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Abstract

Hypoplastic left heart syndrome (HLHS) is one of the most complicated congenital heart defects which leads to
the inevitable fatal outcome in the natural course of the disease. Currently, Norwood procedure and fetal aortic
valvuloplasty are considered the major approaches for surgical treatment of HLHS. However, the prognosis of such
surgeries is often unpredictable.

The aim. To study morphological variations of the left ventricle (LV) in HLHS and evaluate the prognostic signifi-
cance of each of them in the choice of surgical approach.

Materials. The main group included 63 hearts of newborns with HLHS, the comparison group included 53 hearts
of newborns without cardiac pathology.

Methods. The methods used were survey microscopy, as well as macro- and micromorphometry of various pa-
rameters of the heart, calculation of the ratio of their absolute values (indices) with subsequent statistical data
processing.

Results. Five types of LV were identified in HLHS patients based on the size and shape of the cavity, wall thickness,
presence or absence of fibroelastosis: slit-like hypoplastic (Type I) (n = 10; 15.9%); slit-like hypertrophic (Type
II) (n = 19; 30.2%); cylindrical (Type III) (n = 22; 34.9%); lacunar (Type IV) (n = 6; 9.5% ); lacunar-cylindrical
(Type V) (n = 6; 9.5%). In Type I left ventricles, the interventricular index (IVI) (the ratio of the areas of the free
walls of the left and right ventricles on the cross sections of the heart) was the smallest: 0.13 * 0.03 units versus
normal 1.96 # 0.31 units. In Type II left ventricles, the value was equal to 1.69 + 0.23 units; in Type IIl it was 1.59 +
0.64 units; in Type IV it was 1.31 * 0.03 units; in Type V it was 1.05 * 0.52 units. The index of the working area of
the right ventricular myocardium (RVI) (the ratio of the area of the free wall of the right ventricle to the sum of the
areas of the free wall and interventricular septum) in Type I LV was the highest: 81.3 + 5.7% versus normal 57.1 *
2.02%; in Type Il it was 49.7 + 6.4%; in Type III it was 39.8 + 2.9%; in Type IV it was 69.7 + 16.1%; in Type V it
was 41.3 + 24.4%.Type I1I-V LVs have always been associated with fibroelastosis, in contrast to Type I and II LVs.

Conclusions. In HLHS, Type I hearts are the most eligible for the Norwood procedure, since the LV, due to its mini-
mal size, is not an excess ballast for the working right ventricle. Type II LV is optimal for the fetal aortic valvulo-
plasty, since during the II-11I trimesters of gestation they can join the circulatory system due to remodeling. HLHS
with LV fibroelastosis (Types 111, IV, V) seem to be the least favorable for both pre- and postnatal surgery, especially
in the presence of fibroelastosis of the right ventricle.

Keywords: congenital heart disease, hypoplastic left heart syndrome, morphological variations of the left ventricle,
the variations of valvular pathology, surgical approach.
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Introduction. Hypoplastic left heart syndrome (HLHS)
is a severe congenital malformation which includes aor-
tic valve atresia (AA) or pronounced hypoplasia of aortic
root, or aortic valve stenosis (AS) combined with hypo-
plasia of ascending aorta and congenital malformations
of the left ventricle combined with mitral valve stenosis
(MS) or mitral valve atresia (MA) [1]. This pathology oc-
curs in 0.5-8% of all congenital heart defects [2]. The
etiology of HLHS remains unclear to date, and genetic,
infectious, autoimmune factors as the cause of the dis-
eases are being discussed [3]. Without surgical treatment
the patients’ mortality rate is 100% [4, 5, 16]. HLHS is
diagnosed in 40-85% of cases during prenatal devel-
opment [6, 7]. Pregnant women management protocol
suggests routine ultrasound examination from pregnan-
cy week 18, when congenital disorders of the fetus may
be identified. In case of HLHS identification the issue of
treatment approach is being resolved: to terminate preg-
nancy, to perform fetal aortic valvuloplasty or to continue
pregnancy with subsequent surgical correction in neona-
tal period.

Surgical correction of the malformation is compli-
cated and multistage. The first stage is the Norwood
procedure, as a result of which all hemodynamic is
provided by right ventricle (RV) only, and left ventricle
(LV) is a ballast mass for the working RV. The RV often
demonstrates a progressive failure after the Norwood
procedure [8, 11]. The five-year survival rate in patients
undergoing multistage surgical correction is accounted
for 61% [19].

Restoration of biventricular circulation would be the
best way to reconstruct the heart in HLHS. During em-
bryogenesis, myocardium is capable of high proliferative
activity. Therefore, after restoration of intracardiac he-
modynamics at this stage, the growth of hypoplastic LV
structures is possible [9, 10]. Consequently, since 2000,
attempts have been made for prenatal correction of
HLHS, namely, surgical removal of the stenosis of aortic
valves (AV) (fetal aortic valvuloplasty) [11, 12]. However,

Fig. 1. Macro specimens. Cross sections of hearts with HLHS.
LV slit-like cavities. A — with hypertrophy of the wall, B - with
hypoplasia of the wall (the arrow indicates the LV cavity).

not all cases of intrauterine intervention led to a positive
outcome [13]. Hypothetically, the success depends on the
state of the LV. [14]. Notably, few publications with de-
tailed morphological study of the LV in HLHS have been
found [15, 16, 17].

The aim. To study the different types of LV structure
in HLHS and to substantiate the most favorable treatment
approach for each of them (Norwood procedure, fetal aor-
tic valvuloplasty or symptomatic treatment).

Material and methods. The hearts of 63 newborns
with HLHS and 53 hearts of control group have been
studied. The material was obtained from the Department
of Pathological Anatomy of Amosov National Institute of
Cardiovascular Surgery, as well as from the Okhmatdyt
Department of Pediatric Pathomorphology in the period
from 2010 to 2016. Histological methods, computer recon-
struction of serial histological sections, macro- and micro-
morphometry (absolute indicators and their ratio: special
morphometric indexes) that can be used for ultrasono-
graphy have been applied. In particular, interventricular in-
dex (IVI) was calculated. For this purpose, the histological
cross sections of the medial portion of the heart have been
analyzed using the OLYMPUS BX41 microscope equipped
with OLYMPUS DP21 camera, and cellSens Dimension soft-
ware to measure the areas of free walls (without the in-
terventricular septum) of the left and right ventricles and
calculated their ratio. In addition, the percentage of the
area of the free wall of the RV to the sum of the areas of the
free wall of the RV and the interventricular septum (IVS)
was calculated.

Results. The analysis of the macro specimens has
shown that in HLHS the apex of the heart was formed by
the RV: the length of the heart did not differ significantly
from the controls (3.59 * 0.29 cm versus normal 3.71 *
0.38 cm), while the length of the LV was significantly
shorter than that of the normal one (1.89 + 0.82 cm versus
3.71 £ 0.37 cm, respectively) (p<0.05). Notably, polymor-
phism of the LV cavity was significant. It was very narrow,
slit-like (n = 29) (Fig. 1).

Fig. 2. Macro specimens. Cross sections of hearts with HLHS.
Variations of the lacunar structure of the LV cavity (A, B).



Zakharova V. / Hypoplastic Left Heart Syndrome: Prognostic Significance of Morphological Variants of the Heart... 55

Fig. 3. Macro specimens. Cross sections of hearts with HLHS. A -

cylindrical shape of the LV cavity. B - lacunar-cylindrical shape

of the LV cavity. Numerous atypical muscular septa (trabeculae)
were located across the lumen.

In 6 hearts, the LV lumen was almost completely filled
with myocardial mass, pierced by narrow twisted canals,
and on the cross sections looked like lacunae (Fig. 2).

In 22 patients, the shape of the LV cavity was almost cy-
lindrical (Fig. 3A). Six observations showed numerous pe-
culiar muscular septa across the lumen of the apical por-
tion of the left ventricle which reduced the effective size
of its cavity. At the base of such hearts, the LV cavity was
enlarged; as a result, the ventricle had a mixed lacunar-
cylindrical shape (Fig. 3B).

The LVs with slit-like cavities differed from each other
in the thickness of the myocardium: it was either hypertro-
phied (Fig. 1A) or hypoplastic (Fig. 1B).

These two main features (features of the LV cavity and
the thickness of its walls) formed the basis for classifica-
tion of the LV in HLHS into 5 types: slit-like hypoplastic
(Type I) (n = 10; 15.9%); slit-like hypertrophic (Type II)
(n =19; 30.2%); cylindrical (Type III) (n = 22; 34.9%); la-
cunar (Type IV) (n=6;9.5% ); lacunar-cylindrical (Type V)
(n = 6; 9.5%). Type I1I-V LVs have always been associated
with fibroelastosis, in contrast to LVs of Type I and II.

Fig. 5. Microspecimens (computer reconstruction of cross
sections of hearts with HLHS). A - lacunar type of LV;
B - lacunar-cylindrical type of LV (apical part).

Fig. 4. Microspecimens (computer reconstruction of cross
sections of hearts with HLHS). A - slit-like hypoplastic type of
LV; B - cylindrical type of LV.

Histological study of the specimens has shown that the
architectonics of the myocardium of the LVs of the first
three types did not differ significantly from the normal LVs.
The differences were only in the thickness of the layers of
the ventricles of Type I and II, as well as in the presence of
fibroelastosis in Type III ventricles (Fig. 4). In LV of Type
IV, the compact layer of the myocardium was dramatically
thinned, and in some places it was not detected at all. Most
of the histological sections were occupied by chaotically
oriented bundles of muscle fibers, between which small
irregular lumens were visualized, covered with fibrous
tissue (Fig. 5A). The basal part of the LV of Type V was
similar to Type III with pronounced fibroelastosis. In the
apical portion of the Type V ventricles, fibroelastosis was
less pronounced, but the myocardium retained a structure
almost similar to embryonic structure with the absence of
full stratification and with numerous trabeculae, crossing
the ventricular lumen (Fig. 5B). Of 34 hearts affected by
fibroelastosis (Types 111, 1V, V), the signs of antenatal in-
flammation were revealed in the myocardium in 25 cases
(73.5%), namely, fibrosis, calcification (Fig. 6A) and fine

\ I':“ ;&\.' I -. _~"‘-. . g 1 .- -bh . e . ,\.‘:':;-.".
Fig. 6. Microspecimens of hearts with HLHS. A - fine lymphoid
infiltrates in the LV of the cylindrical type; B - fibrosis and
calcifications in the LV of the lacunar-cylindrical type. x40
magnification; H&E stain.
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Table 1

Diameters of the AV and MV of the hearts of newborns with HLHS in different types of the LV and in comparison group

Types of the left ventricles in HLHS Comparison
Valves (diameter), cm I (n=10) 11 (n=19) 1l (n=22) IV (n=6) V (n=6) group (n=53)
MV 0 0.63+0.14* 0.36*0.07* 0.2%0.05* 0.5+0.06" 0.89%0.24
AV 0 0.06%0.03" 0.06%0.02* 0 0.05%0.01*  0.71%*0.19

* The difference is significant compared to the normal values at (p< 0.05), 0 - atresia.

lymphoid infiltrates (Fig. 6B). The above changes were not
found in any of the first two types of the LV.

The quantitative study of the size of the valve orifices of
the hearts of newborns has found that in all hearts of the
Group I, both the mitral (MV) and aortic (AV) valves were
in a state of atresia (Table 1).

The sizes of the AV orifices in all groups were mini-
mal (0.05-0.06 + 0.01 cm) or atresic. The sizes of the MV
were always significantly smaller than normal, but varied
in the groups. The smallest MV sizes (0.2 + 0.05 cm) were
in the lacunar cavities of the LV; the largest (0.63 * 0.14
cm) sizes were in the slit-like cavity in combination with
hypertrophied LV walls. The MV diameter was 0.5 + 0.06
cm in lacunar-cylindrical LV and 0.36 * 0.07 cm in cylin-
drical LV. The above data indicate a significant effect of MV
size on LV formation and, possibly, on the sizes of the AV
and ascending aorta.

Notwithstanding that the length of the left ventricle in
HLHS has always been reduced compared to the normal
values, the hypertrophied walls of a functionally defective
LV can be a significant burden for the working RV. To as-
sess the degree of this load, on the cross sections of the
medial part of the heart the areas of the myocardium of
the left and right ventricles (without the IVS) were mea-
sured and their ratio was calculated (IVI). In addition, an-
other indicator, namely, the index of the working area of
the right ventricle (RVI) (the percentage of the area of the
free wall of the RV to the sum of the areas of the free wall
and IVS), which is more convenient for measurement, have
been analyzed. These indicators can be used in the clinic
for echocardiography.

The findings of morphometric studies of the myocar-
dium are shown in Table 2.

The measurement of the areas of the myocardium of
the ventricles of the medial parts of the hearts in the com-
parison group has shown that on the cross sections the
IVI value was 1.96 * 0.3 units, that is, the average size of
the LV myocardium was almost twice greater than that of
the RV. In HLHS, this index in Type I LV was 0.13 + 0.03
units, which indicated a significant predominance of the
area of the RV myocardium over the left ventricle. In all
other groups, the area of the cross section of the myocar-
dium of the hypoplastic LV to some extent prevailed over
the area of the RV myocardium: In Type II left ventricles
the IVI value was equal to 1.69 * 0.23 units; in Type III it
was 1.59 # 0.64 units; in the lacunar type it was 1.31 £ 0.03
units; in Type V it was 1.05 * 0.52 units. In Type Il and
I1I LV, the ratio of the areas of the LV and RV was the high-
est. However, in type IlI, the LV cavity was covered with a
thick layer of fibrous tissue which limited its ability to re-
modeling. At the same time, the structure of the Type II LV
myocardium predicted that in optimal fetal aortic valvulo-
plasty at [I-1II trimesters of gestation the LV will be able to
remodeling and can join the circulatory system.

In the comparison group, the RVI value was 57.1 +
0.02%. In the most pronounced LV hypoplasia (Group I),
when the IVS size was small due to the small LV size,
the RVI was significantly higher than that of the normal
heart (81.3 + 5.7%). In the lacunar type of the LV, the free
wall of the RV was 69.7 + 16.1% of the total area of the
RV myocardium. This is due to the fact that the Type IV
LV had a short length at the greatest width. In Group II

Table 2
Values of the IVI and RVI indices for hearts in the medial part of the left ventricle in all groups with HLHS compared to normal
values
Types of the LV
Comparison

Indices group | 1l 1] v Vv

VI 1.96+0.31 0.13+0.03* 1.69%0.3 1.59+0.64" 1.31+0.03* 1.05%0.52*

RVI 57.1+2.02 81.3%5.7% 49.7£6.4 39.8+2.9* 69.7£16.1* 41.3£24.4

* The difference is significant compared to the normal values at (p<0.05).
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hearts, the RVI did not significantly differ from the nor-
mal ones; in the ventricles of the cylindrical and lacunar-
cylindrical types it was significantly lower than the con-
trol values. This is due to the prominent IVS hypertrophy
which overcomes LV resistance with an increased mass
of the trabecular (lacunar type) or compact (cylindrical
type) myocardium.

Discussion. The left ventricle of the heart implements
a systolic ejection of blood into the aorta due to the move-
ment of its myocardium along a very complex trajectory. At
the end of the diastole, the basal segments of the LV wall
begin to move along the longitudinal axis towards the apex
and, simultaneously, rotate clockwise. The apical segments
move almost along the longitudinal axis, though rotate
counterclockwise. Due to these multidirectional circular
bases and apex, the central part of the LV is compressed
towards the center, and the entire myocardium twists,
providing optimal cardiac output with the lowest energy
costs [18]. The basis of the high functional efficiency of
the myocardium is a strict anatomical and histological or-
ganization [19]. Muscle fibers, united into a single three-
dimensional “functional syncytium” in each segment have
their own specific orientation which defines the trajectory
of movement of the segment. However, direction, in which
the segment will move along a given trajectory, depends on
the sequence of excitation and contraction of cardiomyo-
cytes (CMC). The contracted CMC is the fulcrum to which
the next contracting myocyte is pulled, defining the direc-
tion of movement of the segment together with adjacent
fibers. Normally, excitation through the cardiac conduc-
tion system is transmitted primarily to the subendocardial
myocardium, i.e. into trabeculae. CMC bundles of the inner
layer of the compact myocardium are connected to them,
each fragment of which, during systole, shifts towards the
corresponding trabecula. Thus, the non-compact layer of
the myocardium plays an important role in the functioning
of the heart chambers.

In HLHS, the hearts with pronounced signs of dyspla-
sia, in which the architectonics of both the compact and,
especially, the trabecular layer is damaged, are common.
There were 12 (19%) such hearts in our material: 6 with
LV of the lacunar type and 6 hearts of the lacunar-cylin-
drical type. Such LV, even in a hypothetical restoration
of transmural and transaortic blood flow, would not be
able to provide full cardiac output. Therefore, fetal aor-
tic valvuloplasty was not indicated for patients of these
two groups, since, additionally, their AV was either atre-
sic (Type IV) or had a microscopic punctiform orifice
(Type V). Due to hyperplasia of the trabecular apparatus
of the left ventricle, the area of the myocardium on the
cross sections of the left and right ventricles was almost
the same. IVS was 1.3 + 0.01 units for Type IV, 1.05 + 0.5
units for Type V.

The RVI was more dependent on the size of the IVS. In
Type IV LV, the value of the RVI was greater than that in

the comparison group (69.7 £ 16% versus 57.1 * 2.0%).
This is explained by the fact that the LV of the lacunar
type was of small size and orbicular with a very short
length of the IVS. The AV atresia in the presence of a
minimal orifice on the MV (0.2 + 0.05 cm) caused gradual
overload of the ventricle with remodeling of its shape.
We hypothesize that HLHS with Type IV LV has a good
prognosis in Norwood procedure, if fibroelastosis, which
is always present in this type of LV, does not also affect
the RV. Type V LV was larger and elongated in contrast to
Type IV LV, since the diameter of its MV was larger (0.5
0.06) with a punctiform orifice on the AV. Therefore, the
index of the working area of the RV in such hearts was
reduced to 41.3 * 24%, indicating an increase in the load
on the myocardium of the working RV with a limitation of
its compensatory capabilities.

The cylindrical LV (Type III) differs from the LV of Type
IV and V in architectonics of its muscle fibers that corre-
sponded to the normal structure of the myocardium. The
average size of the MV and AV orifices in this group is
0.36 £ 0.01 cm and 0.06 £ 0.01 cm, respectively. The shear
section of the free wall of the Type IIl LV was 1.59 + 0.6
times higher than the similar value of the RV (in control
group it was 1.96 * 0.3 times higher). The area of the free
walls of the RV accounted for 38.8 + 2.9% of the sum of
the areas of the free walls and the IVS (in the comparison
group it was 57.1  2.0).

Thus, Type III LV with its complete surgical exclusion
from the bloodstream in the postnatal period will be a sig-
nificant ballast for the RV, worsening the prognosis of the
surgery. It is risky to perform fetal aortic valvuloplasty in
Type Il LV due to pronounced fibroelastosis, and signs of
inflammation are often (72%) found.

In HLHS, the hearts with Type I (slit-like hypoplastic)
LV are the most optimal for Norwood procedure. The ven-
tricles of the above type have the adequate structure of
the myocardium, without fibroelastosis and inflammation,
though with complete blockage of transventricular blood
flow, caused by atresia of both mitral and aortic valves. The
lack of functional load resulted in undeveloped structures
of the ventricle, and it had the appearance of a small mus-
cular inclusion with a slit-like cavity in the basal part of the
left wall of the single RV. The IVI in Type I LV was 0.13 *
0.01 versus normal 1.96 * 0.3. Due to the minimal size of
the IVS, the RVI exceeded the control values: 81.3 + 5.7%
and 57.1 * 2.0%, respectively. The duration and quality of
life of patients after Norwood procedure with minimal LV
will depend only on the compensatory capabilities of the
RV which works for both circulations, without additional
load in the form of a ballast LV.

In HLHS the fetal aortic valvuloplasty is, probably, the
most effective in Type II LV malformation. It is charac-
terized by: a normally formed myocardium, the largest
LV MV out of all types (0.63 + 0.1 cm), the presence of
a punctiform orifice on the AV, the absence of fibroelas-
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tosis and signs of inflammation, the highest value of the
IVI (1.69 £ 0.1 cm) and almost normal value of the RVI
(49.7 * 6.4 versus 57.1 £ 2.0). Enlargement of the AV in
the first trimester of pregnancy will increase the LV func-
tion during the period when proliferative capabilities of
the myocardium are still very high, and it will be able to
remodeling and be more fully involved in the circulatory
system.

Conclusions. In HLHS, Type I hearts are the most eli-
gible for the Norwood procedure, since the LV, due to its
minimal size, is not an excess ballast for the working right
ventricle. Type I LV is optimal for the fetal aortic valvulo-
plasty, since during the II-1II trimesters of gestation they
have the ability to remodeling and can join the circula-
tory system. HLHS with LV fibroelastosis (Types III, 1V, V)
seem to be the least favorable for both pre- and postnatal
surgery, especially in the presence of fibroelastosis of the
right ventricle.
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LAY «HauioHanbHWUi IHCTUTYT cepLeBo-CyanHHOI Xipyprii iMeHi M. M. AMocoBa HAMH YkpaiHu», M. Kuis, YkpaiHa
’HaujioHanbHuit MeamyHuii yHiepcuteT iMeHi O. O. boromMonbus, M. Kuig, YkpaiHa

Pesiome. CuHgpoM siBo6iuHOI rinomuasii cepus (CJIC) € ofHie0 3 HalCK/IaHILIUX BPO/XKEHUX BaJ, ceplisl 3 He-
MUHYYUM JIETATBHUM Pe3yJbTaTOM Yy pasi NpupoAHOro nepe6iry 3axsoproBaHHs. Ha cboroiHi OCHOBHUMHU MeTOJJaMU
xipypriudoro JyiikyBaHHsi CJIT'C € 6araTtoeranHa omnepalilisgs HopByzaa i peTasibHa aopTasibHa BaJibByJsoNacTuKa. OHaK
IIPOTHO3 TaKUX ollepalliii yacTo 6yBae HenepeA6a4yBaHUM.

MeTa: BUBUUTHU MOpGOoJI0TiuHI BapiaHTH JiBoro uwtyHo4dka npu CJIIC i oLiHUTH MPOTrHOCTUYHY 3HAYYLIiCTh KOXKHO-
ro 3 HUX IpU BUGOPI XipyprivHOI TAaKTUKHU.

Marepiasm. OcHoBHa rpyna - cepys 63 HoBoHapoAxxeHUX 3 CJIT'C, rpyna nopiBHAHHSA - ceplis 53 HOBOHAPO/KEHUX
0e3 kapAionaToJorii.

MeToau. OrsisijoBa MiKpOCKoOIIisl, Makpo- i MikpoMopdoMeTpis pi3HUX MapaMeTpiB ceplisd, BU3HAYEHHs CHiBBiHO-
LIeHHs X a6COMIOTHUX 3HAUY€EHb — iHJ|eKCiB, CTAaTUCTUYHA 06po6Ka JaHUX.

Pe3ynbraTu. 32 po3MipoM i GOpMOI0 MOPOKHUHY, TOBIIMHOIO CTiHKH, HassIBHOCTI a60 BifcyTHOCTI ¢pibpoesacTo3y
BU3HAYMJIH 5 TUNiB JjiBoro miyHouka (JILI) npu CJITC: I - uwiinuaonogi6Hui rinonyactuyuui (n = 10; 15,9 %); 11 - mi-
JrHonoAi6HUH rineprpodiunuii (n = 19; 30,2 %); Il - nuninapuunuit (n = 22; 34,9 %); IV - nakyHapHui (n = 6; 9,5 %);
V - jakyHapHUH UuIiHAPpUYHUE (n = 6; 9,5 %). Y /iBUX LUIYHOUYKAxX | TUIY 3HAaYEHHS «MDKLULTYHOUYKOBOTO 1HAEKCY»
(cmiBBijHOIIEHHS MJIOLL BIbHUX CTiHOK JIIBOr'O i MPaBoOro UIYHOUKIB Ha MoNepeYHuX 3pizax cepls) 6y HalMeHIIH-
mu: 0,13 £ 0,03 og. mpotu 1,96 + 0,31 ox. y Hopwmi. [1pu 11 Tuni et nokasHuk aopieHwoBas 1,69 + 0,23 ox.; npu I11- 1,59 +
0,64 ox.; mpu IV-1,31+0,03 oxr.; mpu V- 1,05 + 0,52 oa. «IHAeKC edpeKTUBHOI IJIOIII MioKap/ia MpaBoro UIyHOYKa» (Bif-
HOULIEHHS IJIOILi BiJIbHOI CTIHKM MPaBOro HIYHOYKA JI0 CYMH ILJIOIL BiJIbHOI CTIHKM i MIXKIIIJTYHOYKOBOI IEPETOPOIKH)
npu I Tuni JIII 6yB Hai6iabmuM: 81,3 £ 5,7 % npotu 57,1 + 2,02 % y HopMi; ipu I Tuni - 49,7 + 6,4 %; npu 111 - 39,8 +
2,9 %; npu IV - 69,7 + 16,1 %; npu V - 41,3 + 24,4 %. lllnyHoukwu III-V TumiB 3aBx 1 O6ysiu acouiioBaHi 3 pibpoesacro-
30M Ha BigMiHy Bif 111l Tumis.

BucHoBkM. [Ipu CJIT'C cepus | Tuny € Hal6ibll CIPUATIMBUMU AJsA npoueaypu Hopsyaa, Tomy o JIII yepe3
MiHiMasibHI cBOi po3MipH He € HaZAMiIpHUM 6asacTOM [IJis MPAII0IY0ro NPaBoro ULIyHouka. Jliei miyHouku Il Tumny €
ONTUMAJIBHUMHU AJ151 GeTaqbHOI a0pTabHOI BaIbBYJIOIJIACTUKH, TOMY 110 npoTsiroM II-1II TpumMecTpiB recrauii BoHu
MOXXYTb BKJIIOUMTHUCS B CUCTEMY KPOB0O0b6iry 3aBsku pemogentoBaHHw. CJ/II'C i3 ¢pibpoenacroszom JILUI (111, IV, V Tunu)
BU3HAUYeHO HAaWMEeHII COPUSTIMBUMH SIK JIJIs TIpe-, TaK i AJIs MOCTHATAJIbHOI Xipypril, 0co6/1MBO 3a HasiBHOCTI ¢ibpo-
€J1acTO3y NPaBOro UIJIYHOYKa.

Kamuoei caoea: epodiceHi sadu cepysi, CuHOpoM Aigo6iuHOI einonaasii cepys, MopgoioziuHi eapiaHmu s1igo20 wiy-
HOYKa, 8apiaHmu KAanaHHoi namoJiozii, Xipyp2iuHa makmuka.

CrarTa Hagidua B pegakuiro 21.01.2021 p.



