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Purpose: Infantile Pompe disease is caused by deficiency of lysosomal acid �-glucosidase. Trials with recombinant

human acid �-glucosidase enzyme replacement therapy (ERT) show a decrease in left ventricular mass and

improved function. We evaluated 24-hour ambulatory electrocardiograms (ECGs) at baseline and during ERT in

patients with infantile Pompe disease. Methods: Thirty-two ambulatory ECGs were evaluated for 12 patients with

infantile Pompe disease from 2003 to 2005. Patients had a median age of 7.4 months (2.9–37.8 months) at

initiation of ERT. Ambulatory ECGs were obtained at determined intervals and analyzed. Results: Significant ectopy

was present in 2 of 12 patients. Patient 1 had 211 and 229 premature ventricular contractions (0.2% of heart

beats) at baseline and at 11.5 weeks of ERT, respectively. Patient 2 had 10,445 premature ventricular contrac-

tions (6.7% of heart beats) at 11 weeks of therapy. Conclusion: Infantile Pompe disease may have preexisting

ectopy; it may also develop during the course of ERT. Therefore, routinely monitoring patients using 24-hour

ambulatory ECGs is useful. Periods of highest risk may be early in the course of ERT when there is a substantial

decrease in left ventricular mass and an initial decrease in ejection fraction. Genet Med 2006:8(5):313–317.
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Pompe disease or glycogen storage disease type II is an au-
tosomal recessive disorder with an incidence of 1 in 40,000 live
births.1 It is secondary to lysosomal deficiency of acid �-glu-
cosidase (GAA) resulting in the excessive accumulation of gly-
cogen within the lysosomes of many cells including smooth,
skeletal, and cardiacmuscle cells. There is a spectrumof disease
severity depending on the amount of residual enzyme activity.
At the most severe end of the disease spectrum is infantile
Pompe disease with residual enzyme activity of less than 1% of
normal.2 These patients typically present within the first few
months of life with hypotonia, hypertrophic cardiomyopathy,

hepatomegaly, and frequent respiratory infections. Without
treatment, infantile Pompe disease is typically fatal before 1
year of age.3 Signs and symptoms in those with late-onset (ju-
venile and adult-onset) Pompe disease are more variable, but
typically include progressive muscular weakness and respira-
tory problems with few developing cardiac manifestations.2

Patients with infantile Pompe disease develop a cardiomy-
opathy secondary to the massive accumulation of glycogen
within the cardiac muscle. They have biventricular hypertro-
phy including hypertrophy of the interventricular septum,
which can be present in some instances at birth and in others
within the first year of life. Hypertrophymay result in left ven-
tricular outflow tract obstruction and in the later stages
progresses to a dilated cardiomyopathy. In a natural history
study of infantile Pompe disease, heart failure was noted by age
4.5 months.3 Glycogen accumulation also affects the special-
ized conduction tissue cells and gross depolarization and repo-
larization patterns, resulting in characteristic electrocardio-
graphic changes, including shortened PR interval, increased
QT dispersion, and large QRS complexes.4 The shortened PR
interval may on occasion be the result of true Wolff-Parkin-
son-White syndrome, placing these patients at risk for su-
praventricular tachyarrhythmias.5,6 In our review of the litera-
ture, there have not been case reports of ventricular ectopy.
However, the hypertrophic cardiomyopathy along with conduc-
tion systemabnormalities theoreticallywouldplace these patients
at risk for ventricular arrhythmias and sudden death.5–7
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With enzyme replacement therapy (ERT) of recombinant
human GAA, clinical trials have demonstrated a remarkable
decrease in the left ventricular mass index and normalization
of ventricular function as early as after 12 weeks of ERT.8–12

Conduction abnormalities in patients with infantile Pompe
disease may also improve after ERT, with an increase in PR
interval and decrease in both QT dispersion and left ventricu-
lar voltage.13 It is our hypothesis that although ERT results in
improvement of cardiomegaly and function, patients with in-
fantile Pompe disease may still be at risk for arrhythmias sec-
ondary to glycogen clearance and remodeling of the conduc-
tion system.

METHODS

Twelve patients (4 female, 8 male) with infantile Pompe
disease with a median age of 7.4 months (2.9–37.8 months) at
the start of ERT were enrolled in open-label clinical trials ex-
ploring the safety and efficacy of Chinese hamster ovary cell-
derived recombinant human GAA ERT at Duke University
Medical Center from 2003 to 2005. All patients had a con-
firmed diagnosis of Pompe disease with an endogenous GAA
enzyme activity of less than 1% of the normal mean in skin
fibroblasts. GAA enzyme activitywas assessed bymeasurement
of 4-methyl-umbelliferyl-�-D-glucoside cleavage at pH 4.3.
All patients had cardiomegaly (cardiothoracic ratio �0.5 by
chest x-ray film) and cardiac hypertrophy (left ventricular
mass index �65 g/m2, equivalent to 2 or more standard devi-
ations above the normal mean).14 The doses of Chinese ham-
ster ovary cell-derived recombinant human GAA enzyme
ranged from 20 to 40 mg/kg every 2 weeks.
Ambulatory electrocardiograms (ECGs) were performed at

baseline and repeated at approximately 3 months, 6 months, 1
year, and as indicated. These studies were approved by the
Duke Institutional Review Board with written informed con-
sent obtained from the patient’s guardian. Twenty-four hour
ambulatory ECGs were obtained using one of two different
monitors: Zymed DigiTrak-Plus 3100A (Philips Medical, An-
dover, Mass) and Zymed MultiTrak 1100-010 (Philips Medi-
cal). After collection, the data were downloaded and scanned
with a Philips Zymed 2010 scanner. All beats were reviewed
with analysis of the following data: average, maximum, and
minimum heart rates; R-R intervals; QRS morphology; and
premature atrial and ventricular contractions. Premature
atrial contractionswere electronically diagnosed on the basis of
an R-R interval that was 25% shorter than the previous R-R
interval associatedwith a preceding Pwave and overread as not
representing marked sinus arrhythmia or sinoatrial conduc-
tion block. Premature ventricular contractions were electron-
ically diagnosed on the basis of a QRS morphology different
than the sinus QRS template and overread to confirm prema-
turity and to rule out supraventricular beats with bundle
branch aberrancy. A pediatric electrophysiologist reviewed the
data and confirmed the number of premature ventricular and
atrial contractions.

Echocardiograms were obtained on all 12 patients at base-
line and at 4, 8, 12, 24, 36, and 52 weeks of ERT. Echocardio-
graphic evaluation consisted of a complete two-dimensional
cross sectional, M-mode, and Doppler examination using a
Siemens Sequoia system (SiemensMedical Solution,Mt. View,
Calif) or a Philips 5500 or 7500 system (Philips Medical Sys-
tems North America Company, Bothell, Wash). Left ventricu-
lar mass was measured by the area-length method using an
average of three to five independent measurements from the
same study.15 The ejection fraction was calculated on the basis
of the modified Simpson’s rule formula.16

RESULTS

A total of 12 patients were enrolled (8 male and 4 female)
with infantile Pompe disease and a median age of 7.4 months
(2.9–37.8 months) at the start of ERT. They received ERT for
19 to 139 weeks (median 100 weeks). Changes in the ejection
fraction and left ventricular mass are shown in Figures 1 and 2.
A total of 80 echocardiograms were performed on the 12 pa-
tients. The left ventricular mass at baseline ranged from 179 to
404 g/m2 (median 269 g/m2). After 10 to 12 weeks of ERT the
left ventricular mass decreased to a range of 115 to 305 g/m2

Fig. 1 Ejection fraction changes of the 12 patients during enzyme replacement therapy
(ERT).

Fig. 2 Decrease in left ventricular mass in all 12 patients during weeks of enzyme
replacement therapy (ERT).
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(median 242 g/m2). There was a significant reduction in left
ventricular mass during ERT (Fig. 1) with a range of 40 to 286
g/m2 (median 180 g/m2; P � .001). The ejection fraction at
baseline ranged from16% to 89% (median 58%) and tended to
decrease for the first several weeks after ERT. It then tended to
normalizeafter severalmoreweeksofERT(10–15weeks) (Fig. 2).

A total of 32 ambulatory ECGs were obtained from 12 pa-
tients. Ten of 12 patients underwent 24-hour ambulatory ECG
analysis at baseline before initiating ERT. The other two pa-
tients underwent the initial ambulatory ECG analysis at 1 week
and 13 weeks after starting ERT. Each patient had between one
and seven ambulatory ECG studies. The ambulatory ECGs
were evaluated for R-R intervals and minimum, average, and
maximum heart rates. They were also evaluated for supraven-
tricular and ventricular ectopy as well as for other arrhythmias.
The R-R intervals ranged from 0.9 to 1.4 seconds (median 0.9
seconds). The maximum heart rates ranged from 152 to 211
beats/min (median 182 beats/min); average heart rates ranged
from 77 to 128 beats/min (median 119 beats/min); and mini-
mum heart rates ranged from 47 to 88 beats/min (median 63
beats/min) (Table 1).
Twoof 12 patientswere noted to have premature ventricular

contractions on the ambulatory ECG. Patient 1 was noted to
have 0.2% premature ventricular contractions on an ambula-
tory ECG at baseline and at 11.5 weeks. Patient 1 initially had a
left ventricular mass of 241 g/m2 and an ejection fraction of
80%. At 11.5 weeks of ERT the left ventricular mass decreased
to 195 g/m2 and the ejection fraction was 72%. Patient 2 was
noted to have a peak percentile of premature ventricular con-
tractions during week 11 of ERT (Fig. 3). The patient was
started onmexiletine with resolution of the ectopic ventricular
beats. Patient 2 initially had a left ventricularmass of 179 g/m2,
which decreased to 142 g/m2 at 11 weeks of ERT and then
further decreased to 72 g/m2 by the most recent echocardio-
gram at 78 weeks of ERT (Fig. 4). The timing of the onset of

Table 1
Ambulatory electrocardiogram findings

Patient
Weeks
of ERT PAC PVC

Min
HR/min

Avg
HR/min

Max
HR/min

1 0 1 (0) 211 (0.2) 55 87 145

11.5 0 229 (0.2) 47 77 152

2 0 0 0 83 119 162

11 0 10,445 (6.7) 83 119 182

12 0 2565 (1.8) 88 136 222

13 0 1585 (1.8) 70 116 174

36 1 (0) 0 81 128 179

51.5 0 14 (0) 101 134 179

78 5 (0) 42 (0) 71 115 190

3 1 0 1 (0) 83 132 174

13 8 (0) 0 75 116 162

27 0 0 76 129 171

4 0 5 (0) 1 (0) 69 119 169

6 4 (0) 3 (0) 63 107 171

27 5 (0) 0 69 114 160

39.5 1 (0) 0 63 110 169

5 0 38 (0) 1 (0) 76 150 214

9 1 (0) 0 77 144 188

11 1 (0) 44 (0) 62 145 182

12.5 12 (0) 0 58 128 190

12.6 9 (0) 4 (0) 63 136 176

6 27 0 0 73 120 185

7 0 1 (0) 1 (0) 81 125 190

53 5 (0) 0 70 114 179

8 13 41 (0) 0 85 127 211

9 0 19 (0) 9 (0) 69 122 188

10 0 0 76 123 171

28 0 2 (0) 107 145 190

10 0 8 (0) 8 (0) 68 105 148

11 0 0 63 108 197

11 0 2 (0) 0 81 121 182

12 0 44 (0) 0 77 116 188

Thirty-three ambulatory electrocardiograms (ECGs) of the 12 patients during
enzyme replacement therapy. PAC, premature atrial contractions; PVC, pre-
mature ventricular contractions; Min HR, minimum heart rate; Avg HR, av-
erage heart rate; Max HR, maximum heart rate.

Fig. 3 Percentile of premature ventricular contractions in patient 2 during weeks of
enzyme replacement therapy (ERT).

Fig. 4 Changes in left ventricular mass and ejection fraction in patient 2 during weeks
of enzyme replacement therapy (ERT). Time of peak (arrow).
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premature ventricular contractions correlated with the most
rapid decrease in left ventricular mass. One of the 12 patients
was noted to have Wolff-Parkinson-White changes on the
ECG; however, this patient did not have ectopy on the ambu-
latory ECG. Patient 3 was noted to have multiple premature
ventricular contractions on 12 lead ECG before starting ERT;
however, this was one of the two patients who did not receive a
baseline ambulatory ECG. Patient 3’s first ambulatory ECG
was obtained after 1 week of ERT and did not demonstrate any
ectopy.

DISCUSSION

Thenatural history of infantile Pompediseasewithout treat-
ment is poor. Affected infants present with hypertrophic car-
diomyopathy, hypotonia, and generalized muscle weakness in
the first fewmonths of life followed by death from cardiorespi-
ratory failure usually by 1 year.3,17 Most patients with infantile
Pompe disease (95%) develop progressive cardiomegaly be-
fore 6 months of age secondary to glycogen accumulation
within the myocardium.4 Cardiomegaly has been diagnosed
immediately after delivery, indicating that the hypertrophy
may begin in utero.17 The cardiomegaly is characteristically
massive and rapidly progressive resulting in both systolic and
diastolic dysfunction, which may progress to a dilated cardio-
myopathy further worsening cardiac output. The interventric-
ular hypertrophy may result in left ventricular outflow tract
obstruction.
The glycogen deposition also affects the specialized conduc-

tion tissue resulting in classic ECG findings: shortened PR in-
terval, large QRS complexes, and increased QT dispersion.
Several patients have also been reported to haveWolff-Parkin-
son-White syndrome.5,6 Wolff-Parkinson-White syndrome is
typically secondary to a muscular tract crossing through the
annulus fibrosis. In glycogen storage diseases the annulus fi-
brosis is disrupted by glycogen-filled myocytes rather than a
distinct bypass tract.18

Results from several trials of recombinant human GAA in
infantile-onset Pompe disease have demonstrated sustained
improvement in the cardiomyopathy of all patients as evalu-
ated by left ventricular mass index and left ventricular poste-
rior wall thickness regardless of disease severity at onset of
treatment. In these trials, improvements in cardiac function
has also been noted.8–12 In addition, there is substantial im-
provement in the ECG after ERT including an increase in PR
interval, a decrease in left ventricular voltage, and a shortening
ofQTdispersion. It is postulated that the reduction of glycogen
within the conduction system andmyocardium results in these
changes.13 Patients with Fabry disease treated with ERT have
also demonstrated improvement in left ventricular mass and
ejection fraction with one study showing a patient developing
persistent atrial fibrillation.19

Despite the significant improvement in conduction and the
cardiomyopathy, patients likely continue to have abnormali-
ties placing them at risk for arrhythmias that could be lethal.
Twelve weeks into ERT is the average time for the most rapid

decrease in left ventricular mass in our 12 patients (Fig. 2).
Initially there is a decrease in the ejection fraction after initia-
tion of the ERT, followed by improvement (Fig. 1). Patient 1
had premature ventricular contractions at baseline and at 11.5
weeks of ERT, which did not correlate with a rapid decrease in
left ventricular mass or a change in ejection fraction. Patient 2
did not have any significant decrease in the ejection fraction at
the time of the most frequent premature ventricular contrac-
tions; however, he did have a rapid decrease in left ventricular
mass at this time (Fig. 4). This decrease in left ventricular mass
occurred at the time ofmaximal ventricular ectopy at 11 weeks
of ERT. Further investigation is indicated to more completely
evaluate the possible correlation between rapid left ventricular
mass reduction, decreasing ejection fraction, and ventricular
ectopy.
Although unknown, remodeling of the myocardium may

develop secondary to glycogen clearance from the myocytes
resulting in fibrous tissue deposition. The correlation of in-
creased ventricular ectopy seen in 1 patient of 12 during the
time of rapid decrease in left ventricular mass suggests remod-
eling during ERT as a possible cause. Fibrous tissue deposition
during the clearance of glycogen from the myocytes may place
these patients at risk for ventricular ectopy including ventric-
ular tachycardia. In addition, premature ventricular contrac-
tions in a patient with Wolff-Parkinson-White syndrome may
be a trigger for supraventricular tachycardia. These potentially
lethal arrhythmias may also be present at baseline (such as in
patient 1) and may not improve initially with ERT.
Our study was limited by the small number of patients en-

rolled. However, because 1 of 12 patients developed ventricu-
lar ectopy during ERT, we believe that further screening in
patients receiving ERT is warranted. Efforts should continue to
monitor patients with infantile Pompe disease receiving ERT
for further effects of cardiac remodeling and to determine
whether the immediate or long-term risk of tachyarrhythmias
and sudden deaths changes with therapy. Future monitoring
may also include heart rate variability, which in adults has been
associated with congestive heart failure.
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