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Abstract

Background. Aortic arch hypoplasia (AAH) is an important congenital
cardiovascular abnormality that requires accurate anatomical characterization for
appropriate surgical planning. Computed tomography angiography (CTA) provides
high-resolution measurements of the ascending aorta and transverse aortic arch;
however, different diagnostic criteria may classify hypoplasia inconsistently.
Objective. This study aimed to compare the agreement between a Z-score-based
definition of AAH and a ratio-based morphologic criterion derived from CTA
measurements.

Methods. This retrospective study included 48 pediatric patients with clinically
confirmed AAH who underwent CTA. The ascending aorta diameter, transverse
aortic arch diameter, and the arch-to-ascending aorta (Arch/AAo) ratio were
obtained from multiplanar reformatted CTA images. Hypoplasia was defined using
two approaches: (1) Z-scores (< -2), and (2) a ratio-based criterion (Arch/AAo <0.50).
Summary statistics were computed for all measurements, and agreement between

methods was assessed using percent agreement, Cohen’s x, and McNemar’s test.
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Results. The mean ascending aorta diameter was 0.95 + 0.46 cm, the mean transverse
arch diameter was 0.50 = 0.27 cm, and the median Arch/A Ao ratio was 0.50 (IQR 0.43-
0.65). The Z-score method classified 47 of 48 patients (97.9%) as hypoplastic, whereas
the ratio criterion identified 18 patients (37.5%) as hypoplastic. Agreement between
methods was 44.2%, with a Cohen’s k of 0.03, indicating minimal concordance
beyond chance. McNemar’s test demonstrated significant disagreement between
classifications (x? = 22.04).

Conclusion. The Z-score and Arch/AAo ratio methods differ substantially in how
they classify AAH. While Z-scores incorporate normative size adjustment, the ratio
criterion reflects anatomical proportionality and identifies a more selective subset of
patients with marked transverse arch narrowing. Clinicians should recognize these
methodological differences when assessing AAH and selecting criteria for diagnosis

or surgical decision-making.

Keywords: aortic arch hypoplasia, congenital heart defects, computed tomography

angiography, Z-score, aortic ratio, pediatric cardiovascular imaging, aortic

measurements, diagnostic agreement.

1. Introduction

Congenital anomalies of the aortic arch are
relatively uncommon and may coexist with other
congenital cardiovascular disorders [1, 2]. In most cases,
these anomalies are detected incidentally on imaging in
otherwise asymptomatic patients [3]. An important
exception occurs when the aberrant arch configuration
forms a complete vascular ring, encircling the trachea and
esophagus and potentially producing compressive
symptoms [4].

Aortic arch hypoplasia (AAH) is defined by comparing
the external diameter of each arch segment with that of
the ascending aorta, which is assumed to represent
normal caliber [5]. Based on established criteria, the
proximal transverse arch is considered hypoplastic when
its external diameter measures <60% of the ascending
aorta (AAo), the distal transverse arch when <50% [6, 7],
and the aortic isthmus when <40% of the AAo diameter

[8]. AAH may occur as an isolated abnormality or in

association with other aortic lesions that impede systemic
outflow, such as coarctation and interruption of the aorta
[9]. It may also coexist with intracardiac defects,
including atrial septal defect, ventricular septal defect, or
patent ductus arteriosus [10].

Computed tomography angiography (CTA) is a non-
invasive imaging modality that enables accurate
detection and characterization of aortic arch anomalies
through high-resolution visualization of anatomical
relationships, advanced post-processing techniques
(Volume Rendering, Maximum Intensity Projection, and
Multiplanar Reformation), and the ability to identify
associated congenital abnormalities [11]. The high spatial
resolution of CTA, combined with its capacity to evaluate
extracardiac structures such as the great vessels, makes it
the preferred modality for generating three-dimensional

models in congenital heart disease [12, 13] (Figure 1).
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Figure 1 - CTA multiplanar images of a 5-day-old patient with AAH. (A) Axial plane, (B) sagittal plane, and (C) coronal plane

demonstrate the narrowed transverse aortic arch, indicated by the yellow arrow. (D) Three-dimensional volume-rendered

reconstruction provides an overview of the aortic arch anatomy, with the hypoplastic segment similarly highlighted

Despite the central role of CTA imaging in the
evaluation of congenital aortic arch pathology, there is no
consensus regarding the optimal criterion for defining
AAH, and different measurement approaches may
classify the same anatomy inconsistently. In particular, Z-
score-based assessment [14, 15] and arch-to-ascending
aorta (Arch/AAo) ratio-based morphological criteria are

both used in clinical practice, yet their level of agreement

2. Material and methods

Study design and population

This retrospective study included 48 consecutive
pediatric patients with a confirmed clinical diagnosis of
AAH who underwent CTA as part of their diagnostic
evaluation at the Heart Center of the University Medical
Center in Astana, Kazakhstan, between 2020 and 2023.
Inclusion criteria were patients with available CTA
imaging of sufficient quality to allow precise
measurement of both the AAo and the aortic arch.
Patients with incomplete CTA datasets, nondiagnostic
image quality, or prior aortic surgery were excluded. All

diagnoses were established by a multidisciplinary team

has not been adequately examined. Therefore, this study
aimed to compare these two commonly employed
methods: Z-scores and the Arch/AAo diameter ratio
using CTA-derived measurements in a cohort of patients
with clinically confirmed AAH. By assessing the
concordance between these approaches, we sought to
clarify their diagnostic alignment and highlight potential

implications for clinical evaluation and surgical planning.

consensus  consisting of pediatric cardiologists,
cardiothoracic surgeons, and radiologists.

Written informed consent was obtained from the
legal representatives of pediatric patients for publication
and any accompanying images. All procedures
performed in studies involving human participants were
in accordance with the ethical standards of the
institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The study

was approved by the Bioethics Committee of the Heart
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Center, University Medical Center, Astana, Kazakhstan
(21 Jan 2022/No. 01-110/2022).

Imaging acquisition

CTA examinations were performed using a
Siemens Somatom Definition AS 64-slice scanner.
Prospective ECG gating was applied to minimize cardiac
motion artifacts. Intravenous iodinated contrast medium
(Ultravist 370; 1.5-2.0 mL/kg) was administered using a
dual-head injector at an infusion rate of 0.5-2.0 mL/s.
Bolus tracking was performed with the region of interest
positioned in the AAo and an acquisition trigger
threshold of 100 Hounsfield units. Axial images were
reconstructed with a slice thickness of 0.6 mm and a
reconstruction increment of 0.1 mm. Multiplanar
reformations were generated using syngo.via (Siemens,
Germany) to obtain measurements perpendicular to the
vascular axis.

Aortic diameter measurements

Z-score method [14]: the Z-score value reported
in the CTA report (Heart Center institutional pipeline)
was used to determine hypoplasia. Hypoplasia is defined
as Z <-2. Z-scores were calculated by the CTA reporting

software, normalized to body surface area.

3. Results

Patient cohort
A total of 48 patients with clinically confirmed
AAH were included. After cleaning and standardization

of CTA measurements, complete aortic diameter data

AAH was defined using the Arch/AAo diameter
ratio:

Aortic arch diameter
< 0.5.

Ascending aorta diameter

Aortic arch diameter/Ascending aorta diameter<0.5.

This threshold is consistent with established
radiologic and surgical criteria for clinically significant
transverse arch hypoplasia [15].

Statistical Analysis

Statistical analyses were performed using Stata
version 18.0 (STATA, StataCorp, Texas, US). Continuous
variables were summarized using mean, standard
deviation (SD), median, and interquartile range (IQR).
Categorical variables were expressed as counts and
percentages, with comparisons conducted using the Chi-
square or Fisher’s exact test, as appropriate. Normality
was assessed using the Shapiro-Wilk test. Agreement
between the Z-score method and the ratio-based method
was evaluated using overall percent agreement, Cohen’s
Kk statisticc, and McNemar's test based on a 2x2
contingency table. A p-value < 0.05 was considered

statistically significant.

(AAo and aortic arch) were available in all analyzable
cases, and these were used for the Arch/AAo ratio
calculation. The distribution of CTA-derived diameters is

presented in Table 1.

Table 1 - Descriptive statistics of aortic measurements

Measurement Mean SD Median IQR Min Max
AAo 0.946 0.458 0.80 0.70-1.00 0.40 3.00
Arch 0.497 0.269 0.40 0.385-0.50 0.18 1.70
Ratio 0.539 0.154 0.50 0.43-0.65 0.30 1.00

Z-score (CTA) -4.149 1.748 -3.965 -4.752--2.950 -9.40 -1.98
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Arch-to-ascending aorta diameter ratio

The Arch/A Ao ratio was calculated in all patients
with complete aortic measurements. The distribution of
ratio values (Figure 1) demonstrated substantial
anatomical variability, with a subset of patients

exhibiting markedly reduced ratios consistent with

pronounced transverse arch narrowing. Histogram plots
of the AAo diameter, transverse aortic arch diameter, and
the resulting Arch/AAo ratio illustrate the variability
within the cohort and highlight the morphological

differences captured by this proportional metric.
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Figure 2 - Distribution of AAo, aortic arch, and Arch/A Ao ratio measurements in the study cohort. The panel presents

histograms of (A) AAo diameter, (B) transverse aortic arch diameter, and (C) the Arch/AAo ratio. All measurements were

obtained from CTA in patients with complete aortic diameter data included in the final analysis

Agreement between the Z-score and the arch-to-
ascending aorta ratio

An agreement analysis between the Z-score
method and the ratio-based criterion was performed in
all 48 patients (Table 2). Using the <0.50 threshold, 18
patients were classified as hypoplastic by the ratio

method. Based on available and clinically derived Z-

score classifications, 47 patients were categorized as
showed 18

concordant hypoplastic classifications and 25 discordant

hypoplastic. The agreement analysis
classifications, with one case classified as negative by
both methods. Overall agreement was 44.2%. Cohen’s

was 0.03, and McNemar's test yielded a x? value of 22.04.

Table 2 - Agreement between methods

Comparison n concordant n discordant K (95% CI) McNemar p
hypoplasia
Z-score vs Ratio 22 0.03 22.04
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Associated cardiovascular anomalies
Chi-square and Fisher's exact tests were applied

to assess the clinical characteristics of patients with AAH

anomalies,

and their associated chromosomal and cardiovascular

which

were

diagnosed using

echocardiography and CTA. The results of these analyses
are presented in Table 3.

Table 3 - Clinical data of 48 patients with AAH and their associated cardiovascular anomalies

Characteristics

Options Number (Percentage)
Imaging modalities 64-slice CTA 48 (100.0%)
Echocardiography 48 (100.0%)
Aortic arch side Left 46 (95.8%)
Right 2 (4.2%)
Chromosome abnormalities Down syndrome 2 (4.2%)
Combined Ventricular septal defect 33 (68.8%)
cardiovascular
anomalies Atrial septal defect

21 (43.8%)

Atrioventricular septal defect 5 (10.4%)
Coarctation of the aorta 28 (58.3%)
Patent ductus arteriosus 33 (68.8%)
Patent foramen ovale 19 (39.6%)
Aortopulmonary window 1(2.1%)
Transposition of the great arteries 8 (16.7%)
Bicuspid aortic valve 7 (14.6%)
Ebstein's anomaly 1(2.1%)
Taussig-Bing anomaly 3 (6.3%)
Myocardial hypertrophy Left 8 (16.7%)
Right 1(2.1%)
Both

1(2.1%)
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4. Discussion

The comparison between the ratio-based method
and the Z-score classification demonstrated substantial
variation in how each approach identifies AAH. The ratio
method, which reflects the proportional relationship
between the aortic arch and the AAo [17], classified a
smaller proportion of patients as hypoplastic, whereas
the Z-score method identified nearly all patients as
hypoplastic. This resulted in a low level of agreement
between the two approaches. Cohen’s k was near zero,
indicating minimal concordance beyond chance, and
McNemar’s test showed significant directional
disagreement (Table 2), suggesting that the two methods
categorize patients differently in a non-random manner.

These findings indicate that while CTA remains
essential for evaluating aortic arch anatomy [18], notable
methodological differences exist between the size-
adjusted Z-score assessment and the morphology-based
ratio criterion. The ratio method emphasizes structural
disproportionality between aortic segments [19], while Z-
scores rely on deviation from normative pediatric
reference data [20]. As a result, the ratio approach
appears to function as a more restrictive anatomical
measure, identifying only those patients with
pronounced narrowing of the transverse aortic arch.

The ratio has been widely adopted as a

diagnostic criterion in prior research. Kiraly et al.

5. Conclusion

This study evaluated two commonly used
approaches for identifying AAH: Z-score assessment and
a morphologic ratio-based criterion derived from CTA
measurements. The ratio method identified a smaller
subset of patients as having a hypoplastic arch, resulting
in limited agreement with Z-score classification. These
findings emphasize that the two methods reflect distinct
aspects of aortic arch anatomy: Z-scores incorporate
normative size adjustment, whereas the ratio criterion
relative  structural When

captures narrowing.

identified an empiric threshold of 0.5 for differentiating
normal from hypoplastic arches based on the distribution
of Arch/AAo Most

anomalies were similarly distributed across both groups,

ratios. associated congenital
except for atrial septal defect, which was consistently
more frequent among patients with a hypoplastic arch
[21]. In their case report describing endovascular
treatment of recurrent aortic hypoplasia and coarctation
in a 15-year-old patient, Rhodes et al. defined a
hypoplastic aortic arch as an Arch/A Ao diameter ratio of
<0.5 [22]. Despite its widespread use, the definition and
management of aortic hypoplasia, especially in relation
to coarctation, remain areas of ongoing research and
clinical debate [23-25].

This study has

retrospective design and the absence of standardized

several limitations. Its
measurement acquisition may introduce selection and

measurement bias. Z-scores were inconsistently
documented and could not be recalculated from raw data,
reducing uniformity in the reference standard. The
relatively small cohort and the imbalance between
hypoplastic and non-hypoplastic classifications also
constrained the robustness of agreement statistics. Larger
prospective studies with standardized measurements
and recalculated Z-scores are needed to validate these

findings.

interpreting imaging findings or planning surgical
management, clinicians should be aware of these
methodological differences, as the selected definition
may influence which patients are categorized as having
AAH.  Further

incorporating standardized measurement protocols and

clinically  significant research
larger cohorts may help refine the optimal approach for
consistent and clinically meaningful identification of arch

hypoplasia.
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aAbIHFaH Z-KOPCEeTKIiIll IeH KOAKa A4OFachIHbIH ©pAeMeai KOAKaFa KaTbIHAChIHBIH
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Tyiiaaeme

Kipicmre. Koaka aoracebiy rumnonaasusicsl (KAD) xupypmsaaslk TakTHKaHBL AYPhIC >KOCIapAay YIIH 494
aHaTOMIIABIK Oaradayabl TaJall eTeTiH MaHBI3ABI Tya OIiTKeH KypeK-KaHTaMBIp aHOMaAUsACH OOABII TaOBLAaABL
Kommsiorepaik Ttomorpadus anrmorpadusacer (KT-anrmorpadms) epaemeai KOAKaHBIH >KoHe KeAJ€HEH KOAKa
AOFaChIHBIH ©AllleMJepiH >KOFapbl KeHICTIKTIiK alibIpBIMABIABIKIIEH aHBIKTayFa MYMKIiHAIK Oepeai; asaiiga apTypai
AVarHOCTUKAABIK KPUTEpUILAep IUITOILAa3MHEl 9pKaall JKiKTeyi MyMKiH.

3eprreyain makcatel. KAI anpikTayda koadanbiaateiH KT-arrmorpadus gepekrepiHeH aablHFaH Z-
KOPCeTKIIlIke Heri3geAreH ToCiA >KoHe apakaTblHacKa Heri3geAreH MOp(POAOTUAABIK KpUTepUIiAiH e3apa
KeaiciMmaiairin Garazay.

Oaicrepi. bya perpocniektusti seprreyre kamankaasik, Typae KA pacraapin KT-anrnorpadms >xacaaran 48
HeAnaTpUsAAbIK HaykKac eHrisiagi. KT-anrmorpadms cyperTepiHiH KOIKEHICTiKTI peKOHCTPYKUMCHHAH opaeMeai
KOAKaHBIH AuaMeTpi, KeaJeHeH KOAKa JOFachIHBIH AMaMeTpi >keHe JOfa MeH epJeMeli KOAKAHBIH apakaThIHAaChI
(Arch/AAo) aapHraH. ['Mmonaasus exi TociameH anbIKTaaAsn (1) Z-kepcerkimi < -2 >xaHe (2) Arch/AAo KaTsHaCH <
0,50. bapabIk ealiemMaep YILiH CUITaTTaMaAbIK, CTaTUCTUKA XY Pri3iadi, aa adicTep apachlHAAFbI KeAiciMAiAiK maibI3AbIK
coikectik, KosH Kk kosPpunuenti sxone Mak-Hemap TecTiH K0a4aHy apKbLAbI OaFralaHABL.

Hoetmxeci. ©paemeai koakansy oprama auametpi 0,95 + 0,46 cM, keaaeHeH AoFaHbIH opTala AnameTpi 0,50
+ 0,27 cM, aa Arch/A Ao xarsiHaceiabIH Meanasacs! 0,50 (IQR 0,43-0,65) 60a4p1. Z-kepcetkint Taciai 48 HayKacThIH 47-

cin (97,9%) rumomnaasms aen KikTece, KaThiHac Kpurepumiti 18 Haykacka (37,5%) rmmonaasmsa AMarHO3BIH KOMABL.
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OaicTepAiH >KaAllbl carikecTiri 44,2% 6o0aap1, aa Kosn k koadpunnmenti 0,03 Kyparl, Ke3Ael1COK COMKeCTiKTeH >KOFapbl
MMHMMAaAAbl KeaiciMaizikTi kepcerri. Mak-Hemap Tecri XikTeyaep apachiHJa aiTapAbIKTall aliblpMallbLABIKTEI
aHbIKTaAbI (X2 = 22,04).

Koporteapr.  Z-xepcerkimke >xoHe Arch/AAo KareiHackiHa HerisgeareH odictep KA xikreayinae
aliTapAbIKTal allbIpMaIIbIABIK KOepceTedi. Z-KopceTKilTepi eAeMAepAiH KaAbIIITH ©AIIEMHEH aybITKYBIH ecKkepce,
KaThIHAC KPUTepUili aHaTOMMSIABIK, IPOIOPIIMAHBI CUIIATTaliAbl XKoHe KeaJeHeH JOFaHBIH aiiKblH TapbLAybl Oap
HayKacTapAblH Tap ayKbIMbIH aHbIKTaniabl. KAI-Hbl Oarasay >KeHe AMarHOCTUKAABIK He XUPYPIUAABIK IIEIM
KabbL14ay OapbICBIHAA KAMHUAIUCTEP Oy 94icTeMeaiK alibIpMaliblAbIKTapAbl eCKepyi THiC.

Tyitin cesaep: Koaka JOFachIHBIH TIUIIONAA3UACHL, Tya OiTKeH >Xypek akayaapbl, KT-anrmorpadpms, Z-
KOPCETKIIll, aopTaAblK KATbIHAC, IIeAMATPUAABIK, KYPeK-KaHTaMBIp BU3yaAM3alMsAChl, KOAKa ©AlleMAepi,

AVIaTHOCTUKAABIK KeAiCiMAiAiK.

CoraacoBaHHOCTDb MeXAy Z-OLIeHKOI ¥ OTHOIIIeHVeM AyiaMeTpa AyIM aOPTHI K BOCXOAsIIen
aopre, pacCuMTaHHBIM IO AaHHBIM KT-anrmorpadgwumn, Aas BbIsIBAeHMU
TUIIOILAa3UM AYTVI aOPThI
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Pesiome

Beeaenne. I'unonaasus ayru aoptsl (A A) siBAsIeTcs1 BasKHOI BPOKAEHHOI cepAe4HO-COCY AUCTO aHOMaAuel,
TpeOyIolel TOYHOM aHaTOMUYECKO OLIeHKU A4S IAaHMPOBAHNS XUPYPIMYECKOro BMelaTeabcTsa. KoMibiotepHast
tomorpaduueckas anrnorpadus (KT-anrmorpadusa) oOecriedmBaeT BBICOKOE ITPOCTPAHCTBEHHOE paspelleHune Aas
U3MepeHNsl BOCXOASINEN aopThl UM IOIEPEeYHOl AyTM aopThl; OAHAKO IPUMeHeHUe Pa3AMYHBIX AMArHOCTUYECKIX
KpUTepues MOXKeT IIPUBOAUTH K HEOAHO3HAYHON KAacCUPUKaI[UM TUIIONIAA3UA.

Ilean mccaepaosammsi. OIeHUTL COr1acOBaHHOCTh MeXay omnpededeHueMm I'JJA Ha ocHOBe Z-OLleHKM U
MOp(POAOTMIECKUM KpPHUTepHeM, OCHOBAaHHBIM Ha COOTHOIIEHUU AMaMeTPOB, pPacCYMTaHHBIM 110 AaHHBIM KT-
a"rmorpapun.

MeTtoapl. B perpocriekTiBHOe 1ccaesoBaHme ObLAY BKAIOYEHBI 48 ITeAmaT pidecKyX MalieHTOB ¢ KAVHIYeCKN
noarsep>kAéunon I'4A, koropeiM 6b11a BeirtoaHeHa KT-anrnorpaduist. VI3 MHOTOIIA0CKOCTHBIX peKOHCTPYKLVI ObLAYL
IIOAy4eHbl IIapaMeTpPhL: AaMeTp BOCXOASAIIeN aoOpTHl, AMaMeTp IIONepedyHON AyTM aopThl UM OTHOIIEHMe AYTU K

Bocxoasient aopre (Arch/AAo). Tunonaasus onpegeasiaacs Apyms criocodamu: (1) Z-rokasareas < -2 u (2) KpuTepuit
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orHommennsa Arch/AAo <0,50. 4as1 Bcex m3MepeHMi ObLAN pacCIMTaHBI OIVCaTeABHBIE CTATUCTIKY, 8 COT/1aCOBaHHOCTD
MeTOAOB OLleHNIBaAach ¢ MCII0Ab30BaHVeM IIPOLIeHTa coBITadeHnit, Kosgpdunuenra k Kosna u kpureprst Mak-Hemapa.

PesyabTaTnl. Cpeannit guameTp Bocxoad1iert aopTol coctasna 0,95 + 0,46 cM, cpedHMI AvaMeTp IIOIIepedHO
ayrn — 0,50 + 0,27 cM, a Meguana orHommreHust Arch/AAo — 0,50 (IQR 0,43-0,65). MeTog, Z-orieHkn KaaccupUIIMpoBaa
47 ns 48 nanuenTtos (97,9%) KaK MMeIOMX ITUIIONAA3NIO, TOI4a KaK KpUTEPUIl OTHOIIEHN s BBIABIA TUIIONAA3UIO y 18
nauyneHTos (37,5%). Obmas coraacoBaHHOCTh MeTOA0B cocrasuaa 44,2%, a kosdpPuunent k Kosua — 0,03, urto
CBUAETEeABCTBYeT O MMHMMAa/AbHOM COBIIaZeHNM CBepX YpOBHs caydarHocTu. Kpurepmii Mak-Hemapa moxkasaa
CyIIleCTBEHHBIE pacXOXKAEeHII MeXXAy Kaaccupukanuamu (X2 = 22,04).

3akaiodeHne. MeTo bl, OCHOBaHHBIE Ha Z-TI0Ka3aTeAsx 11 oTHommeHnu Arch/AAo, cyIecTBeHHO pa3ANdaloTCs
B Kaaccuukaruy I'JAA. Z-mokasareAu yYuTBIBAIOT OTKAOHEHME Pa3MepOB OT HOPMAaTUBOB, TOI4a KakK KpUTepuii
OTHOIIIEHNsI OTpaykaeT aHAaTOMUYECKYIO ITPOIOPIIMOHAABHOCTD U BblAeAseT 0olee Y3KYIO MOATPYIIIY HallMeHTOB C
BBIpa’KeHHBIM Cy>KeHIeM ItonepeuHoii ayru. [Tpu onenke I'ZA 1 BbIOOpe AMarHOCTMYECKOTO MAM XUPYPTUUECKOIo
II0AXO0/a KAMHNUIIVICTaM CAeAyeT YIUTHIBATh STV MeTOAOA0TMIECKIe PasANdnsl.

Karouesble caoBa: rumonaasus Ayru aOpTsl, BpoXXAEHHBIE TOpoKkM cepArta, KT-anrnorpadms, Z-rmokasareas,
aopTaJbHOe OTHOIIIeHMe, JAeTCKas CepAeYHO-COCyAMCTas BM3yaaAM3allyis, M3MepeHMsl aopThl, AMarHOCTHYecKas

COraaCcoOBaHHOCTD.
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