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Abstract. Pulmonary vein stenosis (PVS) is a rare but serious condition characterized by obstruction of extrapulmonary
segments of pulmonary veins which leads to progressive pulmonary hypertension.

Objective. In this study we aimed to determine relationship between clinical features and histopathologic findings in
patients with PVS.

Material and methods. We retrospectively reviewed 34 consecutive patients who underwent PV stenosis repair.
Surgical wedge biopsy specimens were collected intraoperatively in 11 patients and reviewed using light microscopy.

Results. Affected pulmonary veins in patients with primary PVS were characterized by diffuse stenosis extending into
the lung parenchyma. In post-surgical group stenosis was found in a limited segment of pulmonary vein at its ostium.
Microscopically, abnormal intimal proliferation was identified in both patient groups. Scaring was predominant
finding in patients with post-surgical PVS.

Conclusion. In patients with PVS, pathophysiological mechanism influences the severity and extent of clinical
manifestations. A comprehensive understanding of this mechanism may improve results of the treatment.
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proliferation.

Introduction. Pulmonary vein stenosis (PVS) is a rare but
serious condition characterized by obstruction of extrapul-
monary segments of pulmonary veins which leads to pro-
gressive pulmonary hypertension [1, 2]. PVS may occur after
total anomalous pulmonary venous connection (TAPVC)
repair and affects 10 % to 17 % of these patients [3, 4]. Less
frequently (in 0.4—0.6 % of children with congenital heart
disease) PVS presents as a primary congenital disease [5].
Histologically, PVS is characterized by fibrous proliferation
within the pulmonary vein walls composed of fibroblasts/
myofibroblasts, which is evident by immunohistochemi-
cal expression of smooth muscle actin and muscle-specific
actin [6]. Current treatment options for PVS include relief
of anatomical obstruction via surgical and transcatheter ap-
proaches. Results of these procedures remain suboptimal:
PVS-related mortality, pulmonary vein (PV) reintervention
and PVS recurrence rates are unacceptably high both for
primary’ and postoperative PVS [8].

Objective. In this study we aimed to determine relation-
ship between clinical features and histopathologic findings
in patients with PVS.

Materials and methods. We retrospectively reviewed
34 consecutive patients who underwent PV stenosis re-
pair at the Ukrainian Children’s Cardiac Center, Kyiv,
from January 2010 to March 2019. Surgical wedge biopsy
specimens were collected intraoperatively in 11 patients.

Archived slides were reviewed using light microscopy in
all cases.

Results. The study group consisted of 7 patients with
primary PVS and 4 patients with PVS after TAPVC repair.
Diagnosis of PVS was established by two-dimensional and
Doppler echocardiographic studies of each pulmonary
vein. Computed tomography (CT) was performed in 9 of
11 patients (except 2 patients with primary PVS) to provide
better assessment of the PV upstream. In patients with pri-
mary PVS, affected pulmonary veins were diffusely stenotic,
with stenosis extending into the lung parenchyma, i.e. “up-
stream” stenosis [11]. Among these patients, bilateral dis-
ease was present in 4 cases. Also, patients with primary PVS
were characterized by progressively worsening obstruction.
We observed a patient who died within one month after pri-
mary PVS repair: autopsy showed that all PVs became oc-
cluded along their length even after successful surgical relief
confirmed at discharge.

In post-surgical group the extent of stenosis was mostly
limited to the ostial segment of pulmonary veins.

Histological findings. Macroscopically, specimens con-
sisted of pulmonary vein wall fragments adjacent to the left
atrium, fibrous tissue from the vein lumen and occasional
complete cross-sections. Microscopically, abnormal in-
timal proliferation and duplication of inner elastic mem-
brane were identified, which led to the lumen obstruction in
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Fig. 1. Obstruction of the pulmonary vein caused by abnormal
intimal proliferation in a patient with primary PVS. Van
Gieson’s stain, x40

stenotic pulmonary veins (Fig. 1) in both groups of patients.
Meanwhile, in specimens obtained from post-surgical pa-
tients, scaring was predominant finding. Typical fibromyx-
oid intimal thickening was absent in only one specimen
obtained from post-surgical patient. Heavily collagenized
scarring at the site of direct veno-atrial anastomosis (Fig. 2)
caused luminal obstruction in this case. This patient subse-
quently underwent a series of repeated balloon angioplasties
described previously [12].

Discussion. We studied and compared clinical features
and histopathologic findings in patients with PVS. We found
that patients with primary PVS are characterized by diffuse
stenosis of pulmonary veins extending to the vessels of in-
traparenchymal segment, while in post-surgical group ste-
nosis was mostly limited to an ostial segment of pulmonary
vein. Microscopical examination revealed that specimens
obtained from the patients from both primary and post-
surgical PVS group had fibromyxoid intimal thickening,
typical for this lesion, although in post-surgical PVS scaring
was predominant finding. Thus, we identified correlation
between clinical manifestation and histological findings in
patients with PVS.

Surgical repair or transcatheter intervention is the main
current therapeutic strategy, with results being, however,
quite disappointing. The novel treatment should be tar-
geted at pathophysiological mechanism. Ongoing medi-
cal treatment research is aimed at different pathogenetic
mechanisms of PVS [9]. Callahan et al. [10], Kato H et al.
[11] have shown that activation of tyrosine kinase and an-
giotensin I pathways leads to PVS. Currently, there are 3
registered clinical trials related to PVS treatment. In two
trials tyrosine-kinase pathway was targeted using known
chemotherapeutic agents. The third trial studies losartan as
an agent to reduce neointimal formation by blocking TGF-
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Fig. 2. Specimen obtained of a patient with post-surgical
PVS with heavily collagenized scarring in site of surgical
manipulation. Hematoxylin and eosin stain, x400

B and angiotensin II mediated endothelial to mesenchymal
transition.

In our study we have identified typical histological find-
ings characteristic for each of PVS subtypes. They reflect
pathogenetic mechanism and influence further outcomes
such as mortality and recurrence rates. Firbointimal prolif-
eration is the main cause of disease progression and recur-
rence of PVS.

Conclusion. Certain pathophysiological mechanisms
have been shown to influence the severity of clinical mani-
festation in different types of PVS. A comprehensive under-
standing of these mechanisms may improve results of the
treatment.
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B3aemMo03B'130K MiX ricronatonoriyHMMM 3MiHaMM Ta KNiHIYHUMU NPOsiIBaMM B NALLIEHTIB
3i CTEHO30M NnereHeBuX BeH

Mukuuak 4. ., Koxkokap . M., KOcidni I. B.1, Aunik O. ®.}, 3axaposa B. .2, EMeub |. M.

tAY «HaykoBO-NPaKTUUHMIA MEAMYHMI LEHTP AUTAYOI Kapaionorii Ta kapaioxipyprii MO3 YkpaiHu», M. Kuis, YkpaiHa
2[1Y «HauioHanbHWi iHCTUTYT cepueBOo-CyaMHHOI Xipyprii iMmeHi M. M. AMocoBa HAMH Ykpainu», M. Kuis, YkpaiHa

Pe3tome. CreHo3s nereHeBux BeH (CJIB) — 11e pinkicHe mporpecyioue 3axBoploBaHHs JiereHeBuX BeH. Kimacudikartis
CJIB yTpynHeHa TOCUTb YaCTUM MOETHAHHAM 3 iHIIUM BaJaMM, CKJIQIHUMU MeXaHi3MaMUu PO3BUTKY. 3arajioM BUIisI-
IOTh IBi KJIiHiYHI KaTeropii CTeHO3y: NepBUHHUI i BropuHHUI. [lepBuHHMIZ, a00 BPOMKEHUI, CTEHO3 CIIOCTEPIra€Th-
cd B OiTeld 3 HOpMaJIbHUM 3’€IHAHHSM JIETEHEBUX BeH i 0e3 olepaTUBHUX BTPyYaHb Ha ceplli B aHaMHe3i. BTopuHHuUi,
a00 MOCTXipypriyHuii, — MicJsl XipypriyHoro JiKyBaHHS BPOIXKEHUX Baj Ceplisl, 30e0iIbIIOrO Mic/s KOPeKIii TOTaJbHO-
ro0 aHOMAaJIbHOTO JApeHaxy JiereHeBUX BeH. OCHOBHUMM METOJAMM JiarHOCTUKU € YJBTPa3ByKOBE JOCIIIKEHHS Ceplis
Ta KoMmIT'roTepHa Tomorpadgist. icronoriuno CJIB xapakTepusyeThbest idpo3HOI0 mpodidepallieto iHTUMU eKCTpartyJib-
MOHaJIbHUX JIeTeHEBUX BeH. B ocHOBI mposidepaliii 1exxuth eHaoTeaialbHO-Me3eHXiManbHa TpaHchopmaiiis (EMT). B
OCTaHHi POKM aKTHUBHO BEIYThCS MHOCIIMKEHHs I Bu3HaueHHs MexaHi3Mmy CJIB i1 eeKTMBHOCTI HOBUX METOMIB JIiKY-
BaHHs, a caMe XiMioTeparlii, TakK SIK XipypriyHa KOpeKIIis Ta iHIli MeTOAU JIiKyBaHHSI MalOTh BUCOKUI PiBeHb PECTEHO3Y-
BaHHSs, IIOBTOPHUX BTPy4YaHb i CMEPTHOCTi.

Merta po60oTH. MeTOI0 11bOTO AOCTIIXKEHHSI € BUSBJICHHS 3B’SI3KY MiXK KJIiHIYHUMM OCOOJMBOCTSIMU Ta IiCTONATOJIOT Y-
HUMU 3MiHaAMM B MALIEHTIB 31 CTEHO30M JIETEHEBUX BEH.

Marepiamm i Mmeromu. My peTpOCTIEKTUBHO PO3TJITHYIM 34 mallieHTiB, poonepoBaHux 3 npusoay CJIB. B 11 mari-
€HTIB iHTpaoIepaiifiHo OyJIM B3STi 3pa3KU XipypridHOTro 0iOITATy Ta PO3IVISIHYTI 32 JOIIOMOTOIO CBIiTJIOBOI MiKPOCKOTTIi.

PesynbraTu. Y xBopux 3 nepsuHHuM CJIB ypaxkeHi 1ereHeBi BeHU XapaKTeprU3yBaIMCh AU(y3HUM CTEHO30M 3 ITOIIIM-
PEHHSIM y MapeHXiMy JereHiB. Y MOCTXipypriuyHii rpyIli CTeHO3 OYB BUSIBJIEHUII B 0OMEXXEHOMY CETMEHTi JIETeHeBOi BEHU,
oinga yctsa. Ilpu MikpocKomiyHOMY HOCHiIKeHHI B 000X rpymnax BusiBieHo tunoy wis CJIB dibpoMikcoinHy HeOiHTH-
MaJibHY nipodigepattito. [Tpore y xBopux 3 niciasonepaiiiiium CJIB ¢hopmyBaHHS pyOLieBOi TKAHUHM OYJI0 JOMiHYHOUOIO
3HAXiZKOIO.

BucnoBok. Y naitienTis i3 CJIB natodizionoriyuHuii MexaHi3M BIUIMBAE HA XapaKTep i BUPAXKEHICTh KJIiHIYHUX MIPOSIBIB.
VcebiuHe po3yMiHHS LIOTO MEXaHi3My MOXE ITOJIIIINUTY pe3y/IbTaT JiKyBaHHSI.

Karouo6i caosa: cmenos necenesux e, necenesa einepmensisa, MOManvHull GHOMAAbHUL OPEHAIC Ne2eHeGUX BeH, IHMUMANb-
Ha nponighepayis.
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