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Abstract
Pregnancy in a woman with Pompe disease should be
considered to be high risk and requires close monitoring as

pregnancy may worsen symptoms, or cause initial
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symptoms to progress. Clinical data regarding the use of
Enzyme Replacement Therapy (ERT) during pregnancy in
Pompe disease is available only for 13 patients and the

continuation of ERT during lactation has been reported in
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only one case. We report a successful pregnancy outcome in
a 21 year old primipara with juvenile Pompe disease who
continued receiving ERT throughout the pregnancy and
lactation. She delivered a healthy full term female infant
following caesarean section. She experienced worsening of
motor function in the third trimester of pregnancy, but
regained motor skills to pre-pregnancy level 6 months
following delivery. Breast feeding was continued while on
ERT. We also report a second patient in whom the
diagnosis of Pompe disease was confirmed 5 years after
delivery. In review of history the patient was symptomatic
since age 15 years. Review of the literature of the published
data of pregnancy in Pompe disease with continuation of
ERT did not show any adverse outcome for the fetus. We
add to the literature, our experience of continuation of ERT
throughout the pregnancy and lactation in a patient with
Pompe disease. More data needs to be collected to address
the understanding of use of ERT during pregnancy and

lactation.

Keywords: Lactation; Enzyme replacement therapy;

Pregnancy; Pompe disease

1. Introduction

Pompe Disease (PD; Glycogen Storage Disease type
I1,OMIM: 232300) is a rare autosomal recessive lysosomal
storage disorder caused by the deficiency of the enzyme
acid alpha glucosidase. Deficiency of this enzyme results in
accumulation of lysosomal glycogen in skeletal, cardiac and
smooth muscles. Phenotypic spectrum of this disease ranges
from the classic infantile form presenting with Hypertrophic
Cardiomyopathy (HCM) in early infancy leading to death
by 1 year of age to Late Onset Pompe Disease (LOPD)

manifesting as early as the first year of life to patients
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presenting as late as the 6™ decade of life. LOPD can have
presentation as childhood, juvenile or adult onset forms.
The distinguishing feature of LOPD is the absence of
cardiomyopathy in first year of life. Since the advent of
newborn screening (NBS), incidence of PD is reported to be
1 in 16,095 which includes infantile and LOPD [1]. Patients
with LOPD present with a slowly progressive limb girdle
weakness, respiratory failure and hyperCKemia with
little/no cardiac involvement. LOPD primarily affects limb
girdle muscles, diaphragm and paraspinal muscles.
Respiratory failure is the most common cause of death in
patients with LOPD. Diaphragmatic muscle weakness can
occur even before obvious involvement of proximal muscle
weakness [2]. Weakness of paraspinal muscles is an
important clue manifesting with the difficulty in sitting up
from the supine position. The other manifestations in LOPD
include scoliosis, osteoporosis, sleep apnea, chronic fatigue
and intracranial aneurysms [2]. Due to the variability of
clinical presentations there should be a high index of
suspicion while evaluating patients with proximal muscle
weakness for early identification of LOPD. Puri et al. have
reported the average time delay from the onset of symptoms
to diagnosis to be more than 5 years in a cohort of 20
patients with LOPD from India [2]. Recombinant Human
Acid Alpha-Glucosidase (rHGAA) was approved as
Enzyme Replacement Therapy (ERT) for all forms of PD
by FDA and EMEA in 2006. The beneficial effect of ERT
on preventing the deterioration of respiratory function and
the mortality rate in treated patients was almost five times
lower than that in untreated patients and in LOPD patients
and it provides improvement and or stabilization of motor
function [3]. Better results are achieved for patients in
whom the therapy has been initiated at an early age prior to
progressive muscle damage. Whilst, the data on response to

therapy in terms of skeletal and respiratory involvement is
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increasing, there is limited knowledge on pregnancy
outcome, management during pregnancy and safety of ERT
during pregnancy and lactation. There are case reports of
pregnancy outcomes of 13 patients with LOPD for whom
rHGAA has been continued throughout pregnancy and in
the postpartum period [3-11]. The effect of ERT on uterine
smooth muscle in PD is not well understood. Animal
studies have shown that acid alpha-glucosidase is not
transported across the placenta and therefore probably not
harmful to the fetus [3]. ERT with rHGAA for PD has been
classified as category C by FDA and as per the label, the
use of rHGAA during pregnancy should be weighed against
the potential benefits and risks [4]. This first case report
from India describes the clinical course of PD in a 21 year
old woman, with early clinical presentation from 10 years
who had a successful pregnancy outcome under continued
ERT throughout her pregnancy and in the postpartum

period.

1.1 Patient

The proband from Southern state of Kerala in India is the
first in birth order born to non-consanguineous couple. At
age 10 years, she noticed progressive difficulty to get up
from squatting position and difficulty in climbing stairs. By
the age of 13 years, she required support to climb stairs and
also had frequent buckling of knees with a tendency to fall.
She was evaluated at the age of 16 years and was found to
have bilateral calf muscle hypertrophy and a positive
Gower’s sign. Her Creatine Kinase (CK) level was 2427
U/L (<180 U/L). With the clinical presentation and elevated
CK, a possibility of Juvenile PD was considered. Her
cardiac evaluation and echocardiogram was normal;
Pulmonary Function Test (PFT) at sitting posture was 56%.
Enzyme analysis of acid alpha glucosidase in leucocytes,

revealed a very low value 2.3 nmol/hr/mg (56-296
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nmol/hr/mg), which was consistent with the clinical
diagnosis of PD; molecular analysis identified a compound
heterozygous mutation, c.1A>G (p.M1V) in exon 2
(initiator mutation; reported) and ¢.1792A>T (p.1598F) in
exon 13 (missense; novel) in GAA. Her parents were
investigated and found to be heterozygous carriers for each
of these above mentioned mutation variants; her younger
brother did not carry any of these mutations. She was
started on ERT with recombinant human alglucosidase alfa
(rHGAA, Myozyme®) at 20mg/kg every 2 weeks at the age
of 16 years. Access to ERT was provided by Sanofi
Genzyme as part of its INCAP (India Charitable Access
program). She started showing progressive improvement
and reduction in the frequency of falls, she was able to
climb stairs with minimal support approximately 10 months
after initiation of rHGAA infusions. Forced Vital Capacity
(FVC) in sitting posture was 55.5%. She got married at 21
years of age and conceived spontaneously, after completing
5 years of ERT. She was followed up closely under the
multidisciplinary team comprising of  obstetrician,
geneticist, pulmonologist, and cardiologist. She was advised
to consume a high protein and low carbohydrate diet during
pregnancy and ERT was continued throughout her
pregnancy. PFT was monitored in the upright and supine
posture, in the first trimester and third trimester, which
showed no significant decrement in the FVC and were 52%
in first trimester and 49% in the third trimester in both
postures. Nevertheless, FVC values in first and third
trimester were less than 55% of predicted expected levels
for patients with PD.

2D Echocardiography was repeated twice during pregnancy
which showed a trivial mitral and tricuspid regurgitation
with a left ventricular ejection fraction of 60%. She was

noted to develop significant worsening of myopathy during
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third trimester with difficulty to get up from the chair and
needing support to climb stairs but did not have respiratory
compromise at any time. Prenatal diagnosis was not offered
as her spouse was not carrying a pathogenic variant in the
GAA gene. In view of the worsening muscle weakness, she
underwent an elective caesarean section at 36 weeks of
gestation. Spinal anaesthesia was given with 1.8ml 0.5%
heavy bupivacaine and 10ug fentanyl after confirming the
level of block upto T6. She delivered a female baby,
weighing 2800 gm with an APGAR of 8/9 at 1 minute and 5
minutes respectively. Oxytocin infusion was started
following the delivery. Postoperative analgesia was
provided with ultrasound-guided bilateral transverse
abdominus plane block. The intraoperative and
postoperative periods were uneventful. Deep vein
thrombosis prophylaxis was given preoperatively and
postoperatively. She was continued on ERT and has
currently completed 120 infusions. Breastfeeding is being
continued and she was advised to defer breast feeds for 24
hours from the start of infusion as the high levels of enzyme
activity was found to return to normal levels by 24 hours
following infusion (5). Six months after delivery, she has
regained her muscle power as in the pre-pregnancy period
but has a waddling gait with exaggerated lumbar lordosis

and the infant has a normal development.

1.2 Patient

The proband is the second in birth order born to a non-
consanguineous couple. She was apparently normal till 15
years of age, when she developed a waddling gait. By 17
years of age, she had progressive difficulty to climb stairs
and to get up from the squatting position. However, she did
not have any significant dyspnoea. She was married at the
age of 20 years and had a spontaneous conception, after 5

months of marriage. During the course of her pregnancy,
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she was noted to have remarkable proximal muscle
weakness with frequent buckling of knees and difficulty to
climb stairs during the third trimester. She delivered a
female baby via caesarean under regional anaesthesia due to
transverse lie of the fetus. Following delivery, her proximal
muscle weakness worsened with increased frequency of
falls with significant difficulty to get up from the floor. She
also noticed difficulty to lift heavy objects from the floor,
raise upper limb above the level of head and difficulty to
get up from supine position. At the age of 25 years, she was
evaluated and her CK levels were 1479 U/L (<180 U/L),
aspartate aminotransferase (AST) 142 1U/L (5-40 IU/L) and
alanine transaminase (ALT) 176 IU/L (7-56 1U/L). Muscle
biopsy showed features of a vacuolar myopathy suggesting
the possibility of glycogen storage disease. Enzyme analysis
of acid alpha glucosidase from leucocytes revealed levels
2.3 nmol/hr/mg (56-296 nmol/hr/mg) confirming the
diagnosis of PD and was referred to the genetic department.
Genetic analysis identified a reported compound
heterozygous missense mutations,
€.1942G>A(p.Gly648Ser) in exon 14 and
€.2173C>T(p.Arg725Trp) in  exon 15 in GAA.
Echocardiography evaluation showed left atrial dilatation
due to stiff left ventricle and left ventricular ejection
fraction was 60%. Electrocardiogram showed ectopic atrial
rhythm. ERT with rHGAA (Myozyme®) was initiated at 26
years at a dose of 20mg/kg as intravenous infusion
fortnightly. After 20 infusions, she did not have any falls
and could get up from the chair with less effort, and after 80
infusions, she could climb stairs without support. PFT was
sequentially monitored, both in the upright and supine
posture, which revealed a stable pattern in the FVC over the
span of 5 years after initiation of ERT (Figure 1).Currently,
she has completed 146 infusions over the past 6.5 years.

Presently, she can do all household chores comfortably,
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although she has mild waddling gait and exaggerated
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lumbar lordosis.

PFT in sitting and supine
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Figure 1: Pulmonary Function Test (PFT) in patient 2 over a 5 year period showing a steady pattern of Forced Vital Capacity

(FVC) in sitting and supine position.

2. Discussion

Pregnancy, in general, is physically demanding and even
more so for women with LOPD and considered as high risk
as pregnancy may worsen symptoms, or may initiate
symptoms of PD thereby leading to confirmation of the
diagnosis. In addition to the stress associated with
physiological changes of pregnancy, patients with PD have
additional burden due to myopathy and diaphragmatic
muscle involvement leading to further compromise with
advancement of gestation. Complication rates in pregnancy
or child birth are not reported to be increased in patients
with PD except for a small increased rate of still births and
anaesthetic complications [6]. Karabul et al reported the
obstetric outcome of 66 patients with PD. Majority of

women became pregnant prior to the confirmation of
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diagnosis as PD and among the cohort who were already
diagnosed with PD, there was no higher risk of developing
complications either during pregnancy or delivery [7].
Women who are already diagnosed with PD have
experienced worsening of muscle weakness and respiratory
symptoms during pregnancy and improvement in the
postpartum period [6,7]. There is a considerable risk of not
recovering to the pre pregnancy motor and respiratory level
after delivery [8]. Previous studies have shown that most of
the women with PD had confirmation of diagnosis after the
completion of all pregnancies [7]. There are 13 patients
with LOPD in whom the prospective data are available
regarding their pregnancy outcome while on ERT (Table 1).
Previous experiences also have not shown any adverse

events in patients with LOPD who have continued ERT
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throughout their pregnancy [3-14]. Our patient is the first
patient with LOPD reported from India who had a
successful pregnancy outcome along with continuation of
ERT throughout her pregnancy and in the postpartum
period. She had presented with proximal muscle weakness
by 10 years of age. Like other LOPD patients reported in
the Indian cohort by Puri et al, she too did not have the
common leaky splice site LOPD variant, c. =32 —13T > G
(IVS1) mutation. She was a compound heterozygote and
one of her mutations was an initiator mutation which is a
common mutation seen among patients with infantile PD
and her second one was a novel missense mutation. She
experienced worsening of muscle weakness in the third
trimester while on ERT. Her pulmonary status remained
stable. She regained her pre pregnancy muscle power six
months following delivery and could carry out the
household chores that she has been carrying out before

becoming pregnant. The course of our patient is similar to
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what has been reported in the literature. They had
worsening of motor and respiratory function especially in
the third trimester but had regained their muscle strength
within a year after delivery [3, 8, 9]. This could be due to
the additional stress due to weight gain during the
pregnancy (Patient 1 had gained 11.5kg) and metabolic and
hormonal changes in the context of an underlying
myopathy. Interruption of ERT during pregnancy has been
associated with deterioration of motor and respiratory
symptoms in previously stable patients [8]. The reasons
reported in the literature for discontinuation of ERT during
first trimester of pregnancy were 1.High dose of GAA
(20mg/kg every 2 weeks) which is recommended for PD in
comparison with Gaucher and Fabry disease (20 fold
higher), 2.concerns about the potential harmful effects of
GAA or its components to the developing fetus, 3.potential

drug related hypersensitivity reactions [4, 8].
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Breast
. Age at . ERT ERT Symptoms in Postpartum | Mode of | feeding
Published papers Proband | Genotype pregnancy Pregnancies | stopped -
(inyears) (GA) restarted | pregnancy state delivery | on
ERT
30.5 G4P3 3 weeks S(;Zf;ell(rium No change No change Vaginal No
1 c..-32-13G >
T;c.1114C>T 5 weeks
NA G5P4 3 weeks postpartum No change No change Caesarean | No
8 weeks Worsening of
19 G1PO 8 weeks postpartum muscle power in uneventful
2 2%532%266 ULand LL Vaginal No
G2P1 continued | continued | shortness of breath T.OP at first
Rohman trimester
etal, 2016 Worsening of Imoroved
16 G1PO Ist 29 weeks muscle power in aftgr Caesarean | No
i Trimester | gestation LL, power in UL .
3 €.1239C > G; normal restarting
C.2228A>G -
13 days Worsening of Improved
NA G2P1 5 weeks ostoartum muscle power LL after Caesarean | No
postp >UL Fall in FVC restarting
29, Worsening of Vaginal
4 %c3§2153d(:|; 32 G1PO 6 weeks 123‘{;??;(“5 muscle power LL Improved (Vacuum | No
" g >UL assisted)
5 NA NA second continued | continued \r:qvg(ffen;;%v?; Improved NA No
Kishnani etal, 2020 :
6 NA 32 sixth continued | continued Worsening of Improved NA No
muscle power
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7 NA 36 sixth continued | continued Worsening of Improved NA No
muscle power
. . Getting up from ;
21 G1P0O continued | continued lvi q Improved Vaginal No
IVS1-13T>G ; ying worsene
Houtte etal, 2019 8 :
258insC Getting up from
24 G2P1 continued | continued ; Deteriorated | Vaginal No
lying worsened
Weakness,malaise,
. Motor power inal
16 weeks nausea In 3rd regained 3 Vagina
9 NA 25 G1PO 5 weeks estation trimester and months (vacuum | No
9 bedridden by 39 postpartum assisted)
Brendel etal 2017 weeks
C.-32-13T>G/ 40 (NIV Weakness,dyspnoea | Improved 1
10 /(; 1799G>A from 36 G1PO continued | continued | worsened at 29 year Caesarean | Yes
de Vries etal 2011 years) weeks postpartum
c.—32- 20 weeks Deterioration of Improved 1
11 13T>G/c.1064T>C; | 32 G1PO 2 weeks estation motor and year Vaginal No
Santos etal,2018 (p.L355P) g respiratory function | postpartum
Improvement
Drop in FVC at 8 of muscle
Zagnoli etal, 2012 12 NA 38 G3P2 continued | continued mon_ths of gestation power_and Caesarean | No
and increased FVC six
fatigue months
postpartum
NIV stopped
Worsening 20 days
C.-32-13T>G: dyspnoea,orthopnea | postpartum
Perniconi et al, 2016 | 13 ' ' 28 G1PO continued | continued | in third trimester motor Vaginal No
c.525delT .
Nocturnal N1V at improvement
32 weeks after 1 year
Klos etal, 2017 14 NA 325 G1PO 8 weeks | 18 weeks Fatigue and Improved Caesarean | No
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Our case

gestation dyspnoea after
stopping
Stopped | Restarted FVC dropped after ::n\wlcios\l/:eg&tent
again at 11 weeks 37 weeks, 6MWT P
; 6MWT
37 weeks | postpartum | remained stable
stable
Severe proximal
muscle weakness in
3rd trimester.FVC Motor
c.1A>G(p.M1V); on i .
15 c.1792A>T 21 G1PO continued | continued | oM 52%in 1§t . |mprov;3ment Caesarean | Yes
(p.1598F) trlme§ter to 49% in | 6 months
' 3rd trimester but no | postpartum

respiratory

symptoms

FVC: Forced vital capacity, LL: Lower limb, UL: Upper limb, 6MWT: 6 Minute walk test, NIV: Non invasive ventilation, TOP: Termination of pregnancy, ERT: Enzyme

replacement therapy

Table 1: Pregnancy outcomes in LOPD patients following continuation of ERT during pregnancy.
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According to the current literature from sporadic case
reports, continuation of ERT during pregnancy seems to be
safe and also important to prevent deterioration of clinical
status of the mother with no apparent adverse effects to the
developing fetus. On the contrary cessation of ERT in early
pregnancy have resulted in deterioration of muscle power
and respiratory function and increased risk of allergic
reactions on recommencing ERT [4]. Back pain has been
reported as the most common Pompe related symptom
during pregnancy and 84% of the subjects had back pain as
the predominant symptom among a cohort of 25 pregnant
women with PD [6]. During pregnancy the use of high
protein diet helps to overcome the muscle weakness [10].
Pregnant women with LOPD are also advised to consume
folic acid and vitamin D and to avoid vitamin A
supplements and to limit intake of oily fish [4]. In women
with neuromuscular disorders, a FVC < 50% predicted (<
1L) at baseline should be monitored very closely during
pregnancy and delivery in view of associated maternal
hypoxia [7]. PFT should be done in each trimester and
arterial blood gas sampling and respiratory sleep study
should be offered to those patients showing a decreasing
trend of FVC. Maternal hypoxia resulting in oxygen
saturation less than 85% leads to live birth rates as low as
12% and this risk factor should be avoided [6,11]. PFT
usually show a restrictive pattern in PD. Diaphragmatic
weakness is evaluated by comparing the FVC in upright and
supine postures. Diaphragmatic weakness is suggested if
there is a >10% decrease of FVC in the supine compared to
upright position and a >30% decrease indicates severe
weakness [2]. Patient 1 had a low FVC during first and
second trimester during upright and supine posture but there
was no significant fall in FVC in supine posture. As she is
currently asymptomatic and does not have exertional

dyspnoea or early morning headache, she has not been
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initiated on nocturnal mechanical ventilatory support. She
underwent PFT evaluation eight months after delivery, and
the upright and supine values are 52% and 48% respectively
which are remaining stable as in the pre pregnancy period.
Patient 2 had shown a stable pattern of FVC over the past 5
years while on ERT. Longitudinal FVC data from LOPD
patients from Pompe registry had shown that stability of
FVC for 5 years is due to the effect of long-term ERT [12].

Anaesthetic team should be involved along with the
multidisciplinary team consisting of obstetrician, geneticist,
pulmonologist and cardiologist from early gestation.
Caesarean section is indicated only for obstetric reasons or
medical reasons which are related to PD [4]. Spinal
anaesthesia is the technique of choice as it circumvents the
respiratory and airway complications. Other Anaesthetic
choices include epidural or combined spinal-epidural
anaesthesia. Spinal or epidural anaesthesia might be
extremely difficult or impossible in a patient with severe
scoliosis. Should general anaesthesia be needed, the
anaesthetist should be aware of the possible need for
prolonged postoperative mechanical ventilation [10]. As
they are prone for aspiration, the airway needs to be
protected with a cuffed endotracheal tube. Depolarising
muscle relaxant, suxamethonium chloride should be
avoided as it can cause severe hyperkalemia [10]. A
reduced dose of hon-depolarizing neuromuscular blockers is
sufficient in these patients. Careful or restricted use of
opioids is recommended to avoid postoperative respiratory
complications. Patient 1 and 2 underwent caesarean section
under spinal anaesthesia without facing any adverse effects.
There is only one previous report of a patient with PD who
had continued breast feeding while on ERT [5]. Patient 1
exclusively breast fed her baby and was advised to stop feed

for 24 hours from the start of each infusion. de Vries et al
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have performed pharmacokinetic studies on breast milk
following ERT to estimate the amount of infused rHGAA
secreted through breast milk. Activity levels in breast milk
had peaked at 2.5 hours after the end of infusion and this
was 2 hours later than the plasma peak. Enzyme activity in
breast milk was back to pre-infusion level by 24 hours after
the start of the infusion [5]. This observation is parallel to
secretion of Imiglucerase levels in breast milk in women
with Gaucher disease while on ERT. More prospective
studies are needed to prove the safety of ERT throughout
pregnancy for maintaining the motor and respiratory
function and for continued use in the postpartum period so

that breast feeding can be recommended safely.

3. Conclusion

Pregnancy in a woman with PD should be considered as
potentially high-risk, and requires special attention and
monitoring. According to the current literature and our own
experience, continuing ERT during pregnancy in patients
with PD might be a beneficial option to maintain muscular
and pulmonary functions with no apparent adverse effects
to the developing fetus particularly in patients requiring
assisted ventilation. Even though there is scarce data
regarding the safety of continuation of ERT during
lactation, the available literature have not shown any

adverse events in infants with continuation of breast feeds.
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