of
STSG only, 5 patients underwent surgery using both
STSG with the APC in one area and sole STSG in ano-
ther area, and 13 patients whose burns were treated
with the use of STSG in combination with the APC.
The distributions of age, burns extent, surgically tre-
ated area (equal to the STSG treated area), STSG in
combinationwith APC treated area, STSG only trea-
ted area (all in percentTBSA), and time afer journey
are given in Table 1 and graphically represented
in Figs. 1 and 2. The statistics of scarnumbers are
graphically represented in Fig. 3. The burns werein
most cases caused by flame and by hot liquid (43.5
%), contact (8.7 %), and electricity (4.3 %). Opera-
tions were performed on 11th (3.7) day after injury
(see Table 1).

2.2. Inclusion and exclusion

Inclusion criteria of the study study were: (1) adult
patients (18 years of age or above) with full thickness
burns and/or non-healing deep dermal burns who
underwent skin grafting withor without APC, (2)

signed the informed consent form prior to partici-
pation, and (3) intact skin integrity in the areas of
viscoelasticity measurements.

Adults unable to give informed consent for the study,
patients age under 18 years, patients with impaired
skin integrity in the areas of cutometric measure-
ments, skin diseases, current intake of oral anticoa-
gulants, platelet aggregation inhibitors or abnormal
bleeding history were excluded.

2.3. Material and instrumentation

The APC and autologous thrombin were prepared by
density gradient centrifugation using the Harvest
SmartPReP Platelet Concentrate System (manufactu-
red by Harvest Technologies Corporation, Plymouth,
MA, USA). The whole process was carried out under
strictly sterile conditions right in the operating room
simultaneously with the surgery. Hence, the surgery
time was not increased at all. The patient’s periphe-
ral venous blood was collected in two consecutive
steps - from the first batch the autologous thrombin
for activation of platelets was prepared, from the
second one, about 30 min later, the APC was produ-
ced. The blood was centrifuged in accord with the
manufacturer’s recommendations at 2400 rpm for
14 min at room temperature. 9 ml of blood volume
enabled to produce 3 ml of autologous thrombin, 60
ml of blood volume enabled to produce 10 ml of the
APC. To get an idea about the quantity needed, the
rule of thumb is that 10 ml of APC can cover about
4 % of TBSA.

Table 1 - Basic demographic statistics.

Min Mean | Median | Max SD
Age[years] 21 48.6 40 81 21.7
Surgery PTD 6 10.9 11 22 3.7
% TBSA of | 1.25 7.0 6.0 17.0 5.4
Burns
Necrectomy 1.0 3.7 3.0 15.5 3.2
STSG total 1.0 3.7 3.0 15.5 3.2
STSG + APC 0.0 2.5 2.5 9.0 2.2
STSG only 0.0 1.2 0.0 8.0 2.1

The APC and autologous thrombin were applied to
the skin grafted areas using a special SmartJet Appli-
cator (Harvest Technologies Corporation, Plymouth,
MA, USA). APC is a fluidwhich jellifies within 20-30 s.
Gelation is an important factor for graft adherence to
the recipient area that prevents grafts displacement
and creates favourable input conditions for graft
take. After local transplantation of APC and platelet
activation by autologous thrombin, the selective se-
quential release of platelet growth factors improves
healing, accelerates scars maturation and reduces
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Fig. 1 - (a) Distribution of burned patients by age. Thepatients
aged 20-40 years were 50% of all patients, (b) distribution of burns
etiology and (c) distribution of post-traumatic day of the surgery.

subsequent hypertrophic scarring [17]. Since APC is
a topically applied autologous material, the risk of
blood transfer disease is virtually nonexistent, and
no systemic undesirable effects have been identi-
fied. The Cutometer MPA 580 by Courage & Khazaka
electronic GmbH (referred to as cutometer herei-
nafter) is a commercially available device for non-
-invasive contact diagnostics of mechanical proper-
ties of skin via measuring its viscoelastic parameters
[18-20]. It has been used in the assessment of scar
elasticity and in the comparison of dermal skin sub-
stitutes and STSG in acute burns and reconstructive
surgery [6,21]. The cutometer device consist of a
hand held probe with a circularsuction opening of 2
mm diameter, a main unit containing a vacuum pump
that generates a controlled underpressure inside the
probe, and a connecting tube between the probe
and the main unit (see Fig. 4). The whole system is
connected toand controlled by a computer equipped
with dedicated software Cutometer MPA Q supplied
together with the hardware [18].

Distribution of burns extent
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Fig. 2 - (a) Distribution of burns extent, (b) distribution ofthe

STSG total extent which equals to necrectomy extent, (c) distri-

bution of STSG in combination with APC extentand (d) distribution

of STSG only extent.
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Fig. 3 - (a) Distribution of scar number treated with STSG in com-
bination with APC, (b) distribution of scar number treated with
STSG only and (c) distribution of number of measured normal skin
sites.

Four measuring modes differing in the time depen-
dence of underpressure are currently implemented
for the cutometer. However, only Mode 1, charac-
terized by a constant under-pressure value during a
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predefined suction time (also referredto as on-time)
immediately followed by an interval of switched off
underpressure (referred to as relaxation time or off-
-time), is almost exclusively used for results pub-
lished in current literature [18]. During the suction
period the skin is drawn into the probe opening, and
the depth of the skin penetration (skin deformation)
is measured by a precise non-contact optical system
with a sampling interval of 0.01 s. The sampled va-
lues of skin deformation are then stored for future
processing on the attached computer system in the
form of digitalized strain-vs-time cutometric curves.
The typical shape of a strain-vs-time curve measured
in Mode 1 is shown in Fig. 5. Each suction-relaxation
cycle has arising part during the suction followed by
a decreasing part during relaxation. The ascending
part consists of two segments. In the first segment
which is dominated by the elastic component of the
skin distensibility, the slope of the curve is very ste-
ep, and the maximum deformation reached is usu-
ally denoted in literature as Ue. Within the second
segment the curve gradually flattens more and more
which is typical for the viscoelastic component of
the skin behaviour [22,23,18]. During this viscoelas-
tic segment the curve increases by Uy, reaching its
full extension of U, = U+ U, (see Fig. 5). In highly
elastic materials (like a rubber balloon) the value of
Uv is negligible in comparison with Ue.

The descending part (during the relaxation when the
underpressure is released) consists of two segments
as well. Similarly to the suction part, the (negative)
slope of the strain-vs-time curve in the first segment
(which is dominated by the elastic component of the
skin retractability) is very steep, and the extension
quickly drops by a value referred to as Ur, leavingto-
tal residual extension U, - U.. The values of Ue and Ur
are related to the function of elastin fibres [24-26].
Within the second segment of the decreasing part
the curve gradually flattens more and more which is
again typical for viscoelastic component of the skin
relaxation behaviour. During thesecond segment the
curve continues in drop by Ua - Ur, reaching its total
drop of Ua (relative to the maximum Uf), leaving a
residual strain of R = U, - Ua as shown in Fig. 5. In-
highly elastic materials the value of Ua is very close
to Uf, in other words, the material almost complete-
ly restore its original shape when it went out of the
probe opening.

The parameters U, U, U, U and U, and related
parameters used in literature (R, = U, R, =R = U,
- U, and R, = U)) are all dimensional (usually ex-
pressed in millimetres), thus dependent on the skin
thickness. In other words, theseparameters mix both
intrinsic viscoelastic properties of the skin and the
probed area spatial dimensions. To get rid of the skin
thickness contribution, it is advantageous to intro-
duce intrinsic tissue characteristics U, U_, U, U _and
Ua which take into account the corresponding skin

Fig. 4 - The Cutometer MPA 580 device. Top: main unit,probe,
connecting tube and computer running theCutometer MPA Q soft-
ware. Bottom: Measuring with theprobe.

thickness Tt in the form of product
U*=Ut

(and analogously for the remaining parameters), as
utilized, e.g., in paper [27]. However, such appro-
ach requires time consuming measurement of skin
thickness. Another possibility which we finally deci-
ded to adopt in this study is to restrictonly to dimen-
sionless parameters defined as
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Fig. 5 - Illustration on the cutometric parameters definition for cutometer in Mode 1. Conceptually the area parameterQ1= (Qe+ Qr)/
QOcorresponds to linear parameter R2= Ua/Uf, the area parameter Q2= Qe/QO0corresponds to linear parameterR7= Ur/Uf, and the area
parameter Q3= Qr/QOcorresponds to the difference R2S R7= (UaS Ur)/Uf.Adapted from [18]

Due to the fractional nature these parameters do
not depend on whether the starred form or the plain
form of the U-parameters is used, since the skin
thickness is eliminatedfrom their definitions.1 An
additional advantage of these parameters lies in the
fact that to the first approximation they should be
independent on the probe aperture size.

There is another suitable choice in introducing area
Q-parameters [18]. They are defined as follows. Let
Q0 be the area of the suction part bounding box
(grey filled area in Fig. 5), let Qe be the elastic re-
covery area (marbled area in Fig. 5), and let Qr be
the viscous recovery area (paper texture filled area
in Fig. 5). Then we define

Q= Qo= QO Q —e

(2)

The Q-family parameters are dimensionless and
more robust than the R-parameters, since they take
into account not only values of final strain but they
also depend on the path of the strain-vs-time curve
within the relaxation period.

1Definitions of other cutometric parameters can be
found in theliterature; worth mentioning are namely
R3and R4related to thelast cycle maximum and mi-
nimum amplitude, respectively, thenparameter R9=
R3 RO, and so called area F-parameters FO throughF4
[18]. All these parameters require repetitions of the
suction-relaxation cycle (conventionally 10 repetiti-
ons) and are not con-sidered in this paper.

At this point it is worth noting that the standard al-
gorithm engaged in determining the inflection points
separating the elastic and viscoelastic segments of
the strain-vs-time curve relies heavily on the expe-
rimental fact that the time Tinfl elapsed from the
instant of under pressure switch-on to attaining the
value of Ue approximately equals to 0.1 s; the same
value is used for separation the elastic and viscoelas-
tic segment of the relaxation part. These inflection
points are denoted in Fig. 5 as Is and Ir, respective-
ly. The above empirical value of time Tinfl (which
corresponds to 10 sampling intervals) is hardwired
in the configuration file of the cutometer software.
Although an experienced user is given an opportuni-
ty to change the value by editing the configuration
file, the basic principle of a constant elasticsegment
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duration still survives. This setup leads to a strong
dependence of all inflection point based dimensio-
nal parameters (i.e., Ue, Uy, and Ur), as well as all
derived dimensionless linear parameters (R5, R6, R7)
on the fixed time Tinfl. Indeed, a subtle perturbation
in the slope of the elastic segment leads either to
mutually compensating underestimation or overesti-
mation of these parameters. As a consequence, the
parameter R2 remains the most reliableand robust
one. Similar considerations apply also for the Q-pa-
rameters. While the values of Q2 and Q3 strongly de-
pendon the position of the inflection point Ir (hence,
on the valueof Tinfl), the value of Q1 is independent
on the empiricalvalue of Tinfl. Similarly, the Q1 pa-
rameter is the most reliableone among the Q-para-
meter family provided the constantelastic segment
duration is used.

In the literature, the parameter R2 is referred to as
the gross-elasticity of the skin (it includes the skin
viscous deformation), and represents the ability of
total redeformation of the skin. The parameter R5
is referred to as netelasticity of the skin (with the
viscous deformation excluded), and it represents the
ratio of ability of immediate retraction tothe abili-
ty of immediate distention. The parameter Ré6 re-
presents the portion of viscoelasticity in the elastic
partof the curve. Finally, the parameter R7 is refe-
rred to as the biological elasticity of the skin, and
it represents the ratio of the ability of immediate
retraction to the ability of final distention. For more
detailed analysis, see [22] and papers cited therein.
To conclude the selection of cutometric parameters
to beanalyzed, we preferentially take the dimensi-
onless parameters R2 and Q1 defined by Egs. (1) and
(2) into account for their independence on the po-
sition of the viscoelastic transition point. In order
to assess the elastic and viscous part separately, we
adopt the area parameters Q2 and Q3 defined by Eq.
(2) because they are superior to the R5, R6, R7 para-
meters in the sense of their greater robustness.

2.4, Data acquisition

The cutometer was operated in Mode 1 in all patients
under the following controlled conditions: the probe
aperture of 2 mm, constant suction underpressure
of 450 mbar, equal suction and relaxation phases of
2 s each. Until July 2012, the default number of ten
cycle repetitions has been used, which resulted in
total measurement duration 40 s. As of August 2012,
the number of repetitions has been reduced to 4 be-
cause none repetition-dependent parameters (such
as R3, R4 and R9 or area F-parameters) have been
taken into account. This adjustment shortened a sin-
gle site measurement down to 16 s without having
effect on the results. The measurements were per-
formed on each patient at the same daytime, in the
same examination room with controlled room tem-
perature within 22-24 °C and air relative humidity
of 50%+10 %. Measured sites were shaved to prevent

penetration of hairs into the probe aperture. All pa-
tients were accustomed to the ambient temperatu-
re, had been inactive for period of 15 min, and were
always examined in the same position with limbs res-
ted. The cutometer was regularly calibrated again-
st the etalon supplied along with the device. The
aperture was cleaned if necessary followingthe ma-
nufacturer instructions [18].

The examined areas were (1) scars following surgical
treatment using STSG in combination with APC, (2)
scars following surgical treatment using STSG only,
and (3) normal skin areas in the contralateral or ad-
jacent location (or otherwise best-matched site) to
the scars, which acted as the control. All measure-
ments were always carried out by the same physician
to avoid introducing various kinds of errors caused
by the probe operator. Prior to examination, a digital
photo of the measured site was taken.

Since the burn scars are planar, usually having an
irregular shape and in homogeneous surface, the
measurements were performed in four different re-
presentative points of a scar in each patient in order
to collect sufficient amount of data characterizing
the scar viscoelastic properties in its entirety. For
this purpose, as the first step, a ‘“site map”’ was pre-
pared in the form of a transparent foil placed on the
scar area, while the scar borders were marked using
indelible marker as shown in Fig. 6. Consequent-
ly, four quadrants were identified in the site map,
and one measuring point was chosen in the centre
of each quadrant. These site maps were filed and
served as a guarantee for exact match of sites and
reproducibility ofmeasurements.

Total number of 418 curves was measured, of which
24 were excluded because of poor quality of measu-
rement. Although the reasons of such flaws have not
been explicitly examined, we are inclined to ascri-
be them to the most plausible sources - mostly to
air leaks around the probe aperture and to soaking
up a hair remnants that escaped being shaved into
the probe aperture, which resulted in confusion of
the measuring optical system. Thus, a net total of
394 curves entered processing and statistical analy-
sis. Examples of both eligible and flawed curves are
shown in Fig. 7.

2.5. Data processing and statistical analysis

All measured strain-vs-time curves acquired in the
course of study were in the form of DBF and XLS fi-
les transferred from the control PC to another com-
puter. Consequently, they were categorized by pa-
tient identification, by post-surgery month, and by
treatment (STSG only scars, STSG + APC scars, and
normal skin areas). The algorithm utilized by the
original software to compute cutometric parameters
from the curves was reimplemented under system
Mathematica® (see, e.g., [28]).

- 56 -



SBORNIK VYBRANYCH IMPAKTOVANYCH PRACI ZA ROK 2013

SBORNIK VYBRANYCH IMPAKTOVANYCH PRACI ZA ROK 2013

Fig. 6 - Using transparent foil map for exact measurementsite
reproducibility.

Measured values of cutometric parameters R2, Q1,
Q2 and Q3 were grouped as follows.2 Values for each
parameter wereplaced into a sample labelled with a
specific post-surgerymonth (PSM 1, 3, 6 and 12) and
treatment type/control (STSG + APC, STSG only, and
Normal skin) regardless of the patient identification.
Thus, total of 12 samples reflecting all possible com-
binations of post surgery month and type of surgery
were formed. These 12 samples were subjected to
statistical treatment under the Mathematica® sys-
tem. However, before any statistical calculations
were commenced, an unabridged catalogue of all
cutometric strain-vs-time curves had been genera-
ted for the purpose of exclusion of all corrupted cur-
ves as described in the previous section (see also Fig.
7), having left net total of 394 curves to be subject
to statistics.

Fig. 7 - (a) Example of eligible cutometric curve with 10 repe-
titions. (b) Example of eligible cutometric curve with 4repetiti-
ons. (c) Example of cutometric curve corrupted presumably by
air leakage around the probe aperture. (d) Example of cutometric
curve corrupted presumably by inadvertent penetration of hair
remnants into the probe aperture. All 24 cases similar to those in
the bottom rows were expunged from the set of eligible curves.

2 See the discussion on parameter selection
in Section 2.3.

For the purposes of descriptive statistics, box-and-
-whis-kers chart was chosen for its ability to provide
comprehensive graphical overview of the basic stati-
stical quantities superior to tabular form (descripti-
on of basic box-and-whiskers chartanatomy is given
in the caption of Fig. 8). The inferential statistical
analysis was carried out using multiple comparis-
on tests, both parametric and non-parametric. The
former which tested the hypothesis concerning the
equality of all 12 means was one-way ANOVA follo-
wed by post hoc analysis in the form of Tukey test,
the latter which tested the hypothesis concerning
the equality of all 12 medians was Kruskal-Wallis test
followed by post hoc analysis in the formof Bonferro-
ni test [29]. Significance level of 5 % was adopted.
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Fig. 8 - Top: Box-and-whisker chart for cutometric parameter R2. Bottom: Box-and-whisker chart for cutometric parameter Q1. In each
of four post-surgery months 1, 3, 6 and 12, cutometric measurements of viscoelastic properties (includingparameters R2 and Q1) were
carried out on three groups of scars: those treated with combination STSG only, STSG + APC, and control group with normal skin sites.
For all resulting 12 samples the box-and-whisker charts were constructed as shown. The upper and lower sides of black boxes mark
the upper and lower quartiles, respectively. The upper and lowerfences ending the whiskers mark maximum and minimum values,
respectively (outliers, if any, are marked by grey dots). White horizontal lines in the narrowest places of the boxes mark median, the
light grey notches mark the median confidence intervals. White circled crosshairs mark the location of means, and vertical dimension
of the dark grey diamonds centred on crosshairs mark the mean confidence interval. The respective sample sizes are marked by the

numbers above the time axis ticks.

Finally, best fits to cutometric data as a function
of time were calculated using nonlinear regression
(gradient descendalgorithm) for parameters R2, Qf1,
Q2 and Q3 in both treatmentmodes STSG + APC and
STSG only, as well as normal skin. The model depen-
dence was considered in the form

p(t) = p,- p,e™, (3)

where p(t) stands for the value of any cutometric
parameter at time t, ps is its limit steady-state value
(to which the parametervalue converges for large t),
pd is the difference between the steady-state and
initial (t = 0) values, and k can be referred to as
a ‘“‘recovery constant” related to a more suitable
characteristics of the decay - the recovery halftime
T1/2- by the formula

0.693
12 k

The meaning of the halftime is that its every elapse
reduces the difference between the steady state va-
lue and an immediate value in half.3 Naturally, the
model cannot be interpreted literally for time be-
tween t = 0 (surgery day) and t = 1 (the first post-sur-
gery month). On the other hand, within the interval
of measuring (starting from the first post-surgery
month) it is capable to reflect the real progress of
healing process reasonably. Typical behaviour of the
model function is depicted in Fig. 11.

3 The exponential formula (3) is characteristic of a
broad class of natural processes which are gradua-
lly steered to a steady, plateau state.

3. RESULTS

The results of descriptive statistics are diagramma-
tically shown in Figs. 8-12. In Fig. 8, three types of
behaviour can be observed for both parameters R2
and Q1: (1) In the post-surgery month 1 both kinds
of treatment and the normal skin boxes differ from
each other. The means and medians of STSG -+ APC
and STSG only treated scars are relatively close, but
very distinct from the mean and median of the con-
trol box constructed from normal skin data. While
the STSG + APC treated scars have the mean greater
than the median (the distribution has some exce-
ssive higher values that drag the mean up above the
median), the opposite applies for there maining two
distributions. (2) In the post-surgery month 3 the
STSG + APC treated scars and control normal skin
show similar means and medians, but those of the
STSG only treated scars seem to be in a somewhat
lower position. All means arebelow medians, sugges-
ting occurrence of some isolated distinctly lower
values. (3) In the post-surgery months 6 and 12, a
steady state seems to be achieved, neither means
nor medians markedly differ from each other.
Cutometric parameters Q2 and Q3 charted in Fig. 9
show similar, but more chaotic behaviour. The main
distinction lies in completely different behaviour in
the first post-surgery month. While the parameter
Q2 has all three medians unequaland rising in the
sequence STSG + APC, STSG only, and normal skin,
the parameter Q3 has medians (and means) equal
for STSG + APC and normal skin, but with distinctly
different STSG only median and mean, similarly to
R2 and Q1 cases. The Q2 means of STSG + APC and
STSG only are very close but distinctly lower than
normal skin mean.

Inferential statistical analysis, both parametric
(one-way ANOVA applied to 12 samples combining
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Fig. 9 - Top: Box-and-whisker chart for cutometric parameter Q2. Bottom: Box-and-whisker chart for cutometric parameterQ3. See also

detailed description in Fig. 8 caption.
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various combinations of 4 post-surgery months and
3 treatments including control normal skin) and non-
parametric (Kruskal-Wallis test applied to the same
samples), rejected at the 5% significance level the
null hypothesis that the means (medians) are equal.
This was obtained for all parameters with the ex-
ception of Q2, where only median comparison test
(Kruskal-Wallis test) rejected the null hypothesis.
The respective p-values are listed in Table 2. Sub-
sequent post hoc analyses detected 5, 2, none, and
5 significantly different pairs using the Tukey post
ANOVA test, and 6, 3, none, and 5 significantly dif-
ferent pairs using the Bonferroni post Kruskal-Wallis
test for parameters R2, Q1, Q2 and Q3, respective-
ly. And most importantly, the “worst offenders” of
rejection were detected: for parameter R2, all 11
pairs (5 coming from ANOVA, 6 from Kruskal-Wallis
test) had the sample STSG only in PSM 1 as a mem-
ber.

Table 2 - p-Values for multiple comparison statistical tests. The
sole value above the adopted significance level 0.05 is highligh-

ted.

Parameter One-wayANOVA Kruskal-Wallis
R2 0.0055 0.0021

Q1 0.0073 0.0034

Q2 0.14 0.038

Q3 0.00063 0.00019

Similarly for parameter Q1, all 5 pairs (2 coming
from ANOVA, 3 from Kruskal-Wallis test) had the
same sample STSG only in PSM 1 as a member. In
parameter Q2, no significantly differing pairs were
detected by post hoc tests despite the fact that the
Kruskal-Wallis test rejected the null hypothesis that
the medians are equal. Finally, for parameter Q3,
all 10 pairs (5 coming from ANOVA, 5 from Kruskal-
Wallis test) had the sample STSG only in PSM 1 as a
member. All these figures are diagrammatically pre-
sented in Fig. 10.

STSG+APC
PSM 12 STSG only

Normal skin

PSM 1
STSG+APC STSGonly Normal skin

STSG+APC
STSGonly PSM 3

Normal skin

STSG+APC STSGonly Normal skin
PSM 6

PSM 1
STSG+APC STSG only Normal skin

STSG+APC ’,'
PSM 12 STSG only

. -
Normal skin

STSG+APC
STSGonly PSM 3

Normal skin

STSG+APC STSGonly Normal skin
PSM 6

PSM 1
STSG+APC STSGonly Normal skin

STSG+APC
PSM 12 STSG only

Normal skin

STSG+APC

STSGonly PSM 3

Normal skin

STSG+APC STSGonly Normal skin
PSM 6

Fig. 10 - Results of post hoc analysis for parametric testing for cutometric parameters (a) R2, (b) Q1, and (c) Q3. Solid lines connect
samples that significantly differ in ANOVA post hoc test (Tukey test), dashed lines connect samples that significantly differ in Kruskal-

Wallis post hoc test (Bonferroni test).
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Fig. 11 - Left column from top (a, c, e): Exponential recovery model fits of the cutometric parameter R2 time dependence for STSG
+ APC, STSG only, and normal skin, respectively. Right column from top (b, d, f): Exponential recovery model fits of the cutometric
parameter Q1 time dependence for STSG + APC, STSG only, and normal skin, respectively. The light grey bar defines the confidence
interval at confidence level 95 %. The initial part of the model curve between zero and the first post-surgery month is removed due to
unacceptability (or at least poor descriptive ability) of the model function within this interval (cf. end of Section 2.5).

The above statistical results suggest that the the pa-
rameters R2, Q1 and Q3 can be convicted from being
significantly worse for the scars treated with STSG
only in the first post-surgery month than the remai-
ning ones.

The results of the exponential recovery model regre-
ssionare depicted in Fig. 11 for parameters R2, Q1
and in Fig. 12 for parameters Q2, Q3. Each plot con-
tains distributions of cutometric parameters (in dark
grey), the model curve (in bold black), confidence
interval (in light grey) for the mean calculated from
post-surgery months that belong to the steady-sta-
te portion of the model curve (confidence level 95
% was adopted), the value of halftime T1/2, and
numerically expressed Eq. (3), the leading number

expressing the steady-state cutometric parameter
value.

The plots presented in Fig. 11 for parameters R2
and Q1 area like and convincingly demonstrate fast
onset of the APC healing effect in the initial phase
shortly after the surgery in comparison with STSG
only treatment, in addition to the standard statisti-
cal approach elaborated above in this section. While
the confidence interval strip is reached by the STSG
only curve between roughly 4th and 5th PSM, the
same is achieved for the STSG + APC combination
shortly after the first PSM. It is interesting that the
normal skin curve has an opposite, slightly upward
bent initial part. A possible explanation of this phe-
nomenon is given at the end of Section 4 below. All
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Fig. 12 - Left column from top (a, c, e): Exponential recovery model fits of the cutometric parameter Q2 time dependence for STSG
t APC, STSG only, and normal skin, respectively. Right column from top (b, d, f): Exponential recovery model fits of the cutometric
parameter Q3 time dependence for STSG t APC, STSG only, and normal skin, respectively. The light grey bar defines the confidence
interval at confidence level 95 %. The initial part of the model curve between zero and the first postsurgery month is removed due to
unacceptability (or at least poor descriptive ability) of the model function within this interval (cf. end of Section 2.5).

three curves eventually converge to approximately
common steadystate values o_200.77 and o_120.71.
Using the APC reduces the recovery halftime roughly
by one order, from about 2 to 3 months to about a
quarter of month. It should be pointed out that the
cutometric parameters for which such a behaviour is
valid are of gross-elasticity type, hence not affected
by cutometric curve inflection point (see discussion
in Section 2.3). The results presented in Fig. 12 for
parameters Q2, Q3 do not sound so convincing, but
at least for the parameter Q3, a behaviour similar to
that observed for the gross-elasticity type parame-
ters occurs, i.e., STSG + APC healed scars recover to
the steady-state value about o_3 ©0.28 much more

rapidly than STSG only healed scars (with halftime
about 3-4x smaller). The parameter Q2 does not fit
in the remaining parameters behaviour, displaying
virtually the same recovery halftimes in both for
STSG + APC and STSG only treatment. Nevertheless,
the exception of common steady-state value about
o_200.42 can also be observed.

We can generalize that APC accelerates reaching a
steadyplateau for gross elasticity cutometric para-
meters R2, Q1, andfor pure viscous portion reflecti-
ng parameter Q3 in the earlystages after surgery. On
the contrary, the APC-inducedimprovement of para-
meter Q2 (closely related to biologicalelasticity R7)
remains negligible and insignificant.
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4. DISCUSSION

Continual advances in bioengineering methods has
increasingly allowed modulation of wound healing
and the resultant scars. Autologous platelet concen-
trate has been used for about two decades in diverse
surgical fields to improve wound healingand tissue
repair. In this study, autologous platelet concent-
rate has been advocated to enhance scarring after
surgical treatment of non-healing deep dermal and
full thickness burns. For objective evaluation of the
development of scar viskoelasticity in the course of
two year period, the Cutometer MPA 580 devicewas
engaged. This simple but useful bioengineering me-
thod enabled fast and reliable routine assessment of
the skin viscoelastic properties. Using this method
the presented study has objectively demonstrated
that the viscoelastic properties of skin areas treated
with STSG + APC combination return more rapidly to
the viscoelastic properties of normal skin than those
treated with STSG only, particularly in the early pha-
ses shortly after the APC application.

Despite of the small size of experimental material
the statistically significant results were obtained for
the parameters R2, Q1 (skin gross elasticity) and Q3
expressing the pureviscous portion of skin retracta-
bility. This significance was not seen with the Q2 pa-
rameter (pure elastic portion of skin retractability).
As already mentioned in Section 2.3, we areinclined
to blame such incompatible behaviour on presumpti-
vely incorrect definition of the inflection point on
the strain-vs-time curves, which can consequently
spoil the values of parameters dependent on its co-
rrect position. However, it is too early for such a
complex issue to be judged.

We are aware of limitations of this study, namely
small number of patients, lack of experiences with
applications of autologous platelet concentrate in
deep burns and still insufficient number of publica-
tions dealing with the scarring processes after APC
application. Also the way of determining the cuto-
metric parameters from the strain-vs-time curves
should be revised in the sense described in the previ-
ous paragraph.The factor behind the slight decrease
in time of normal skin parameters R2, Q1 and Q2,
and slight increase of normal skin parameter Q3 in
time remains unknown to the authors. For now we
will content ourselves with ascription it to statistical
fluctuations. However, a plausible explanation could
be based on the changing age of the patients en-
tering respective post-surgery months [30,27]. The
factors may be subject to investigation in future stu-
dies.

5. CONCLUSION

The findings of this study objectively indicate that
the combination of STSG + APC in the surgery of full-
-thickness and non-healing deep dermal burns redu-
ces the time of scar viscoelastic properties recovery
to those of normal skin, as compared with applicati-

on of the sole STSG. This was statistically significant
for cutometric parameters R2 and Q1 expressing the
gross elasticity of the skin, and parameter Q3 expre-
ssing the pure viscous portion of skin retractability.
Based on the results of the statistical analysis, pa-
rameters R2, Q1 and Q3 showed statistically signifi-
cantly improved visco-elastic properties of scars in
early phases (up to a few months) after the surgery.
An alternate wording of the results is that using the
autologous platelet concentrate reduces the gross-
-elasticity and pure viscous recovery halftime rough-
ly by one order.

However, future studies are necessary to complete
under-standing of the role played by APC in accele-
ration of recoveryin deep burns scars healing.
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ABSTRACT

Objectives

To analyze the pH-monitoring records of patients
with suspected extraesophageal reflux (EER) using
three different parameters (number of refluxes
(NOR), acid exposure time (AET) and reflux area in-
dex (RAI)), with a view to determining which type
of analysis is best at selecting the patients who will
respond to a proton pump inhibitor (PPI).

Methods

Demographic data were obtained and the level of
the complaint was assessed using the Visual Analo-
gue Scale. A dual probe pH-monitoring study was
conducted. NOR greater than six, AET more than
0.1% and RAI higher than 6.3mpH were taken to be
the thresholds for EER. Subsequently the response to
12 weeks PPI trial was analyzed.

Results

A total of 81 patients were analyzed. The percen-
tages of patients with substantial EER based on NOR,
AET and RAIl were 36%, 28% and 26% respectively.
Statistically significant, often positive PPI trials were
confirmed in the group identified as having substan-
tial EER using all three types of analysis. When using
AET and RAI, the significance was more pronounced
(p = 0.012 and p = 0.013 respectively) in comparison
with NOR (p = 0.033).

Conclusions

Patients with EER diagnosed using AET or RAI will re-
spond to PPI significantly often.

Key words

gastroesophageal reflux disease, extraesophageal
reflux, pH-monitoring, acid exposure time, reflux
area index, proton pump inhibitors

INTRODUCTION

Ambulatory 24-hour dual probe pH-monitoring re-
mains a widely used diagnostic method for detecting
extraesophageal reflux (EER). At present, there is a
substantial consensus regarding the methodology for
this procedure: the upper probe should be placed
above the level of the upper esophageal sphincter
(UES) [1]. However, there is still a lack of consensus
regarding the interpretation of the data recorded,
and physicians continue to argue about what con-
stitutes “normal” and what constitutes pathological
EER for most patients. Currently, there are three
basic parameters being used for data analysis: num-
ber of refluxes (NOR), acid exposure time (AET) and
reflux area index (RAI) (Figure 1) [2, 3]. NOR is the
sum of all reflux episodes per 24 hours, regardless
of their duration and the pH level reached. AET, also
sometimes called fraction time, is the percentage
of time during the study (usually 24 hours) when the
pH is below 4.0. This parameter reflects the severi-
ty of EER more objectively. Reflux Area (RA) is the
sum of the area under the curve for all episodes of
pH<4.0 recorded during the study in units of Ph*mi-
nutes (mpH). The RAl is the RA corrected for the du-
ration of the study. RAI takes into consideration not
only the AET but also the level of pH decline and is
currently considered the most accurate parameter
for measuring the severity of EER (Figure 1) [2, 3].
Every physician who has evaluated recorded pH-
-monitoring data is familiar with the fact that re-
sults may vary with the parameter used for analysis.
The question then becomes which parameter is the
most precise and best correlates with the respon-
se to proton pump inhibitors (PPl). The aim of the
present study was to analyze the pH-monitoring re-
cords of patients examined for suspected EER using
these three different parameters, compare the re-
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Table 1 Characteristics of the study group

i ey episade 2 episode 3
Patients n = 81
sy Mean age 50 years (SD+ 14)
7] Sex 31 male, 50 female
* BMI 27,29 (SD = 5.33)
il = s fime Smokers n=14 (17.3%
= Voice professionals n =21 (25.9%)
po Bronchial asthma n =15 (18.5%)
1 -
o dme Tz iimes plaints commonly associated with EER (dysphonia,

Figure 1: Three different parameters used for pH-monitoring data
analysis are compared. There are 3 reflux episodes displayed (epi-
sode 1, episode 2 and episode 3). Acid exposure time is the sum
of time 1, time 2 and time 3. Reflux area index is the sum of cal-
culated a1, a2 and a3 areas.

sults, and determine which parameter was the best
predictor of a positive response to PPl treatment.
To our knowledge, this is the first study to compare
all three of these parameters and thereby attempt
to establish whether using different criteria has any
clinical impact.

MATERIALS AND METHODS

The prospective study was performed in accordance
with the Declaration of Helsinki, the requirements
of good clinical practice and all applicable regula-
tory requirements, and was approved by the Institu-
tional Review Board. Written informed consent was
obtained from all participants before initiating any
procedure.

Outpatients aged 18 to 64 years with the complaints
commonly attributed to EER (dysphonia, globus,
cough and throat cleaning) lasting more than three
months were included in the study, conducted be-
tween January 2010 and June 2011. Both those pa-
tients who had and those who had not been treated
for gastroesophageal reflux disease with a PPl were
included in the study, since this fact has no bearing
on the aim of the study. Patients with acute upper
respiratory infection, oropharyngeal and larynge-
al cancer and patients with other serious illnesses
(e.g. cardiovascular and neurological complaints,
diabetes and other illnesses) were excluded from
the study, because these conditions can significant-
ly aggravate patient complaints. Epidemiologic data
(age, sex, BMI, smoking history, bronchial asthma,
professional use of voice) were obtained via questi-
onnaire, and assessment of the severity of the com-

globus, cough and throat cleaning) was done using
the visual analogue scale (VAS). Reflux Finding Sco-
res (RFS) were assessed using rigid videolaryngosco-
py to determine the level of the laryngeal signs of
EER. Afterwards, an ambulatory 24-hour dual probe
pH-monitoring study was conducted. A digitrapper
pH400 device (Alpine Biomed, Denmark, 2007) with
double probes with a fixed distance of 15 cm was
used. The proximal sensor was placed immediately
above the UES using flexible laryngoscopic guidance
(Smit technique). The data recorded were analyzed
using GastroTrackTM software (Alpine Biomed, Den-
mark, 2007). Upper probe events with pH < 4.0 were
only accepted as EER events when Postma’s criteria
(the pH decreases to less than 4; the pharyngeal pH
drops during or immediately after distal esophage-
al acid exposure; the pH drop does not occur du-
ring an episode of eating; the proximal sensor pH
drop is rapid and sharp, not gradual) were met [1].
NOR, AET and RAI were assessed. NOR greater than
six, AET greater than 0.1% and RAI higher than 6.3
mpH were considered the thresholds for substantial
EER [3, 4, 5, 6]. Subsequently, all patients were put
on a PPl (30 mg lansoprasol) twice a day for twel-
ve weeks and were assessed using VAS at the end
of this period to ascertain whether their symptoms
(dysphonia, globus, cough and throat cleaning) had
completely vanished, been relieved or persisted. A
drop of at least 3 points in the 10-point VAS, as com-
pared to the VAS value assessed before the PPI trial,
was taken to indicate a relief of symptoms, while
a decrease of two or less was taken to indicate the
persistence of symptoms. A two-sample t-test and
Fischer’s exact test were used to assess differences
in RFS and responses to the PPI trial between the
groups analyzed. Stata software (version 10) was
used for all statistical calculations.

Table 2 Number (N) and percentage (%) of patients diagnosed with EER (EER+) using three different parame-
ters of pH monitoring analysis (NOR - number of refluxes, AET - acid exposure time, RAI - reflux area index)

Parameter EER + (N) EER + (%) EER - (N) EER - (%)
NOR 29 35,80 52 64,20
AET 23 28,40 58 71,60
RAI 21 24,93 60 75,07
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RESULTS

A total of 90 patients were recruited for the stu-
dy, nine of whom were excluded from the statistical
analysis (five did not tolerate a catheter and four did
not come to the last session). A total of 81 patients
(31 men, 50 women, mean age 50, SD+ 14) were ana-
lyzed (Table 1).

The percentages of patients with substantial EER ba-
sed on NOR, AET and RAIl were 36% (29 patients),
28% (23 patients) and 26% (21 patients) respectively
(Table 2).

Statistically significant higher RFS was confirmed in
the group with substantial EER in comparison to the
group determined not to have EER using all three
types (NOR, AET and RAl) of analysis (p = 0.0166, p =
0.0071 and p = 0.0007 respectively) (Table 3).
Statistically significant, often positive PPI trials in
the group with substantial EER in comparison to the
group without EER as determined using all types of
analysis (NOR, AET and RAI) was confirmed as well (p
=0.033, p =0.012 and p = 0.013 respectively (Table
4).

Table 3 Average Reflux Finding Score (RFS) and its
standard deviation (SD) in group of patients with
extraesophageal reflux confirmed by pH-monitoring
(EER +) and group of patients without EER (EER -)
using three different parameters (NOR - number of
refluxes, AET - acid exposure time, RAI - reflux area
index). The two sample t-test was for statistical ana-
lysis of differences between the EER + and the EER
- group.

Parameter EER + EER - p

NOR 8.00 +3.10 | 6.31 +2.67 0,0166
AET 7.93+2.65 | 6.15+2.83 0,0071
RAI 8.57 +3.00 | 6.16 +2.59 0,0007

Table 4 Number of patients with a positive therapeu-
tic trial (TT +) and a negative therapeutic trial (TT
-) in group of patients with extraesophageal reflux
confirmed by pH-monitoring (EER +) and without EER
(EER -) using three different parameters (NOR - num-
ber of refluxes, AET - acid exposure time, RAI - reflux
area index). Fischer’s exact test was used for stati-
stical analysis of differences between the EER + and
the EER - group.

EER + EER - p
Parameter
TT+ | TT- | TT+ | TT-
NOR 25 4 30 22 10.033
AET 20 3 35 23 10.012
RAI 19 2 36 24 10.013
DISCUSSION

Diagnosing EER and establishing its involvement in
patient problems continues to be a challenging and
controversial business. This has to do with the com-

plicated pathophysiology of EER and the fact that
EER symptoms are nonspecific and vary over time,
and moreover with the fact that different patients
evince different sensitivities to reflux [1]. The lack
of diagnostic criteria for EER and inconsistency in
the response to therapy is a source of frustration
to many physicians. There is as yet no clear answer
to that most important of questions: “Which pati-
ents will respond to treatment?” Nevertheless, EER
causes very real problems and affects hundreds of
thousands of patients annually. It is estimated that
up to 10-15% of all visits to otolaryngology offices are
prompted by manifestations of EER [7].

Ambulatory 24-hour dual probe pH-monitoring for
the detection of EER was introduced by Wiener et
al. in 1989 [8]. The methodology involved was refi-
ned over the years, and over the last two decades
the technique has come to be widely used for the
diagnosis of EER. At present, there is a substantial
consensus regarding the methodology for this pro-
cedure: the upper probe should be placed above the
level of the UES. This can be achieved using direct
laryngoscopy guidance (Smit technique), or else the
position of the UES can be ascertained using mano-
metry [1, 2, 3, 9].

The role of pH-monitoring in the examination of pa-
tients with suspected EER continues to be a conten-
tious issue. Authors who argue that pH testing should
be preceded by a PPI trial make a point of stressing
inconsistencies in interpretation criteria and unreli-
ability in predicting the response to therapy [9]. On
the opposing side, authors who advocate pH testing
before a PPI trial point out the overuse of PPI, its ad-
verse effects (hip fractures, enteritis, anaphylactic
reaction, among others), the rebound phenomenon
when medication is stopped and the economic im-
pact [10, 11]. Moreover, meta-analysis involving over
790 extraesophageal pH reports in 16 studies over
a period of 12 years confirmed that the aggregate
number of reflux episodes and the percentage of AET
were both significantly greater in persons with EER
than in controls [12]. Thus, hypopharyngeal pH-mo-
nitoring does appear to be capable of distinguishing
persons with EER from normal controls [11,12].

The dispute over whether pH-monitoring or a PPI
trial should be used as a first intervention in pati-
ents with suspected EER is fuelled by differences in
the definitions of physiological and pathological EER
adopted by different authors. Some authors consider
any pharyngeal reflux abnormal, while others report
small amounts of pharyngeal reflux in healthy indi-
viduals and consider a small number of EER reflu-
xes (most often three to six refluxes) a threshold for
pathological EER [1, 4, 5, 6]. Moreover, NOR does not
seem to be the best parameter for analysis, because
the length and severity of individual EER episodes
varies significantly. As a result, two other parame-
ters are currently being used for the analysis of pH-
-monitoring records: AET and RAIl. RAIl is currently
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considered the most accurate parameter as it takes
into account the severity of the reflux episode, not
just its duration (Figure 1) [3].

In the present study, the data recorded during pH-
-monitoring were analyzed using all three criteria
(NOR, AET and RAI). We did not find any studies in
the world literature that compared all three crite-
ria. Our results indicate that AET and RAI are similar
parameters, and that pathological EER is diagnosed
in 28% and 26% of patients respectively using these
methods. They are more specific and less sensitive
in comparison to NOR. Using NOR, pathological EER
was diagnosed in 36% of patients. The response to
the PPl was significantly higher in patients diagno-
sed with pathological EER using all three types of
analysis. However, when AET and RAI were used, the
significance was more pronounced (p = 0.012 and p
= 0.013 respectively) than when NOR was used (p =
0.033). In practice this means that if we use more
specific types of analysis (AET or RAI) we will dia-
gnose fewer patients with pathological EER, but a
higher proportion of diagnosed patients will respond
to PPI treatment. This result supports the assertion
that the response to a PPl can be predicted by the
result of pH testing and that the stricter the criteria
adopted for pathological EER, the greater the num-
ber of patients responding to PPl treatment.

Similar conclusions can be reached by examining the
details of the study published by Hartman [13]. He
analyzed five randomized placebo controlled trials
which tracked the response to a PPl in patients with
suspected EER [13]. In two of them, the effect of
the PPI was significantly higher as compared to the
placebo, and in one the PPI was reported as possibly
having an effect [14, 15, 16]. In two other studies,
the effect of PPl as compared to the placebo was not
confirmed [17, 18]. When we look at these studies
closely, a very important fact emerges. In all studies
which showed a significant effect of PPl in compari-
son to the placebo, the diagnosis of EER was arrived
at by pH-monitoring, and patients were assigned
to the EER group accordingly [14, 15, 16]. And con-
versely, in studies which did not show a significant
effect of PPl as compared to the placebo, patients
were assigned to the EER group only according to
their symptoms and/or signs [17, 18]. Therefore, it
can be assumed that in studies which assigned pati-
ents to EER groups without pH testing, more patients
believed to have EER suffered from non-EER laryn-
gitis. This also explains why the effect of PPl in the
EER group as compared with the non-EER group did
not differ in these studies.

The same result was arrived at in our previous stu-
dy of patients with globus pharyngeus. In the group
of patients with globus pharyngeus and pathological
EER as confirmed by pH-monitoring, the response
to the PPI was significantly higher than in the group
of patients with globus pharyngeus but without EER
[19].

Even if the use of more specific criteria for the dia-
gnosis of EER improves the practical outcome of pH-
-monitoring, one has to be aware of the limits of
this technique [11]. Hence RFS, designed by Belafsky
et al., is recommended as an important part of the
examination of patients with suspected EER, to be
used as an adjunct to pH testing [11]. RFS has displa-
yed excellent inter- and intra-rater reproducibility
[20]. But RFS alone is also limited in specificity be-
cause inflammatory changes of the larynx can have
many other causes (tobacco, environmental pollu-
tants, infection, excessive voice use, allergy). Thus,
laryngoscopy alone cannot be relied upon to make
a diagnosis of EER either, and the combination of la-
ryngoscopy and dual-probe pH testing seems to be
of much higher diagnostic sensitivity and specificity
for EER [11]. Oelschlager et al. reported that 88% of
persons with an abnormal RFS and an abnormal pha-
ryngeal pH test improved with anti-reflux therapy, as
compared with just 44% of persons with an abnormal
pH test but normal RFS [21]. This result strongly in-
dicates that the combination of both diagnostic tools
offers the best opportunity to accurately secure the
diagnosis of EER and reliably predict the response to
anti-reflux therapy.

An additional result of our study was that the sound
diagnostic value of RFS was confirmed. RFS was sig-
nificantly higher in groups of patients with patholo-
gical EER diagnosed using all three types of analysis.
Moreover, using AET and RAI, which were confirmed
to be more specific criteria for the diagnosis of EER,
the significance was more pronounced (p = 0.0071
and p = 0.0007 respectively) in comparison with NOR
(p = 0.0166).

New devices for the detection of EER - Multichannel
Intraluminal Impedance (MIl) testing and oropha-
ryngeal pH testing using a RestechTM device - have
emerged recently. The main advantage of MIl tes-
ting is the ability to detect weakly acidic and al-
kaline EER episodes. Over the past few years, the
device has been used primarily for the examination
of impedance below the UES. Normative data for
pharyngeal probes have only recently been supplied,
by Hoppo et al [22]. The authors conclude that EER
episodes are very rare in asymptomatic populations
[22]. The RestechTM device for the examination of
oropharyngeal pH is very sensitive and the examina-
tion is well tolerated by patients. Normative data
have been available from several recent studies [23,
24, 25, 26]. It is very important to keep in mind that
even if these new devices seem to be better in terms
of their sensitivity to EER, they will raise exactly the
same questions as dual probe pH testing has over the
past two decades. Most of these have been discussed
and summarized in this article, along with some new
perspectives afforded by the results of our study.
The most important objective of all methods devised
to measure oro- and hypopharyngeal pH is to verify
given normative data for different groups of patients
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and to determine if the results of these tests can
predict the response to anti-reflux therapy.

CONCLUSIONS

When using AET and RAIl in the diagnosis of EER, the
significance was more pronounced in comparison
with NOR. Using these types of analysis (AET or RAI)
we will be able to identify the patients who will re-
spond to PPl treatment.
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ABSTRACT

Objective: To evaluate the use of flexible esopha-
goscopy and chromoendoscopy with Lugol’s solution
in the detection of early esophageal carcinomas (se-
cond primary carcinomas) in patients with squamous
cell carcinoma of the head and neck (HNSCC).
Methods: All patients with newly diagnosed HNSCC
underwent office-based Lugol chromoendoscopy.
After flexible esophagoscopy with white light, 3.0%
Lugol iodine solution was sprayed over the entire
esophageal mucosa. Areas with less-intense staining
(LVLs) were evaluated and biopsies taken.

Results: 132 patients with HNSCC were enrolled in
this study. The most frequent primary tumors were
oropharyngeal (49/132), tumors of the oral cavity
(36/132) and larynx (35/132). The majority of sub-
jects (107/132 patients, 81.1%) had advanced HNSCC
carcinomas (stages lll and IV). Multiple LVLs were
discovered in 24 subjects (18.2%), and no LVLs in
108 (81.8%) subjects. Fifty-five LVL biopsy specimens
were obtained and assessed. Squamous cell carcino-
mas were detected in two patients, peptic esophagi-
tis in 11 patients, gastric heterotopic mucosa in two
patients, hyperplasia in two patients, and low- and
high-grade dysplasia in three patients.

Conclusions: Although only two patients with syn-
chronous primary carcinomas were found among the
patients, esophagoscopy should be recommended
after detection of HNSCC to exclude secondary eso-
phageal carcinoma or dysplasia.

The study was registered at ClinicalTrials.gov and
has this ID: NCT01783158

Key words:

head and neck carcinoma, chromoendoscopy, Lugo-
I’s solution, esophageal carcinoma, synchronous tu-
mors, deglutition, deglutition disorders

INTRODUCTION

Patients with squamous cell carcinomas of the head
and neck (HNSCC) region show a predisposition to
developing second primary squamous cell carcino-
mas in the aerodigestive tract [1-3]. While the risk of
the existence of a second primary tumor in another
area of the head or neck varies from 16% to 36%, the
incidence of esophageal squamous cell carcinoma
(SESCC) in patients with HNSCC varies from 1% to
17% [3,4].

Due to the aggressive nature of esophageal can-
cer and advanced disease at the time of diagnos-
is, the prognosis of esophageal cancer is generally
poor [3,5,6]. Therefore, the identification of early
esophageal lesions localized and limited only to the
mucosa and submucosa may enhance the cure rate
for patients with HNSCC [1,7,8,9,10,12]. Moreover,
these esophageal lesions can potentially be comple-
tely removed by endoscopic mucosal resection [ 7,
8, 10, 11].

Early SESCC is diagnosed almost exclusively by en-
doscopic methods [11,12]. In contrast to standard
white light esophagoscopy, which simply observes
the macroscopic appearance of mucosal lesions wi-
thout any enhancement, chromoendoscopy (Lugol’s
solution chromoendoscopy or methylene blue con-
tact endoscopy) and “electronic chromoendoscopy”
(autofluorescence or narrow band imaging) enable
detection of lesions that are not otherwise visible.
These methods can be used to accurately assess
the extent of the lesions [13-18]. Chromoendoscopy
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Figure 1

Localization of primary HNSCC in patients screened for the pre-
sence of synchronous esophageal pathology by chromoendoscopy.
with Lugol’s solution can visualize suspicious areas,
called Lugol-voiding lesions (LVLs, also known as Lu-
gol unstained lesions), and thus detect dysplasias/
SCCs that are not normally visible [1,3,10,17,19,20].
The aim of this prospective study was to define the
benefits of flexible esophagoscopy with chromoen-
doscopy in the detection of early esophageal carci-
nomas (second primary carcinomas) in patients with
HNSCC. To do so, we used chromoendoscopy with
Lugol’s solution.

Table 1
Histopathological diagnosis of mucosal biopsies.

Pathology

High-grade dysplasia

N
Squamous cell carcinoma 2
1
2

Low-grade dysplasia

Peptic esophagitis 10

Gastric heterotopic mucosa

Hyperplasia

Acanthosis

2
2
Hyperkeratosis 1
1
3

Normal mucosa
Total 24

MATERIAL AND METHODS

Study design

The study was approved by the Institutional Ethics
Committee and performed in accordance with the
Declaration of Helsinki, good clinical practice, and
applicable regulatory requirements. Informed wri-
tten consent was obtained from all participants or
a legal representative before initiation of any pro-
cedure.

A total of 132 patients with newly diagnosed HNSCC
underwent chromoendoscopy with Lugol’s solution
in 2004-2012. Only patients with oral cavity, pha-
ryngeal, and laryngeal carcinomas were included in
this prospective study. Patients with iodine allergy
were excluded from the study. Patient demographic
data were collected, and tumors were staged. The
staging included a complete ENT examination, ultra-

sound and CT scans, and a biopsy of mass lesions.
Additional staging procedures were performed when
necessary. An individual treatment plan was assigned
to each patient after completion of the staging.

Chromoendoscopy

Lugol chromoendoscopy of the esophagus was per-
formed as an outpatient procedure. Participants
were placed in a recumbent position, and a tran-
soral approach was used for the endoscopy. Video
endoscopes were used (models GIFQ140, GIFQ145,
GIFH180, GIFN180, and GIFV2; Olympus Optical
Company, Hamburg, Germany).

During a conventional examination, the unstained
appearance of the esophagus was documented and
the esophagus was evaluated. Then, 15-20 ml of
a 3.0% Lugol iodine solution was sprayed over the
entire esophageal mucosa with a spraying catheter
(Olympus PW-205V), moving from the lower to the
upper esophageal sphincter over the course of 20
seconds. After a 2-minute waiting period, the areas
with less-intense staining were photographed; seve-
ral biopsies were taken from the unstained areas.
Statistical analysis

For statistical analysis of age, sex, and treatment
success, two-sample t-test and Fisher’s exact test
were used. Results were considered to be statistica-
lly significant at p < 0.05.

RESULTS

One hundred and thirty-two subjects with HNSCC
were prospectively enrolled in this study (117 men
and 15 women). The mean age of the cohort was
57.6 years (range 36-78 years).

The most frequent primary tumor site was oropha-
ryngeal (49/132, 37.1%), followed by the oral cavity
(36/132, 27.3%), larynx (35/132, 26.5%), hypopha-
rynx (11/132, 8.3%), and epipharynx (1/132, 0.8%)
(Fig. 1). Only 9.8% of patients had American Joint Co-
mmittee on Cancer (AJCC) stage | disease; 9.1% had
stage Il. The vast majority of the subjects (107/132,
81.1%) and advanced carcinomas: stages Ill and IV
(Figs. 2 and 3). Seventy-eight patients reported se-
vere deglutition problems at the time of the HNSCC
diagnosis. It was not possible to distinguish whether
these problems originated from the head and neck
or esophagus.

Esophagoscopy with chromoendoscopy was perfor-
med successfully for all 132 patients. In 25 patients,
a percutaneous gastrostomy was performed, due to
previously planned surgery for the HNSCC and adju-
vant radiotherapy at the same sitting.

Multiple and no LVLs were discovered in 24 (18.2%)
and 108 (81.8%) patients, respectively. A total of
55 biopsy specimens from LVL were obtained and
assessed histopathologically. For these specimens,
the diagnoses were as follows: SESCC in two cases,
peptic esophagitis in 11 patients, gastric heterotopic
mucosa in two patients, hyperplasia in two patients,
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and dysplasia in three patients (Table 1). Three of
the 55 biopsies were described as normal. There was
only one case of high-grade dysplasia, which was tre-
ated with endoscopic mucosal resection (EMR).

Both the SESCCs were visible during the standard
esophagoscopy with white light and were more
advanced than T1; the primary HNSCCs were stage
IV. Both the SESCCs were also evaluated as LVLs;
their boundaries were more visible during the chro-
moendoscopy. Moreover, the extent of the tumors
was found to be greater during chromoendoscopy
than had been thought prior to the procedure. In
both patients with SESCC, the oncological treatment
for HNSCC was changed and the intended radical sur-
gical treatment was discontinued.

We experienced complications of chromoendosco-
py in one patient. Light bronchospasm that was tri-
ggered by aspiration of a small amount of Lugol’s
solution was treated with standard bronchodilation
therapy. The patient was admitted to hospital for
observation and discharged the next day. No other
complications were observed.

DISCUSSION

In patients with primary HNSCC, the existence of a
second primary tumor in another area of the head or
neck, such as the esophagus or the lung, varies from
16% to 36% [1-4, 21-23]. The prevalence of synchro-
nous esophageal cancer in patients with head and
neck cancer varies from 5.1% to 12.5% [5]. Synchro-
nous multiple primary cancers in the esophagus and
the head and neck region adversely affect survival
and quality of life, because the mortality rate for
patients with a second cancer, especially cancer in
the lung and esophagus, is as high as 90% at 2 years
after detection [1,5].

The highest incidence of SESCC was found in the
Chinese province of Linxian, where the incidence
of SESCC is 700 cases per 100,000 people (this is
approximately 350 times higher than the incidence
of esophageal SCC in the Czech Republic) [6,12,25].
Dubuc et al., in a large European study, discovered
esophageal neoplastic lesions in 9.8% of patients
with HNSCC [24], whereas the overall incidence of
SESCC in the Czech Republic is quite low, approxima-
tely two per 100,000 people [25].

The etiology of HNSCC and SESCC is associated pre-
dominantly with smoking and drinking [3,6,10,26-

Figure 2

28]. This may be explained by the concept of “field
cancerization” proposed by Slaughter et al., in
which repeated exposure to carcinogens leads to an
accumulation of genetic alterations that results, ul-
timately, in the development of multiple and inde-
pendent cancers [1,2]. It is the reason why the upper
aerodigestive tract should be examined as part of
the staging work-up in patients with HNSCC even in
patients without symptoms of deglutition disordes
[1,10,14,15,20,22], and why particular attention
should be focused on high-risk groups, such as pati-
ents with primary HNSCC.

Early detection of SESCC with using neoplasia clas-
sification based on cytological and architectural
severity and invasion status areessential for effecti-
ve treatment, and the prognosis strongly depends
on tumor stage at the time of diagnosis [1-3,6,9-
13,26,27,29-32]. One of the most important reasons
for why early SESCCs are not detected is the fact
that there is a tendency to carry out cursory exami-
nations of the esophagus using white light only [7].
“Biologic endoscopy” or “detailed endoscopy” can
be used for early detection of tumors in the upper
aerodigestive tract, because these techniques ena-
ble the visualization of lesions that are not otherwi-
se apparent and can provide greater insight into the
behavior of target lesions [1,4,13-17,29-31].

lodine staining of squamous cell epithelium is one
of the oldest staining techniques; it was first descri-
bed by Schiller in 1933 for the detection of early
carcinoma of the cervix [32]. Lugol staining patterns
correlate well with the degree of glycogen within
squamous epithelium, and dysplastic epithelium can
be visualized as LVLs [1,5,8,17,33]. Chromoendosco-
py is inexpensive and can be performed easily by a
gastroenterologist; no special tools or light sources
are necessary [1].

Muto et al. reported that 55% of HNSCC patients with
many irregularly shaped multiform LVLs had synchro-
nous SESCC. Moreover, Fukuhara et al. reported that
85.7% of HNSCC patients with metachronous SESCC
had many irregularly shaped multiform LVLs [1,3].
In contrast with these findings, we observed LVLs in
only 24 patients (18.2%), and we found no early SE-
SCCs and only three dysplasias (one of which was
treated with endoscopic mucosal resection).

The aim of our study was to define the incidence of
esophageal lesions by chromoendoscopy with Lugo-

Tumor staging of head and neck cancer according to TNM classification. Stage I, TINOMO; stage Il, T2ZNOMO;

stage Ill, T3NOMO; stage IV, T4NO-3MO.

TNM HNSCC stages NO N2 N3
TO 0 1 (0.7%) 0
T1 13 (9.8%) 3 (2.3%) 8 (6.1%) 1(0.7%)
T2 12 (9.1%) 6 (4.5%) 14 (10.6%) 2 (1.5%)
T3 14 (10.6%) 6 (4.5%) 24 (18.2%) 1(0.7%)
T4 6 (4.5%) 2 (1.5%) 15 (11.4%) 4 (3.0%)
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Figure 3

Staging of head and neck carcinomas according to the American Joint Committee on Cancer (AJCC).

I’s solution in patients with newly diagnosed HNSCC.
Our idea was to detect synchronous early esophageal
carcinomas in this high-risk group of patients, in the
group in which no or minimal deglutition symptoms
are present. From this perspective, our results did
not meet our expectations, since we did not find
any early SESCCs. However, we believe that detai-
led endoscopy techniques can improve detection of
superficial mucosal areas with dysplasia or early car-
cinoma and should therefore be considered standard
methods during flexible esophagoscopy. This is espe-
cially true for high-risk patient groups, such as those

li 3 r i
Y AR .
it cus

Figure 4

with primary HNSCC. Advanced endoscopic methods
should be used not only for staging of the primary HN-
SCC tumor, but also for follow-up to detect possible
second metachronous primary esophageal tumors.
CONCLUSIONS

Patients with HNSCC represent a high-risk group for
the development of SESCC. Thus, esophagogastrofib-
roscopy should be performed to detect possible syn-
chronous esophageal carcinomas in these patients.
Although only two patients with synchronous prima-
ry carcinomas were found among the patients with
newly diagnosed HNSCC in this study, esophagoscopy

Endoscopic views of Lugol chromoendoscopy in patients with head and neck cancer. (a) Irregularly shaped multiform
LVLs (histologically identified as spinocelullar carcinoma). (b) Single LVL on 7 0" clock position (histologically - high grade

dysplasia)
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and better some of advanced endoscopic methods
should be recommended after detection of HNSCC to
exclude secondary esophageal carcinoma or dyspla-
sia. Staining of the esophagus with Lugol’s solution
is an easy and inexpensive option and can be done in
most of gastroenterology offices.
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ABSTRACT

Many different surgical and non-surgical techniques
are used for the treatment of temporomandibular
joint (TMJ) hypermobility. One of these methods is
autologous blood injection into theTMJ. The fate
of the autologous blood used for treatment of re-
curring condylar dislocation is still not completely
understood. The authors used 12 pigs (Sus scrota f.
domestica) as a model species for autologous blood
delivery into the TMJ. Blood injection was followed
by histopathological analysis at different times af-
ter treatment (1 hour, 1, 2 and 4 weeks). Samples
were examined by magnetic resonance imaging, ma-
croscopic and histological methods. The deposition
of the remaining blood was observed inthe form of
clots in the distal parts of the upper joint cavity one
hour and one week after treatment. Two weeks after
treatment, small blood clots were still apparent in
the distal part of the upper joint cavity. Four weeks
after surgery, no remnants of blood, changes or ad-
hesions were apparent inside the TMJ. No morpho-
logical or histological changes were observed in the
TMJ after the injection of autologous blood sugges-
ting another mechanism is involved in the hypermo-
bility treatment.

Keywords:
temporomandibular joint; pig; autologous blood; hy-
permobility..

INTRODUCTION

The temporomandibular joint (TMJ) provides the
junction between the jaw (mandibular condyle) and
the neurocranium (temporal bone). Condyle disloca-
tion (or hypermobility) of TMJ is one of the most
frequent TMJ disorders in humans!. In the case of hy-
permobility, the condyle reaches a position in front
of the articular tubercle at wide mouth opening,
which can be caused by abnormalities in the shape
of the joints, by ligament looseness or by reduced
muscle tension?. The treatment of TMJ hypermobili-

ty includes surgical or non-surgical approaches.
Surgical procedures can be divided into two cate-
gories; those that limit the range of condylar mo-
vement, and those that remove the blocking factor
that prevents the condyle from returning®°.
Non-surgical treatment includes a soft diet, pharma-
cotherapy, physical therapy, stress reduction, mo-
vement limitation and occlusal splint therapy. Joint
movement reduction can be caused by the injection
of different substances such as autologous blood or
sclerosing solutions into the upper joint cavity>"®.
Although there are many clinical studies about a high
success rate of autologous blood injection into TMJ,
237910 the effect and the detailed mechanism of this
therapy are not well understood.

It has been proposed that autologous blood in the
TMJ may result in joint degeneration and/or forma-
tion of adhesions inside the joint. There is a lack of
studies examining in detail the mechanisms of the
effect of autologous blood injection into the TMJ.
This type of study can only be carried out using a
suitable animal model (human-like size, with similar
structure and motion of TMJ) paired with subsequent
histological evaluations.

Several studies have been performed to understand
the joint pathology and different approaches have
been tested for their treatment. A sheep model was
used for the evaluation of histopathological changes
after intracapsular condylar fracture, the fate of au-
ricular cartilage graft in the surgical treatment of
TMJ ankylosis, intraarticular scarring and ankylosis
man- agement!**3, Blood was injected into the ra-
bbit TMJ*. The rabbit and sheep condyles are adap-
ted to a herbivorous diet so are more rounded than
those of humans, 14 which causes greater mobility
in the trans- verse plane and limited mouth ope-
ning. In contrast, pigs are omnivorous like humans
and therefore the structure of their TMJ resembles
that of humans. Their diarthrodial synovial TMJ con-
sists of an articular pit, articular disc and articular
condyle surrounded by a ligamentous capsule. The
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articular disc, as in humans, divides the joint into
two compartments described as two articulations:
the meniscotemporal (suprameniscal) joint permit-
ting translational movements, and the condylome-
niscal (inframeniscal) joint, which permits rotational
movements. The disc has a biconcave shape; the
fossa is shallow, and the condyle is elliptic®>®. The
masticator muscle arrangement is similar to that in
humans, therefore moderate translation movements
are allowed in all planes; the major movement is
provided by rotation of the joint condyle®,

Based on these morphological similarities, the
authors selected the pig as a model organism for this
study, which aims to confirm or disprove the hypo-
thesis that aseptic inflammation and subsequent for-
mation of lesions and adhesions are responsible for
the therapeutic effect of autologous blood used for
TMJ hypermobility treatment.

MATERIALS AND METHODS

12 pigs (Sus scrofa f. domestica) aged 2 years were
obtained from the breeding unit of the Institute of
Animal Physiology and Genetics, Academy of Science
of the Czech Republic in Libechov. Animals were divi-
ded into four groups of three animals, none of which
had any previous history of TMJ hypermobility. The
first group was killed 1 h after treatment, the second
group 1 week, the third group 2 weeks and the fourth
group 4 weeks after autologous blood injection. The
animals were housed in separate breeding boxes
under conventional conditions and provided with wa-
ter and food ad libitum. The experimental procedure
was approved by the Animal Research Committee of
IAPG CAS, v.v.i. (Nr. 67985904). All surgical procedu-

res were performed in the aseptic conditions of an
operating theatre with disinfectant applied over the
operating field. All animals were premedicated with
ketamine (22 mg/kg) and atropine (0.04 mg/kg) and
anaesthetized with thiopental (15 mg/kg) prior to
intubation. Anaesthesia was maintained with inha-
led isoflurane (1.5%). The animals were mechanica-
lly ventilated with an initial tidal volume of 10 ml/
kg and a respiratory rate of 15 breaths per min. The
tidal volume was adjusted to maintain an arterial
PaCO2 of 35-40 mmHg during theexperiment.Hyd-
ration wasmaintained using lactated Ringer’s solu-
tion delivered through a cannulated dorsal auricular
vein. Body temperature was maintained at 38.0-39.0
8C using a circulating hot water heating pad. Both
heart rate and oxygen saturation levels were moni-
tored through- out all surgical procedures.

The lateral approach was carried out from the la-
teral side of the articular capsule. A small incision
was made above the lateral part of the left condy-
le, approximately 1 cm below the external auditory
meatus during a wide mandible opening. The first
20-gauge needle was inserted towards the posterior
aspect of the condyle in the posterior part of the su-
perior joint cavity in the anterior- medial direction,
before being withdrawn slightly (about 1 mm) to pre-
vent subchondral application and saline solution was
injected. During the saline solution application, no
protrusive movement of the mandible was observed
and the correct position of the needle therefore had
to be checked by arthrocentesis with saline solution.
The second 20-gaugeneedle was inserted approxima-
tely 0.5-1 cm before the first needle at the same ho-
rizontal level but in the posterior-medial direction.

Fig.1. Surgical approach in the pig. (A) Small incision and preparation through the skin and adipose layer. (B) Arthrocentesis with saline
solution, black arrow shows positive return of irritant. (C) Recheck of arthrocentesis with autologous blood, black arrow shows positive
return of autologous blood. (D) Injection of autologous blood into left upper joint cavity. (E) Injection of autologous blood around left
TMJ. (F) Skin suture.
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After this procedure, successful arthrocentesis with
saline solution was performed in all cases. The next
step was collecting blood fromthejugularveinandin-
jecting1.0 mlof this blood into the superior joint ca-
vity and 0.5 mlaroundthearticularcapsule, followed
by wound suture (Fig. 1). The left TMJ served as the
experimental joint for blood application and the ri-
ght TMJ was left with- out treatment as the control
tissue. As it would be difficult to maintain pigs in a
sterile environment after the procedure, antibiotics
(amoxicillin Bioventa 15% inj. ad us.vet, 15 ml/kg
and day, divided into two doses) were administered
to prevent infection.

The experimental pigs were killed by intravenous in-
jection of thiopental at four different time intervals
after successful autologous blood delivery (1 h, 1,
2 and 4 weeks after treatment). The whole heads
were placed on ice and immediately trans- ported
for examination by 3T nuclear magnetic resonance
imaging (MRI; Siemens Ltd., Siemens Magneton Trio
3T) at the Institute of Clinical and Experimental Me-
dicine (Prague, Czech Republic).

After this analysis, both TMJs were dissected, fixedin
10%paraformaldehyde andexamined using a stereo-
scopic microscope (Leica, Germany). After 10 days
in paraformaldehyde, decalcification was per- for-
med in Livrea’s solution (4% HNO3, 0.15% CrO3) for
approximately 1 month, after which the specimens
were embedded in paraffin, cut into 5 mm sagittal
histological sections, and split over four parallel sli-
des. Haematoxylin-eosin (HE) was used as the prima-
ry staining for the histological analysis, elastic fibres
were visualized by Orcein, reticular fibres were
stained with Gomori, and Van Gieson staining was
used for the detection of collagen fibres.

RESULTS

In the samples taken 1 h and 1 week after treatment,
macroscopic examination revealed deposition of the
remaining blood in the form of clots in distal parts of
the upper joint cavity. No alterations on the articu-
lar surface were observed. 2 weeks after treatment,
small blood clots were still apparent in the distal
part of the upper joint cavity. 4 weeks after surge-
ry, no remnants of blood, changes or adhesions were
apparent inside the TMJ (Fig. 2).

In MRI, the injection injury caused by the needle was
visible in the articular disc and surface of the tem-
poral bone 1 h after surgery. There were no apparent
morphological changes in the nuclear magnetic reso-
nance (NMR) images when comparing the control and
experimental joints (Fig. 3).

Regarding histological analysis, no inflammatory or
non-inflammatory morphological lesions were ob-
served at any time after the treatment. The supe-
rior and inferior articular spaces showed no sign of
joint exudation. The surface of the synovium was
covered with small finger-like projections (villi) with
no morphological lesions. The fibrous articular discs

Left temporomadibular
joint

Right temporomandi-
bular joint
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Fig. 2. Macroscopic view of pig TMJ after treatment. (A) Ma-
croscopic view of left TMJ 1 h after treatment, yellow arrows
shows visible clots in the upper joint cavity. (B) Macroscopic view
of right control TMJ at same stage with physiological anatomi-
cal structure. (C) Macroscopic view of left TMJ 1 week after tre-
atment, yellow arrows show remaining blood clots in the distal
and central parts of the upper joint cavity. (D) Macroscopic view
of right control TMJ 1 week after treatment with physiological
anatomical structure. (E) Macroscopic view of left TMJ 2 weeks
after treatment, yellow arrows show remaining small blood clots
in the distal part of the upper joint cavity. (F) Macroscopic view of
right control TMJ 2 weeks after treatment, there are not apparent
morphological changes. (G) Macroscopic view of left TMJ 4 weeks
after treatment. The upper joint cavity remained with smooth
surfaces and without changes or adhesions. (H) Macroscopic view
of right control TMJ 4 weeks after treatment. There joint surfaces
are still smooth without changes.

(menisci) formed fibrocartilage pads containing bun-
dles of elastic and collagen fibres between opposing
surfaces of the joint. Fibroblasts were rare and were
dispersed among fibres. Articular cartilage covering
the condyle of the mandible and temporal bone was
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formed of hyaline cartilage with no apparent erosion
or pathological defects (Fig. 4).

The middle and deep layers of cartilage were or-
ganized into columns of chondrocytes with normal
appearance. Selective histological staining for diffe-
rent types of fibres demonstrated non- fragmented
fibres in their typical arrangement. The menisci, pe-
ripheral surfaces of the joints and the fibrous tissue
of the joint capsule showed no dystrophic or inflam-
matory lesions (Fig. 4).

DISCUSSION

Autologous blood injection is a simple treatment for
TMJ hypermobility in humans. The major advantage
of TMJ autologous blood injection is that it is mini-
mally invasive, and being a non-surgical technique
it is more acceptable and comfortable for patients.
This method does not require surgical incision, tissue
dissection, bone preparation or general anaesthesia,
and eliminates postoperative complications such as
facial nerve injuries, infection and oedema. The
disadvantagesof thetechniqueare that theneedle is
advanced without visualization and there is there-
fore a risk of incorrect application of the autologous
blood. Needle insertion can damage the surrounding
tissues and cause bleeding in and around the joint.
Schulz was the first to report the treatment of human
patients using autologous blood for recurrent condy-
le dislocation®®. He injected autologous blood twice
a week for 3 weeks and used intermaxillary fixation
for jaw immobilization. 10 of 16 patients were asym-
ptomatic after 1 year. Jacobi-Hermanns et al. injec-
ted autologous blood once into the affected side and
used intermaxillary fixation for 2 weeks®. This app-
roach was successful in 94% of condyle dislocations.
Hasson and Nahlieli reported four patients who rece-
ived oneinjectionofautologous blood and were then
instructed to restrict their mandibular movement for
7 days?. Dislocation of condyles did not reoccur, and
all patients presented normal mouth opening at fo-
llow-up inspections. Kato et al. reported autologous
blood injection as a method for treatment of TMJ
hypermobility in an 84-year-old woman with subse-
quent mandible fixation for 1 month. The result was
favourable, and no ankylosis occurred®. Machon et
al. treated 25 patients diagnosed with chronic re-
current TMJ dislocation’. The patients were treated
by bilateral injections of autologous blood into the
upper joint space and around the TMJ capsules. 80%
of patients did not require any further treatment du-
ring the following year.

Based on clinical data, the presence of autologous
blood in the TMJ (injury, surgery) and subsequent
immobility may result in adhesion or in development
of ankylosis. These studies also reported limited
mouth opening in patients with a history of TMJ inju-
ry or degenerative diseases!®??, Despite the fact that
autologous blood injection is used as a routine the-
rapy in humans, it remains unclear what happens in
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Fig.3. NMR analysis of TMJ after blood treatment. (A) Frontal
view of pigs head with both TMJs. (B) Sagittal view of physio-
logical TMJ. (C)Frontal view of both TMJs 1 h after treatment,
yellow arrow shows damage of articular disc and temporal bone
surface caused by needle. (D) Sagittal view of left TMJ 1 h after
treatment with no apparent evidence of blood and damage. (E)
Frontal view of both TMJs 1 week after treatment, yellow arrow
shows left TMJ but there is no evidence of blood. (F) Sagittal view
of left TMJ 1 week after treatment. (G) Frontal view of both TMJs
2 weeks after treatment, yellow arrow shows left TMJ with no
apparent changes and blood rests. (H) Sagittal view of left TMJ 2
weeks after treatment with no apparent morphological changes.
(I) Frontal view of both TMJs 4 weeks after treatment, yellow
arrow shows left TMJ with no apparent changes. (J) Sagittal view
of left TMJ 4 weeks after treatment
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One hour
after treatment

Right control joint

One week
after treatment

Two weeks

after treatment
AT

Fig. 4. Microscopic structure of pig TMJ after blood treatment. (A) Right control TMJ stained with HE, (F) with Gomori for reticular
fibres visualization, (K) with Orcein for elastic fibres and (P) withv an Gieson for collagen fibres.Thereare characteristic smooth surfaces
in the upper joint cavity. (B,G,L,0) Left treated TMJ collected 1 h after treatment. Yellow arrow shows blood clots in the distal part
of cavity, there are not other morphological changes. (C,H,M,R) Left treated TMJ 1 week after treatment; there is no apparent blood
or other changes. (D,J,N,S) Left TMJ 2 weeks after treatment. Special staining demonstrated non-fragmented fibres with their charac-
teristic arrangement in the joint without obvious microscopic changes. Scalebar200mm.

unaffected TMJs after injection. The injection of au-
tologous blood into the knee joint in rabbit and dogs
led to joint changes under pathological conditions
such as traumatic bleeding, haemophilic bleeding or
rheumatoid arthritis®?¢. Oxidative stress (injury, ar-
thritis, infection) at the molecular level was shown
to contribute to formation of cross-linked proteins
that may serve as an initial scaffold for the develo-
pment of adhesion under pathological conditions?.
Some authors suggest that exposure of cartilage to
blood alters chondrocyte metabolism, which might
lead to unknown alterations and cartilage destruc-
tion, plus changes in matrix integrity that may re-
sult in lasting joint damage?®®2*25, Others suggest that
such exposure has only a temporary effect and that a
single episode of intra-articular bleeding only leads
to reversible cartilage damage?-2%-2,

One possible explanation for the effect of autologous
blood is an aseptic inflammation resulting in scar
and fibrous tissue formation between the surfaces
of the articular disc and articular socket, causing a
reduction in the extent of condylar movement?°. No

destructive changes to the bony components of the
joint controlled by X-ray have been observed in hu-
mans?9:19,

Until now, experiments involving autologous blood
injection into unaffected TMJ in animals have only
been performed on rabbits. Candrl et al. used 8 whi-
te rabbits for bilateral autologous blood injection
into the TMJ. After injection, the mandibles were
fixed by orthodontic brackets and elastics for 24 h
and the animals killed after 1 month. There was no
evidence of degeneration in the joint and no adhesi-
ons were found®.

In the present study on a pig model, the authors have
not found any lesions or morphological changes,
which could be responsible for the beneficial results
of autologous blood injection reported else- where.
They cannot confirm that injection of autologous
blood into the TMJ has any effect based on infla-
mmatory changes. There were some disadvantages
of the pig model that should be taken into account
when using it for TMJ disease research. The surge-
ry had to be carried out under general anaesthe-
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sia. In comparison to experiments on rabbit or dog
knee joints, which provide easy access for needle
penetration due to the thin layer of subcutaneous
tissue, the pig TMJ is situated under a large amount
of subcutaneous and adipose tissue and a small skin
incision is therefore necessary. The correct needle
position could not be confirmed by protrusive mo-
vement of the mandible, meaning that in the pig,
unlike humans, a double arthrocentesis with saline
solution was necessary.

In conclusion, a methodical approach for autolo-
gous blood treatment of the TMJ and pathohistolo-
gical evaluation of specimens in pigs has been de-
monstrated. Although the human TMJ is unique, the
size of the articular structures in the pig, the shape
and microscopic characteristics of the meniscus and
further similarities favourit as a model species!>'’.
Although the injection of autologous blood into the
TMJ is a relatively successful treatment in humans,
elucidating the effect remains to be determined.
The present experiment showed no structural chan-
ges in the joints and did not confirm the theory of
aseptic inflammation resulting in the formation of
adhesions inside the joint. This information can be
extended by a detailed cellular and molecular analy-
sis, which may help to explain the therapeutic effect
in humans.
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ABSTRACT

This study aimed to evaluate the palatine tonsils
of patients with chronic tonsillitis and spinocellu-
lar carcinoma to determine the presence of nano-
-sized particles. Tonsil samples from adult patients
with chronic tonsilitis and spinocellular carcinoma of
the palatine tonsil were dried and analyzed using a
scanning electron microscope with the X-ray micro-
probe of an energy-dispersive spectroscope. Demo-
graphic data and smoking histories were obtained.
The principal metals found in almost all tissues ana-
lyzed were iron, chromium, nickel, aluminum, zinc,
and copper. No significant difference in elemental
composition was found between the group of pati-
ents with chronic tonsillitis and the group with spi-
nocellular carcinoma of the palatine tonsil. Likewi-
se, no significant diference was found between the
group of smokers and the group of nonsmokers. The
presence of various micro- and nano-sized metallic
particles in human tonsils was confirmed. These
particles may potentially cause an inflammatory re-
sponse as well as neoplastic changes in human pala-
tine tonsils similar to those occurring in the lungs.
Further and more detailed studies addressing this
issue, including studies designed to determine the
chemical form of the metals detected, studies devo-
ted to quantitative analysis, biokinetics, and to the
degradation and elimination of nanoparticles are ne-
eded for a more detailed prediction of the relation
between the diagnosis and the presence of specific
metal nanoparticles in tonsillar tissue.

Keywords:

tonsillar cancer; chronic tonsillitis; nanoparticles;
nanotoxicology; scanning electron microscope; air
pollution

INTRODUCTION

Nanosized particles (NPs), having submicron sizes
ranging from 10 nm to several hundred nanometers,
have been extensively studied during the last few
years. This research is encompassed within 2 main
fields - nanotechnology and nanotoxicology. Nano-
technology is aimed at the manipulation and utili-

zation of new nanomaterials and prod-ucts with
a vast range of applications such as drug delivery,
antibacterial agents, smart materials, etc [1]. Na-
notechnology raises many of the same issues raised
by the introduction of any new technology, including
concerns about the toxicity and potential environ-
mental and health impact of nanomaterials. Hence
nanotoxicology, the new branch of toxicology which
evaluates the potential health risks associated with
exposure to NPs produced, for example, by fossil
fuel combustion, smoking, welding and road traffic,
has evolved simultaneously [1-3].

There are three common avenues of ingress of NPs
into the human body: inhalation, ingestion and skin
penetration. The inhalation of NPs, which is consi-
dered to be the principal avenue of ingress of NPs
into the human body, may lead to deposition in the
respiratory tract and lungs [4]. Experimental studies
in rats have shown that intratracheal instillation of
some NPs can cause pulmonary inflammation, tissue
damage, and lung tumors, in contrast to the same
materials having an identical chemical composition
but in the micrometric size range, which were found
to be inert in terms of inflammation and canceroge-
nesis initiation. These NPs are known to be harmful
due to their higher reactivity, given their greater
surface area compared to micro-sized particles [5].
Besides, NPs may become “blood-borne” and may be
translocated into other organs [1].

Since the palatine tonsils are among the first or-
gans which come in contact with inhaled particles
of all sizes below 100 pm in diameter able to en-
ter the respiratory tract (including NPs), it is like-
ly that NPs may enter into the tonsillar tissue and
may eventually cause an inflammatory response as
well as neoplastic changes. Furthermore, the unique
lymphoepithelial structure of the human tonsillar
tissue facilitates rapid spread of the NPs into the
circulatory and lymphatic systems. Studies dealing
with the potential effect of NPs on tonsillar tissue
are still lacking. The aim of the present study is to
evaluate human palatine tonsils from patients with
chronic tonsillitis and spinocellular carcinoma of the
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palatine tonsil in order to determine the presence of
micro- and nano-sized metallic particles.

MATERIAL AND METHODS

The study was approved by the Institutional Ethics
Committee and performed in accordance with the
Declaration of Helsinki, observing good clinical
practice protocols and all applicable regulatory re-
quirements. Written informed consent was obtained
from all participants before initiation of any proce-
dure.

Group selection:

Patients with chronic tonsillitis and patients with spi-
nocellular carcinoma of the palatine tonsil were enro-
lled in the study. Demographic data, occupational his-
tories and lifetime smoking histories were obtained.

Biopsy and sample preparation:

Fresh tonsil samples were obtained by “cold tech-
nique” tonsillectomy. In order to prevent sample
contamination from surgical instruments, the cent-
ral part of each tonsil was chosen for further analy-
sis, and ceramic knives were used for sample prepa-
ration. Samples of approximately 1 cm were treated
with 4% formalin solution for 24 hours. These samp-
les were then dried in a thermostat at a temperature
of 58 °C for 48 hours.

Microscopic analysis:

Dehydrated tissue portions approximately 50x50 mm
in size taken from the central part of the samples
were placed on target with carbon tape, double co-
ated with gold-palladium (to increase the conducti-
vity of the surface) and analyzed using a scanning

Age | Occupation | Smoking | Metallic particles detected
Group | - Patients with chronic tonsillitis

49 bus driver yes Fe-Cr, Fe-Cr-Ni

41 bus driver yes Fe, Fe-Cr, Cu, Ti, Zn, Al

37 locksmith yes Fe-Cr

30 policeman no Fe, Fe- Cr, Fe-Cr-Ti, Fe-Cr-Ni, Cu, Zn
62 heat power plant worker yes Fe, Fe-Ni, Al

45 secretary no Cu, Al

42 secretary no Fe, Fe-Cr, Fe-Cr-Ni

20 student yes Fe, Cu

26 policeman no Fe, Zr, Zn

35 locksmith yes Zn

35 developer yes Fe, Fe-Cr

34 unemployed yes Fe

25 metal machinist no Fe-Cr-Ni

34 automotive engineer no Fe-Cr-Ni, apatite, Zr

45 metal machinist no Fe, Al, Cu, Mn

21 student yes Fe-Cr-Ni, Cu, Al

Group Il - Patients with spinocellular carcinoma of the palatal tons

il

55 car driver, miner yes Fe, AL, Ni, Co, apatite
69 car mechanic yes Fe, Al, Zn

47 driver yes Fe-Cr-Ni, Fe-Cr, Al, Zr
46 welder yes Fe-Cr-Ni, Al

55 locksmith yes Fe-Cr-Ni, Al

49 cabinetmaker no Fe-Cr-Ni, Al, Cu, apatite
65 senior yes Fe-Cr-Ni, Fe-Cr, Al

67 locksmith no Fe- Cr- Ni, W

61 mechanic yes Fe, Fe-Cr-Ni, Al, Co
69 builder yes Fe, AL, Cu

50 coal miner yes Fe-Cr-Ni, Cu, apatite
69 driver, car repair yes Fe-Cr-Ni, Sn, apatite
63 welder yes Fe-Cr-Ni, Al

61 coal miner no Fe-Cr-Ni, Al, apatite
62 locksmith yes Fe, Ti, Zn

Table 1 Summary of age, occupation, smoking history, and metallic particles detected in the two groups studied
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Figure 1: Energy dispersion spectrostcope pattern of a particle
analyzed

electron microscope (SEM Philips XL 30 operating
at 30 keV) with the X-ray microprobe of an Energy
Dispersive Spectroscope (EDS) in order to identify
their elemental composition. Samples were eva-
luated in the BSE (back-scattered electrons) mode
allowing for the detection of changes in elemen-
tal composition, e.g. metallic particles scattering
electrons appear as lighting spots compared to the
tissue absorbing electrons, which manifest as dark
spots in the BSE mode.

Statistical analysis:

The presence of metallic particles in the groups stu-
died was compared using the chi-square test. The
computer software used for statistical analysis was
SPSS (version 17.0, SPSS Inc., Chicago, Illinois, USA).
A p-value of o 0.05 was considered statistically sig-
nificant.

RESULTS

A total of 31 samples of human tonsils were studied
between January 2009 and July 2010, 16 from pa-
tients with chronic tonsillitis (group 1) and 15 from
patients with spinocellular carcinoma of the palati-
ne tonsil (group Il). The presence of various micro-
and nano-structured metallic agglomerates in both
groups was confirmed (Table 1). The principal metals
found in almost all tissues analyzed were iron, chro-
mium, nickel, aluminum, zinc and copper. However,
the peaks of metals detected in the EDS pattern re-
flect relative amounts and elemental chemical forms
only (Fig. 1). No significant differences in elemen-
tal composition were found between groups | and Il.
Likewise, no significant differences were found be-
tween the groups of smokers and nonsmokers. In the
case of patients exposed to emissions from industrial
processes (miners, welders, locksmiths) metals typi-
cally associated with the process in question (cobalt
and tungsten) were found in the samples analyzed
(Fig. 2).

DISCUSSION

Humans are exposed to airborne NPs in everyday
life. These particles are produced unintentionally by
various anthropogenic activities (e.g. pyrometalur-
gy, road traffic, smoking and cooking) [6,7]. Deve-
lopment of nanotechnology may increase the risk of
exposure to intentionally produced (engineered) NPs
used in many products, e.g. pigments, sunscreens,
cosmetics, detergents, photocopier toners, electro-
nics, fabrics, clothes, and plastics among others, as
well as in manufacturing. Despite their many bene-
fits, NPs are believed to represent potential risks to
the environment and to human health [1]. Donald-
son et. al suggest that NPs behave quite different-
ly from their larger counterparts and may exhibit
unique biological behavior, even when their physical
and chemical properties remain identical to those
observed in larger particles [2]. Perhaps the most
striking example is the ability of NPs to cross barriers
that are impervious to larger particles. Research
showing the potential for NPs to move up the olfac-
tory nerves to the brain in rodents offers a prime
example of this size-unique behavior [8,9]. NPs may
be transported via this route directly to the central
nervous system after inhalation.

The basic physicochemical and toxicokinetic princi-
ples learned from the existing studies are relevant
to understanding the poten-tial toxicity of NPs. It is
known from studies in animals that NPs due to their
small size can be easily translocated within the body,
can cross cell membranes and can interact with sub-
cellular structures such as mitochondria, where they
have been shown to cause oxida-tive damage and to
impair the functioning of cells in cultures [10,11].
NPs have also been shown to localize in or near cell
organelles, including mitochondria and nuclei, and
have been associated with oxidative stress and cell
damage [10,12]. Animal studies have shown that NPs
are more biologically active (with greater toxicity)
due to their greater surface area per mass compared
with larger-sized particles having the same chemist-

Figure 2: Tungsten particles (brights spots) detected in a tonsillar
tissue of a welder by scanning electron microscope
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ry [5]. More recent studies indicate the possible ge-
notoxicity and cancerogenesis of NPs, as they have
been found to cause genotoxic responses such as
chromosomal fragmentation, DNA strand breaks, po-
int mutations, oxidative DNA adducts and alterations
in gene expression profiles [13,14].

The respiratory tract is by far the most widely stu-
died system in nanotoxicology research. The reason
is that the respiratory tract is the major route for
unwanted exposure to NPs. Epidemiologic studies
have pointed mostly to the adverse effects associ-
ated with unintentional anthropogenic materials.
Air pollutant NPs have been correlated with seve-
ral respiratory diseases, such as asthma, chronic
obstructive pulmonary disease and cardiovascular
disease [15,16]. Welding fumes are the cause of me-
tal fume fever, increased susceptibility to infection,
decreased lung function, and pneumonia, and they
may be carcinogenic [17]. A specific form of $i02, al-
pha-quartz, is associated with silicosis, emphysema,
bronchitis, and an increased risk of lung cancer [18].
Since palatine tonsils are among the first organs to
come in contact with inhaled NPs, it is likely that
NPs may enter into this tissue and potentially cause
an inflammatory response as well as neoplastic chan-
ges similar to those that occur in the lungs. Further-
more, the unique lymphoepithelial structure of the
human tonsillar tissue facilitates the rapid spread of
the NPs through the circulatory system.

We investigated the presence of NPs in human ton-
sils in two different groups of patients. The presence
of various NPs was confirmed in both groups studied
(chronic tonsillitis as well as tonsillar carcinoma pa-
tients) (Table 1). The particles detected may origi-
nate as by-products of many anthropogenic sources,
for example cigarette smoke, and may contain me-
tals such as Al, Cd, Ni, Pb, Cu in the form of very
fine particles [19]. Other metals (Fe, Cu, Zn, Sn,
Ba, Sb and Ti) in the form of NPs are emitted during
combustion of fossil fuels, and in the friction produ-
ced when automotive brakes and tires make contact
with road surfaces [20-22]. It must be mentioned
that patients included in the study live in a conur-
bation with a heavy steel industry and are exposed
to the resultant air pollution (including NPs), mostly
from pyrometallurgy. Also, welders may be exposed
to Fe, Cr, Mn, Ni, Cu, Zn and W, which are present
in welding fumes [23]. Figures 1 and 2 show the pre-
sence of tungsten particles detected in the tonsilar
tissue of a welder. Tungsten welding is carried out
at temperatures around 6 000°C and the boiling po-
int of tungsten is around 5 500°C [17]. Given these
facts, we may assume that NPs originate from tung-
sten fumes by condensation. Coal dust could contain
trace elements such as Ba, Be, Cd, Co, Mo, Nb, Sb,
V and W [24].

Based on what we know about NPs, we can hypo-
thesize their possible role in the pathogenesis of
both chronic inflammatory as well as carcinomatous

changes of the tonsillar tissue. The fact that we did
not find differences between the groups studied does
not affect the likelihood that NPs play a role in the
pathogenesis of these diseases. The limitation of our
study is that the amounts of metals detected by EDS
in our samples cannot be quantitatively compared.
But this is a pilot study dealing with the presence of
micro- and nano-sized metallic particles in human
tonsillar tissue and the main aim of the study was
to confirm the presence of these particles in human
tonsillar tissue.

Interestingly, Fe-Cr-Ni clusters were identified in
most samples. Theoretically, these elements may
be released from cutting tools during “cold” ton-
sillectomy. To minimize the risk of contamination
from this source, the central part of the tonsils was
chosen for further analysis and ceramic knives were
used for further preparation of samples. Considering
the observed morphology of the Fe-Cr-Ni particles,
characterized by sharp edges, we can assume that
they are most likely caused by the mechanical wear
of stainless steel tools.

CONCLUSIONS

The principal metals found in almost all tissues ana-
lyzed were iron, chromium, nickel, aluminum, zinc
and copper. No significant differences in elemental
composition were found between the groups studied.
More experimental data are needed to determine
the health risks associated with exposure to meta-
llic nano- and micro-sized particles. The re-sults of
existing studies in animals and hu-mans only serve
as a basis for preliminary estimates of the pos-sible
adverse health effects associated with inhalation ex-
posure to NPs. Hence we may contend that there is
still a long way to go before we are able to assess or
predict the health impact of NPs with confidence.
Further and more detailed studies addressing this
issue, including studies designed to determine the
chemical form of the metals detected, studies devo-
ted to quantitative analysis, biokinetics, and to the
degradation and elimination of NPs are needed for
a more detailed prediction of the relation between
the presence of a given metal in tonsillar tissue and
the diagnosis.
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KEY MASSAGE
Takayasu arteritis may involve even a very young chi-
ld. An aggressive immunosuppression is warranted.

INTRODUCTION

Takayasu arteritis (TA) is a chronic inflammatory di-
sease of the aorta and its main branches. TA is cha-
racterized by vasculitis of large vessels, and most
frequently affects women in the second and third
decades of life. It is extremely rare in children [6]. A
French study performed in 2007 describes a group of
four patients with TA aged 8 - 15 years [1]; however,
the condition has also been described in children at
several months of age [10]. The youngest child was 6
months old at the time of diagnosis [16]. Initial ma-
nifestations of TA are unspecific, and include fever,
weight loss, and fatigue. Hence, correct diagnosis of
TA may be delayed for several months, or even years
[6, 1, 10].

CASE REPORT

In 2010, we examined a 10-month old boy for ele-
vated levels of C-reactive protein (CRP) of unknown
aetiology. From the family history: the mother was
observed for gestational diabetes in pregnancy; the
father and a sister (6 years old) were healthy. There
were no autoimmune diseases present in the family.
Personal history: the patient was born prematurely
during the 35th gestational week, head-first, weight
2650 g, length 49 cm, and was referred for 2 days
of phototherapy because of new-born jaundice. The-
re were no other significant oddities. In May 2010,
when the boy was 9 months old, he suffered from
fever of up to 39°C. The only other clinical manife-
station was rhinitis. The laboratory examination sho-
wed a haemoglobin level of 85 g/l and a CRP level
of 207 mg/l. The general practitioner started tre-
atment with antipyretics, antibiotics (administered
orally), and oral Aktiferrin gtt to treat the anaemia.
The fever subsided after two days of antibiotics. In
July 2010, the general practitioner noticed that the
patient was very pale. His haemoglobin level was
down to 65 g/l, thrombocytes were 91 x 109 ml/1,
and CRP was 180 mg/l. The patient was hospitalized

in a catchment area hospital presenting only with
rhinitis and mild conjunctivitis. He had been doing
well until that time and had been eating normally,
bowel movements and urination were normal. He
had significant anaemia, with a haemoglobin (Hb)
level of 62 g/l and a thrombocyte count of 1.077
x 1012 cells/ml. The CPR level was 214 mg/l, with
a normal procalcitonin level of 0.2 pg/l. Cultures,
immunology, paraclinical and imaging tests did not
reveal any cause for anaemia or the changes of la-
boratory values. The patient was admitted to our
department at the end of July 2010. He was pale
on admission, afebrile, and normotensive. Laborato-
ry tests confirmed the anaemia, with Hb 83 g/l and
thrombocytes 6.31 x 1011 cells/ ml. Anaemia was
hypochromic and microcytic with a Fe level of 1.8
umol/l, the mean volume of RBCs 62 fl, transferrin
1,85 g/l and ferritin 267 ng/ml. After exclusion of
malabsorption, we believed that this was a case of
anemia of chronic disease, which is characterized by
the reduced level of Fe-S, normal or slightly reduced
level of transferrin and normal or slightly elevated
levels of ferritin. The CPR level was 210 mg/l, and
procalcitonin only slightly elevated (0.34 pg/l). The
basic biochemistry examinations (ionogram, alanine
transaminase, aspartate aminotransferase, biliru-
bin, glycemia, cholesterol, triglycerides, albumin,
amylase, ammonia) and the leukocyte count were
normal. We performed additional cultural exami-
nations (haemoculture, nose, throat, stool, urine),
serology (panel of herpetic viruses, campylobacter,
helicobacter, Borrelia, chlamydia, coxsackia, respi-
ratory viruses, mycoplasma, Yersinia, parvoviruses,
aspergilla, and Candida antigen), and immuno-
logical tests (ANA, ENA, IBD, RF, EMA, tTG, ANCA,
ASLO, circulating immunocomplexes, C3, C4, total
complement), with the discovery of cytomegalovirus
positivity in IgM and IgG classes and paroviruses in
the IgM class. Except for fever, the child showed no
other clinical signs of these infections. Both infec-
tions may have contributed to anemia. The test of
immunoglobulins revealed an elevated level of ga-
mma globulins of the IgM class at 1.75 g/l, IgG at
15.6 g/l, and IgE at 187 g/l, as well as circulating
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Figure 1: The first MRA examination revealed espe-cially the
narrowing of the descending aorta. Maximal stenosis is located
above the branching of the renal arteries (arrow).

immunocomplexes of 110 arbitrary units. Tests for
basic tumor markers (NSE, hCG, AFP) and heredita-
ry metabolic disorders were negative. Consultative
examinations performed included otorhinolaryngo-
logical, neurological, and ophthalmological exams,
including the slit-lamp test; however, these tests
showed no deviations from normal values. Although
a bone marrow test revealed sideropenia, there
were no pathological findings. The patient was also
referred for cerebral ultrasound, abdominal ultra-
sound, and an X-ray of the chest and heart - all with
normal findings. An echocardiographic exam of the
heart revealed minor aortic regurgitation. During
the one-month hospitalization period, repeated fe-
brile peaks were noted. CRP oscillated between 135
and 210 mg/l, while procalcitonin remained low at
all times. It was difficult to measure blood pressure,
due to non-cooperation of the child; values measu-
red in arms and legs at rest were within the normal
range. Pulses was palpable at both hands and feet.
When we considered the possibility of a malignant
tumour as part of the differential diagnosis, a po-
sitron emission tomography/ computed tomography
(PET-CT) exam was performed. The PET-CT yielded a
surprising finding that led us to consider arteriitis of
the aortic arch and the branching arteries, with an
enlargement and blurring of their walls. We subse-
quently used Magnevist to perform contrast-enhan-
ced magnetic resonance angiography (MRA), which
confirmed inflammatory changes in the walls of the
ascending aorta, the aortic arch, and the descending
aorta, with narrowing of the descending aorta and
maximum stenosis above the branching of the renal
arteries (Fig. 1). The impairment of the aortic wall
was circular (Fig. 2). Doppler ultrasound examinati-
on of the carotid arteries revealed a slightly elevated

Figure 2: An MRA image (transverse section) depicting the con-
centric thickening of the aortic wall.

resistance. We established the diagnosis of TAand ini-
tiated treatment with pulsed intravenous (i.v.) doses
of methylprednisolone 30 mg/kg, administered once
weekly for four doses, and subsequently once every
two weeks. At the same time, we administered oral
methylprednisolone at a dose of 0.8 mg/kg/day. Du-
ring the treatment course, CRP dropped temporarily;
we therefore initiated cyclophosphamide therapy at
a dose of 700 mg/m2 i. v. administered once month-
ly. We continued the pulsed i.v. methylprednisolone
at a dose of 20 mg/kg once monthly and the daily
administration of oral methylprednisolone. A control
MRA that was performed after two months of therapy
demonstrated partial regression of the findings (Fig.
3). The patient remains normotensive, with palpa-
ble symmetric pulsations, without audible murmurs
over the chest. CRP has dropped to 15 - 30 mg/Ll.
We continued triple combination therapy for 7 mon-
ths and then performed a control MRA that demon-
strated significant regression of the aortic stenosis;
however, a minor stenosis of the right renal artery
appeared (Fig. 4). After the examination, the pati-
ent was transferred to subcutaneous methotrexate
at a dose of 15 mg/m2 administered once weekly;
he also received continuous oral methylprednisolone
therapy. We administered additional pulsed doses of
cyclophosphamide at 3 and 6 months after the initial
cyclophosphamide series.

The patient is being followed up on a long-term basis
by a cardiologist, a rheumatologist, and a nephrolo-
gist. During the subsequent course of treatment, we
discovered hypertension on 24-hour blood pressure
monitoring, together with hypertrophy of the left
ventricle on echocardiographic examination. The
patient is presently being treated with an angioten-
sin-converting-enzyme inhibitor and beta-blockers.
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Figure 3: An MRA image (transverse section) depicting partial re-
gression of the aortic wall thickening after 2 months of treatment.

DISCUSSION

The worldwide incidence of TA is estimated at 2 - 3
cases per 1 million people, with a prevalence of wo-
men 9:1. Although TA occurs more frequently in the
Asian population, it has been reported world wide
in other populations [9]. Because initial symptoms
are of unspecific nature, it may take a long time to
reach the correct diagnosis. This situation is highly
problematic, especially in small children [1]. Only 35
% of paediatric patients survive for 5 years after dia-
gnosis [12]. The most common causes of death are
rupture of the aorta, cerebrovascular stroke, car-
diac failure, peritonitis, and ventricular fibrillation
[6]. Due to the rarity of TA and its diagnostic diffi-
culties, it is not surprising that we arrived at a co-
rrect diagnosis only as a result of cardiac findings.
In autopsies of children with TA who died because of
acute rupture of the aorta, multiple aortal dissec-
tions are commonly described [16]. The aetiology of
TA remains unknown. The presence of hypergamma-
globulinemia, circulating immunocomplexes, and
circulating antibodies against endothelial cells of
the aorta and large arteries, as well as a favour-able
response to immunosuppressive therapy, suggest
significant autoimmunity. Antibodies against aortic
endothelial cells play the most important role [11].
Activation of CD4+ T-lymphocytes with antigen depo-
sits in the vascular wall is assumed. The activation of
CD4+ cells leads to cytokine release and the chemo-
taxis of monocytes. These monocytes subsequent-
ly change into microphages, which are responsible
for endothelial damage. The process results in the
formation of granulomas in vascular walls. In some
cases, TA occurs together with rheumatoid arthritis,
unspecific inflammation of the intestines, systemic
lupus, sarcoidosis, or amyloidosis. Although some

Figure 4: MRA imaging depicts partial stenosis of the descending
aorta after 7 months of treatment.

studies implicate bacterial and viral infections as
the cause, specific infectious agents have not been
identified [1, 15]. TA classification arises from the
presence of a mandatory primary criterion, and one
of five secondary criteria. The mandatory criterion
typically manifests as damage to the aorta, its main
branches, or pulmonary arteries. Secondary criteria
include pulse deficit, claudication, discrepancies of
blood pressure of the extremities, presence of mu-
rmur, hypertension, and elevation of acute-phase
reactants [14].

Concerning differential diagnosis, it is necessary to
bear in mind the possibility of malignant disease
(acute lymphoblastic leukaemia, Hodgkin’s lympho-
ma), systemic disease (polyarteritis nodosa, Kawa-
saki disease, rheumatic fever, juvenile idiopathic
arthritis), chronic infections (syphilis, tuberculosis,
HIV infection, leprosy), congenital defects (coarc-
tation of the aorta, middle aortic syndrome), here-
ditary disorders (Marfan syndrome, neurofibroma-
tosis, Ehlers-Danlos syndrome), and fibromuscular
dysplasia [4]. TA does not have any specific markers.
Half of the patients present with normochromic nor-
mocytic anaemia, leukocytosis, and thrombocytosis.
The acute-phase proteins are usually elevated, and
antibodies against endothelial cells may also be pre-
sent. ANCA are usually negative. We frequently ob-
serve elevated levels of all classes of immunoglobu-
lins [9]. Owing to aortic insufficiency, TA may lead to
myocarditis and/or hypertension and ultimately to
congestive heart failure. The aortal impairment may
also give rise to aneurysms, rupture, or thrombosis.
An ischemic stroke may also occur, together with
myocardial infarction. The complications caused
by long-lasting immunosuppressive treatment may
also be significant. It is possible to use a number of
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imaging methods to diagnose TA. In the light of new
developments in radiology techniques, conventional
angiography should no longer be considered to be a
first choice diagnostic tool in TA. The gold standard
is MRA, which may also be used for repeated exami-
nations to monitor the course of the disease. Ano-
ther suitable method with good results is PET, which
led to further diagnostic findings in our patient. The
options of high-resolution ultrasound techniques
have also improved diagnostic capacity. Duplex so-
nography might help to establish early disease of TA
in a pre-stenotic phase of the extracranial vessels.
Alternations in flow velocity can be determined.
[3,5]. Threrapy aims to suppress the inflammatory
process in the arterial walls and to prevent the deve-
lopment of complications. Drug treatment is based
on the supposed immunological cause of the dise-
ase. A surgical approach may present an alternative
in the most serious cases only [16]. The basis of TA
pharmacotherapy is immunosuppression. Therapy is
usually initiated with the administration of predni-
sone at a dose of 1 - 2 mg/ kg/day [2]. This dose
should be administered for the entire period of dise-
ase activity, and should continue for one year after
clinical remission is confirmed. Approximately 60 %
of patients react to the treatment; however, relapse
of the disease is frequently observed in the remain-
ing 40 % patients. Patients that do not respond to
prednisone therapy may react well to methylpredni-
solone at a dose of 30 mg/kg administered by infusi-
on once weekly. Long-term basal treatment arises
from the combination of corticoids and other im-
munosuppressive treatment. This type of treatment
includes subcutaneous methotrexate (5 - 15 mg/m?
once weekly), or intravenous cyclophosphamide (500
- 1000 mg/m? once monthly). Mycophenolate mofe-
til can be used in corticoid-resistant patients [6]. We
have also gained experience with biologicals. Infli-
ximab and etanercept reportedly induce clinical re-
mission in corticoid-dependent patients [2, 8]. The
results of a clinical trial involving six children were
published in 2006 (four girls and two boys aged 12
to 17 years at study initiation; the study lasted for
7 years). The children were administered cyclophos-
phamide induction and corticosteroids followed by
methotrexate. The study results suggest that this
treatment appears to be effective and safe for pae-
diatric patients [13]. We also observed a favourable
outcome of this treatment algorithm in our patient.
Long-term solution of stenoses and fibrotic changes
may be achieved with surgical therapy, which may
include percutaneous balloon angioplasty or inser-
tion of an endovascular stent. These interventions
cannot be excluded for our patient in the future
owing to the lasting suprarenal aortic stenosis.

CONCLUSIONS

TA is a chronic and relapsing disease. With corti-
coid treatment, more than one-half of patients may
achieve remission. However, relapses are also fre-
quent during this stage, and the prognosis is uncer-
tain.
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ABSTRACT

Aims. Orthostatic stimuli are known to elicit chan-
ges in vasoactive peptide levels. The hypothesis of
no difference in adrenomedullin and/or galanin le-
vels in patients with recurrent vasovagal syncope
and healthy controls was tested in a passive 35-min
head-up tilt test (HUTT).

Methods. Twenty eight persons (14 patients and 14
healthy controls) were tested in a 35-min/60° head-
-up tilt test with telemetry monitoring. Three blood
samples were evaluated for each person during the
HUTT. Plasma levels of adrenomedullin and galanin
were analysed by the Kruskal-Wallis test for all sam-
pling periods. Vagal influence was indirectly assessed
by the break index.

Results. There were no significant differences be-
tween groups in median values for either adrenome-
dullin or galanin plasma levels (all 6 p-values were
greater than 0.4). For adrenomedullin, no significant
difference between groups was found. For galanin,
the rate of change between the 1st and 2nd measure-
ment was significantly greater for patiens (P=0.04),
regardless of HUTT result but between the 2nd and
3rd measurement it was insignificant (P=0.36). In the
group of positive cases, the break index increased
significantly (P=0.02).

Conclusion. We confirmed that there is a different
galanin secretion pattern during orthostatic provo-
cation in patiens with recurrent vasovagal syncope
than healthy individuals. For adrenomedullin, no
significant difference was found. A significant in-
crement of the break index confirmed increased va-
gal influence in the subgroup of positive cases.

Key words: adrenomedullin, galanin, vasovagal syn-
cope, head-up tilt test

INTRODUCTION

According to the European Society of Cardiology Gui-
delines1 syncope is a symptom defined as a transi-
ent, self-limited loss of consciousness and postural
tone. The onset of syncope is relatively rapid, and
the subsequent recovery is spontaneous, comple-
te, and usually prompt. Vasovagal syncope (VVS) is
accompanied by inactivation of sympathetic tone,
and paradoxical activation of vagal tone leading to
vasodepressor, cardio-inhibitory or mixed reaction.
Some vasoactive peptides are reported to be invol-
ved in the reaction to orthostatic stress but thein
particular roles and interactions are complex and
poorly understood2. In this study, adrenomedullin
and galanin were selected and their role in the va-
sovagal response was assessed. Both peptides are
known to affect vasovagal response. However, their
specific roles are unclear3,4. Thus the rationale of
this study was to ascertain whether either one or
both peptides are substantially involved in the cour-
se of VVS. Galanin (GAL) is a 30-amino acid pep-
tide with almost ubiquitous presence in organisms
within the central and peripheral nervous system,
especially cardiac sympathetic neurons5. Its ami-
no acid sequence is conserved from vertebrates to
mammals which indicates its possible importance6.
GAL has been proposed to take part in the regulation
of cardiovascular homeostasis7, more precisely GAL
was demonstrated to lower norepinephrine plasma
levels and thus attenuate blood pressure response
to orthostasis8. Further principal actions of GAL
are inhibition of acetylcholine, glutamate, and in-
sulin release, stimulation of feeding, stimulation of
pituitary hormone release, and inhibition of spinal
nociceptive reflexes9. The 52-amino acid adrenome-
dullin (ADM) is a relatively strong vasorelaxant and
natriuretic peptide10. Like GAL, ADM has a very con-
served amino acid sequence which places ADM in the
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evolutionary line at the pre-dinosaur age11. For this
reason, ADM has been studied in many disease states
including hypertension, heart and renal failure. ADM
is constitutively produced by endothelial cells and
regulated on the level of gene expression12. It has
been reported that the ADM plasma levels increase
during the head-up tilt test (HUTT) - induced passive
orthostasis - followed by a decrease after supinati-
on4. In the present study, we investigated whether
the secretion patterns of GAL and ADM during HUTT
differ in patients suffering from recurrent vasovagal
syncope (rVVS) and for healthy individuals. We con-
centrated both on the total level of blood plasma
GAL and ADM (absolute values) and on their rates of
change (relative values). We also investigated whe-
ther the occurrence of a syncope during HUTT affec-
ted the secretion patterns. Vagal tone is known to
increase during typical vasovagal syncope. Thus we
employed the brake index as an indirect measure of
vagal influence.

MATERIALS AND METHODS

Subjects

14 patients (7 men, 7 women) with recurrent vaso-
vagal syncope (rVVS), without structural heart or
neurological diseases were enrolled as cases. For the
purpose of the study we defined rVVS as a history
of one or more syncopes and at least one syncope
reproducible during HUTT. All cases experienced 2 or
more syncopes per month and all had had vasodepre-
ssor type of vasovagal syncope during HUTT prior to
enrollment. Another 14 healthy individuals (11 wo-
men, 3 men, all medical staff volunteers) without a
history of syncopes or presyncopal states were used
as controls. Absence of structural heart disease, ab-
sence of medication, normal ECG and physical sta-
tus including neurotopic state were the principal
inclusion criteria. The BMI of cases was 23.55+3.24
and controls 22.97+2.59.

Study protocol

Both groups were required to refrain from consu-
mingtea, coffee, chocolate and smoking cigarettes
two days before the testing. HUTT was performed
between 8:30 and 11:00 AM in a quiet, well venti-
lated room after overnight fasting and all subjects
were well hydrated. Before the HUTT started, an-
tecubital vein cannulation was undertaken for fur-
ther blood sampling. All patients were asked to rest
for 10-15 min in a supine position before the test to
allow all the cardiovascular parameters (pulse, blo-
od pressure, respiration rate) to stabilize. The HUTT
then proceeded according to the shortened protocol
to eliminate late false positive results: the subjects
were tilted at 60° head upwards, with their feet se-
cured, for 35 min, without medical provocation. All
subjects were further stratified according to HUTT
result. Blood samples were taken in the first minute
of the test and then, if syncope developed (positive
HUTT), in the first 10-15 s and tenth min. after-

wards. After the syncope developed, blood samples
were first taken and then the patients were returned
to the supine position. If the HUTT was negative (no
syncope occurred), blood samples were taken after
1, 25, and 35 min of the test. Blood pressure was
measured every two min and then every minute in
the presyncopal phase and ECG was recorded con-
tinuously for further heart rate variability analysis
(brake index). Both blood pressure and ECG were re-
corded by the Datex Ohmeda S5 monitoring system.
ECG recordings were used for brake index calculati-
on (RRmax-RRmin/RRresting),which is a simple heart
rate variability measure used to assess the amount
of vagal influence. The test procedure was atten-
ded by a nurse and a physician. The study protocol
was approved by the Local Ethics Committee of the
University Hospital in Ostrava. The trial was carried
out in accordance with the principles of the Helsinki
Declaration. Written informed consent was obtained
from all patients prior to enrollment.

Analytical methods

Blood samples were drawn into pre-cooled tubes
containing EDTA and aprotinin (Within 30 min, the
samples were centrifuged at 1600 g/4 °C for 15 min,
and then the plasma was frozen at -80 °C until the
analysis which was performed within four months.
Plasma ADM levels were measured by commercially
available ELISA kit for human ADM containing 52 ami-
no acids (EK-010-01, Phoenix Pharmaceuticals, for
research only use). The detection range is 0.13-100
ng/mL. Plasma GAL levels were obtained by means
of commercially available RIA kit (RK-026-01, Pho-
enix Pharmaceuticals, for research only use). The
detection range is 10-1280 pg/mL.

Statistical methods

Unless stated otherwise, median values of ADM and
GAL plasma levels are provided as non-parametric
statistical tests were generally used (the hypothesis
of normality of the data was rejected, P<0.0001). All
analyses of ADM and GAL levels (including their ra-
tes of change) were performed by the Kruskal-Wallis
test. Break index (see the results below) data were
analysed using ANOVA or t-tests as the data were
normally distributed. P values below 0.05 were con-
sidered statistically significant.

RESULTS AND DISCUSSION

A HUTT induced syncope occurred in 4/14 healthy
individuals after 3, 26, 27, and 30 min of the test.
In the rVVS patients, 8/14 individuals suffered a va-
sovagal syncope after 4, 11, 21, 22, 24, 24, 26, and
27 min. Although the time to syncope was different
in the rVVS group, we believe the pathophysiological
mechanisms are uniform. Moreover by holding the
blood sampling time frame possible differences are
diminished. Basic clinical characteristics and hae-
modynamic parameters of the groups are shown in
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Table 1. Basic characteristics of the study group. All values are provided as the mean + standard deviation.
Normality of the data was not rejected.

Healthy subjects (controls) rVVS patients (cases)

HUTT negative HUTT positive | P HUTT negative HUTT positive | P

(n=10) (n=4) (n=6) (n=28)
Age (years) 24.5+2.5 26.3+4.3 0.48 41.0 £+ 16.0 34.1£12.6 0.36
Sex 9F / 1M 1F / 3M 2F / 4M 4F / 4M
BMI (kg/m2) 23.1+2.5 22.6 + 3.1 0.72 22.7+ 3.4 23.1+2.7 0.95
Systolic BP Supine 114.7 £ 8.1 122.5 + 11.9 0.20 127.8 £ 10.2 124.0 £+ 16.3 0.30
(mmHg) Tilting (3 min) 115.7 £ 9.7 112.3 £+ 15.7 0.72 131.7 £ 10.7 119.8 + 26.2 0.03
Diastolic BP Supine 69.4+5.7 77.8 +5.2 0.02 82.8+6.9 76.5+7.2 0.10
(mmHg) Tilting (3 min) 74.5+5.3 73.8 £ 14.9 0.94 86.8 + 11.9 75.4 +15.0 0.10
Heart rate Supine 62.3+5.1 67.0 + 10.4 0.44 61.2+6.8 59.6 + 12.7 0.79
(beats/min) Tilting (3min) 74.5+7.9 77.0 £ 11.2 0.62 74.2 £ 10.6 82.0 +19.0 0.44

Fig. 1. Rate of change of Adrenomedullin and Galanin plasma level for all four subgroups between the 1st and 2nd, 2nd
and 3rd measurement, respectively.
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Fig. 2. Rate of change of Galanin between the 1st
and 2nd mea-surement, cases and controls, inde-
pendent on the result of the HUTT.

(Table 1). First, we compared the plasma levels of
ADM and GAL for positive cases and negative controls
(where the most profound difference is to be expec-
ted) for all three measurements (see the study pro-
tocol). No significant difference between the groups
was found (P=0.92 and P=0.98). Next, to capture the
dynamics of the regulatory system, we compared the
rates of change of the ADM and GAL levels between
consecutive measurements (i.e. the change in con-
centration divided by time). The rate of change of
ADM plasma level between the first and second me-
asurement was not significantly different for any of
the four subgroups (positive cases, negative cases,
positive controls, negative controls, P=0.56). Alt-
hough the box plot (Fig. 1) shows a mild increase in
ADM for positive controls, by contrast the remaining
three groups show stagnation or slight decrease. The
non-significance of this difference may be caused by
the small study group. There was also no significant
difference in ADM plasma level changes between the
second and third measurement: the levels of ADM
tend to stagnate for all the four subgroups (Fig. 1).
The same analysis was applied to GAL levels. The
variation of GAL plasma level change between the
first and second measurement is insignificant (Fig.
1), however for the controls, GAL tends to decrease,
while for cases there is an opposite tendency. Com-
paring cases and controls with no further differen-
tiation into positive and negative groups, this diffe-
rence becomes significant (P=0.04, Fig. 2). Patients
suffering from rVVS (cases) experience an increase
in GAL levels, while healthy individuals experien-
ce a decrease, regardless of the HUTT result. The
variation in GAL plasma level change between the
second and third measurement shows no significant
difference between the four groups (P=0.72, Fig. 1),
not even when only cases and controls are compared

Fig. 3. Brake index, all four groups (positive and ne-
gative con-trol, positive and negative cases).

(without differentiating positive and negative). We
further tried to capture the secretion patterns for
GAL and ADM qualitatively, assigning to each patient
one of the three secretion types: an “A-type” for an
increase between the first two measurements follo-
wed by a decrease, a “V-type” for a decrease follo-
wed by an increase, and an “N-type” for any other.
This type of analysis showed no significant differen-
ces among the groups or subgroups, for either ADM
or GAL levels. It is known that the so-called break
index13, is a good marker of elevated vagal influen-
ce. Accordingly, in the positive cases, the values of
the break index increased significantly (P=0.02, Fig.
3). It is also noteworthy that there is a significant
correlation (r=0.48, P=0.01) between the range of
ADM levels (i.e. the maximum level minus the mini-
mum level) and the range of GAL levels in the group
of all patients.

As stated a number of neurohumoral factors are
involved in triggering and sustaining the vasovagal
response. However, neither the roles of individual
peptides nor their integrated response is known. In
this study, the role of ADM and GAL was addressed to
a small group of patients with rVVS. The secretion
patterns of both peptides during HUTT were com-
pared to a group of healthy individuals. The authors
are not aware of any other HUTT trial without phar-
macological provocation performed on rVVS patients
while measuring ADM levels though a case/control
study exists14 evaluating GAL levels in patients with
rVVS during HUTT. In another trial15, adrenomedu-
llin response to HUTT in VVS patients was assessed.
However, in most patients, the syncope was induced
by nitroglycerin administration, and the condition
of syncope recurrence was not satisfied. Bondanelli
et al.14 show that GAL levels increase in rVVS pati-
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ents who do not develop a syncope (negative HUTT),
whereas it remains unchanged in rVVS patients who
develop a syncope (positive HUTT). GAL levels are
reported to remain unchanged in the control group
but there were no positive responses to the HUTT
in this group14. This suggests that GAL could be re-
sponsible for preventing a syncope development in
susceptible individuals. We observed more stereoty-
pical GAL response to tilting in all subjects. In our
trial, GAL increase differentiated cases from cont-
rols better than it differentiated positive and nega-
tive responses to HUTT, i.e. there was an increase
in plasma GAL for rVVS patients during HUTT, regar-
dless whether they developed syncope or not. Our
data are thus in a partial conflict with those of Bon-
danelli et al. Elsewhere it has been demonstrated in
healthy individuals that GAL plasma levels increase
severalfold with orthostatic stress in the presyncopal
phase3, which further questions the reproducibility
of the results of Bondanelli. A possible explanation
for this conflict may be the absence of a unique GAL
secretion pattern. In other words, GAL response to
orthostasis might be more complex than its mere in-
crease/decrease, considering the number of other
neurohumoral agents involved16. Our results show
that there is no strong adherence of galanin se-
cretion pattern to orthostatic stimuli, although the
galaninergic system is involved in the vasovagal re-
sponse. The galanin secretion pattern better diffe-
rentiates patients with rVVS from controls than the
type of response to HUTT (positive/ negative). This
poses the question whether rVVS is just an abnormal
autonomic/neurohumoral reaction or a genuine di-
sease17.

No significant change in ADM plasma levels was ob-
served in our trial, although there was a slight in-
crease in ADM plasma levels in healthy individuals
with a positive response to HUTT. It was shown that
ADM plasma levels increased significantly with tilting
and this correlated with the tilt table inclination
level in healthy individuals4. Similar results were
reported by Gajek et al.15, who demonstrated inc-
reased ADM plasma levels during HUTT immediately
after syncope in patients with vasovagal vasodepres-
sor reaction. The opposite was true (i.e. the ADM le-
vels decreased) if nitroglycerin was administered15.
This advocates the role of ADM in a failed prevention
of a syncope by excessive paradoxical vasodilatati-
on in healthy individuals and the supression of this
effect by nitroglycerin administration. Our results
show an increasing trend in ADM levels in healthy in-
dividuals during HUTT which partly supports Rossler
et al.4. Although a different protocol and tilt angle
were used Nishikimi et al.18 failed to demonstrate
ADM increase after 20 min of 70° HUTT in healthy
volunteers. The brake index is used as a measure of
the activity of the autonomic nervous system as a
whole13,19. The significantly elevated brake index
for rVVS patients with a positive HUTT result com-

pared with healthy individuals shows that the rVVs
patients were well-chosen: increased heart rate va-
riability determinate by the brake index is a sign of
increased vagal influence.

CONCLUSION

This study confirms that the galaninergic system is
involved in the reaction of rVVS patients to HUTT. It
also suggests that GAL accruement throughout HUTT
might be used as a marker of vasovagal syncope re-
cur-rence. It also poses the question whether rvvS
represents an abnormal response to orthostasis/
HUTT as a variant of a normal reaction or a genui-
ne disease. To our knowl-edge, this study represents
the first evaluation of ADM in heavily symptomatic
rVVS patients during a HUTT which was not accom-
panied by drug administration. No specific ADM se-
cretion pattern was found for patients with rvvS
and our patient’s ADM plasma levels were generally
lower than the controls. This may be due to fast bio-
degradation or re-uptake of ADM by the endothe-li-
al cells. The significant correlation of GAL and ADM
ranges suggests that both peptides are part of the
same regulatory pathway, although possibly acting
in mutual opposition. The results do not answer all
the questions on the involvement of both vasoactive
peptides in rVVS and for this reason further research
on neurohumoral re-sponse to syncope is needed to
enhance understanding of this sophisticated system.
Small sample size is the major limitation of the stu-
dy, however, most of the trials cited in this paper
have similar numbers of patients enrolled. Cases and
controls are gen-der unbalanced, which might affect
especially the GAL plasma levels. It was shown that
galanin plasma levels dur-ing orthostasis are higher
in healthy women (3), however, our data do not con-
firm this.
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ABSTRACT

Aims

The aim of this study was to compare the leg-related
morbidity and to perform histological comparison of
the veins for coronary artery bypass grafting (CABG)
using endoscopic (EVH) and open harvest (OVH).
Methods

One hundred consecutive patients scheduled for iso-
lated CABG were randomly divided into EVH and OVH
group. Perioperative data were recorded. Patients
were examined 7 days and 1 month postoperative-
ly focusing on leg-related morbidity. The sample for
histological examination was taken from each har-
vested vein during the surgery.

Results

The postoperative pain was statistically significantly
lower in the EVH group 7 days postoperatively. EVH
was connected with higher incidence of haematoma,
but this difference didn’t reach a statistical signifi-
cance as well as swelling, which was higher in the
OVH group. Almost 40% of all histological samples
were described as samples with endothelial damage.
We found the statistically significant difference be-
tween EVH and OVH group in terms of endothelial
damage being higher in the EVH group

Conclusions

We have confirmed the advantage of the EVH in
terms of leg-related morbidity as well as cosmetic
effect but the EVH was associated with higher acute
endothelial damage of the graft. These results can
support concerns that endoscopic vein harvest could
be connected with a detrimental effect on vein en-
dothelium, which may promote a thrombogenic en-
vironment leading to a decrease in graft patency,
which could be extremely important. Based on this
fact we feel further investigation of the long-term
patency of vein grafts harvested endoscopically is
required.

Keywords:

Saphenous vein harvest; Endoscopic harvest; Histo-
pathology; Endothelial damage; Minimally invasive;
Coronary artery bypass grafting.

INTRODUCTION

Coronary Artery Bypass Grafting (CABG) continues to
be a widely used therapy for the treatment of ische-
mic heart disease and it remains the most common
procedure in cardiothoracic surgery /1/. Despite the
advances in the use of arterial grafts, the long sa-
phenous vein remains the most commonly used con-
duit for coronary artery bypass surgery /2/.
Traditional methods of vein harvest, in which a
wound is opened along the length of the long saphe-
nous vein, often contribute significantly to patient
morbidity /3, 4/. Minimally invasive techniques of
vein harvest have been developed in order to reduce
this significant morbidity. Studies have shown redu-
ced rates of postoperative wound complications fo-
llowing minimally invasive approaches compared to
the traditional saphenous vein harvest technique /5,
6/. Despite these studies, there are not enough data
about mid- term and long-term results. Also the his-
tological data published in the literature have given
a mixed opinion /7, 8/.

The aim of this study was to examine local outcomes
with endoscopic vein harvest (EVH) and to give some
more data about histological comparison of the veins
after endoscopic and open harvest.

MATERIALS AND METHODS

The study was performed as a prospective randomi-
zed study including 100 consecutive patients coming
to scheduled isolated coronary surgery with the use
of great saphenous vein graft. All patients included
in this study were acceptable for both saphenous
vein harvest methods - open as well as endoscopic.
All patients have signed the informed consent form.
The ultrasound mapping of both great saphenous ve-
ins using the vascular 10MHz probe was done before
the surgery. Only patients with patent deep vein sys-
tem, location of the great saphenous vein at least 4
mm under the skin surface, lumen of the vein from
2,0 to 5,0 mm and the vein wall thickness smaller
than 1,5 mm were included in the study.

Patients were randomized into two groups - open
vein harvest group (OVH group) and endoscopic har-
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Table 1
Clinical characteristics of the patients
EVH group OVH group p-value

No. of patients 50 50 NS
Male (%) 42 (84%) 45 (90%) NS
Female (%) 8 (16%) 5 (10%) NS
Age (years) 65+8.94 66.2:8.17 NS
LVEF (%) 53.4+8.85 52.4+9.09 NS
AP (CCS) 1.7+1.0 2.3+1.02 NS
BMI (kg/m2) 29.1+4.0 28.9+4.08 NS
Diabetics (%) 20 (40%) 22 (44%) NS
Smokers (%) 18 (36%) 16 (32%) NS
Smokers and diabetics (%) 6 (12%) 5 (10%) NS

Where applicable, data are shown as the mean + the standard deviation.

LVEF...left ventricular ejection fraction

AP...angina

BMI... body mass index

NS... not significant (p>0.05)

Table 2

Perioperative data

EVH group OVH group p-value

No. of patients 50 50 NS
Length of the graft (cm) 36.9+8.35 38.4+11.23 NS
Harvest time (min) 36.2+13.25 37.7+20.46 NS
No. of conversions 0 NA
No. of 7-0 sutures 1.3+1.57 0.4+0.94 p<0.001
Overall length of skin incisions (cm) 7.6+3.1 40.3+12.81 p<0.001

Where applicable, data are shown as the mean + the standard deviation.

NS... not significant (p>0.05)

vest group (EVH group). In the OVH group the graft
was harvested by advanced surgeon using standard
open technique with ligating or clipping the side
branches. In the EVH group the endoscopy was per-
formed by surgeon, who was experienced enough
in this harvest method. Standardized miniinvasive
technique was performed using the Virtuo-Saph (Te-
rumo) endoscopic vessel harvesting system and car-
bon dioxide insufflation technique. Diathermy was
employed to divide side branches in situ with titani-
um clips applied prior to grafting.

Important perioperative data were recorded. In
the follow-up patients were examined 7 days and 1
month after the surgery focusing on leg-related mor-
bidity. The sample for histological examination was
taken from each harvested vein during the surgery.
The biopsy material was processed using the paraffin
technique with basic staining and immunohistoche-
mistry assay. Histological changes were recorded.
Assessment of the changes was contributed to by
immunohistochemistry assay using Factor VIII, CD34,
HAS and Laminin antibodies and by Trichrome and VG

chemical stains.

Comparison between groups was carried out with
Student’s t-test when appropriate. Values of p=0.001
were considered statistically significant. Informed
consent was obtained from all patients and the study
was approved by the ethics committee.

RESULTS

From October 2009 to August 2010, 100 consecutive
patients scheduled for isolated CABG and meeting
the above mentioned criteria were randomly divided
into 2 groups. EVH was used in the 1st group and OVH
was used in the 2nd group.

The clinical characteristics of the patients are sum-
marized in Table 1. There was no significant differen-
ce between groups in the clinical profile. The majo-
rity of the patients were male and there was a high
proportion of diabetics in both groups. Perioperative
data describing the vein harvest are shown in Table
2. There was no difference in the total length of the
graft harvested as well as in the harvest time. Sta-
tistically significant was the difference in the num-
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Table 3
Leg-related morbidity 7 days postoperatively
EVH group OVH group p-value

No. of patients 50 50 NS
Haematoma (%) 31 (62%) 22 (44%) NS
Leg wound dehiscence (%) 0 0 NS
Swelling (%) 4 (8%) 13 (26%) NS
Leg wound infection (%) 0 0 NS
Necrosis (%) 0 1 (2%) NS
Leg wound pain (%) 6 (12%) 22 (44%) p<0.001
Dysaestesia (%) 0 5 (10%) NS

NS... not significant (p>0.05)

Table 4

Leg-related morbidity 1 month postoperatively

EVH group OVH group p-value

No. of patients 50 50 NS
Haematoma (%) 1 (2%) 0 NS
Leg wound dehiscence (%) 1(2%) 4 (8%) NS
Swelling (%) 1(2%) 2 (4%) NS
Leg wound infection (%) 0 1 (2%) NS
Necrosis (%) 0 0 NS
Leg wound pain (%) 0 4 (8%) NS
Dysaestesia (%) 0 4 (8%) NS

NS... not significant (p>0.05)

ber of 7-0 sutures (being higher in the EVH group)
and first of all in the overall length of skin incisions,
which was of course much shorter in the EVH group.
Data describing leg-related morbidity 7 days and 1
month postoperatively are shown in Tables 3 and 4
respectively. We can see, that there is a statistically
significant difference in the postoperative pain be-
tween the groups 7 days postoperatively. The pain
was lower in the EVH group. On the other hand EVH
was connected with higher incidence of haematoma,
but this difference didn’t reach a statistical signifi-
cance as well as swelling, which was higher in the
OVH group. The leg-related morbidity has decreased
significantly one month postoperatively and haema-
tomas has disappeared almost completely. The only
difference between the groups one month postope-
ratively was in the incidence of swelling and pain
being lower in the EVH group, but the difference was
not statistically significant.

As described in the methodology, the sample for his-
tological examination was taken from each harves-
ted vein during the surgery except of four patients
where because of lack of suitable vein for grafting
the sample was not taken. The results of remaining
96 samples are summarized in Table 5. We can see,
that 38 out of 96 samples were described as samples
with endothelial damage, which is almost 40% of all
samples. We found the statistically significant diffe-

rence between EVH and OVH group in terms of per-
centage of endothelial damage. This percentage was
higher in the EVH group. The typical acute endothe-
lial damage is shown in Picture 1 and 2. They include
the desquamation, granulocyte formation with the
presence of fibrin, partly with formation of tiny de-
fects with bleeding and leukostasis in capillaries of
the vasa vasorum.

DISCUSSION

Open saphenectomy has been the technique of choi-
ce for vein harvest in coronary artery bypass surge-
ry for several decades; however, minimally invasive
techniques have become increasingly popular in a
wide range of surgical specialties. Endoscopic vein
harvest has become increasingly used as an alterna-
tive to the open technique. The advantages of this
technique published in the literature (9) includes
reduced leg wound complications, postoperative
pain, required analgesia and incision length. The di-
sadvantage of the procedure according to the litera-
ture is the learning curve (9), risk of carbon dioxide
(CO2) embolism during CO2 insufflation (10) and lack
of data regarding the long-term patency rates of ve-
ins harvested by the endoscopic technique(11).
Based on our experience the learning curve is not
the major problem of the endoscopic vein harvest.
In our series the harvest time was almost the same
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Picture 1
Acute endotheli

Endothelial desquamation with bleeding and fibrin thrombus for-
mation, HE, 400x

Picture 2
Acute endothelial damage

Endothelial desquamation, HE, 1000x

Table 5
Histopatological changes
EVH group OVH group p-value
No. of samples 47 49 NS
Acute endothelial damage (%) 24 (51%) 14 (29%) p<0.001

NS... not significant (p>0.05)

in both groups and all surgeons performing the endo-
scopic vein harvest were able to adopt this method
after a relatively short learning curve.

The most important advantage of the EVH is the re-
duction of leg-related morbidity(12,13, 14) . In our
study we have found the statistically significant di-
fference between groups only in the postoperative
pain 7 days after the surgery. The difference in swe-
lling and dysaestesia didn’t reach the statistical sig-
nificance. The reason for relatively low difference in
leg-related morbidity is that generally the incidence
of all leg-related mortality in both groups was very
low. But in spite of that we have confirmed the su-
periority of EVH over OVH in terms of reduced leg-
-related morbidity. The only disadvantage of EVH in
this field was relatively high incidence of haemato-
ma in the EVH group. Although the haematoma di-
sappeared in a relatively short time, we recommend
using drainage to reduce the incidence of haemato-
ma.

One major limitation of the current literature is that
there is very little conclusive data regarding long-
-term patency rates of endoscopically harvested
veins. There are some concerns that endoscopic
vein harvest could be connected with a detrimen-
tal effect on vein endothelium, which may promote
a thrombogenic environment leading to a decrease
in graft patency. These results were published for
example by Rousou et al. (15) and Zenati et al. (16).
In our study we have found the statistically signi-
ficant difference between EVH and OVH group in

terms of percentage of endothelial damage. This
percentage was statistically significantly higher in
the EVH group. Based on this experience we can su-
mmarize, that there is a difference between the vein
harvested endoscopically and the vein harvested by
the open technique in terms of histological picture
of the vein. This is supported also by the fact, that
in our study the pathologist was able to correctly
recognize the vein harvested endoscopically in more
than 70% of the cases only according to the histolo-
gical examination.

CONCLUSIONS

Endoscopic vein harvest has become increasing-
ly used as an alternative to the open technique. In
our study we have confirmed the advantage of this
method in terms of leg-related morbidity as well as
cosmetic effect. On the other hand we have found
significant histological difference between vein har-
vested endoscopically and the vein harvested by the
open technique showing that the EVH could be as-
sociated with higher acute endothelial damage of
the graft. These results can support concerns that
endoscopic vein harvest could be connected with a
detrimental effect on vein endothelium, which may
promote a thrombogenic environment leading to a
decrease in graft patency, which could be extremely
important. But the overall incidence of the endothe-
lial damage in both groups is very high. The reason
for that could be, that we have detected minor da-
mages, which will not influence the long-term pa-
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tency of the graft. Based on these facts we feel fur-
ther investigation of the long-term patency of vein
grafts harvested endoscopically is required.
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ABSTRACT

Background. The objective of the study was to re-
port a rare case of primary neuroendocrine carcino-
ma of the right kidney in a 36 year old male.
Methods. The patient was clinically assessed; CT and
OctreoScan scintigraphy were performed and levels
of 5-HIAA, vanillylmandelic acid and NSE were deter-
mined. The tumor and metastases were histologica-
lly and immunohistochemically examined.

Results. The imaging methods showed a cystic tumor
in the lower pole of the right kidney. Macroscopically,
the entire tumor was sized 8x8x7 cm. Histologically,
it was made up of ribbon-line or trabecular patterns
of tumor cells. Occasional adenomatoid and cystic
structures were present. The tumor cell nuclei were
round or oval, with no irregularities and fine lumpy
chromatin. The mitotic count was < 1 /10HPF and
the proliferation marker Ki-67 was < 1 % of tumor
cells. Immunohistochemically, the tumor cells were
positive with antibodies against chromogranin A, sy-
naptophysin, CD56 (focally), cytokeratins AE1-AE3
(focally), vimentin (most cells), glucagon (focally),
and pancreatic polypeptide (PP; focally). Antibodies
against serotonin, somatostatin, gastrin, vasoactive
intestinal polypeptide (VIP) and calcitonin did not
react with the tumor. The results of biochemical
markers (5-HIAA, vanillylmandelic acid and NSE) did
not correlate with development or treatment of the
tumor.

Conclusions. Primary neuroendocrine carcinoma of
the kidney was diagnosed both histologically and im-
munohistochemically. The patient was clinically in-
vestigated using CT and OctreoScan scintigraphy. Wi-
thin two years from nephrectomy, metastases were
found in the right humerus and retrocaval lymph
nodes. The metastatic lesions were surgically remo-
ved. Currently, the patient’s condition is good, with
no tumor progression detected.

Keywords:

kidney neoplasm, neuroendocrine tumor, carcinoid

INTRODUCTION
Primary neuroendocrine tumors of the kidney are
rare. They occur in both the renal parenchyma and

the renal pelvis [1,2,3,4,5,6]. Either individual tu-
mors or series of five or six cases have been reported
[7,8]. The largest series of 21 patients with renal car-
cinoids (well-differentiated neuroendocrine tumors)
was investigated by Hansel et al. [6]. The patients
were treated in five large US hospitals over a period
of 36 years. So far, about 90 cases of the tumor have
been described [9]. Most frequently, the tumor de-
velops in the horseshoe kidney [10,11]. Hansel et al.
[6] found the horseshoe kidney in 19% of the cases.
Sporadically, synchronous well-differentiated neuro-
endocrine tumor and adenocarcinoma within terato-
ma of the horseshoe kidney have been reported [11].

CASE REPORT

A 36 year old male was admitted to the university
hospital due to epigastric pain and dyspepsia three
years previously. The 5-hydroxyindoleacetic acid
(5-HIAA) test showed 41.0 pmol/24 hrs (reference
range, 10.4- 47.1 pmol/24 hrs). The vanillylmandelic
acid level was 31.2 pmol/24 hrs (reference range,
0-33 pmol/24 hrs). During the hospital stay, the va-
nillylmandelic acid levels fluctuated between 17.9
and 53.2 pmol/24 hrs. Serum neuron-specific eno-
lase (NSE) levels did not exceed 10.3 pg/L (referen-
ce cut-off, 12.5 pg/L) throughout the hospitaliza-
tion. Based on the clinical results, nephrectomy of
the right kidney was performed. Two months later,
OctreoScan scintigraphy detected two lesions with
increased somatostatin receptor density. One lesi-
on was in the proximal third of the right humerus;
the other was localized in the epigastrium but not
specifically. The former lesion was assessed by CT
angiography. Subsequent magnetic resonance paging
(MRI) confirmed a metastasis in the humerus but fai-
led to show alterations in the epigastrium. One year
later, a small increase in the right humerus lesion
was revealed on X-ray. Subsequent biopsy examinati-
on confirmed metastatic neuroendocrine carcinoma.
Two and half years after nephrectomy, resection of
the humerus was performed. Postoperatively, PET/
CT revealed a lesion in the retrocaval lymph nodes
of the L1-L2 region. The nodes were surgically remo-
ved. Histological examination confirmed a neuroen-
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docrine carcinoma metastasis. At present, the pati-
ent is free from tumor symptoms. His levels of the
studied markers were of no value and no correlation
with tumor development or treatment was found.

MATERIALS AND METHODS

The kidney and lymph nodes were fixed in neutral
formalin and the tumor tissue specimens were pro-
cessed in the Autotechnicon. The paraffin-embedded
sections were stained with hematoxylin and eosin.
Immunohistological evaluation was carried out using
the avidin-biotin complex (ABC) method as usual,
according to the manufacturer’s instructions. The
following antibodies were used (dilutions as shown
in the brackets): AE1-AE3, clone AE1-AE3 (1:50),
CK20, clone Ks 20.8 (prediluted), CK7, clone OU-
-TL 12/13 (1:50), NSE, clone 2F111 (1:50), rabbit
anti-human gastrin polyclonal antibody (1:2000), vi-
mentin, clone 3B4 (1:100), rabbit anti-human soma-
tostatin polyclonal antibody, code A0566 (1:1000),
mouse anti-human serotonin monoclonal antibody,
clone 5HT-H209 (1:100), rabbit anti-human glucagon
polyclonal antibody, clone A0565 (1:1000) - the anti-
bodies were produced by Dako, Glostrup, Denmark;
synaptophysin, clone 27G12 (1:100), chromogranin
A, clone 5H7 (1:100), CD56, clone 1B6 (1:50) - an-
tibodies manufactured by Novocastra, Newcastle-
-upon-Tyne, UK; rabbit anti-pancreatic polypeptide
polyclonal antibody, clone 18-0043 (1:100) - Invitro-
gen, Lofer, Austria; VIP (vasoactive intestinal pep-
tide) (1:500) - Immunostar, USA; rabbit anti-calcito-
nin polyclonal antibody, clone SP17 (1:20) - Thermo
Scientific, Fremont, USA.

RESULTS

Macroscopic findings

In the renal hilum, a 5x5x6 cm cyst was found. The
cavity was filled with dark red liquid. The inner sur-
face of the cavity contained brownish soft areas of
tissue. The cyst cavity was just adjacent to compact
whitish tumor nodules affecting the renal medulla.
The overall size of the lesion was 8x8x7 cm (Fig. 1).
The cyst was in the close proximity to the renal pel-
vis.

Histopathology

The tumor itself was made up of ribbon-like or tra-
becular patterns of cylindrical cells. The nuclei were
round or oval, localized mostly in the cell center.
Occasional pseudoglandular and cystic structures
were present (Fig. 2). At the basal area of the tumor
cells, the plasma was of granular appearance. The
tumor cells had a mitotic count of <1mitosis/10HPF;
the proliferation marker Ki-67 level was much lower
than 1%. Metastases in the lymph node and humerus
were of a histologically similar appearance to that
in the kidney. Also in these places, the mitotic count
was 1/10HPF and the Ki-67 index was 1-2%. Immu-
nohistologically, the tumor cells were positive with
antibodies against chromogranin A (Fig. 3), synapto-

e

Fig. 1 Section of the kidney with cystic tumor

Fig. 2 Cylindrical cells of well-differentiated neuroendocrine car-
cinoma (HE, 400x)

Fig. 3 Tumor cells mostly at the basal area react positively with
an antibody against chromogranin (400x)

physin (Fig. 4), CD56 (focally), vimentin (most cells),
glucagon (focally), pancreatic polypeptide (PP) (fo-
cally), and cytokeratins AE1-AE3 (focally). The other
markers were negative.

The other markers were negative.
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Fig. 4 Positive finding in tumor cells with an antibody against
synaptophysin (200x)

DISCUSSION

Well-differentiated neuroendocrine carcinoma is
mostly observed in the gastrointestinal tract. Most
frequently, it is localized in the small and large
intestines and stomach. It is less frequent in the re-
spiratory system. Sporadically, it is seen in paren-
chymal organs such as the liver and kidneys. In the
liver parenchyma, it mostly arises from scattered
neuroendocrine cells of bile duct or gall bladder
mucosae. In the kidneys, the histogenetic origin of
these tumors is unclear. The tumor quite often de-
velops in the horseshoe kidney. In such cases, the
clinical course is much more benign than in tumors
occurring in normal kidneys12.

Primary neuroendocrine carcinoma of the kidney is
most prevalent in patients around 50 years of age. It
is clinically manifested by hematuria and unspecified
pain in the lumbar region. Shurtleff et al.13 found
that in approximately 20% (out of 43 cases), the
course is asymptomatic. Gradually, the tumor enlar-
ges and only then clinical symptoms may appear. In
our case, it was 8 cm. In more than 48% of cases,
the tumor is cystic, such as in our patient. In the
aforementioned series of 43 patients with primary
neuroendocrine carcinoma of the kidney, metasta-
ses in the lymph nodes were found in approximate-
ly 18%. Carcinoid syndrome was diagnosed in nearly
14% of cases. In the reported cases, tumor cells most
frequently expressed PP, VIP and serotonin12. In our
case, two years and six months after nephrectomy,
lesions were found in the proximal humerus and lym-
ph nodes paravertebrally in the subhepatic region. In
both sites, metastases of well-differentiated neuro-
endocrine carcinoma were histologically confirmed.
Expression of the proliferation marker Ki-67 was
more prominent in these sites than in the primary
tumor of the kidney.

The histogenetic origin of primary neuroendocrine
carcinoma of the kidney is unclear. Neuroendocrine
cells are not mentioned in histological descriptions

of the normal parenchyma of the kidney, renal pel-
vis or ureter. Progenitor cells incorporated into the
renal parenchyma during organogenesis are conside-
red. Some authors14,15 found small nests of para-
ganglionic cells from which neuroendocrine tumors
may arise. Nests of these cells were detected in the
hilar region of the kidney.

Parada et al.16 reported chromophobe renal cell
carcinoma with neuroendocrine differentiation, an
entity described in the only case. According to the
authors, both types of lesions have a common ori-
gin in renal tubular cells. Neuroendocrine differen-
tiation was suggested by not only immunohistoche-
mical assay but also neurosecretory granules found
in tumor cell cytoplasm by elektron microscopy.
Rarely, neuroendocrine differentiation is observed
in microcystic urothelial cell carcinoma of the renal
pelvis17. Primary neuroendocrine carcinoma of the
kidney may be mimicked by neuroendocrine cancer
metastasis as reported in Merkel cell carcinoma me-
tastatic to the kidney18.

Some authors think that the tumors arise from neu-
roendocrine cells occurring in the mucosa of the re-
nal pelvis in intestinal metaplasia19,20.

The histological picture of the neuroendocrine car-
cinoma of the kidney was medium-sized tumor cells
arranged into trabecules or ribbons. That is, structu-
res similar to those observed in these tumors in the
gastrointestinal tract. In our case, glandular structu-
res were also seen that tended to form cyst cavities.
One such cavity occupied a considerable part of the
tumor. Less frequently, large cell neuroendocrine
carcinoma is seen21,22. Some authors23,24 claim
that neuroendocrine carcinoma of the renal pelvis
is more frequently associated with transitional cell
carcinoma, adenocarcinoma or squamous cell carci-
noma than with the same tumors arising in the renal
parenchyma.

At the molecular genetic level, abnormalities of
chromosome 3 were detected1.
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