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Abstract 
Pompe disease (PD) is a rare inborn error of metabolism due to an abnormal 
acid alpha-glucosidase (GAA) activity that comprises glycogen breakdown 
mainly in the lysosomes. Since the introduction of enzyme replacement ther-
apy (ERT), with recombinant human GAA for the early onset PD patient, a 
relevant field of clinical research due to the benefits regarding survival rate 
has been widely documented worldwide. Objective: To describe the clinical 
characteristics and the ERT effects in a series of Brazilian patients with infan-
tile onset PD (IOPD) under ERT. Methods: Brazilian patients diagnosed with 
IOPD under ERT were recruited through their physicians participating in the 
International Pompe Disease Registry from 2009 to 2017. Data were collected 
by an online survey. Results: 10 IOPD patients were identified through the 
survey with a death rate of 30% and technology dependency rate reported as 

How to cite this paper: De Almeida Tho-
mazinho, P., Pelissari, E., Duarte, R.C.B., 
De Souza, C.F.M., Borges, H.H.S., Da 
Glória Cruvinel Horta, M., De Rosso Gi-
uliani, L., Martins, A.M., Stewart, L., Horo-
vitz, D.D.G. and Llerena, J.C. (2019) Clini-
cal and Technological Dependence Cha-
racteristics on a Series of Brazilian Cases 
with Infantile Onset Pompe Disease in 
Enzyme Replacement Therapy. Open 
Journal of Clinical Diagnostics, 9, 16-32. 
https://doi.org/10.4236/ojcd.2019.91002 
 
Received: February 7, 2019 
Accepted: March 19, 2019 
Published: March 22, 2019 

http://www.scirp.org/journal/ojcd
https://doi.org/10.4236/ojcd.2019.91002
http://www.scirp.org
https://doi.org/10.4236/ojcd.2019.91002


P. De Almeida Thomazinho et al. 
 

 

DOI: 10.4236/ojcd.2019.91002 17 Open Journal of Clinical Diagnostics 
 

80% (motor, respiratory or nutritional fields) of the patients. After the third 
year of ERT, motor disabilities were lost in 50% of ambulated patients. The 
overall characteristics were similar to international studies. Conclusion:  
Despite ERT benefits in cardiac involvement, motor disabilities seem to be 
much more compromised in IOPD patients, with high technology depen-
dence, especially after three years of age.  
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1. Introduction 

Pompe disease (DP) or glycogenosis type II is a rare, progressive, autosomal re-
cessive disorder of glycogen metabolism caused by a deficiency of the lysosomal 
enzyme acid alpha-glucosidase (GAA, 3.2.1.20) [1] [2]. The multi-systemic ly-
sosomal storage of glycogen and the release of other hydrolases into the cytop-
lasm cause cell death and autophagic pathway disorders, especially in the 
smooth, striated and cardiac muscles, nerve tissue and liver [3] [4] [5]. 

Infantile onset Pompe disease (IOPD) is the most severe and rare form of the 
disease, with an estimated incidence of 1:138,000 live births. With residual levels 
of enzymatic activity (<1%), the clinical manifestations of IOPD can be identi-
fied in the first months of life [6]. Major symptoms include hypotonia and mus-
cular weakness, delayed motor development, massive hypertrophic cardiomega-
ly, macroglossia and variable degrees of hepatomegaly with elevated muscle en-
zymes; difficult deglutition, causing malnutrition, recurrent aspiration pneumo-
nia and respiratory tract infections are common comorbidities found in IOPD 
patients [7] [8] [9] [10]. 

Dramatic prognostic changes have been documented in IOPD since the ap-
proval of enzyme replacement therapy (ERT) treatment with recombinant hu-
man GAA enzyme (rhGAA) such as in 2007 [1]. An increase in life expectancy is 
now well documented, as a result, of a better efficacy of ERT towards the cardiac 
muscle; and gain of motor functions due to the effect of ERT in skeletal muscles 
[6]. However, new clinical comorbidities have emerged from cohorts of IOPD in 
the follow-up ERT studies characterizing for some authors as a new IOPD phe-
notype, including as recently documented white matter anomalies affecting 
neuropsychological development [11] [12] [13]. 

Only two cases of IOPD treated with ERT have been published in Brazil [14] 
[15]. A retrospective series of IOPD cases was presented in 2009 [16] with the 
objective of describing genotypes in IOPD and late onset Pompe Brazilian pa-
tients, however, not addressing the effects of treatment or clinical details. 
Therefore, considering that this issue must be explored, the presentation of a se-
ries of Pompe with systematic follow-up of Brazilian patients with IOPD under 
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ERT plays a fundamental role in the planning of care programs.  
This study aimed to describe the clinical and technological dependence cha-

racteristics in a series of Brazilian patients with IOPD treated with ERT, and 
discuss our findings with similar studies of IOPD patients treated in other coun-
tries. 

2. Methods 

This is a descriptive study of IOPD patients under ERT in Brazil, whose physi-
cians in charge were identified through the International Registry of PD, and 
completed the ethical formalities. 

We included all patients with IOPD diagnosis with low GAA activity in fi-
broblasts (gold standard) or in filter paper, or with the presence of two GAA 
pathogenicmutations; and treated with ERT in the 2009-2017 period, using 
rhGAA standard dose (20 mg/kg every two weeks) [7] [9]. No exclusion criteria 
were applied. 

The clinical characteristics, motor profile and technological dependence were 
obtained from patient’s medical records of all subjects. The following data were 
extracted by the localphysicians in an online Google form questionnaire created 
for this proposal including age at onset of symptoms, age at diagnosis, age at 
start of ERT, age at death or current age, clinical problems, surgical interven-
tions, or procedures related to disease or to ERT, CRIM-status, genotype studies, 
the best motor milestone ever achieved and for the current or last motor status 
(i.e. no sitting, sitting without support, free walking, running) and other treat-
ment modalities. Cardiac data were not collected, due to difficulties in compar-
ing the results of the examinations performed and interpreted by different cardi-
ologists. Data were analyzed with Microsoft Excel® 2010. 

Independent Ethics Committees, from the National Fernandes Figueira Insti-
tute (CEP/IFF/Fiocruz) and other enrolled centers, approved protocols and con-
sent forms obtained from the children’s parents. 

A literature review was performed in PubMed, Bireme, EMBASE and 
COCHRANE, from 2006 onwards, focusing on clinical studies for IOPD to 
compare our results. The predefined search was designed for maximal retrieval 
using two strategies: indexing terms (or medical subject heading) and free-text 
searching. The terms used were: “Glycogen Storage Disease Type II/therapy”; 
“infantile Pompe disease”, “Pompe disease”, “classic infantile pompe disease”; 
“enzyme replacement therapy”; combined with each other by connectors AND, 
OR and limited by age (child). Duplicated original articles were excluded and for 
the papers referring to the same group of patients were considered the most re-
cent publication. Manual searches on the references of the selected articles were 
done too. 

3. Results 

Nine treatment centers adhered to the survey, with a total of 10 patients with 
IOPD under ERT in the sample, with 70% (n = 7) males and 30% (n = 3) fe-

https://doi.org/10.4236/ojcd.2019.91002


P. De Almeida Thomazinho et al. 
 

 

DOI: 10.4236/ojcd.2019.91002 19 Open Journal of Clinical Diagnostics 
 

males. Two further cases of deceased patients were excluded, since ERT treat-
ment was not installed in time. Table 1 shows the patients characteristics and 
genotypes. 
 

Table 1. Demographic and clinical profile of children with Pompe disease treated with ERT in Brazil (2009-2017). 

N Gender 
Initial 

Symptoms 

Age at 
diagnosis 
(months) 

Age at 
onset 

of ERT 
(months) 

GAA mutations Previous 
family 
history 

CRIM 
Status* 

Intercurrences 
and Comorbidities 

Death/ 
Current 

age** Allele 1 Allele 2 

1 F HC, MDI 2 2 
c.2560 C > T 

p.R854X 
c.2481 +  

102_2646 + 31del 
Yes Positive 

PMT, PNM, 
right tibia fracture 

osteopenia, visual and 
hearing impairment; 
distended bladder; 

kyphoscoliosis, 
palpebral ptosis 

8y 3m 

2 F 

macroglossia, 
hypotonia 
and MW, 

SDI, MDI, RI 

3 4 
c.1504 A > G 
p.Met502Val 

Normal 
(MLPA# 

not performed) 
No Positive 

coxofemoral 
dysplasia; lordosis 

and scoliosis; hidde 
bifid spine; PNM 

6y 

3 M 

HC, macroglossia, 
hypotonia and 

MW, SDI, MDI, 
RI, hepatomegaly 

36 37 
c.1408_1410 del  

p.N470del 
c.1556T > C; 

p.M519T 
No Positive 

PNM; 
kyphoscoliosis 

5y 6m 

4 F 

HC, macroglossia, 
hypotonia and MW, 

SDI, MDI, RI, 
hepatomegaly 

21 23 c.692 + 2T > C c.692 + 2T > C No Positive PNM 4y 3m 

5 M 
HC, macroglossia, 

hypotonia and MW, 
SDI, MDI, RI 

4 5 
c. 2560 C > T 

p.R854 

c.2501_2502 
del CA 

p.T834 Rfs49 
No Negative 

CA, cerebral atrophy, 
PNM, convulsions, 

cognitive impairment 
3y 7m 

6 M 
HC, macroglossia, 

SDI, MDI, RI 
5 7 

c.1941C > G 
p.C647W 

c.2501_2502 
del CA 

p.T834 Rfs49 
No Positive+ CA, PNM, scoliosis 3y 1m 

7 M 

HC, macroglossia, 
hypotonia and 
MW, MDI, RI, 
hepatomegaly 

8 8 
c.2560 C > T 

p.R854 
c.236_246del11bp 

p.P79Rfs*13 
No Positive CA †2y 6m 

8 M 

HC, macroglossia, 
hypotonia and 

MW, MDI, 
hepatomegaly 

1 4 
c.1941C > G 

(p.Cys647Trp) 
c.1941C > G 

(p.Cys647Trp) 
No Positive PNM, kyphoscoliosis 2y 

9 M 
HC, hypotonia 

and MW, MDI, RI, 
hepatomegaly 

4 5 
C 2560 C > T 

p.R854 
C 2560 C > T 

p.R854 
Yes Negative convulsions, PNM †1y 1m 

10 M 
HC, macroglossia, 

hypotonia and 
MW, SDI, MDI 

5 8 
c.2560C > T 
(p.Arg854) 

c.1912G > T 
(p.Gly638Trp) 

No Positive+ PMT, PNA †9m 

*Byprediction or Western Blot; **The age of the patients was calculated until the end of the data collection (January 2017). #MLPA: Multiplex Ligand Probe 
Amplification; +CRIM status was considered positive based on one of the alleles previously identified in the Hispanic population. HC: Hypertrophic Cardi-
omyopathy; MW: Muscular Weakness; PNA: Perinatal Asphyxia; SDI: Suction/Deglutition Impairment; MDI: Motor Development Impairment; RI: Respi-
ratory Insufficiency; CA: Cardiorespiratory Arrest; PMT: Prematurity; PNM: Pneumonia; †: death; ∅: absent. 

https://doi.org/10.4236/ojcd.2019.91002


P. De Almeida Thomazinho et al. 
 

 

DOI: 10.4236/ojcd.2019.91002 20 Open Journal of Clinical Diagnostics 
 

In our series, the first clinical symptom was motor-related, with delayed mo-
tor development in 100% of patients. Hypertrophic cardiomyopathy (90%), hy-
potonia (80%), muscle weakness (80%) and macroglossia (80%) were other ma-
jor complaints. 

The mean age of diagnosis was 8.9 months (1 - 36 months), with a median of 
4.5 months. It was still slightly lower than the series of 21 cases of Brazilian 
children with IOPD (4.5 months vs. 5 months) [16]. Early signs of IOPD were 
observed before the age of five months in 70% of the series. Regarding ERT, only 
10% of children (1:10) started treatment before three months of age, with a me-
dian age of 5.5 months. The mean interval between diagnosis and ERT onset was 
1.3 months (0 - 3 months). Both the median age at diagnosis and the ERT onset 
were equivalent to the majority studies conducted in developed countries.  

Two patients with a diagnosis older than 12 months were kept in the sample 
because they had a clinical condition compatible with the typical form of IOPD, 
including hypertrophic cardiomyopathy (cases 3 and 4). Another case classified 
as atypical IOPD (case 2), without cardiomyopathy and heterozygote to one 
GAA mutation only, was also maintained due to early onset of symptoms and 
low GAA activity in fibroblast cultures (3.50 nmoles/hr/mg prot), the latter con-
sidered as “gold standard” for Pompe diagnosis. It should be noted that, in the 
latter case, the genomic study is still incomplete as to be classified as true hete-
rozygote for the GAA gene and IOPD case. 

All genotypes from our patients were previously described in the literature; 
with the exception of two patients were no previous records of one of the muta-
tions (cases 6 and 10). Sixty percent of cases (6:10) were compound heterozy-
gotes. The c.2560C > T nonsense mutation, associated with high disease severity, 
was found more frequently, in 50% of the sample (5:10). 

CRIM+ status was identified in 80% of patients. One of the CRIM-cases (case 
5) performed immunomodulation with rituximab (monoclonal antibody) and 
methotrexate (immunosuppressive) to prevent anti-rhGAA antibodies produc-
tion [17] [18]. 

The mean treatment time until the end of the data collection was 2.75 years, 
with a median of 2.25 years (0 to 8 years). The mortality rate found in the study 
period was 30% (3:10), with a mean age of death of 1.44 years (0.75 - 2.5 years). 
Pneumonia was the most prevalent cause of death. The mean duration of ERT 
treatment before death was 11 months (1 - 24 months), with a median of 8 
months. The mean age of the patients with IOPD still under ERT at the end of 
the data collection (n = 7) was 4.71 years (2.03 - 8.31 years). 

The ventilatory support-free survival is an important outcome in IOPD under 
ERT study. At diagnosis, 70% of the children (n = 7) already had signs of respi-
ratory insufficiency although they still maintained oral feeding. Deterioration of 
respiratory function during treatment was observed in 60% of the cases, requir-
ing tracheostomy (6:10) and dependence on continuous ventilatory assistance 
(6:10) (Table 2). 
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Table 2. Health conditions, technological dependence and motor function of children with Infantile Pompe Disease in ERT in 
Brazil. 

N 
Recent/Current Health Condition Motor Function 

Treatment Respiratory Dietary Maximum acquisition achieved Current/Recent 

1 Hospitalized TCT, MV GTT Walking without support WC 

2 Outpatient Spont. Resp Ambient air Oral Walking without support Walking 

3 Home care TCT, MV GTT Walking with support WC 

4 Hospitalized TCT, MV GTT BR BR 

5 Home care TCT, MV GTT BR BR 

6 Home care TCT, MV GTT HC BR 

7 † TCT, night MV GTT Standing without support †BR 

8 Outpatient Spont. Resp Ambient air Oral Walking Walking 

9 † MV GTT HC †HC 

10 † Spont. Resp Ambient air NGT HC †HC 

N: number of patient in the study, TCT: tracheostomy, MV: mechanical ventilation; GTT: gastrostomy; NGT: nasogastric tube, HC: head control, BR: be-
dridden; WC: wheelchair, †: death. 

 
Another critical clinical outcome for IOPD under ERT is related to motor 

function. Little or no motor improvement was observed in half of the sample, 
with an important restriction of mobility activity. Free or supported gait was 
observed in 40% (4:10) of the children, and 50% of these children (2:4) lost their 
capacity throughout the development of the disease; and, at the end of the study 
a total of 50% of patients were on wheelchair or bedridden (5:10). The mean age 
of gait loss was 4.25 years (3.0 - 5.5 years). 

Table 2 shows the profile of health conditions, technological dependence and 
motor function of our series; and Figure 1, the free survival of ventilatory assis-
tance concerning the best motor function achieved during the treatment.  

The atypical genotypic profile of patient 2 compared to others in the sample 
may justify the best clinical evolution, although there were concomitant mal-
formations (acetabular dysplasia and hidden bifid spine). 

The GAA antibodies investigation was not systematically performed in all pa-
tients on ERT, which did not allowed any correlation of this factor with the mo-
tor or functional outcomes in our series. As reported in the literature, IOPD pa-
tients with CRIM+ tend to have low anti-rhGAA antibodies albeit under the in-
fluence of the exposure to rhGAA because they are innately immunologically 
sensitized [6] [19] [20]. 

Among related complications in our series were scoliosis (50% of cases, 5:10), 
ankle joint deformity (30%; 3:10), fracture and osteopenia, palpebral ptosis, dis-
tended bladder and visual and hearing impairment (10%, 1:10). Pneumonia was 
the most prevalent intercurrence (80%, 8:10). Other complications recognized in 
IOPD, such as nasal speech and gastroesophageal reflux [11] [21] [22] were not 
observed in this sample. 
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Figure 1. Ventilatory assistance outcome concerning the best motor acquisition achieved 
in Brazilian children with IOPD in ERT. 
 

The technological dependence found in the sample was high. Eighty percent 
of the children needed some support for feeding, breathing or mobility; 60% 
underwent tracheostomy and 70% gastrostomy. 

4. Discussion 

No publications were found regarding the aspects of morbidity and technologi-
cal dependence of patients with IOPD treated with rhGAA in Brazil and fewer 
long-term follow-up studies outside clinical trials on the long-term efficacy of 
ERT [2]-[30]. Thus, we sought to compile the information from a series of Bra-
zilian cases of IOPD patients under ERT treatment with rhGAA (Myozyme®) 
between 2009 and 2017. 

The sample size is a difficulty in any study of rare diseases, associated to a 
high morbimortality such as IOPD. Furthermore, the lack of knowledge of this 
disease by health professionals also favors underdiagnoses. The complexity of 
multi-professional care necessary in IOPD requires a coordinating center for the 
clinical management of these patients [7] [9] [31]. In Brazil, considering its ter-
ritorial extension and the lack of a coordinating center as a limiting factor ham-
pers research in this population. This report sought to overcome these barriers 
and to report information on functional repercussions in IOPD. The studied 
sample showed severe affected IOPD patients, with clinical and demographic 
characteristics equivalent to those evidenced by international studies (Table 3). 

The high prevalence of muscle hypotonia, a clinical hallmark in IOPD as an 
early clinical sign, is also common among similar studies [25] [29] [30] [32]. The 
degree of muscle damage prior to the initiation of ERT treatment is reported in 
the literature as one of the important prognostic factors, commonly assessed by 
muscle biopsy [6] [33] [34] [35]. However, few centers performed it because it is  
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Table 3. Comparison of clinical and epidemiological characteristics of children with classic IOPD among international studies. 

Studies 
(authors) 

Thomazinho 
et al. 

Al-Hassnan 
et al. [30] 

Parini 
et al. [29] 

Broomfield 
et al.+ [27] 

Moravej 
et al. [42] 

Hahn 
et al. [26] 

Van Gelder 
et al. [25] 

Kishnani 
et al. [31] 

Nicolino 
et al. [24] 

Country origin Brazil Saudi Arabia Italy 
United 

Kingdom 
Iran Germany Netherlands 

United 
States 

Multicenter 
(USA, 
Europe 

and Israel) 

Year published Current Study 2018 2018 2016 2016 2015 2015 2009 2009 

Demographic and clinical characteristics  

Total sample 10 18 28 33 5* 23 11 18 21 

Male gender 7 (70%) 7 (38%) 13 (46%) 21 (63%) NA 13 (57%) 5 (45%) NA 10 (48%) 

Sample 
maximum  

age (months) 
99 120 134.3 169.2 29.25 122.1 171.6 36 80.3 

Age at 
diagnosis 
(months) 

4.5 (1 - 36) 4 (0 - 12) 3 (0.16 - 11) 4.5 5 (2 - 7) 2.8 (0 - 8.4) <3.5 NA 
6.8 

(1.5 - 22.6) 

Onset ERT 
(months) 

5.5 
(2 - 37) 

4.5 
(0.5 - 12) 

4 
(0.26 - 11) 

5.0 
5.5 

(3 - 7.5) 
3.3 

(0 - 9.3) 
3.0 

(0.1 - 8.3) 
NA 

13 
(3.7 - 43.1) 

CRIM + status 
8/10 

(80%) 
10 

(89%) 
17 

(70.8%) 
16/29 
(55%) 

NA 
9/11 

(81.8%)** 
8/11 

(72.7%) 
14 

(77.7%) 
19/21 

(90.4%) 

Standard 
rhGAA dose 

10 (100%) 16 (89%) 19 (67.8%) 10 (30%) 5 (100%) 11 (48%) 3 (27.3%) 9 (50%) Mixed# 

Results  

Death 3 (30%) 15 (83.3%) 11 (39.28%) 13 (40%) 3 (60%) 10 (43%) 3 (27.3%) 5 (28%) 6 (29%) 

Alive with 
ventilator 
support 

5 (50%) 2 (11%) 5 7 (20%) 0 4 (17%) 3 (37.5%) 4 (22%) 8 (38%) 

Alive without 
ventilator 
support 

2 (20%) 1 (5.55%) 12 13 (40%) 2 (40%) 9 (40%) 5 (62.5%) 9 (50%) 7 (33%) 

Mean death age 
(months) 

17.33 
(9 - 30) 

12 
(3 - 60) 

23.27 
(5 - 78) 

19.2 
(6 - 64.9) 

NA 
21.1 

(8.0 - 41.8) 
51 

(7.2 - 52) 
31.36 

(19.8 - 40.7) 
9.8 

(5.9 - 47.9) 

Better motor milestone achieved  

None or 
minimum 

5 (50%) 11 (61.1%) 11 (40%) 12 (36%) NA 7 (30%) 3 (27.3%) 7 (39%) 8 (38%) 

Sitting without 
support 

1 (10%) 5 (27.7%) 10 (35%) 4 (12%) NA 7 (30%) 2 (18.2%) 4 (22%) 8 (38%) 

Walking 4 (40%) - 7 (25%) 12 (36%) NA 9 (40%) 6 (54.6%) 7 (39%) 5 (24%) 

Running - 2 (11.2%) - - NA - - - - 

Secondary 
loss of 

motor gains 
3 (30%) 1 (5.55%) 5 (17.85%) 1 (3%) NA 5 (22%) 2 (18.2%) 3 (16.6%) NA 

NA: Not available. Data are shown in absolute values or by the median, with percentage values or amplitude in parentheses. +Broomfield et al. (2016) study 
is an update Chakrapani et al. (2010) study. *The sample included in the study a patient with death who had not received ERT treatment. For this analysis, 
the calculations were redone with the exclusion of this case. **In this study, only 11 patients (47.82%) of the sample had an established CRIM status, namely, 
9 with CRIM+ and 2 with CRIM−. Thus, CRIM+ status was predominant among the patients evaluated, representing 81.81% of the cases identified. 
***CRIM status established in only 25% of the sample of this survey in children of the United Kingdom. #Patients started ERT at a standard dose of 20 
mg/kg every two weeks. After week 26 of treatment, dose increase was made available to patients with deteriorated clinical condition compared to the base-
line clinical status. ##Only half of the sample (n = 10) was age compatible with gait gain (>1 year), and this milestone was found in 40% of the children with 
IOPD studied in this age group (n = 4). 
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an invasive exam, have difficulties of performing and variabilities of results. Re-
cently, MRI has been used as a non-invasive method to evaluate the muscle sta-
tus in IOPD prior ERT and as a treatment follow-up [36] [37]. However, no spe-
cific instrument quantifies the degree of muscular hypotonia that could serve as 
a noninvasive measure to assess initial muscle damage especially in infants. 

Overall, most published studies, including Brazilian patients, indicates satis-
factory motor development after the ERT onset in 40% of children with IOPD, 
up to the first three years of life [15] [25] [26] [27] [31]. 

Several mutations in the GAA gene have already been described for PD pa-
tients; including the Brazilian population. The most commonly found mutation 
in our study was the non-sense c.2560C > T that had already been reported pre-
viously as common among Brazilians IOPD patients (50% vs. 33.33%) [16]. 
However, the precise genotype-phenotype correlation based on mutation types 
remains very complex [33] [38]. Other genetic or environmental factors may 
contribute to phenotypic variability as described by several authors [39] [40] 
[41]. 

Regarding the CRIM status, CRIM-patients commonly develop high titers of 
antibodies against exogenous rhGAA, which eventually reduce the ERT effec-
tiveness and make them more prone to motor function loss and rapid clinical 
decline, with a higher mortality rate [6] [23] [25]. Among the CRIM-cases, only 
the one who underwent immunomodulation therapy remained alive at the end 
of the study, despite the high technological dependency for life support required 
by the patient due to the pre-ERT complications.  

The death rate was equivalent to that found in other international studies [25] 
[28] [30]; and lower than others [26] [27] [29] [30] [42]. The median duration of 
treatment before death was shown to be slightly higher than other studies (8 
months vs. 5.52 months and 6.7 months) [27] [28]. The Kaplan Meier survival 
rate at the age of 3 years was between 64.2% to 72%; and at 6 years of age from 
49% to 58.8% [29] [31].  

Many patients became dependent on ventilatory support with the disease 
progression. However, severe respiratory complications were rare. The need for 
ventilatory assistance for more than two weeks has been pointed out as poor 
prognostic factor for respiratory function [28]. With ERT, registers of the sur-
vival free for ventilatory support in the IOPD patients has unfortunately de-
creased with the progression of the disease, from 88.9% after 1 year, to 66.7% at 
2 years and 49.4% at 3 years, according to the extension study within the series 
of patients of the original clinical trial with rhGAA [6]. 

The degree of respiratory impairment does not always appears to be related to 
the level of musculoskeletal weakness [43]; although, this is a poor prognosis 
predictor [44]. Unlike other neuromuscular disorders in which loss of walking 
ability precedes ventilatory failure, respiratory symptoms may manifest early in 
PD [1] [45] [46]. Studies in late onset PD showed heterogeneity in respiratory 
and locomotor systems involvement with no correlation between the locomotion 
capacity by the 6-minute walk test (6MWT) and the severity of respiratory im-
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pairment [43] [47]. 
Respiratory impairment can occur due to respiratory muscle hypotrophy as-

sociated to the involvement of the spinal moto neurons, in particular the phrenic 
moto neuron. As a consequence, contributes to a more pronounced diaphrag-
matic failure [34] [46] [48] [49], aggravating the thoracic cage dynamic kyphos-
coliosis associated frequently to the Pompe phenotype which progressively de-
creases lung capacity [50]. The pathophysiology of respiratory insufficiency in 
neuromuscular diseases also includes alterations in central respiratory control, 
alveolar hypoventilation, paradoxical movement of the abdominal muscles, sleep 
apnea, atelectasis, hyper responsiveness of airways and recurrent pneumonia, 
and most importantly an abnormal and ineffectiveness of cough [51]. 

There was no discontinuation of ERT treatment in our patients during this 
study; so the effects of ERT cessation on respiratory function decline and mobil-
ity capacity was not considered as a major factor for a worsen health [52]. 

Regarding the motor function, mobility loss in IOPD is also described in other 
longitudinal studies of children with a good initial response to ERT [25] [26] 
[29] [53]. Thus, the identification of stability or improvement of motor condi-
tion should be considered as an extremely positive result, due to the markedly 
aggressive, progressive and unfavorable IOPD evolution, primarily due to the 
difficulties in providing adequate ERT to the skeletal musculature and/or in-
itiating an early treatment [54]. 

The prevalence of other IOPD-associated complications, such as joint and 
spine deformities; osteopenia, palpebral ptosis, hearing loss due to cochlear 
(sensorineural) or conductive apparatus (conduction) was less frequent in our 
series compared to other reports [11] [22] [55]. This could be due to a shorter 
time of the disease evolution among our series; or a small number of cases in our 
study; or even, due to the difficulties of assessment of these parameters. Osteo-
penia is reported to be highly prevalent in IOPD (>80%), including a significant 
correlation between proximal muscle strength, both in walking patients and 
wheelchair users [55] [56]. It can be observed as early as four months of age and 
is attributed to chronic immobilization and muscular weakness, even among pa-
tients with proper nutrition [32] [56]. Long-bone fractures in IOPD are also de-
scribed in the literature [57]. Furthermore, the limitation of evaluating normal 
bone density by DEXA in this age group can be as well troublesome. 

Joint deformities are observed in many genetic disorders, especially with im-
paired tone and muscle strength [29] [58] [59]. Ankle deformity in equine is 
common complication related to anterior leg muscular weakness frequently 
identified in IOPD [12]. Orthosis was used to maintain motion range and joint 
alignment in only 10% of our cases (33.3% of identified joint deformities cases). 

The low prevalence of scoliosis in IOPD may be due to a lack of awareness 
with the postural evaluation in this age group [50]. The prevalence here is simi-
lar to a study of children with late-onset PD [60], and higher than another (50% 
vs. 33%) [50]. Adequate postural alignment is vital for the maintenance of respi-
ratory function, and patients must have been followed up for this alteration since 
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the ERT onset, which reinforces the value of the multidisciplinary team in the 
care of these patients. 

Concerning hearing impairment, the literature reports a prevalence of more 
than 90% among children with classic IOPD, with persistent hearing loss during 
ERT treatment, not correlated with the age of the patient [22] [61], which com-
pared to our study, reflects probably underdiagnoses of this comorbidity. 

The high technological dependence was observed as in other chronic condi-
tions. The use of feeding support (nasogastric probe or gastrostomy feeding) was 
higher than that reported in another study of IOPD (80% vs 40%) [27], perhaps 
related to the differences between the death rate and the information about this 
technology use among described cases in referred study. It may also reflect the 
practices of early and preventive gastrostomy performed by Brazilian centers, in 
the face of severe deglutition disorder signs associated with the bulbar system 
involvement. 

These results indicates the need for disease disclosure among Brazilian health 
professionals to improve the early diagnosis and treatment approach to achieve 
more favorable outcomes similar as appointed by other studies [62] [63]. 

Some important shortcomings were its retrospective nature and data ascer-
tainment by independently institutions. However, the data compiled in this in-
vestigation about the current limitations of ERT in IOPD are essential to provide 
accurate advice to families. 

5. Conclusions 

Since the ERT implementation, systematic follow-up of treated PD cases has be-
come essential and has been the focus of recent studies. Significant advances in 
the understanding of IOPD have been occurring continuously through care in-
terdisciplinary collaboration for this condition [61] [64]. 

This study in the Brazilian population is very relevant for IOPD children 
health care and care line planning in the Unified Health System. The cases pre-
sented showed similarities with international studies and highlighted some of 
the difficulties in managing IOPD.  

Longitudinal follow-up contributes to a better understanding the ERT effects 
on IOPD. The results allowed us to infer that, despite the progressive nature of 
IOPD, regardless of ERT, its clinical evolution is not homogeneous, as it is seen 
in other congenital neuromuscular disease. Motor functions appear to be very 
much impaired in IOPD, with a high dependence on technology, especially after 
three years of age. The chronicity profile of the disease and high therapeutic 
complexity identified, in addition to the necessary interventions/propaedeutic, 
requires the continuous monitoring of patients’ evolution, especially regarding 
acquired motor patterns and other aspects of functionality that should be ad-
dressed in future research. 
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