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Abstract 

Objective: To assess the effect of cardiac surgery on growth catch-up of Down syndrome (DS) children with failure to 
thrive (FTT) and congenital heart disease (CHD) and investigate other causes of FTT in DS children.

Method: We conducted a retrospective observational study in tertiary cardiac center from 2015 to 2018. We included 
all cases of DS diagnosed with CHD and FTT who completed a 1-year follow-up after cardiac surgery. We divided the 
cases into two groups; “normalize group” includes children who normalized their growth parameters and “under-
weight group” includes those who remained in FTT category during the follow-up period. We compared both groups 
for multiple risk factors.

Result: Most of DS had FTT upon surgery. Fifty percent of cases completed 1-year follow-up including 29 (60%) in 
the normalized group and 19 (40%) in underweight group. Within 6 months post-surgery, the normalized group 
though did not reach yet normalization of growth parameters, demonstrated statically significant improvement in 
weight for age, weight Z-score in compared to underweight group.

Within 12 months post-surgery, the normalized group achieved normalization of growth parameters and continue to 
show more statistically significant differences in growth parameters.

Both groups had comparable post-operation course. Univariate analysis of possible peri-operative risk factors showed 
no difference between both groups except for presence of untreated subclinical hypothyroidism in 58% of the under-
weight group versus 17% in control group (p = 0.005).

Conclusion: FTT in DS patient is multifactorial which needs thorough investigation and work up by multidisciplinary 
team. Cardiac surgery may not guarantee the improvement of growth parameters.
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Background
Growth is the most important indicators of child health 
[1, 2]. FTT is an abnormal pattern of weight gain defined 
by the lack of sufficient usable nutrition and documented 
by inadequate weight gain over time with weight for 
age that falls below the fifth percentile [1]. CHD is one 
of common causes of failure to thrive in infants [2]. The 

influence of FTT on surgical outcome, ability of growth 
recovery post-surgery, and time for growth catch up 
post-cardiac surgery are variable [3].

Multiple studies that investigated growth catch-up 
post-cardiac surgery concluded that early cardiac surgery 
in infancy markedly improves and speeds up normaliza-
tion of growth [4]. However, some patients behave differ-
ently as in cases of genetic anomalies [5].

Down syndrome is a unique population who has mul-
tiple factors that affect their growth such as heart failure, 
gastrointestinal pathologies, hematological and endo-
crine abnormalities. American Academy of Pediatrics 
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in their Clinical Report in 2011 regarding health super-
vision for children with DS encourages initial evalua-
tion for feeding problems between birth and 1 month of 
age including screening for gastrointestinal conditions 
such as gastroesophageal reflux, duodenal anomalies, 
Hirschsprung’s disease and hypothyroidism [6].

Although few papers studied the progress of growth in 
DS patients post-cardiac surgery, the velocity of growth 
in patients with DS remained uncertain with the possi-
bility of multiple contributing factors affecting growth 
parameters [7, 8]. The effects of corrective or palliative 
cardiac surgeries on short- and long-term outcome of 
FTT in DS are not adequately defined.

In this observational study, we focused on DS chil-
dren who manifested FTT in association with CHD. We 
assessed their anthropometric growth parameters at the 
time of surgery considered as baseline, then 6  months 
and 1 year post-surgery. We aimed to determine preva-
lence of FTT in DS children requiring heart surgery, per-
centage of subjects who normalized their anthropometric 
growth parameters post-repair, average duration of time 
for growth catch-up to normal limit, and factors that may 
contribute to persistent underweight condition in this 
group of affected children.

Method
We conduct retrospective observational cohort study 
between 2015 and 2018 in Cardiac Surgical Intensive 
Care Unit, Prince Sultan Cardiac Centre-Qassim. All 
cases of DS with CHD and FTT with different age group 
ranging from 4 to 36 months who underwent corrective 
or palliative cardiac surgery and completed 12  months 
follow-up were included in study. Because the term ‘fail-
ure to thrive’ (FTT) is widely used but still no consensus 
exists concerning the specific anthropometrical criteria 
to define it [9] we selected Z score of weight to age less 
than − 2 Z score as a criterion to define FTT.

Growth parameters included weight, height/length 
were measured routinely in each outpatient visit pre- and 
post-surgery. The growth parameters (weight and height/
length) were collected from our electronic data system 
and plotted on special DS growth charts upon data col-
lection [10]. Z-score of weight for age, height/length for 
age, and weight to height/length Z-score were calculated 
using PediTools electronic calculator application [11].

We divided cases who fulfilled inclusion criteria into 
two groups: group 1—“normalized group” including chil-
dren who normalized their growth parameters within 
1-year follow-up post-surgery and group 2—“under-
weight group” reflected those who remained below 
normal growth parameters after a 1-year follow-up 
post-surgery. We compared both groups for multiple 
risk factors that may affect their anthropometric growth 

development pre- or during surgery such as evidence of 
any pre-surgical comorbidities including gastrointestinal 
abnormalities, hypothyroidism, feeding difficulties, gas-
troesophageal reflux disease, and anemia. RACHS (risk 
adjustment congenital heart surgery) [12], hospital length 
of stay (LOS), mechanical ventilation (MV) duration, 
vasoactive inotropes score (VIS) which was calculated by 
the equation {Dopamine dose (μg/kg/min) + dobutamine 
dose (μg/kg/ min) + 100 × epinephrine dose (μg/kg/
min) + 10 × milrinone dose (μg/kg/min) + 10,000 × vaso-
pressin dose (U/kg/min) + 100 × norepinephrine dose 
(μg/kg/min)}, nasogastric tube (NGT) duration, and 
post-operative infection.

Multidisciplinary team approach was used frequently 
in managing and preparing the patient pre- and post-
surgery. Different subspecialties were engaged including 
pediatric gastroenterologist, pediatric endocrinologist, 
and nutritionist to optimize medical care and caloric 
intake in addition to optimize anti-failure medication 
pre- and post-surgery. Pre-surgery level of TSH above 
10  mU/L was a cut-off point for diagnosis of hypothy-
roidism and commencing L-thyroxin.

Adherence to management plan, follow-up, and com-
pliance to treatment were ensured and carried out using 
social service support.

Post-surgery, we started feeding in our cases on the 
second day post-surgery and the feeding were gradu-
ally increased until reaching 160–180  kcal/kg of body 
weight daily. In small percentage of patients when 
enteral feeding could not be established within a week 
of surgery, we supplied the patient with total parenteral 
nutrition until adequate enteral feeding was achieved. 
Feeding recommendations after discharge were given 
to families targeting necessary caloric intake according 
to child weight and age. Patients who were diagnosed as 
subclinical hypothyroidism discharged with medication 
to have follow-up with endocrinologist unfortunately 
we have not had a record of their thyroid status later 
post-surgery.

We analyzed and compared all data between both 
groups using GraphPad Software, San Diego, CA, 
USA. Continuous data were analyzed between groups 
using unpaired student t-test. We presented data as 
mean ± standard deviation of mean and p < 0.05 was 
considered statistically significant. Multivariate regres-
sion analysis was used to identify potential risk factors 
that may contribute to persistent FTT in operated DS 
children.

Result
During study period, 98 cases of Down syndrome 
underwent corrective or palliative surgery. Eleven 
patients (11%) had normal growth parameters, while all 
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other 87 cases had a variable degree of FTT (89%). Two 
cases, one with FTT and one with normal growth had 
in-hospital mortality, as such 96 cases of DS were dis-
charged home from hospital (Fig.  1). Only 48 from 96 
cases fulfilled the inclusion criteria of completing their 
follow-up at 6 and 12  months interval. We excluded 
others from study (Fig. 1).

Twenty-nine from 48 (60%) cases who had an average 
of 5–36  months improved their growth gradually and 
progress to normal growth parameter for age at 1  year 
and labeled as normalized “control group”. Nineteen 
from 48(40%) patients aged between 4 and 18  months, 
failed to normalize their growth parameters and 
remained in FTT condition and labeled as “underweight 
group” (Table 1, Figs. 2 and 3).

Upon surgery both groups had Z score of weight to 
age below − 2, although it is not statistically different 
but underweight group demonstrated more deviation 
from the mean with Z score of weight to age − 3.75 ± 0.3 

while the control group had Z score of weight to 
age − 2.86 ± 0.34.

Within 6  months post-surgery, control group though 
did not reach normalization of growth parameters, dem-
onstrated statically significant improvement in weight for 
age, weight Z-score and weight to height Z-score in com-
pare to underweight group (Table 1, Figs. 2 and 3).

Within 12  months post-surgery, “normalized group” 
achieved normalization of growth parameters and 
continue to show more statistically significant differ-
ences in the means of weight for age [10.69 ±  0.52  kg], 
weight Z-score [1.11 ± 0.4] and weight to height Z score 
[0.1 ± 0.26] compared to means of weight for age [8.17 ± 
0.25] kg, weight Z-score [− 2.86 ±  0.39] and weight to 
height Z score [− 3.16 + 0.21] in “underweight group” with 
P values of 0.0001, 0.0001, and 0.0001, respectively (Figs. 2 
and 3).

The pattern of growth failure in “underweight group” 
was in both parameters of “weight for age” and “weight for 
height” correlating with wasting pattern.

Fig. 1 Distribution of cases of Down syndrome who underwent cardiac surgery
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Patients underwent either corrective or palliative sur-
gery (Table  3), both groups did not show statistically 
significant differences in the studied variable, such as 
underline gastroenterology problem or feeding difficulties 
(Table  2). Thyroid function before surgery was impaired 
in 5 cases (17%) in control group in compare to 11 cases 
(58%) in underweight growth group with P = 0.006 
(Table  2). Both groups have no significant differences in 
residual lesion (mild mitral regurgitation) post-surgery 
or incidence of major complication such as arrhythmia 
(junctional ectopic tachycardia) or complete heart block 
(Table 2). We have found no correlation between RACHs, 
hospital long stay, or mechanical ventilation duration and 
failure to thrive in both groups. In addition, no correlation 
between some post-surgical complication such as ino-
tropic score, nasogastric tube feeding, antibiotic use, and 
degree of failure to thrive (Table 1).

Discussion
Growth is fundamental to pediatric care and often 
used as a gauge to measure the infant’s health and 
well-being. Growth failure is one of the more common 
sequelae observed in infants with CHD. Multiple fac-
tors contribute to FTT in CHD patients such as feed-
ing dysfunction, inadequate nutrient intake because of 
heart failure, hemodynamic alterations in body compo-
sition related to the underlying cardiac physiology [2]. 
In children with Trisomy 21 hypotonia, impaired oral 
motor function, hypothyroidism, and gastrointestinal 
abnormalities may further contribute to FTT [7].

Because weight gain post-cardiac surgery may be 
a measure of surgical success and disease manage-
ment [2], investigating other contributing factors can 
improve surgical and overall outcome of children with 
CHD.

Table 1 Growth parameter comparison between control and underweight groups and their peri-operative variables

Bold indicate statistically significant p less than 0.05

Variable Normalized Group
n = 29

Underweight Group
n = 19

P value

Age (month) 10±1.76 (5-36) 8.18±0.75 (4-18) 0.45

RACHS 2.8±0.09 2.57±0.11 0.11

Anthropometric Parameters at surgery
WT at Surgery (kilogram) 6.62±0.56 5.2±0.32 0.06

Weight Z score at Surgery -2.86±0.34 -3.75±0.3 0.05

Height at Surgery 67.9±1.97 63.57±1.01 0.09

Height Z score at Surgery 1.62±0.45 -1.75±0.23 0.8

Weight/Height Z score at Surgery -2.6±0.5 -3.73±0.49 0.12

Anthropometric Parameters at 6 months surgery
Weight at 6 months of follow up 8.26±0.41 6.98±0.25 0.02
Weight Z score at 6 months of follow up -2.15±0.3 -3.74±0.23 0.004
Height at 6 months of follow up 76.6±1.88 71.15±1.08 0.024
Height Z score at 6 months of follow up 0.64±0.45 -1.46±0.28 0.0006
Weight/Height z score at 6 months of follow up -1.72±0.3 -3.12±0.45 0.01
Anthropometric Parameters at 12 months surgery
Weight at 1 year of follow up 10.69±0.52 8.17±0.25 0.0001
Weight Z score at 1 year of follow up 1.11±0.4 -2.86±0.39 0.0001
Height at 1 year of follow up 79.9±1.9 78.11±1.3 0.45

Height Z score at 1 year of follow up 0.5±0.42 -1.27±0.32 0.89

Weight/Height z score at 1 year of follow up 0.1±0.26 -3.16±0.21 0.0001
Predictors Variable
Bypass time (min) 106±6.4 99±12.6 r = -0.1, P = 58

Cross clump time (min) 86.2±5.4 72±3 r = -0.25, P = 0.06

Mechanical ventilation duration (hour) 35.17±5.3 33.63±7.06 R = -0.04, P = 0.86

LOS (day) 8.24±0.64 8.26±1.26 R = -0.0, P = 0.98

Inotropes score 7.78±0.6 7.61±1 R = -0.07, P = 0.87

Duration of NGT feed (day) 5.45±0.9 6±2.46 R = 0.07, P = 0.8

Duration of antibiotic (day) 5.82±0.48 6.27±0.97 R = 0.05, P = 0.52
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Although many papers that studied the effect of car-
diac surgery on the progress of growth showed signifi-
cant improvement of growth post-surgery compared 
with non-repaired group [4, 9], their findings may apply 
on majority of non-syndromic patients with FTT related 

to CHD or even preemies with CHD but not necessar-
ily in DS population with FTT and CHD [4, 13]. In our 
study, we found only 60% of Down syndrome cases 
have achieved their normal growth after 1-year follow-
up, while 40% remained in FTT category after 1  year. 

Fig. 2 Weight and height for normalized control group and underweight group at surgery, 6 months, and 1 month follow-up

Fig. 3 Weight and weight/height Z score for normalized control group and underweight group at surgery, 6 months and 12 months follow-up
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Nathalie [8] and her group studied the growth recovery 
in DS patient and concluded that all her cases achieved 
their desired growth parameters after 1-year follow-up. 
Mackman et al. [7] demonstrated catch-up growth of DS 
patients post-atrioventricular septal defect but normal-
ized growth achieved only after 2  years of age. Genetic 
comorbidity is claimed in other study as the most signifi-
cant factor for poor weight gain post-cardiac surgery [5].

More than one third of our patients failed to recover 
their growth following cardiac surgery with 33% of all 
our cases and 58% in underweight group had subclinical 
hypothyroidism which was accidentally discovered dur-
ing routine investigations pre surgery and most probably 
overlooked during neonatal screening and could contrib-
ute to their FTT.

Subclinical hypothyroidism (SH) (transient hypothy-
roidism) is frequently encountered in DS. SH refers to 
isolated elevation of TSH with normal thyroid hormone 
levels [14].

Its prevalence varies between 7 and 40% [14, 15]. 
Because it may manifest only with mild thyrotropin 
(TSH) elevation with normal T4, it may be overlooked as 
normal during neonatal screening.

Several studies have shown that commencing L-thy-
roxin to neonates with DS in the first 2 years of life can 
improve their growth and neurological development 
[15, 16].

American Academy of Pediatrics (AAP) guideline rec-
ommends treating DS neonate with subclinical hypothy-
roidism if TSH remains higher than 10 mU/L during first 
month follow-up [17].

There are other risk factors of FTT that need to be eval-
uated as potential causes of delayed growth after cardiac 
repair. Vaidyanathan et  al. [18] found that malnutrition 
persisted in 27.3% of patients post-cardiac surgery and 
was associated with a birth weight of ≤ 2.5 kg, poor nutri-
tional status at presentation, and height of parents. In our 
study, both groups did not show significant differences in 
the evidence of GIT disorder or the feeding difficulties or 
uncontrolled heart failure before surgery, and all of them 
received nutritional support pre- and post-surgery.

The correlation between the severity of congenital 
heart disease and the FTT is not proven to affect growth 
parameters. Manso et  al. [19] studied the growth pat-
tern of VSD patients who underwent cardiac surgery and 
he failed to find relations between the size of VSD and 
severity of FTT, however he showed that earlier repair is 
a better predictor of improving FTT. In our study, both 
groups of patients had similar RACHS score with compa-
rable surgical complexity and comparable age at the time 
of repair (Tables 1 and 2). Hence, it is unlikely that age, or 
type of surgery whether palliative or corrective are con-
tributing factors to persistent FTT condition in under-
weight group (Table 3).

Table 2 Comparison of post-cardiac surgery variables between control and underweight group

Bold indicate statistically significant p less than 0.05

Post-operative variables Control group
n = 29 (%)

Underweight group
n = 19 (%)

P value

Extubation failure 2 (7%) 1 (5%) 1

Noninvasive ventilation 8 (28%) 8 (42%) 0.3

Arrhythmia (Junctional ectopic tachycardia) 6 (21%) 2 (11%) 0.45

Complete heart block 1 (3.44%) 0 (0%) 0.4

Residual lesion 7 (24%) 3 (15%) 0.7

Chylothorax 3 (10%) 1 (5.3%) 1

Need for NGT 11 (38%) 6 (32%) 0.76

Pulmonary hypertension 13 (45%) 7 (37%) 0.76

Use nitric oxide 5 (17%) 0 (0%) 0.14

Discharge on sildenafil 12 (41%) 6 (32%) 0.55

Cardiopulmonary resuscitation 1 (3.5%) 0 (0%) 1

Subclinical hypothyroidism 5 (17%) 11 (58%) 0.005
Palliative surgery (pulmonary artery banding) 5 (17%) 4 (21%) 1

Gastro oesophageal reflux 2 (7%) 2 (11%) 1

Gastrointestinal abnormality 0 1

Feeding difficulty 2 2
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Because of their lower protein and energy reserves, 
FTT patients may be particularly vulnerable to the 
hyper catabolic state that frequently happens following 
heart surgery, at higher risk for nosocomial infections, 
prolonged wound healing, and prolonged hospitali-
zation. Some papers linked FTT and post-surgical 
comorbidities [20] even increase mortality [21]. How-
ever, there is little evidence to support the notion that 
lower weights are associated with poorer surgical out-
comes [22].

We found that both groups had non-significant differ-
ences in post-operation complication such as duration 
of mechanical ventilation or LOS or infection (Table 2). 
Similar findings were presented in a recent prospective 
study of 1028 infants and advocated early correction of 
CHDs irrespective of nutritional status [23]. Preopera-
tive optimization of nutritional status through aggres-
sive feeding is unnecessary according to study in most 
patients, although it may make sense to use this tech-
nique if there are ongoing delays in access to surgical 
repair [22].

Although FTT in Down syndrome carries significant 
challenges in intensive care unit, implantation of good 
nutritional support pre- and post-surgical repair tar-
geting high calorie intake will help to decrease the risk 
factors of failure to thrive in intensive care unit. Nev-
ertheless, the small number of cases and retrospective 
nature of our study make it impossible to generalize 
results. Larger group of patients and longer follow-up 
duration may be needed to enhance powerful outcome.

Conclusion
FTT is common in infant with DS and CHD. Although 
it is not an obstacle of surgical repair but the surgical 
repair alone, may not improve and normalize growth 
parameters. Early and an extensive investigations for 
other causes of FTT is mandatory to enhance better 
outcome in these population.
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