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Abstract

Background: We aimed to characterise the impact of Down syndrome on myocardial perfor-
mance and loading conditions in infants with Down syndrome and CHD over the peri-oper-
ative period by comparing them with infants matched for cardiac lesion with a normal
microarray. Methods: Left ventricular global longitudinal strain, right ventricular free wall
longitudinal strain, left ventricular end-systolic wall stress, and right ventricular systolic pres-
sure were measured in the two groups over the peri-operative period. Results: Fifty-five infants
had a diagnosis of Down syndrome and these were compared with 29 control infants. Left ven-
tricular global longitudinal strain decreased in both groups post-operatively with the Down
syndrome group demonstrating some recovery pre-discharge (18 ± 3 versus 16 ± 3%, p= 0.01).
Right ventricular longitudinal strain significantly decreased in both groups post-operatively
with the control group demonstrating better recovery by hospital discharge (14 ± 4 versus
18 ± 6 %, p< 0.01). End-systolic wall stress was lower and right ventricular systolic pressure
was higher in the Down syndrome group throughout the study period (all
p< 0.05). Down syndrome was an independent predictor of the duration of ventilation,
post-operative use of inotropes, and intensive care stay. Right ventricular longitudinal strain
was an independent predictor of duration of intensive care stay. Conclusion: This study
demonstrates the difference between the two groups in relation to left and right ventricular
function, particularly prior to discharge, and outlines the additional impact a diagnosis of
Down syndrome has on myocardial performance during the peri-operative period.

Infants with Down Syndrome and CHD have altered loading conditions due to elevated pul-
monary vascular resistance which persists beyond the early neonatal period coupled with
increased left ventricular pre-load due to the preponderance of left to right shunt lesions.1

Pulmonary hypertension is an important co-morbidity and adds to the complexity of their man-
agement in both the pre-operative and post-operative period.2 The impact of the altered loading
conditions on systolic and diastolic performance of the right and left ventricles and on the inter-
play between the ventricles during the peri-operative period is poorly understood. The presence
of structural CHD can impose significant volume and pressure loading burdens on the right or
left ventricles, both of which may influence myocardial performance.

There is limited data on myocardial deformation assessed using speckle-tracking echocar-
diography in infants with Down syndrome during the peri-operative period. The most signifi-
cant value of deformation analysis rests in its ability to detect subclinical myocardial dysfunction
before the appearance of clinically significant global ventricular impairment. Our group and
collaborators have recently demonstrated the feasibility and reproducibility of the use of
speckle-tracking echocardiography in the infant population.3,4 Further evaluation of right
and left ventricular function is essential to categorise the degree of impairment of myocardial
performance in order to optimise peri-operative management. Failure of full recovery of myo-
cardial function may have significant long-term implications for post-operative infants.

In this study, we aimed to characterise the impact of Down syndrome, the type of cardiac
lesion, and intra-operative cross-clamp time on peri-operative myocardial performance and
loading conditions in infants with CHD with and without a diagnosis of Down syndrome.
We also aimed to assess the relationship between myocardial performance, the type of CHD
and a diagnosis of Down syndrome on short-term post-operative clinical outcomes.We hypoth-
esised that a diagnosis of Down syndrome is associated with a distinct pattern of myocardial
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performance over the peri-operative period affecting the right and
left ventricle that may influence the post-operative clinical course.

Materials and methods

Study setting and patient population

This was a prospective observational study carried out in The
Children’s Heart Centre of Children’s Health Ireland at Crumlin
between July 2018 and April 2020. Infants with Down syndrome
who had CHD with a systemic to pulmonary shunt of either ven-
tricular septal defect or atrioventricular septal defect were recruited
and matched with infants with similar systemic to pulmonary
shunt lesions who had a normal chromosome complement. The
two groups of infants were recruited prior to planned surgical
intervention from the cardiac outpatient paediatric clinic. The
non-Down syndrome group was matched as much as practical
to the Down syndrome group by cardiac lesion, gender, age,
and weight at surgery, while recognising the preponderance of
atrioventricular septal defects in infants with Down syndrome.

The exclusion criteria for the study were infants with obstruc-
tive or cyanotic CHD (including tetralogy of Fallot), those with
chromosomal or genetic abnormalities other than Down syn-
drome, and pre-term infants with a gestational age at birth less
than 33 weeks. Ethical approval was granted by the Local Ethics
Committee and informed parental written consent was obtained
from all participants prior to enrolment.

Clinical data collection

Clinical data collected included gestation at birth, birth weight, sex,
age, and weight at surgery. Post-operative inotrope use was cap-
tured using a vasoactive inotropic score calculated as follows: =
Dopamine þ Dobutamine þ (100 × Adrenaline) þ (100 ×
Noradrenaline) þ (10 × Milrinone) þ (10,000 × Vasopressin).5

The following post-operative clinical outcomes were recorded
for each enrolled infant: presence or absence of sinus rhythm; chy-
lothorax defined as evidence of chyle draining from the pleural
space with confirmed biochemical parameters quantifying by tri-
glyceride level; the use of nitric oxide; mortality; duration of ino-
trope therapy, invasive ventilation, ICU stay and total hospital stay.

Echocardiography assessment

We performed echocardiography assessments peri-operatively in
the two groups of the study infants at three time points: pre-oper-
atively, post-operatively (within the first 24 hours following the
procedure), and pre-discharge (within 24 hours of planned dis-
charge); the timing of the third scan in infants with Down syn-
drome occurred at 10 (7–15) days following surgery compared
with 5 (4–8) days in the Control group. We used the General
Electric Echocardiography system (Vivid E95; General Electric
Healthcare, Milwaukee, Wisconsin). All studies were conducted
using a standardised imaging protocol in accordance with pub-
lished guidelines.6,7 Image acquisition was very feasible in the
cohort with left and right functional measurements available in
all infants during the first and second scans and in 53/55 infants
with Down syndrome and 28/29 controls pre-hospital discharge.
The images were stored on an archiving system in raw format
for later offline analysis. All images were analysed using the
General Electrics EchoPac system version 112). We obtained the
following echocardiography measurements in accordance with
established guidelines.4,7-9

Myocardial anthropometric measurements
Myocardial anthropometric measurements included mitral valve
annulus (mm), left ventricular length (mm), left atrial to aortic root
ratio, left ventricular end-diastolic diameter (mm), tricuspid valve
annulus (mm), right ventricular length (mm), and right ventricular
mid cavity diameter (mm).10

Clinical cardiovascular and afterload measurements
Clinical cardiovascular measurements and afterload measure-
ments included heart rate, blood pressure (mmHg), right ventricu-
lar systolic pressure (mmHg) derived from the tricuspid valve
regurgitant jet, left ventricle end-systolic wall stress (dynes/cm2),
which was estimated using the non-invasive echocardiography
method and using the formula11:

¼
0:98� ð0:344� systolicbloodpressure�
LeftventircularendsystolicdiameterÞ

Leftventricularposteriorwalldiameterinsystole�
ð1þ Leftventricularposteriorwalldiameterinsystole�
LeftventircularendsystolicdiameterÞ � 2

Left ventricular deformation measurements
Left ventricular deformation measurements included left ventricu-
lar global longitudinal strain (%), basal longitudinal strain (%), and
basal longitudinal systolic strain rate (1/s), apical longitudinal
strain (%), and longitudinal systolic strain rate (%). Global longi-
tudinal strain and strain rates were calculated by averaging all the
values of the regional peak longitudinal strain and strain rates
obtained from 18 segments in two-chamber, three-chamber, and
four-chamber in apical long-axis views.8

Left ventricular rotational mechanics
Left ventricular rotational mechanics included twist (degrees), tor-
sion (twist indexed to length, degrees), apical rotation (degrees),
basal rotation (degrees), twist rate (degrees/second), and untwist
rate (degrees/second).

Right ventricular deformation measurements
Right ventricular measurements included free wall strain (%) and
free wall systolic strain rate (1/s). Strain and strain rate were mea-
sured from the right ventricular-focused apical four-chamber view
using speckle-tracking echocardiography in accordance with pre-
viously published image acquisition and data analysis protocols.12

Statistical analysis

Continuous data were tested for normality using the Shapiro–Wilk
test and a histogram representation of data and summarised as
means (standard deviation) or medians (interquartile range) as
appropriate. Categorical data were summarised as counts (%).
Two group analyses were conducted using the Student’s t-test,
the Mann–Whitney U test as appropriate, or Chi-square test as
appropriate. Correlations between continuous variables were con-
ducted using either Pearsons’s or Spearman’s correlation coeffi-
cients as appropriate. Linear regression analysis was conducted
to assess the association between important predictors and relevant
outcomes. Two-way analysis of variance was used to assess the
changes in the functional parameters between the groups overtime.
We used SPSS version 26 to conduct the analyses. Statistical signifi-
cance was achieved with a p-value <0.05.
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Results

Eighty-four infants were included in the study. Fifty-five infants
had a diagnosis of Down syndrome and these were compared with
29 infants who were matched for cardiac lesion with normal
chromosomal complement (Control group). There was no differ-
ence in the age or weight at surgery between the Down syndrome
and Control groups. Except for gestational age which was lower in
the Down syndrome group, there were no differences in the other
basic demographics between the groups (Table 1). There was a
higher rate of post-operative heart block and chylothorax in the
Down syndrome group; in addition, cross-clamp time, vasoactive
inotrope duration and score, invasive ventilation days, and inten-
sive care days were all higher in the Down syndrome group. There
was no difference in mortality (Table 1). None of the infants were
intubated or were on inotropes prior to the surgery. In infants with
Down syndrome, all values for left ventricular dimensions includ-
ing mitral valve annulus (11 ± 1 versus 12 ± 1 mm, p< 0.01), end-
diastolic diameter (17 ± 4 versus 22 ± 6 mm, p< 0.01), and length
(34 ± 3 versus 36 ± 3 mm, p< 0.01) were significantly smaller than
the Control group (Table 2). Right ventricular length measure-
ments in the Down syndrome group were also smaller than in
the Control group (Table 2). Of note, none of the infants had
any significant residual atrioventricular valve regurgitation or left
ventricular outflow tract obstruction.

There were no differences in heart rate between the groups
throughout the study period (Fig 1). Infants with Down syndrome
had significantly lower systolic blood pressure at all three time
points and lower diastolic blood pressure in the post-operative
period when compared to Controls (Fig 1). Left ventricular wall

stress values were significantly lower in the Down syndrome group
throughout the study period and this persisted at discharge
(79 ± 17 versus 99 ± 27 dynes/cm2, p< 0.01; Fig 1). Right ventricu-
lar systolic pressure remained higher in the Down syndrome group
throughout the study period (27 ± 14 versus 12 ± 6 mmHg at dis-
charge, p< 0.01; Fig 1).

Left ventricular global longitudinal strain and apex longitudinal
strain values were not significantly different between the groups on
the first pre-operative Echo (Fig 2). Post-operatively, both study
groups had lower values recorded with significantly higher global
(18 ± 3 versus 16 ± 3%, p= 0.01) and apical strains (22 ± 5 versus
19 ± 4 %, p= 0.01) in the Down syndrome group pre-discharge.

Table 1. Demographics and clinical outcomes of the study cohort

Down syndrome
n= 55

Controls
n= 29 P

Gestation at birth (weeks) 37.8 [36.3–38.7] 39.0 [37.0–40.0] 0.01

Birth weight (Kg) 2.92 [2.57–3.26] 3.17 [2.64–3.60] 0.22

Female 31 (56) 17 (59) 0.89

Age at first scan (months) 5 [4–6] 5 [4–6] 0.19

Weight at first scan (Kg) 5.53 [5.06–6.08] 5.33 [4.86–6.28] 0.68

Type of lesion

VSD 16 (29) 27 (93) < 0.01

AVSD 39 (71) 2 (7)

Cross-clamp time (min) 76 [63–105] 53 [40–62] < 0.01

VIS (1st 24 hours post-op) 12 [9–16] 5 [5–8] <0.01

Invasive ventilation days 3 [2–5] 1 [1–1] <0.01

Heart block 19 (35) 1 (3) < 0.01

Chylothorax 24 (44) 0 < 0.01

Nitric oxide 10 (18) 1 (3) 0.09

Duration of inotropes (days) 2 [1– 4] 1 [1–1] < 0.01

Duration of ventilation (days) 3 [2– 5] 1 [1–1] < 0.01

Duration of PICU stay (days) 5 [3–7] 2 [2–3] < 0.01

Length of hospital stay (days) 12 [9–17] 7 [6–10] < 0.01

Mortality 1 (2) 1 (3) 1.00

Values are presented as median [interquartile range, IQR], or count (%) as appropriate. p-Value of < 0.05 was considered significant (p-value only compared Down syndrome and Controls,
healthy infants are a reference value). AVSD= atrioventricular septal defect, PICU= Pediatric Intensive Care Unit, VIS= vasoactive inotrope score, VSD= ventricular septal defect.

Table 2. Myocardial anthropometric measurements in the study cohort

Down
Syndrome
n= 55

Controls
n= 29 P

Mitral valve annulus (mm) 11 ± 1 12 ± 1 < 0.01

LV length (mm) 34 ± 3 36 ± 3 < 0.01

LA:Ao 2.1 ± 0.6 2.3 ± 0.5 0.06

LV end-diastolic diameter (mm) 17 ± 4 22 ± 6 <0.01

Tricuspid valve annulus (mm) 11 ± 1 11 ± 1 0.48

RV length (mm) 32 ± 2 35 ± 3 < 0.01

RV mid cavity diameter (mm) 17 ± 2 17 ± 2 0.97

Values are presented as means ± SD. p-Value of< 0.05 was considered significant. LV= left
ventricle, LA:Ao= left atrial to aortic root ratio, RV: right ventricle.
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The measured values did not return to the pre-operative values at
the point of hospital discharge for either group (Fig 2).
Longitudinal strain rate was reduced in both study groups to a sim-
ilar degree post-operatively and pre-discharge (Fig 2). Basal longi-
tudinal strain was similar in both study groups on the first scan,
and the post-operative reduced values persisted in both study
groups until hospital discharge (Fig 2).

In infants with Down syndrome, left ventricular twist, torsion,
twist rate, and untwist rate remained significantly higher than in
the Control group post-operatively and at discharge (p< 0.05)
(Fig 3). There was a significant reduction in the twist and torsion
values in both groups post-operatively and neither of the groups
returned to baseline values pre-discharge (Fig 3). In the Down syn-
drome group, apical rotation values were higher throughout the
study period with highest rotation values measured pre-discharge
(7.3 ± 5.0 versus 5.0 ± 4.6 degrees, p= 0.04) (Fig 3). There was a
significant reduction in the values for basal rotation over time in
both study groups (Fig 3). Left ventricular twist rate (176 ± 71 ver-
sus 118 ± 73 degrees/second, p< 0.01) was lower in the Down syn-
drome group at discharge (Fig 3).

Infants with Down syndrome had the lowest right ventricular
strain on all scans with significantly lower values pre-discharge
(14 ± 4 versus 18 ± 6%, p< 0.01; Fig 4). Right ventricular free wall
strain rate in the study groups did not significantly differ in values
through the study period (Fig 4).

On univariate analysis, there were no differences in left and
right strain values or twist/torsion measurements between infants
with an atrioventricular septal defect and those with a ventricular

septal defect throughout the study period (all p> 0.05, data not
shown). In addition, there were no correlations between the dura-
tion of cross-clamp and any of the post-operative functional mea-
surements (all p> 0.05, data not shown). There were no differences
in either end-systolic wall stress or right ventricular systolic pres-
sure according to the type of lesion within each group (Fig 5). On
multilinear linear regression, a diagnosis of Down syndrome was
an independent predictor of left ventricular torsion and right ven-
tricular free wall strain at discharge (echo 3) when controlling for
lesion type, and cross-clamp time. There was no association
between Down syndrome and left ventricular global longitudinal
strain (Table 3). In addition, a diagnosis of Down syndrome was
an independent predictor of duration of invasive ventilation, inten-
sive care stay, and post-operative vasoactive score when controlling
for lesion type and pre-operative myocardial performance. Pre-
operative right ventricular free wall strain was also an independent
predictor of intensive care stay (Table 4).

Discussion

In this study, we provide a comprehensive appraisal of myocardial
performance during the peri-operative period, and a description of
the post-operative clinical outcomes in children with Down syn-
drome and those with a normal chromosomal complement under-
going CHD repair. There was a reduction in left and right function
measured using deformation analysis in the entire cohort following
CHD repair, with infants with Down syndrome demonstrating
partial recovery in left ventricular strain, while Control infants

Figure 1. Clinical cardiovascular measurements and afterload measurements. Values are presented as means (diamonds) and one standard error (Whiskers). * p< 0.05 com-
paring Down syndrome group (red) to Control group (blue), † p< 0.05 change over time in the entire cohort. ESWS= end-systolic wall stress, RVSp= right ventricle systolic
pressure, Pre-op = pre-operatively, Post-op = post-operatively.
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demonstrated partial recovery in right ventricular strain pre-
discharge. A diagnosis of Down syndrome was an independent
predictor of pre-discharge myocardial performance and important
clinical outcomes. Interestingly, the type of lesion and cross-clamp
time did not appear to influence left or right ventricular function or
loading conditions suggesting that a diagnosis of Down syndrome
is the main determinant of post-operative myocardial perfor-
mance. There was also a higher rate of heart block and chylothora-
ces in the Down syndrome group. The rate of mortality was low in
both cohorts, and it was therefore difficult to examine important
relationships with this outcome.

The relationship between down syndrome and myocardial
function

Infants with Down syndrome undergoing surgery had a distinct
morphological and loading condition profile when compared
with their counterparts with a normal chromosomal comple-
ment. This was characterised by smaller left and right ventricles
demonstrated by smaller lengths and annular measurements. The
smaller left ventricular lengths and cavity size are likely a conse-
quence of reduced pulmonary venous return secondary to
increased pulmonary vascular resistance. In addition, left ven-
tricular end-systolic wall stress was significantly lower and right
ventricular systolic pressure was significantly higher in infants
with Down syndrome throughout the study period. Wall stress
is determined by the afterload of the systemic blood pressure.
Infants with Down syndrome presented with significantly lower
systolic blood pressure in three time points with lower diastolic
blood pressure in the post-operative period in comparison with

infants with CHD, but their heart rate did not significantly differ.
This may reflect the autonomic dysfunction described in infants
with Down syndrome who have lower systemic but higher pul-
monary vascular resistance.13,14

Those morphological and load differences explain the differ-
ential change in left and right function prior to hospital discharge:
the higher left ventricular function and lower right ventricular
function seen in infants with Down syndrome prior to hospital
discharge. The lack of difference in left and right strain rate values
between the two groups throughout the study period and particu-
larly prior to discharge further suggest the differences seen in
function between the group is secondary to differences in loading
conditions rather than impairment in contractility. Strain is
influenced by pre-load and afterload and is relatively unin-
fluenced by chamber size during diastole, while strain rate reflects
contractility and less pre-load-dependant.15-17 It must be
acknowledged, however, that the pre-discharge scan in the
Down syndrome group was conducted at a later time point as dis-
charge was delayed by an excess of post-operative co-morbidities.
This may have allowed more time for recovery of left ventricular
global longitudinal strain measurements toward normal values.
Other studies have demonstrated that the recovery of strain rate
values to normal can take up to 1 month post-operatively.18 This
exceeds the time frame for measurements for our study. The bet-
ter performance on assessment of apical strain as opposed to sub-
optimal basal strain values was likely explained by the
significantly greater surgical manipulation, including patch
placement in this area in the Down syndrome group who had
a significant excess of inlet ventricular septal defects with addi-
tional atrio-ventricular valve pathology.

Figure 2. LV deformation measurements. Values are presented as means (diamonds) and one standard error (Whiskers). * p< 0.05 comparing Down syndrome group (red) to
Control group (blue), † p< 0.05 change over time in the entire cohort. LV= left ventricle, Pre-op = pre-operatively, Post-op = post-operatively.
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Figure 3. LV rotational mechanics. Values are presented as means (diamonds) and one standard error (Whiskers). * p< 0.05 comparing Down syndrome group (red) to Control
group (blue), † p< 0.05 change over time in the entire cohort. LV= left ventricle, Pre-op= pre-operatively, Post-op = post-operatively.

Figure 4. RV functionmeasurements. Values are presented asmeans (diamonds) and one standard error (Whiskers). * p< 0.05 comparing Down syndrome group (red) to Control
Group (Blue), † p< 0.05 change over time in the entire cohort. RV = right ventricle, Pre-op= pre-operatively, Post-op = post-operatively.
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Interestingly, we did not find an association between the type of
lesion and any of the functional measurements either on univariate
analysis or on multivariate linear regression. In addition, we did
not demonstrate an association between duration of cross-clamp
time on either univariate or multivariate analysis. This further sug-
gests that the differences observed in function at discharge are sec-
ondary to the unique morphological and loading profile exhibited
by infants with a diagnosis of Down syndrome rather than the
accompanying CHD or intra-operative factors.

During this study, we have demonstrated that infants with
Down syndrome had enhanced left ventricular twist, torsion,
and twist rate at discharge when compared to controls.
Increased twist and untwist rates are reported in older adults
and pre-term infant populations, as a compensatory response to
reduced longitudinal function.19 In our study population, the twist
and untwist rates were higher in Down syndrome which was more
likely to represent a maladaptive response mechanism in a popu-
lation with increased left ventricular fibrosis and increased dys-
function. Both groups exhibited a significant reduction in twist
and torsion post-operatively. This is likely due to impaired

rotational mechanisms (particularly in the basal segment) secon-
dary to the surgical stress on the myocardium and higher pulmo-
nary pressures post-operatively, which remains higher in Down
syndrome population and persists beyond discharge.

The relationship between Down syndrome and clinical
outcomes

Infants with Down syndrome exhibited a higher rate of post-oper-
ative morbidities including higher incidence of heart block, chylo-
thoraces, use of inotropes and nitric oxide, and a longer duration of
intensive care and over all hospital stay. The higher rate of atrio-
ventricular septal defects was the most likely contributing factor to
the observed increase in the cross-clamp times in the DS/CHD
group. Operative complexity was also likely a factor in the
increased risk of complete heart block requiring pacing in the
post-operative Down syndrome group, a finding described in
the previous studies.20,21 In addition, DS-related lymphangiectasis
is a well-recognised complication of this chromosomal abnormal-
ity. Chylothorax was seen exclusively in the DS/CHD group in the

Figure 5. ESWS and RVSP according to lesion type within each group. Box plot represents medians, interquartile range and 5th and 95th percentile (whiskers). ESWS = end-
systolic wall stress, RVSP = right ventricle systolic pressure.
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post-operative period.13,22-24 This was a further contributor to the
increased duration of total hospital stay seen in the Down syn-
drome group.

Limitations

There are some limitations to this study and the results should be
interpreted with caution. There is a relatively smaller number of
infants in the control group. Due to the nature of the patient pop-
ulation, we could not match the rates of atrioventricular septal
defect between the two groups and the post-operative differences
between the groups may still be influenced by the type of lesion.
The difference in the timing of the pre-discharge scans between
the groups may also have influenced the difference in left and right
ventricular function observed during that time point.

Conclusion

This study demonstrates the difference between the two groups in
relation to left and right ventricular function, particularly prior to
discharge, and outlines the additional impact a diagnosis of Down
syndrome has on myocardial performance during the peri-
operative period. Indices of left ventricular function in both groups
significantly decline following surgical intervention. Further
long-term follow-up of these children to assess their myocardial
performance including the time point of recovery to normal is
warranted.
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Cross-clamp time β= 0.18, p= 0.22 β= 0, p= 0.93 β= 0.12, p = 0.41

Values presented are standardised β and p values. AVSD= atrioventricular septal defect, LV= left ventricle, RV Fw LS= right ventricular free wall longitudinal strain, VSD= ventricular septal
defect.

Table 4. Association between clinical characteristic/pre-operative myocardial function and clinical outcomes

Model 1 Model 2 Model 3

Dependent Variable PICU Stay Inotrope Score Duration of Ventilation

Independent Variables

Down Syndrome Diagnosis β = 0.36, p = 0.02 β= 0.49, p < 0.01 β= 0.37, p= 0.02

Lesion Type (VSD, AVSD) β = 0, p= 0.81 β= 0.18, p = 0.14 β=−0.13, p= 0.39

LV GLS β =−0.1, p= 0.36 β=−0.1, p= 0.27 β=−0.12, p= 0.29

LV Torsion β =−0.20, p= 0.1 β= 0, p= 0.90 β=−0.14, p= 0.22

RV Fw Strain β =−0.22, p= 0.03 β=−0.1, p= 0.56 β=−0.19, p= 0.09

Values presented are standardised β and p values. AVSD = atrioventricular septal defect, LV= left ventricle, LV GLS= left ventricular global longitudinal strain, RV Fw LS= right ventricular free
wall longitudinal strain, PICU = Pediatric Intensive Care Unit, VSD= ventricular septal defect.
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