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Comparison of Echocardiography and Computed Tomography/Magnetic
Resonance Imaging for Assessing of Pulmonary Vein Stenosis in Children

Abstract. Pulmonary vein (PV) stenosis is a rare disease with high recurrence and mortality rates.

Objective. This study was aimed to evaluate the diagnostic accuracy of echocardiography versus cross-sectional
modalities.

Material and methods. Our study includes 11 consecutive patients who underwent a comprehensive PV anatomy
assessment between April 2018 and June 2019 at Ukrainian Children’s Cardiac Center, Kyiv. Echocardiographic
studies of each pulmonary vein followed by computed tomography (CT) or magnetic resonance imaging (MRI)
were performed in all patients. A total of 27 CT/MRI studies were performed.

Results. There were four patients whose echocardiography findings were completely confirmed by CT/MRI
method. In some patients significant stenosis was underestimated by echocardiography. Sensitivity and specificity
were 86.4 and 88.9 for echo, as well as 100 and 94.4 for CT/MR], respectively.

Conclusion. This study recognizes the limitations of echocardiography as an imaging tool for pulmonary veins
morphology assessment. Cross-sectional studies overcome these limitations and provide excellent morphological
as well as functional (MRI) evaluation of pulmonary veins.

Keywords: pulmonary vein stenosis, echocardiography, computed tomography, magnetic resonance imaging.

Introduction

Pulmonary vein stenosis (PVS) in children is a rare but
serious condition [1, 2] which may occur in 10-17% of
patients after total anomalous pulmonary venous connec-
tion (TAPVC) repair [3, 4], or presents as a congenital /pri-
mary disease bearing high recurrence and mortality rates
of 46-80% [5]. Pulmonary veins imaging is important for
preoperative planning, outcomes assessment and follow-
up. Different imaging modalities can provide valuable in-
formation on severity and location of the lesions. However,
each method has its own benefits and limitations.

In this study we aimed to compare the diagnostic accu-
racy of echocardiography versus cross-sectional modali-
ties (computed tomography or magnetic resonance ima-
ging) for assessment of pulmonary veins characteristics
and to develop an institutional PVS detection and surveil-
lance algorithm.

Materials and methods

Our study includes 11 consecutive patients (Table 1)
who underwent a comprehensive PV anatomy assessment
between April 2018 and June 2019 at Ukrainian Children’s

Cardiac Center, Kyiv. Two-dimensional and Doppler echo-
cardiographic studies of each pulmonary vein with follow-
ing computed tomography (CT) or magnetic resonance
imaging (MRI) were performed in all patients. A total of 27
CT/MRI studies were performed, and each was compared
to the respective echocardiographic study.
Echocardiography. Each PV was assessed by echocar-
diography according to a standardized imaging protocol
described by Kalfa et al. [6], consisting of three compo-
nents: (1) severity of disease measured by mean echocar-
diographic pressure gradient and (2) extent of stenosis in
each individual pulmonary vein (PV) and (3) uni- or bila-
teral extent of the disease. ECHSA Score was used to sum-
marize the findings. A mean echo gradient of <2 mmHg,
biphasic blood flow and the absence of PV narrowing con-
firmed the absence of stenosis. A mean echo gradient of
2 to 4 mmHg, 5 to 7 mmHg and >7 mmHg indicated mild,
moderate and severe stenosis, respectively. Involvement
of only a short length of the PV and presence of upstream
dilatation was defined as a focal stenosis. Stenosis was
considered diffuse if a significant length of the PV was af-
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fected with no upstream dilation of the PV. Each of PV has
been assigned a score of 0-4: 0 for no stenosis; 1, 2, 3 for
discrete mild, moderate and severe stenosis; 1.5, 2.5, and
3.5 for diffuse stenosis; 4 for atresia or occlusion.

All individual pulmonary veins scores were summa-
rized to calculate the total score. If bilateral disease was
present, 2 points have been added. Possible score range
was 0-18 [14].

Cross-sectional imaging modalities. For CT/MRI
assessment of pulmonary veins, we used the method
proposed by the Toronto group [7, 10]. Short and long
cross-sectional diameters of each PV at the left atrial junc-
tion (downstream) and the bifurcation (upstream), the in-
dividual PV cross-sectional area indexed to body surface
area (PVCSAi) [8] and total PV cross-sectional area in-
dexed to body surface area (TCSAi) were measured. In ad-
dition, in patients undergoing MRI pulmonary artery flow
redistribution was assessed.

Statistical analysis. Predictive accuracy for echocar-
diography and cross-sectional modalities was assessed by
calculating the area under the receiver operating charac-
teristics (ROC) curve.

MedCalc Statistical Software version 18.2.1 (MedCalc
Software bvba, Ostend, Belgium) was used for statistical
analyses.

Results

The results of echocardiography findings and cross-
sectional studies compared with intraoperative findings
are presented in Table 1.

Echocardiography findings in patients 2, 6, 7 and 10
were completely confirmed by CT/MRI method.

In patient 1 CT scan revealed left upper PV atresia and
left lower PV severe stenosis, whereas echocardiography
showed only moderate stenosis of the left lower PV.

In patient 11 echocardiography (Fig. 1) which was per-
formed in a month after primary echo study revealed de-
creased mean echo gradients on left pulmonary veins.

Figure 1. Echocardiography of the patient with suspected
pulmonary vein stenosis

Figure 2. 3D reconstruction image obtained for the same
patient. RUPV, right upper pulmonary vein; RLPV, right lower PV;
LUPV, left upper PV; LLPV, left lower PV

Meanwhile, CT (Fig. 2) showed worsening of the ste-
nosis compared to CT imaging performed month earlier.
CT scans in the first and third months following sutureless
repair on the left pulmonary veins revealed unobstructed
flow throw these veins.

Eight months after primary surgery, this patient was
readmitted with clinical signs of infective endocarditis.
Echocardiography revealed vegetations on tricuspid valve
and suspected left pulmonary veins restenosis. CT imaging
which was performed to confirm the diagnosis revealed
new right upper PV stenosis and left pulmonary veins
restenosis.

In patient 8, in addition to detected secundum atri-
al septal defect (ASD), severe right upper pulmonary
vein (RUPV) stenosis was suspected during echocardio-
graphy. Preoperative CT revealed normal dimensions of
RUPV. Thus, this patient underwent minimally invasive
right midaxillary thoracotomy for ASD closure without un-
necessary RUPV intervention.

Patient 9 was admitted to our clinic with signs of pul-
monary edema. Echocardiography revealed severe pul-
monary hypertension with unclear cause and without
relevant pressure gradients over pulmonary veins. Subse-
quent CT scan showed severe hypoplasia of all pulmonary
veins.

All aforementioned patients had primary PVS. Patient
10 was the only one in this series with postsurgical PVS
whose CT scan identified stenosis of pulmonary venous
collector.

Statistical analysis. Both methods were compared us-
ing ROC analysis. ROC curves showed that cross-sectional
study had higher sensitivity and specificity (Fig. 3). Thus,
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Table 1
Pulmonary veins characteristics
Patiant Baseline Echo Baselina cross-sectional study, Intraoperative findings Postaperative echo, Postoperative cross-sectional study, Follove-up Follow-up
Apmean, mm Hg indexed area of individual vein Apmean, mm Hg indexed area of individual vein Echo, cross -sectional
Apmean, mm | study
Hg
1 LUPV-7 LUPV:d:ia - 8.8; LUPV:wia -22 LUPV subocclussion, LLPV-2.1 LUPV:diia - 12; LUPV:wia - 27 LLPV-21 LUPV:dia - 12;
LLPV:d:la - 26.4 diffuse LLPV:diia - 25; LLPV:uia -38
LLPV local stenosis
LLPV: uiiz - 38
2 LUPV/LLPV collector- 5 LUPV/LLPV collector: dia: 0,15 LUPV/LLPV callector absence of stenosis N¢ross-sectional area index LLPV-3 N cross-sectional
LUPV/LLPV collecter: uia: 3 stenosis area index
3 RUPV-5 LUPV:d:ia - 10; LUPV:usia - 19 LUPV subocclusion LUPV -4 LUPV:dia - 11; LUPV:wia - 20 LupPV-4 LUPV:diia - 11;
leftPVsweren‘tvisualize | LLPV:dia -4 LUPV:uia-25 LLPV occlusion LLPV-$ LLPV:diia -6 LUPV:uiia - 23 LLPV-8 LUPV:uiia- 20
LLPV:diia -6
LUPV:uia- 23
4 RUPV-5 LUPV: diia - 43; RUPV free of stenosis RUPV -2 LUPV:dia - 26; LUPV:uiia -30 RUPV-2 LUPV:d:ia - 26;
LLPV-4 LLPV:dia -19 left PVs local stenosis LPY-1 LLPV:d:ia - 34 uev-1 LUPV:uia- 30
LLPV: diia - 34
5 RLPV-5 RUPV acclusion wasn'toperated - - - -
LLPV-2 LUPV: diia - 43;
RUPY, LUPV weren't LLPV:diia - 11
visualize
6 LUPV/LLPV collector- 12 LUPV: diia - 33; LUPV: wia - 35; wasn'toperated - - LUPV/LLPV -
LLPV: d:ia - 19 collector - 4
7 PV's collector - leftatrium | RUPV occlusion wasn'toperated - - -
meangradient-11 LLPV:d:ia - 34 LUPV:usia - 34
LUPV:diia - 41 LLPV:dia - 30
8 RUPV-6 N cross-sectional area index RUPV free of stenosis absence of stenosis | Ncross-sectional area index absencz of | Ncross-sectional
stenosis areaindex
] Pulmonary hypertension RUPV:d:ia - 13; RUPV:uiia - 29 right PVs and LLPV LUPV-2,5 RUPV:d:ia- 33; RUPV:uiia -38 RUPV-4 RUPV:diia- 6
with undefined cause RLPV:d-ia -14; RLPV: wia - 16 subocclusion LLPV-2,5 LUPV:diia-38 LUPV-3 RUPV:wuia -29
LLPV:diia- 23 LUPV atresia RLPV:dila-35
LUPV ecclusion LUPV:dia- 25
LLPV:idia-11
10 left PVs collector stenosis | left PVs collector:d:ia - 10 left PVs collector left PVs collector left PVs collector:diia - 21 died left PVs collect:diia
left PVs collector:uiia - 16 subocclusion stenosis left PVs collector:uiia - 34 -21
left PVs collect:uzia
-34
11 LLPV-4 LUPV: diia - 15; LUPV: uia - 23; left PVs local s 51 absence of RUPV.diia-11; right PVs RUPVdia-6
LUPV:d:ia - 14; LUPV: uiia - 43; LUPV:uiia - 41; stenosis was RUPV:wuiia - 38
suspected LUPVGia-9

vide visualization of individual pulmonary veins. Subse-
quently, CT method defined these veins as suboccluded or
atretic. Also, in these cases echo was not able to reliably
detect the severity of the stenosis: CT/MRI method chara-
cterized individual veins as severely stenosed, whereas
echocardiography only suspected possible stenosis of the
same veins. Likewise, we observed a case where echocar-
diography showed high mean pressure gradients on an in-

cross-sectional modalities were determined as those pro-
viding higher diagnostic accuracy.

Discussion

We studied diagnostic accuracy of echocardiography
for assessment of pulmonary veins characteristics and
compared it with CT/MRI method. We found that only in
four patients CT/MRI methods completely confirmed echo
findings. In some cases echocardiography could not pro-
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Figure 3. ROC curves of sensitivity and specificity of echo (a) and cross-sectional study (b) with their comparison (c)
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dividual vein. CT method excluded this diagnosis. In a pa-
tient with infective endocarditis CT contributed to inform
the surgical team of the possible scenario and to plan the
surgical procedure, which subsequently was performed
with deep hypothermic circulatory arrest. In addition, in
case when echocardiography showed severe pulmonary
hypertension with normal values of blood flow velocity in
pulmonary veins, CT/MRI imaging allowed to determine
the cause of detected findings.

Current scoring systems developed to assess the chara-
cteristics of pulmonary veins are based mainly on echo-
cardiographic measurements [5]. Echocardiography is
mostly accurate in measurement of pulmonary veins at
downstream level and when there is no flow redistribu-
tion from lung segments with obstructed pulmonary veins
to unobstructed segments. In case of unbalanced circula-
tion between both lungs, assessment of pulmonary veins
characteristics via echocardiography can lead to underes-
timation of the stenosis severity [9]. Tremblay et al. dem-
onstrated that echocardiography couldn’t provide complete
visualization of individual pulmonary veins in the majori-
ty of cases [10]. Compared to echo, CT scan can reveal af-
fected pulmonary veins segments that are remote from the
heart (upstream).Thus, CT/MRI imaging provides a more
comprehensive assessment of anatomy of pulmonary veins
compared with traditional echocardiographic imaging. Cur-
rently, CT/MRI imaging could be considered as the gold
standard for the evaluation of PV flow and anatomy. Vander-
laan et al. [11] adopted a protocol incorporating computed
tomography or magnetic resonance imaging at 1, 6, and
12 months after PVS repair. Primary PVS is mostly charac-
terized by abnormal neointimal proliferation, whereas in
postsurgical patients heavily collagenized scarring is the
most prominent histological finding [12]. These underlying
morphology predisposes high recurrence rates and need
for rigorous surveillance. Due to its zero radiation load and
flow-measurement capabilities MRI may be more beneficial
surveillance tool in PVS cohort.

According to our previous approach, CT/MRI imag-
ing was performed only in complex cases [13] mostly to
clarify the anatomy. Since April 2018 all patients in our
institution with PVS undergo cross-sectional imaging for
the verification of diagnosis and surveillance after repair.

Conclusion

This study recognizes the limitations of echocardio-
graphy as an imaging tool for pulmonary veins morpho-
logy assessment. Cross-sectional studies overcome these
limitations and provide excellent morphological as well as
functional (MRI) evaluation of pulmonary veins. We have
implemented CT/MRI scans for diagnosis and surveillance
in all patients with PVS.
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1Y «HayKoBO-NpakTU4HWUIA MeAUYHUIA LEeHTp AMTA40i kapaionorii Ta kapaioxipyprii MO3 Ykpainu», M. KuiB, YkpaiHa

Pesiome. CTeHO3 JlereHeBUX BeH - Iie piJKiCHe Nporpecyroye 3aXBOPIOBAaHHA JIeTeHEBUX BE€H 3 BUCOKOIO 4aCTOTOIO
peLyAUBY Ta cMepTHOCTI. XipypriuHa Kopeklisi He 3aBX/JU CyTTEBO NOKpALlye pe3yJbTaTH Ta I0B’A3aHa 3 BiJHOCHO
BUCOKMMHU NTOKa3HUKaMu cMepTHOCTI (46-80 %). OCHOBHMMHU MeTO/aMU AIaTHOCTUKHU € YJIbTPAa3BYKOBE J0C/i/PKeHHS
cepus Ta KoMIT'toTepHa ToMorpadis (KT) / marniTHo-pe3onaHcHa Tomorpadis (MPT). Bisyanizanis ssiereHeBux BeH Bax-
JIUBA JIJIs TlepeionepaliiHoro njaHyBaHHs, OLiHIOBaHHS pe3yJIbTAaTiB i MOAAbIIOro CocTepeXxeHHs. Pi3Hi crioco6u
BisyaJsizauii MOXXyTb HajlaTH LiHHY iHpopMalilo Mpo TAKKICTH i JoKaizalito ypaxkeHb. OJJHAK KOXKEH METOJ, Ma€ CBOL
nepeBaru Ta 06MeKeHHs.

MeTa po60THU. MeTow HALIOro JOCTi/PKEHHS € OLiHUTH AiarHOCTUYHY TO4YHicTh exokapziorpadii, KT uyu MPT pnas
BU3HAYE€HHS XapaKTEepPUCTHK JieTeHEBUX BeH 3 M10/aJIbILIO0 pO3p0OOKOI0 aJIrOPUTMY BUSIBJIEHHS Ta CIIOCTEPEXKEHHS 3a
naijieHTaMHu 3i CTEHO30M JIereHEBUX BEH.

Marepiasu Ta metoau. Haute gocnigxenHs Bkatodae 11 naiieHTiB, ki npoiiik KOMIJIEKCHE OIliHIOBaHHS aHATO-
Mii JiereHeBUX BeH y nepiof 3 kBiTHsa 2018 no yepBenb 2019 poky B LeHnTpi AuTa4oi kapaiosorii Ta kapzioxipyprii MO3
Ykpainu (M. KuiB). Y Bcix nanieHTiB 6y/10 NpoBeieHO IBOBUMipHE Ta JlonieporpadiuyHe exokapaiorpadiuHe gocaigpKeH-
HS1 KOXKHOI JiereHeBoi BeHU 3 HacTynHo! KT a6o MPT. Ycworo npoBesneno 27 KT/MPT.

PesysibTaTH. Y HalloMy JOCJIipKeHHI Yy YOTHPbOX NaLiEHTIB pe3yabTaTH exokapAiorpadii 6ysiu MOBHICTIO MigTBep-
JxeHi MetofoM KT/MPT. Takoxk B OKpeMHX NALli€HTIB BaXXJIMBUH CTeHO3 6YB He0OL[iHEHHUH Nif Jac exokapgiorpadil.
YyTaueicTb Ta cienudiuHicTh exokapiorpadii craHoBuia 86,4 ta 88,9; KT/MPT - 100 Ta 94,4 BignosigHo.

BucHOBOK. Halle fjociipkeHHs] BUSIBUJIO OOMeXXeHHs1 exokapaiorpadil sk J[iarHOCTUY0ro MeTOAY AJisl Ol[iHIOBaH-
HsA Mopdouiorii JiereHeBUX BeH. My/ZIbTUMOAa/IbHe JJOCAi/KeHHs 3a6e3Me4yye KOMIJIEKCHe MOpQoJioriuHe OLiHIOBaHHS
JIeTeHEeBHUX BeH, [03BOJIS€ TOBHOLIHHE NIJIAHYBaHHA BTPYYaHHs NIPU CTEHO31 JIereHeBUX BEeH Ta BUABJIEHHS PeLiU/MBIB.
3rifHo 3 HamKM nonepegHim nigxoaoM, KT/MPT npoBoAu/Iu Jiklle y CKIaAHUX BUNAAKAX, IepeBaKHO /11 yTOYHEHHS
aHaToMil. Y HaoMy AOCTiIPKeHHI MU BU3HA/IU 0OMeXXeHHs exoKapaiorpadil sik iHcTpyMeHTy Bisyasisauii s oniHro-
BaHHsA Mopdoutoril JiereHeBUX BeH. fIK pe3ysbTaT, 3 KBiTHA 2018 poky Bci mauieHTH B HalIoMy 3akjafi 3i cTeHO30M
JlereHeBUX BeH npoxoAsaTb KT/MPT a5 yTouHeHHs JiarHo3y Ta MOAAJbIIOr0 CIOCTepeXeHHs Mic/sa KopeKuii.

Kawouoei caosa: cmenos sezeHesux 8eH, exokapdiozpadis, komn’'romepHa momozpaisi, MazHIMHO-pe30HaAHCHA Mo-
Mozpagisi.
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