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Thoracic aortic aneurysm in pregnancy: morphological analysis of 6 cases
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Aortic dissection is rare but life-threatening complication in pregnancy, causing significant maternal and perinatal losses. Preg-
nancy may influence the integrity of the vessel wall and is a risk factor for dissection. There are very few data in the literature
on structural changes in the aortic walls during pregnancy complicated by aortic dissection.

Aim. Study of pathological features in the wall of ascending aorta (AA) during or immediately after pregnancy is presented
in the article.

Materials and methods. Material after surgical correction of AAin patients during pregnancy and in the early postpartum period
was studied. Frozen sections were made from one part of the sample, followed by hematoxylin and eosin (H&E) staining, as
well as Sudan Ill-IV staining to detect lipids. Paraffin sections were stained with H&E and picrofuchsin (van Gieson'’s stain)
for differentiation of collagen and muscle fibers, as well as fuchselin (Weigert's elastic stain).

Results. Six cases of aortic surgery during pregnancy (n = 1) and postpartum period (n = 5) were included: severe aortopathy
caused by Marfan syndrome (MS) (n = 3), aortic coarctation with bicuspid aortic valve (n = 1), renal hypertension (n = 1), and
pregnancy-induced hypertension (n = 1). Pathohistological studies showed that in all patients who underwent aortic surgery
at the end of the third trimester in the early postpartum period changes in aortic wall collagen structure were observed. In
contrast, in a pregnant woman with MS and severe aortopathy, who underwent preventive aortic surgery at 19 weeks of
gestation, there were no such changes, the morphologic samples showed areas of scarring. In all 6 cases signs of lipoidosis
in the AA wall were observed.

All these data require further theoretical study, but clinicians are already faced with the question of the feasibility of preventive
surgery in women with severe aortopathy on the preconception stage or during pregnancy.

Conclusions. The specific effect of pregnancy on the AA wall leads to collagen disruption and the appearance of lipoidosis in
late pregnancy, which is an important pathomorphological substrate for the occurrence of acute aortic pathology.

AHeBpU3Ma rpyAHOI a0pPTH NiA Yac BariTHOCTI: MOPOAOriYHMM aHaAI3 6 BUNaAKIB

B. M. 3axaposa, C. 0. Cipomaxa, AxonieH B. Pooc-TeceniHk,
B. I. KpaBueHko, 10. B. AaBupoBa, B. B. AazopuunHeLb

Po3luapyBaHHsi aHeBpM3MM aopTu — piaKicHe, ane HebeaneyHe NS XUTTS YCKIaAHEeHHs! BariTHOCTI, LU0 NPU3BOAMTL A0 YM-
Manux MaTepUHCBKMX | NepuHaTanbHyX yTpar. Y ¢axosiv nitepatypi obmManb 4aHux Npo CTPYKTYPHI 3MiHW aopTaribHUX CTIHOK
nif Yac BariTHOCTI, LU0 yCKaaHeHa po3LuapyBaHHsIM aopTy.

MeTa po60oTH — BUBYEHHS NATOTNICTONOMYHIX OCOBNMMBOCTEN CTiHKW BUCXiAHOT aopTu (BA) nig vac abo 6e3nocepenHbo nicns
BariTHOCTI.

Matepianu Ta metogu. [locnignnu matepian nicns xipypriyHoi kopekuii BA B nawjieHTok nig Yac BariTHOCTi Ta B paHHbOMY
nicnsNonoroBoMy nepiogi. 3 oaHiei YacTuHy 3paska pobun 3amMopoXeHi 3piaun, 3abapBntoBany reMaToKCUIHOM Ta €03UHOM
(H&E), a Takox cygaHom IlI-1V gns BusineHHs ninigis. MapadiHosi 3piav 3abapentoBany H&E Ta nikpodykcrHom (3abapsreHHs
3a BaH [i30HOM) Ansa audepeHLiaLii konareHoBMX i M'30BUX BOMOKOH, @ Takox dhykceniHom (3abapenieHHs 3a Belreptom).

Pesynbrati. Y focnimkeHHs 3anyymnu LWiCTb NaLieHTOoK, SKUM BUKOHamNW onepaLito Ha aopTi nig yYac BaritHocTi (n = 1) abo
B paHHbOMY MiCnsANONoroBoMy nepiogi (n = 5): i3 BaXKOK aopTonarieto, cnpuinHeHoo cuigpomoM MapdaHa (CM) (n = 3),
KOapKTaLlieto aopTh Ta ABOCTYIIKOBUM aopTasnbHiUM knanaHoM (n = 1), HUPKOBOMO rinepTensieto (n = 1), rinepTeHsieto, WO
3ymoBreHa BariTHicTto (n = 1). MaToricTonoriyxi 4OCMIMKEHHSA NoKa3anu: B yCiX NALIEHTOK, SKUX NpoonepyBani HanpyKiHLi
Il TpumecTpy rectauii, B nepLui AHi Micns pO3pomKeHHs y CTiHKaxX aopTy PeecTpyBanu 3MiHU KonareHy — HabpsikaHHs Ta
3HVKEHHSA TUHKTOpIanbHUX BNAacTMBOCTEN. Y BariTHOI, iky NpoonepyBanu NpeBeHTUBHO Ha 19 TbkHi recTauii, He3Baxaroum
Ha aopTonarito, Lo cnpuyinHeHa CM, Taki 3MiH konareHy He 3adikCyBanu; HaBnaky, y npenapatax aopTu Liei xiHku 6ynu
ainsHKW pybueBmx 3miH. Y BCix 6 nauieHTok y cTiHkax BA cnoctepirany o3Haku ninoigody. HasegeHi BigomocTi notpebytotb
NPOLOBXEHHS TEOPETUYHOIO BUBHEHHS!, ane nepes KIiHiLmMcTaMuy BXe 3apas CTOITb NUTaHHS MPO AOUIMNbHICTb NPEBEHTUBHUX
onepaLii y naLieHToK i3 TSHKKMMK aopTonaTisiMm Ha eTani npekoHLendii abo nig yac BariTHOCTi.

BucHoBku. CneumndiyHui BNavBe BariTHOCTI Ha CTiHKY BA npu3BoanTb A0 HabpsikaHHS KonareHy Ta nosiBy Ninoigo3y Ha nisHix
TepMiHax BariTHOCTI, L0 € BaIMBUM NaToMOpchonoriyHim cybecTpaTom Ans BUHUKHEHHS! FOCTPOI naTonorii aopTy.
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AHeBpu3Ma rpyAHO# aopTbi NpU 6epeMeHHOCTH: MOPPOAOTrUYECKUI aHAaAU3 6 CAyYaeB

B. M. 3axaposa, C. 0. Cupomaxa, AxoaneH B. Pooc-XeccenunHk,
B. U. KpaBueHko, 0. B. AaBbipoBa, B. B. AazopuwinHel,

Paccnoexve AHEBPU3Mbl a0OPTbl — peAKoe, HO ONnacHoOe ANnA XU3HWU OCIOXHEeHNe 6epemeHHocw|, npmusodsLLlee K 3Ha4YnTeNnb-
HbIM MaTEPVHCKUM W NepuHaTanbHeiM notepsm. B Haquon niTepaTtype o4eHb Mano AaHHbIX O CTPYKTYPHbIX U3MEHEHNAX
aopTarnbHbIX CTEHOK Mpun 6epemeHHocm, OCIOXHEHHON paccrnoeHnemM aopTbl.

Llenb paboTbl — 13y4eHne NaTorncTonorniecknx 0COBEHHOCTEN CTEHKM BOocXoasiue aopThl (BA) BO Bpems unu Henocpes-
CTBEHHO nocrne 6epeMeHHOCTU.

Matepuanki u MeTogkl. Viccnenosanu matepuan nocre Xupyprayeckoi koppekumm BA y nauyeHTok Bo Bpemsi 6epemMeHHOCTH
1 paHHeM nocreponoBoM nepuope. V13 ogHoit YacTv obpasuia Aenani 3aMopoXeHHbIE Cpesbl, OKpaLLIMBanm reMaToKCUIMHOM
1 303uHoM (H&E), a Tarke cynaHom llI-1V gns BeiseneHns nunmaos. MapaduHoBble cpesbl okpalumeany H&E u nukpodyken-
HOM (oKkpacka no BaH [M3oHy) Ans anddepeHLmaLmm KonnareHoBbIX U MblLLEYHbIX BOMOKOH, a Takke ykcenuHom (okpacka
3r1aCTUYECKMX BOMOKOH Mo Beirepry).

Pesynbrathbl. B nccnenoBaHve BKNKOYMAN LWECTb NALMEHTOK, NEPEHECLLMX OnepaLyio Ha aopTe BO BpeMsi 6epeMeHHOCTH
(n=1) v B paHHeM nocnepogoBoM nepuoge (n = 5): ¢ TsHKEnon aopTonaTuen, Boi3aBaHHOW cuHgpomoM MapdaHa (CM)
(n = 3), koapKTaLel aopTbl 1 [1BYCTBOPYATLIM @0pTasbHbIM KnanaHom (n = 1), noveyHow rvnepTeHaueii (n = 1), runepreHaven,
Bbl3BaHHON 6epemMeHHOCTbIO0 (N = 1). [aTorucTonornyeckue UCCneaoBaHns nokasanu: y BCex naumeHToK, NpoonepyupoBaHHbIX
B koHLie |Il TpumecTpa rectaumm, B nepsble AHU NOCHE POAOPAa3PELLEHNS B CTEHKAX aopTbl (OMKCUPOBanNW N3MEHEHWS Konna-
reHa — HabyxaHue N CHUXEHUE TUHKTOpPUanbHbIX CBOACTB. Y BepeMeHHOI, NpoonepupoBaHHON NPEBEHTUBHO Ha 19 Hepene
rectaummn, HeCMOTPS Ha aopTonatuto, obycrnosneHHyo CM, Takue n3ameHeHns KonnareHa He 3aduKCUpOBaHbl; HAaNpPOTUB, B
npenaparax aopTbl 3TON NALMEHTKN OTMEYeHbI Y4acTKu py6LIOBLIX M3MEHEHUI. Y BCeX 6 NaLmeHTOK B CTeHKax BA oTmeyeHb!
MpW3HaKky Mnonao3a. ATv AanHble TPEDYIOT AarnbHEMLLEro TEOPETUYECKOTO U3YUeHNs, OAHAKO Neper KIMHMLMCTaMK yxe
ceiiyac CTOMT BOMPOC O LienecoobpasHOCTU NPEBEHTUBHBIX Onepaumii y NaLUMeHTOK C TSHKENbIMWA aopTonatusMu Ha atane
MPEKOHLIeNLMN Unn Bo BpeMsi GepemMeHHOCTU.

BbiBogbl. CI'IELI,M(TJI/NGCKOE BnvaHne GepemeHHocm Ha cTeHKy BA npuBoguT K Hanyaano KonnareHa u NoABNeHuto nnnoun-
[03a Ha No3gHUX CPOoKax 6epemeHHocw|, YTO ABNAETCA BaXHbIM I'IaTOMOp(i)OJ'IOI'VI‘-IeCKI/IM Cy60TpaTOM ana BO3HUKHOBEHUA

OCTPOW NaTonoruv aopThbl.

Pregnancy has a significant impact on the female body.
In particular, the growth of the fetus, placenta and uterus
requires increased functional activity of the maternal
cardiovascular system [1,2]. The circulating blood volume
increases by 30-40 %, heart rate and stroke volume
increase, cardiac output increases by up to 30-50 %
compared to non-pregnant women. Increase in cardiac
preload is accompanied by an increase in size and weight
of the woman [2].

Slightly decreasing blood pressure in the normal start
of pregnancy is caused by a systemic decrease in vascu-
lar resistance [3], due to both neuro-mediated vasodilation
and increased extensibility of the vascular wall [2,4]. The
latter is associated with hormonal changes, in particular
with a significant increase in estrogen and progesterone
levels The most important contributor responsible for
dilatation of the arteries is probably relaxin, a hormone
produced by the placenta. Experiments have shown that
the activity of matrix metalloproteinase (MMP)-9 and
MMP-2 increases in isolated small vessels in rats treated
with relaxin. Also, in the aorta of rats during pregnancy, an
increase in the expression of MMPs, in particular MMP-2
and MMP-3 [5], is described.

It has been suggested that weakening of the con-
nective tissue matrix of the aortic wall by lysing enzymes
promotes adaptation of this vessel to facilitate the in-
crease in cardiac output. In normal pregnancy, the di-
ameter of the ascending aorta (AA) increases by 1 mm
[1]. In addition to the dilation of the AA, the increase in
cardiac output associated with accelerated blood flow
relative to the vascular wall may cause endothelium
damage which can also contribute to the formation of
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aortic aneurysms and even aortic dissection (AD) [6]. In
women with heritable thoracic aortic disease, the risk of
developing AD during pregnancy appears to be elevated,
reaching a peak in the third trimester and the postpartum
period [7].

Although AD is rare during pregnancy, its incidence
during pregnancy is 14.5 vs. 1.24 per million in non-preg-
nant women [8]. It is an important clinical problem
because it is associated with significant maternal (up to
17 %) and fetal (up to 42 %) mortality [9]. Information on
aortic wall morphology will provide insight into the im-
portance of pregnancy as a risk factor for AD, but only a
few outdated case reports are currently available in the
literature.

Aim
Therefore, the aim of the current study is to discuss
pathohistological findings of aortic wall material in women

who needed surgery due to AD or aneurysm during or
immediately after pregnancy.

Materials and methods

This was a retrospective descriptive study in which we
included female patients from cardiac surgical facility
who underwent AA surgery during or immediately after
pregnancy in the period between 2014 and 2020 and had
histomorphological evaluation of the aortic wall.

Adult patients (=18 years old) who presented with
aortic surgery during pregnancy or in the postpartum pe-
riod between 01/01/2014 and 01/01/2020 were included.
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Table 1. Clinical data for the 6 patients who underwent AA surgery during pregnancy or immediately after delivery

Complications
during pregnancy
(type, term)

Age | History Diameter (mm)
and primary
aortic pathology

B 24
C 36
D 32
E 28
F 38

MFS (z-score 12.8, ectopia AA 45 mm

lentis) Valsalva sinus 62 mm
Primigravida

MFS (z-score 3.2 FBN1) AA42 mm AAAD
Primigravida Valsalva Sinus 42 mm 40 weeks
MFS (family history z-score 7.9,  AA45mm AAAD

ectopia lentis)

Primigravida

Renal hypertension AA 59vm AAAD

2003 AAAD CAAD 36 weeks

2013 TEVAR (CAAD)

Primigravida

C-section 4 years earlier AA 43 mm AAAD
BAV + CoA 4" day after C-section
Hypertension

Unremarkable AA 46 mm AAAD 38 weeks

Previous 1 successful pregnancy preeclampsia

Valsalva sinus 41 mm

6™ day after C-section

Delivery Gestation age Type of surgical procedure

(type, term, | (weeks) at the time

birth weight) | of surgery

C-section 38 19 weeks BP with pregnancy

weeks preservation

2440 g

C-section 40 weeks, 26 hours BP

40 weeks after C-section 5 days after BP rupture of

33509 the abdominal aorta, maternal
mortality caused by bleeding

C-section Day 6 after BP with hemiarch

35 weeks IVF  C-section reconstruction

Twins 2400 g,

2000 g

C-section 36 23 hours after SAAR with hemiarch

weeks C-section

2690 g

C-section 38  Day 4 after Endovascular CoA repair then

weeks C-section SAAR

2800 g

C-section 38 28 hours after BP with hemiarch

weeks C-section reconstruction (valve conduit)

33009

AA: ascending aorta; C-section: caesarean section; BP: Bentall procedure; AAAD: acute ascending aortic dissection; TEVAR: transthoracic endovascular aortic reconstruction; CAAD: chronic
ascending aortic dissection; SAAR: supracoronary ascending aortic replacement; BAV: bicuspid aortic valve; CoA: aortic coarctation; IVF: in vitro fertilization.
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Patients were identified through searches in the local
cardiothoracic surgery database. Data were collected
from the hospital digital patient files and internal institu-
tional database.

Patients with thoracic aortic aneurysm or AD are
treated according to the European guidelines on aortic
disease (ref: ESC aorta). In pregnant patients, the timing
for aortic surgery is based on the indication and whether
the fetus is viable or not (ref: ESC guidelines pregnancy).
In case of an AAaneurysm with indication for surgery and
gestation age of <24 weeks, the operation is performed
with the fetus in situ. When the fetus is viable, the aortic
surgery is performed after caesarean section. In case of
acute AA dissection, emergency operation is performed.

Fragments of the aortic wall excised during the opera-
tion were fixed in 10% neutral formalin. Frozen sections
were made from one part of the sample, followed by
hematoxylin and eosin (H&E) staining, as well as Sudan
llI-1V staining to detect lipids. The remaining material
in the form of 1-2 pieces was dehydrated in alcohol of
increasing concentration and enclosed in paraffin. Paraffin
sections were stained with H&E and picrofuchsin (van
Gieson'’s stain) for differentiation of collagen and muscle
fibers, as well as fuchselin (Weigert’s elastic stain).

Results

The study population consisted of 6 women (mean age
30.0 £6.5 years), 3 of them had Marfan syndrome (MFS).
Baseline characteristics are shown in Table 1.

Of the three women with MFS, in one (patient B)
the diagnosis was confirmed by genetic research and
in the other two it was highly suspected based on family
history and the presence of ectopia lentis.

Due to the high risk of AD or even rupture (AA dia-
meter 45 mm and aortic sinuses 62 mm), patient Aagreed
to have preventive surgery, and she underwent Bentall
procedure at 19 weeks of gestation. At 38 weeks, she
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gave birth to a healthy baby by elective C-section. Histo-
logical examination of the operative material in the wall
of her aorta revealed signs of elastopathy: elastic mem-
branes (EM) were heterochromic (mostly pale), thinned,
fragmented and disorganized. In many fields of view, there
were areas almost completely devoid of fuchselinophilic
structures (Fig. 1A). Defects of the elastic framework of
the aortic wall were replaced by collagen: more mature
in the deeper layers of the media and loose, swollen in
the subintimal layer (Fig. 1B). Against this background,
individual clusters of smooth muscle cells (SMCs) were
differentiated, which, being enclosed in fibrous tissue,
retained a predominantly circular orientation (Fig. 1B, C).
The intima was thickened due to fibromuscular prolife-
ration and edema, and microfractures were visualized on
its surface (Fig 1A, B). Microgranular lipids were detected
in the intima during Sudan IlI-1V staining.

Patient B, 24 years old, had known MFS (genetically
confirmed), had favorable course of all trimesters of
pregnancy, but at 40 weeks she developed AAAD. She
underwent an emergency C-section and 26 hours later
a Bentall procedure. Both operations were successful,
the child remained alive and well. However, 5 days after
cardiac surgery, the patient had a rupture of the abdominal
aorta with massive bleeding and fatal outcome. Histolo-
gical changes in the wall of the AA were largely the same
as in the previous case. However, the areas devoid of
elasticity were wider (Fig. 2A), and the collagen fibers
were “blurred”, multidirectional, scattered, and pale when
stained with van Gieson'’s picrofuchsin (Fig. 2B). As are-
sult, whole layers of smooth muscle cells (SMCs), devoid
of the elasto-collagen matrix, were directed fan-shaped,
from the deep layers of the media towards the intima
(Fig. 2C). The latter showed signs of surface destruction
(Fig. 2B), dissection (Fig. 2A) and lipid infiltration (Fig. 2D).

Patient C was 36 years old and also had known
MFS. Her pregnancy went smoothly and at 40 weeks
she underwent C-section. However, on the 6™ day after

Maronoris. Tom 18, Ne 3(53), BepeceHb — rpyaeHb 2021 p.



Case report

Fig. 1. Patient A, MFS. AA wall fragment. A. Defect of the elastic framework of the media;
fuchselin staining, x100. B. Replacement fibrosis; picrofuchsin staining, x200. C. Intimal tear;
H&E staining, x40.

Fig. 2. Patient B, MFS. AA wall fragment. A. Elastopathy of the media with the destruction
of elastic membranes, rupture of the intima; fuchselin staining, x100. B. Collagen is thinned,
pale, disorganized; picrofuchsin staining, x100. C. Disorientation, dystrophy, necrosis of SMCs;
H&E staining, x100. D. Intima lipid deposition; Sudan Ill-IV staining, x200.
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Fig. 3. Patient C, MFS. AA wall fragment. A. Defibering and polymorphism of EM of the media;
fuchselin staining, x100. B. Swelling of the collagen fibers of the media; picrofuchsin staining,
x100. C. Leukocyte infiltration of the adventitia, media dissection; H&E staining, x40. D. Lipoidosis
of the intima and subintimal layer of the media; sudan Ill-IV staining, x100.

Fig. 4. Patient D, renal hypertension, AA wall fragment. A. The EM of the media are stretched,
collapsed in the middle layer; fuchselin staining, x100. B. The intercellular matrix of the media is
represented mainly by collagen; picrofuchsin staining, x400. C. Collagen lysis with the destruction
of other media structures; picrofuchsin staining, x400. D. The plane of stratification of the aortic
wall (arrow) in the area of its destruction; H&E staining, x100.

Fig. 5. Patient E, CoA, BAV. AAwall fragment. A. Chains of fuchselinophilic granules are observed
on the sides of individual fragments of elastic membranes; fuchselin staining, x400. B. Collagen
of the extracellular matrix is hypochromic, swollen; picrofuchsin staining, x200. C. Dissection of
the AAwallin the area of lysis of collagen and other structures; fuchselin staining, x400. D. Intimal
and media lipoidosis in the area of smooth muscle cell destruction; Sudan IV staining, x100.

Fig. 6. Patient F. Preeclampsia, 38 weeks of gestation. AAwall fragment. A. Intra- and extracellular
edema; H&E staining, x400. B. Dissociation and ruptures of elastic membranes; fuchselin staining,
x200. C. Swelling and lysis of collagen; picrofuchsin staining, x200.
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delivery, she developed AAAD. On the same day, she
underwent a Bentall procedure including reconstruction
of the hemiarch. Judging by the sample of the aortic walll
excised during the operation, its microstructure, in this
case, differed from the first two observations. No areas
devoid of EM were found in histological preparations.
However, all available membranes differed in polymor-
phism due to their defibering with different thickness,
length, and degree of corrugation of each fiber, which also
differed in tinctorial properties (Fig. 3A). Such features of
the elastic framework of AA definitely reduced its ability
to model the diameter of the vessel in accordance with
the systolic-diastolic fluctuations of blood pressure on its
wall. In addition, patient C, as well as B, had changes in
the collagen fibers of the media, which (in contrast to ad-
ventitia) were pale intermittent and without clear contours
(Fig. 3B). This reduced the mechanical strength of AA.
This patient also had signs of nonspecific inflammation
in the adventitia (Fig. 3C) and significant lipoidosis of
the intima and subintimal layers of the media (Fig. 3D).

Patient D, 32 years old, suffered from renal hyperten-
sion for many years. In 2003, she developed AAD type
B according to the Stanford classification without serious
hemodynamic consequences. The patient was treated
conservatively, maintaining optimal blood pressure. In
2013, she underwent endovascular reconstruction of
the thoracic aorta (TEVAR) due to its chronic dissection
and dilation up to 59 mm. In 2019, she became pregnant.
At 36 weeks of gestation, AAAD occurred, which extension
to the left side of the aortic arch. An emergency C-section
was performed (the child survived), and 48 hours later
supracoronary ascending aortic replacement (SAAR) with
a hemiarch was performed.

At microscopy in all samples the effect of overstret-
ching and convergence of fibrous structures of media was
found, especially expressed in its middle layer (Fig. 4A).
EM in this area were straightened, pale, discontinuous,
and as if fused into conglomerates due to the growth of
collagen (Fig. 4B) which was predominant component of
the AA wall. The number of SMCs was reduced, the nu-
clei of most of them had an elongated shape. Signs of
collagen lysis with the destruction of EM and SMCs were
observed in the subintimal and outer layers of the media
(Fig. 4C) and later — at the zone of dissection (Fig. 4D).
In the aortic intima of patient D, focal accumulations of
lipophages and lipoid granules were noted.

Patient E, 28 years old, was diagnosed with congeni-
tal pathology of the aorta: isthmus coarctation as well as a
bicuspid aortic valve (BAV). Four years earlier the patient
gave birth to a child by C-section on obstetric indications.
The current pregnancy ended at 38 week also by elective
C-section. But on the 4" day after delivery, the mother
was diagnosed with AAAD. She underwent emergency
CoA stenting and then, at the same day, SAAR. Both
the mother and the child were discharged in satisfactory
condition after 11 days.

Such aspects of the pathogenesis of AA lesion as
increased transmural pressure on the wall of AA and
the aortic arch in the precoarctation basin and eccentric
traumatic for aortic wall transannular blood flow were
considered in the histopathological study of prepara-
tions from the internal layer of the dissected aortic wall
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of the patient E. The expected straightening of the EM
of the media was noticeable, but only in some areas of
the subintimal layer. On the rest of the sample, the media
was virtually devoid of an integral elastic framework as
a result of thinning, lysis and fine fragmentation of EM
(Fig. 5A). On both sides of the largest fragments of EM,
small fuchselinophilic granules are observed (Fig. 5A),
which have been described in patients with a certain
variant of the elastin gene polymorphism [11]. The spa-
ces between the components of the elastic structures of
the aortic wall are filled with collagen, but its fibers were
hypochromic, swollen (Fig. 5B), and lysed together with
SMCs and EM in the area of dissection (Fig. 5C), with
early manifestations of perifocal inflammation. Also, in
the samples of patient E, there was a positive reaction to
lipids in the intima and the area of dystrophy and necro-
biosis of media SMCs (Fig. 5D).

Patient F has had no history of pre-pregnancy risk fac-
tors, for aortic disease. However, at 38 weeks of gestation,
she previously developed preeclampsia and then —AAAD.
In this regard, the patient underwent C-section, and 28
hours later Bentall procedure with the reconstruction of
the arch with a valve-containing conduit. The mother and
the child survived and were discharged home in satisfacto-
ry condition. The samples of the aortic wall revealed signs
of pronounced intracellular edema of the SMCs (Fig. 6A),
accompanied by edema of the extracellular matrix with
increase in the distance between the EM and destruction
of some of them (Fig. 6B). In collagen fibers, swelling and
edema were accompanied by lysis (Fig. 6C). In this case,
as well as in 4 other patients, lipophages and lipid granules
were also found in the intima with damaged endothelium.

Discussion

In this paper we described 6 women with aortic surgery
during pregnancy or in the postpartum period with detailed
morphological description. In 4 cases the pregnancy
occurred against the background of initial aortic patho-
logy and one woman suffered from known hypertension.
The sixth case, however, had no premorbid risk factors.
She developed an acute increasing of blood pressure
(preeclampsia) during pregnancy, which is the only factor
that could contribute to the occurrence of the acute dis-
section. In this series maternal mortality was 17 % (n=1),
however, we avoided perinatal losses, probably because
we were able to perform C-section before aortic surgery
was done in 5 of the 6 women. Timely diagnosis of aortic
pathology and counselling of women wishing to become
pregnant may prevent the occurrence of life-threatening
complications during pregnancy.

In patient A aortic surgery was performed during
the second trimester of pregnancy. The morphological
changes, which were found in the aortic wall of this patient,
testified to the extremely high risk of dissection or rupture,
so the preventive surgical treatment should be considered
as a life-saving intervention. Two other patients with MFS
did not escape of acute aortic dissection, one at the end
of pregnancy and the other in the first week after delivery.

Acquired morphological lesions of the aortic wall in
patient D were the cause of recurrent AAD at 36 weeks
of gestation. Primary damage to the aortic wall and
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the primary episode of AAD are most likely related to renal
hypertension, which is one of the causes of overextension
of the EM of the media with the subsequent remodeling
of all structures.

Itis known that one of the main manifestations of CoA
is hypertension in the proximal to coarctation segment
(AA, arch, and brachiocephalic branches), which is com-
bined with hypotension of the descending aorta and its
branches. That is, from birth AA and the arch function in
conditions of increased transmural pressure, which with
age leads to morphological changes in its structure in
the form of stretching and thinning of EM and strengthe-
ning of the collagen component of the connective tissue
matrix [11]. As a result, the AA wall loses elasticity and
becomes more rigid which reduces its ability to distend
and shrink in response to pulsatile flow and increases
the traumatic effect of blood flow on the endothelium.

The state of AA (patient E), in addition to CoA could
also be affected by BAV. Usually in this pathology, the aor-
tic valve is located eccentrically. Due to this, the trans-
valvular blood flow can deviate from the longitudinal
axis of the AA towards one of its walls, exerting a direct
mechanical impact on it and creating additional traumatic
intimate turbulent flows. The combination of BAV and CoA
could associate with heritable thoracic aortic pathology as
well[12]. Such pathomorphological mechanisms probably
provoked the development of aortic aneurysm and later
AAD in this patient.

Regardless of the nature of the occurrence, all the fac-
tors that contributed to AAAD caused either weakening
of the mechanical strength of the structure of the aortic
wall, or a significant increase in the load, or both. This
is applicable for any case of aortic aneurysm formation
and dissection/rupture of its walls. However, in pregnant
women, due to the increase in circulating blood volume,
there is a physiological decrease in vascular resistance
[3,4], in particular, due to increased elasticity of the ar-
tery walls. Animal experiments have shown the role of
placental-produced relaxin in the increased activity of
MMPs which weaken the connective tissue matrix of blood
vessels, including the aorta [5].

According to our data, in all patients operated at
the end of gestation and in the early postpartum period,
changes in collagen in the form of its swelling and de-
crease in tinctorial properties were observed in the aortic
wall. In the pregnant woman with MFS who underwent
surgical intervention preventively at 19 weeks of gestation,
there were no such changes in collagen. On the contrary,
the samples showed areas of scar replacement by colla-
gen of EM and SMCs destroyed because of MFS. That
is, we can assume that in the early stages of pregnancy,
changes in the aortic wall that occurred before pregnancy
are not exacerbated by physiological mechanisms of
reducing vascular resistance. Also noteworthy is the fact
that all 6 patients had signs of lipoidosis in the walls of
the AA. This may be due to factors causing damage to
the intima, such as the initial pathology of the aorta, trau-
ma to the endothelium by blood flow, as well as possible
changes in lipid metabolism.

This requires further theoretical study, but clinicians
have already faced the question of indications for preven-
tive surgery in pregnant women with different variants of
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aortic pathology [6,10]. Indeed, from our study we now
have some evidence that pregnancy has specific effects
on the aortic wall and is associated with a higher risk of
dissection, but of course we have to be careful to draw firm
conclusions, because the numbers are small and the ca-
ses are highly selected on their need for aortic surgery.
It will not be possible to study the aortic wall in pregnant
patients without surgery. Perhaps future animal study can
be of help here. Also, here further research is warranted.

Limitations

The number of patients in this study is limited and they are
selected based on their need for surgery. Therefore, our
data may not be considered representative for all pregnant
women with and without aortic pathology. In the three
patients with assumed MFS only one case was genetically
proven and, therefore, the diagnosis in the other two is
not definitive; however, there is a high suspicion based
on their family history and eye abnormalities. The study of
pathohistological features of the AA wall with detection of
MMPs should be obligatory included. Useful information
can be obtained from studies of relaxin in the blood of
pregnant women.

Conclusions

1. Swelling and lysis of collagen on the background
of initial aortic pathology are noted in the aortic wall of
pregnant women. These features reduce the mechanical
strength of the aortic wall. The described changes in
collagen can be associated with specific hormonal and he-
modynamic changes in the female body in late pregnancy.

2. In a patient who underwent preventive surgery at
19 weeks of gestation, such changes in collagen in AA
were not detected, despite significant damage to its wall
due to MFS, in the form of initial detachment of the intima.

3. Signs of early lipoidosis in AA preparations were
detected in all 6 cases.

4. In women who underwent AA surgery during
pregnancy or the postpartum period, clear changes
were observed in the aortic wall, that can be attributed to
the hormonal and hemodynamic impact of pregnancy in
late pregnancy, with more advanced changes in collagen.
This study supports the theory that pregnancy is a risk
factor for aortic complications, especially in women with
premorbid aortic pathology.
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