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Cardiovascular studies in the mucopolysaccharidoses

John Nelson, Michael D Shields, H Connor Mulholland

Abstract
Cardiovascular studies were performed on 22
patients with mucopolysaccharidosis ascertained
from an epidemiological study on the mucopoly-
saccharidoses in Northern Ireland. None of the
patients had attended a cardiologist before the
study. The main echocardiographical findings were
thickening of the interventricular septum and left
ventricular posterior wail in the absence of ECG
evidence of ventricular hypertrophy. Moreover,
reduced QRS voltages were present in the majority
of the patients (77%) and some had reduced
shortening fraction (33%). These findings suggest
an infiltrative cardiomyopathy owing to mucopoly-
saccharide deposition as a cause of the cardiac
thickening rather than true ventricular hypertrophy.
Thickening of the mitral valve was present in one
case and thickening of the aortic valve in two cases.
Involvement of the other heart valves was minimal
and aortic valve disease was not found in any of the
cases of Morquio's disease type A.

In conclusion, the clinical, ECG, and chest x ray
findings and echocardiographical evidence for
valvular involvement were significantly less than in
other studies. Hence, the incidence of clinically
significant cardiovascular disease in patients with
mucopolysaccharidosis has probably been over-
estimated.

For many years it has been recognised that the
cardiovascular system is involved in the mucopoly-
saccharidoses (MPS). The main abnormalities found
at necropsy were valvular with nodular fibrous
thickening most commonly affecting the mitral valve
(MV) followed by the tricuspid (TV), aortic (AV),
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and pulmonary (PV) valves in decreasing order of
frequency. Cardiac hypertrophy, short thickened
chordae tendineae, and gross narrowing of the
coronary arteries were also seen in many cases.14

Valvular insufficiency has also been shown by
cardiac catheterisation studies.3 Other authors5 6 have
reported a high incidence of ECG changes, the most
common being a prolonged QT interval, although
right ventricular hypertrophy (RVH), left ventricular
hypertrophy (LVH), and shortened PR interval have
also been described. Several studies7'10 and case
reports' 1-14 have presented the echocardiographical
findings in various types of MPS. The most common
abnormality detected was thickening of the MV with
multiple MV echoes and in a few cases thickening of
the AV and TV. Many cases also showed thickening
of the interventricular septum (IVS) and left ven-
tricular posterior wall (LVPW).

This study was undertaken to assess the patients
from a cardiological point of view since they repre-
sented an unbiased sample. They were ascertained in
the course of a genetic and epidemiological study of
the mucopolysaccharidoses in Northern Ireland by
one of the authors (JN).'5 None of the patients had
symptoms of cardiovascular disease and none had
been attending a cardiologist before the study.

Patients and methods
Twenty-two cases of mucopolysaccharidosis were
found to be alive and living in Northern Ireland at the
time of the study. These comprised two MPS IH,
three MPS IH/S, one MPS IIA, one MPS IIB, three
MPS IIIA, one MPS IIIB, and 11 MPS IVA.
Ascertainment was from four main sources: hospital
consultant records; records of the screening laboratory
for urinary mucopolysaccharides; the diagnostic
indexes of the Department of Medical Genetics, The
Queen's University of Belfast, The Royal Victoria
Hospital, Belfast, and The Royal Belfast Hospital for
Sick Children; and files of the Hospital Activity
Analysis (a record of admissions to the majority of
hospitals in Northern Ireland maintained by the
Department of Health and Social Services).
A total of 36 cases was ascertained for the period

1958 to 1985 but 14 cases were dead and in most of
these it was not possible to determine from the
available hospital records and death certificates the
precise cause of death. In the majority of cases a

94
copyright.

 on M
ay 22, 2023 by guest. P

rotected by
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.27.2.94 on 1 F
ebruary 1990. D

ow
nloaded from

 

http://jmg.bmj.com/


95Cardiovascular studies in the mucopolysaccharidoses

304

.16

.14 .1
21
8 Figure 1 Hetght ofR wave in lead

V6 (mm) v age..4
.17 .19,20

.12 ._ .7,11

15

.10

.6 .9

.5

1-3 3-6 6-12

Months

1-3 3-5 5-8 8-12 12-16 20 36
% v 10

Years
Age

necropsy was not performed. Consequently it was

decided to confine the study to all patients who were

alive and living in Northern Ireland at the time of the
cardiovascular assessment. The Northern Ireland
population is essentially a static one and lends itself
well to epidemiological studies. It was felt that the
patients ascertained represented the vast majority of
patients with mucopolysaccharidosis who were alive
and living in Northern Ireland at the time of the
study. All cardiac investigations were carried out at
the Department of Paediatric Cardiology, Royal
Belfast Hospital for Sick Children.

Patient diagnosis was confirmed by two dimensional
electrophoresis of urinary glycosaminoglycans by a

modification of the method used for amniotic fluid
glycosaminoglycans16 and by enzyme assay on leuco-
cytes or fibroblasts as appropriate.
Each patient underwent a full assessment of the

cardiovascular system, which included a full clinical
examination, a 12 lead ECG, and chest x ray. M
mode, two dimensional (2D), and pulsed Doppler
echocardiographical examinations were performed
using an Advanced Technology Laboratories (ATL)
Mark 600 series duplex scanner and 3-0 or 5-0 MHz
transducers as appropriate. If satisfactory imaging
could not be obtained sedation was given. Measure-
ments of IVS and LVPW thickness at end diastole,
LV end diastolic dimension (LVEDD), and LV end
systolic dimension (LVESD) were made from leading

edge to leading edge'7 at representative cuts in the M
mode record. In all cases two measurements of each
parameter were made, the mean taken, and the result
rounded to the nearest 0-5 mm. The shortening
fraction (SF) was calculated from the formula:

LVEDD-LVESD
SF= x 100%.

LVEDD

The SF is a useful measure of the quality of LV
contraction and makes no assumptions about ventri-
cular size or shape in contrast to the estimation of
ejection fraction. A reduced value for SF implies poor
LV function.

Standard ECG and echocardiographical normal
ranges were used. 182' The 2nd, 50th, and 98th
centiles in fig 1 are from Davignon et al.'8 Voogd et
al20 provided 5th and 95th centiles for various
echocardiographical parameters for males and females
separately. For simplicity, the centiles shown in figs 2
to 4 are the mean centiles for males and females. For
example, the 5th centile shown is the mean of the 5th
centile for males and the 5th centile for females. This
approximation does not appreciably alter the analysis
of the results, but leads to easier interpretation of the
figures. The 3rd and 97th centiles for SF shown in fig
5 are from Feigenbaum.22
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Results
CLINICAL FINDINGS
Apart from a soft ejection systolic murmur found in
six patients nothing else of note was found on clinical
examination. Because of problems with cooperation,
blood pressure was recorded in only 16 of the 22
patients. This was found to be raised in three (19%).

CHEST X RAY FINDINGS
Ten patients had a cardiothoracic (CT) ratio on chest
x ray greater than 50% but none was grossly increased
and cardiac contour and pulmonary vascularity were
normal in all cases. There was no evidence of
intracardiac calcification in any of the chest x rays in
the series.

ECG FINDINGS
Ventricular hypertrophy was assessed with reference

to the R and S waves in leads VI and V6, the (R+S)
amplitude in lead V4, and q waves greater than 3 mm
in lead V6. All these measurements concurred, but for
simplicity only the height of the R wave in V6 is
shown in fig 1 and table 1 for all cases. One patient
(case 1) showed evidence of borderline LVH. All the
other patients apart from case 16 had QRS voltages
below the 50th centile and in some cases below the
2nd centile (fig 1). Three patients (cases 8, 13, and 14)
had a prolonged QTc interval. One patient (case 3)
had a prolonged PR interval indicating first degree
heart block and a QRS duration above the 98th
centile. There was no evidence of a conduction defect
in any other patient.

ECHOCARDIOGRAPHICAL FINDINGS
Fig 2 shows IVS thickness plotted against body
weight and fig 3 shows LVPW thickness against body
weight for each patient. The main findings were
thickening of the IVS in 13 of 21 patients (62%) and
LVPW in 11 of 21 patients (52%). In one patient (case
13) the IVS and LVPW could not be visualised
because of gross pectus carinatum.

Fig 4 shows the LVEDD and LVESD plotted
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Figure 5 Shortening fraction (%) v body weight (kg).

against body weight. The LVEDD was above the
97% 95th centile in two cases (cases 3 and 7) and below the

5th centile in seven cases (cases 4, 5, 6, 9, 10, 12, and
19). The LVESD was above the 95th centile in three
cases (cases 3, 11, and 22) and below the 5th centile in
two cases (cases 10 and 19).

Mean The results for SF are shown in fig 5. The majority
of the values are distributed around the 50th centile,
but seven of the patients (33%) gave values below the
3rd centile (cases 1, 4, 9, 11, 12, 21, and 22).

Multiple mitral valve echoes were seen on M mode
3% echocardiography in four patients (cases 1, 2, 10, and

20) but thickened MV leaflets were confirmed in only
one of these patients (case 20) on the 2D image. The
multiple mitral echoes seen in case 10 were thought to
result from mitral valve prolapse. In case 4 thickening
was observed behind the MV consistent with calci-
fication of the MV annulus. Two cases (cases 6 and 7)
showed thickening of the AV on 2D echocardio-
graphy. Doppler echocardiography confirmed a mild
aortic stenosis (gradient 10 mmHg) with some
regurgitation in case 6. In addition, minimal mitral
regurgitation was also noted. Doppler examination in
case 7 confirmed a mild AV gradient (13 mmHg) with
minimal regurgitation of the PV. The only other
abnormal findings by Doppler were minimal mitral
regurgitation (case 8), minimal pulmonary regurgi-
tation (case 18), and mild tricuspid regurgitation (case
19). Despite the appearance of the MV in case 20, no
confirmation of stenosis by Doppler was obtained.
None of the patients studied had a pericardial
effusion.
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Discussion
The fact that the patients were ascertained as part of
an epidemiological and genetic study into the muco-

polysaccharidoses in Northern Ireland,15 and none

was attending a cardiologist before the study, may

explain the paucity of clinical findings. Other authors
have confined their investigations to patients who had
been referred for cardiovascular assessment7 10 14 and
many of these patients already had symptoms and
signs of cardiovascular disease. Thus they represent a

biased sample of patients. In addition, many authors
do not specify how their cases were ascertained.5 8

Thirteen patients (62%) had thickening of the IVS
and 11 (52%) showed thickening of the LVPW, but
only one patient had borderline LVH and, in general,
the QRS voltages were below the 50th centile (fig 1).
The apparently contradictory findings of IVS and
LVPW thickening on echocardiography with lack of
evidence for ventricular hypertrophy on ECG can be
explained if one assumes that the cardiac wall
thickening is the result of deposition of mucopoly-
saccharides rather than of true cardiac hypertrophy.
In this situation the QRS voltages would be expected
to be small since the mucopolysaccharide material is

likely to be electrically non-conducting. In true

cardiac hypertrophy, where the ventricular wall is

thickened because of increased cardiac workload, the
thickening is the result of hypertrophy of the indi-
vidual muscle fibres which are electrically active
during ventricular depolarisation. Thus, in true

hypertrophy, the QRS voltages are likely to be large
whereas in the case of ventricular thickening owing to

deposition of abnormal material they are likely to be
small. Against this hypothesis is the finding of very

high voltage QRS complexes in glycogen storage

disease type II (Pompe's disease). Presumably in-
filtration of the heart by glycogen has a different effect
on ventricular depolarisation compared to muco-

polysaccharide deposition.
An additional factor is that the distance from the

chest surface to the heart chambers may be increased
in these patients since many have an increased
anteroposterior diameter. Indeed, in case 13 the IVS
and LVPW could not be visualised because of gross

pectus carinatum. Furthermore, mucopolysaccharide
material could deposit in the tissues between the heart
and the ECG surface electrodes and this could also
contribute to reduced QRS voltages.

There was more asymmetrical thickening in our

patients compared with other series. The IVS/LVPW
ratio varied from 0-8 to 2 4 with a mean of 1-3 (table
1). For example, Johnson et al7 found the thickening
to be symmetrical in all of their cases in which it was
present (80%) and Tada et allo found that the
IVS/LVPW ratio only varied between 0-9 and 1-I in

their six cases. Similarly, Salazar et al9 found the ratio
varied between 1-0 and 1 2 in their four cases of MPS
II. The reason for such a discrepancy is unclear.

Seven of our patients (33%) had low values of SF
suggesting poor LV function. This can be explained
by a combination of an infiltrative cardiomyopathy
and coronary artery occlusive disease both resulting
from mucopolysaccharide deposition.
Three patients had a prolonged QT, interval. One

patient (case 3) had a prolonged PR interval and a

QRS duration above the 98th centile. First degree
heart block has also been reported in other studies.5 8
The majority of the QRS voltages were below the 50th
centile (fig 1) but otherwise the ECGs in our study
were within normal limits and our ECG findings were

Table I Data for figures I to 5.

Age IVS LVPW
Weight R wave in thickness thickness IVS/ LVEDD LVESD SF

Case Y Mth (kg) lead Vf, (mm) (cm) (cm) LVPW (cm) (cm) (/)

1 0 4 45 20-0 0-60 0-50 1-2 2-50 1-80 28
2 1 2 11-5 10-0 1-00 0- 55 1-8 3 50 2-20 37
3 4 7 17-8 10-0 0-85 080 1.1 4-40 2-80 36
4 16 10 41-0 11-0 1-00 1-00 1-0 3-80 2-80 26
5 20 8 55 5 7-0 1-00 1-00 1-0 3-80 2-70 29
6 2 7 14-5 5-0 1-20 0 50 2-4 3-00 2-00 33
7 13 8 28-5 8-0 0-60 0-75 0-8 475 2-80 41
8 5 11 19-1 8-0 0-75 0-50 1-5 4 00 2-40 40
9 6 0 28-0 5-0 1 30 1-00 1 3 3 30 2-50 24
10 10 4 21-4 6-0 0-85 0-60 1-4 3-20 1-85 42
11 13 3 38-5 8-0 1-00 0-75 1-3 4-70 3-70 21
12 0 8 9-9 8-0 080 0-50 1-6 2-60 2-00 23
13 5 2 13-6 8-5 - - - - - -
14 6 6 20-4 12-0 0-80 0-60 1-3 4-00 2-60 35
15 6 1 20-2 7-5 0-65 0- 75 0-9 3-50 2-20 37
16 7 9 21-2 20-0 080 0- 75 1-1 3-90 2-40 38
17 10 5 34-1 10-0 0-80 0-70 1.1 4-00 2-30 43
18 13 11 37-8 12-0 0- 75 0-60 1-3 4-00 2-50 38
19 14 0 19-3 10-0 0-80 0-70 1.1 2-90 1-80 38
20 12 1 23-0 10-0 0-70 0-70 1-0 3- 50 2-20 37
21 14 2 46-2 13-0 080 0-80 1-0 4-20 3-15 25
22 36 7 26-0 2-0 080 0-60 1-3 3 -75 3-00 20
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Table 2 Summary of findings according to MPS type.
Cases Type of MPS Clinical findings ECG Echocardiography

1-2 MPS IH Ejection svstolic Borderline LVH Multiple MV echoes
Hurler's syndrome murmur grade 1/6 (case 1) (case 1, 2)

LSE (case 2)

3-5 MPS IH/S Ejection systolic P duration at upper limit, Thickened MV annulus
Hurler/Scheie syndrome murmur grade 1/6 prolonged PR, (case 4)

LSE (case 3) QBS duration above
98% (case 3)

6 MPS IIA Heart sounds normal Table 1 Thickened AV,
Hunter's syndrome (severe) mild AS and AR,

minimal MR

7 MPS IIB Ejection systolic Table 1 Thickened AV,
Hunter's syndrome (mild) murmur grade 2/6 mild AS,

4th LICS minimal PVR

8-10 MPS IIIA Heart sounds normal QT, prolonged (case 8) Minimal MR (case 8),
Sanfilippo type A multiple mitral echoes

and MV prolapse (case 10)

11 MPS IIIB Ejection systolic Table 1 Table 1
Sanfilippo type B murmur grade 1/6

4th LICS

12-22 MPS IVA Ejection systolic QRS duration 0.08 sec Small ASD secundum
Morquio's disease murmur grade 2/6 (case 13, 16). (case 12, 13).
type A 2nd LICS (case 13) QT, prolonged (case 13, 14) Minimal PVR (case 18),

and LSE (case 19) mild TR (case 19),
slight MV thickening and
multiple MV echoes (case 20)

LSE=left sternal edge; LVH=left ventricular hypertrophy; MV=mitral valve; AV=aortic valve; AS=aortic stenosis; AR=aortic regurgita-
tion; MR=mitral regurgitation; PVR=pulmonary regurgitation; LICS=left intercostal space; TR=tricuspid regurgitation; ASD=atrial septal
defect.

much less striking than those described by other
authors. 8 Again the difference in the findings
between our study and other studies may be because
of an ascertainment bias that is present in other series.

In our series only six of the 21 patients showed
multiple echoes or evidence of valvular thickening
(cases 1, 2, 6, 7, 10, and 20) on M mode and 2D
echocardiography. However, Johnson et a17 using M
mode echocardiography only found that all five of
their patients showed multiple MV echoes suggesting
thickening of the anterior and posterior MV leaflets
and considered that multiple valvular echoes were a
frequent and characteristic finding in the mucopoly-
saccharidoses. In our series evidence of valvular
involvement is, in general, less than other authors
have described on the basis of similar investigations.
Aortic valve disease, in particular aortic regurgitation,
is commonly cited23 24 as a complication of Morquio's
disease. However, none of our 11 Morquio type A
(MPS IVA) cases showed evidence of aortic valve
disease. In case 4 (MPS IH/S), the echocardiogram
suggested calcification of the mitral valve annulus but
this was not confirmed on chest x ray. A very similar
case was described by Johnson et a17 with the
calcification again not being confirmed radiologically.
It is probable that these findings result from muco-
polysaccharide deposition within the valve ring.

Other authors3 5 have reported raised blood
pressure in MPS patients, the aetiology of which is
unclear. Krovetz and Schiebler5 suspected a com-
bination of chronic hypoxia and narrowing of the
systemic arteries by plaques.

Since many authors have confined their investiga-
tions to a biased sample of patients it is probable that
the extent of cardiovascular involvement in the
mucopolysaccharidoses has been overestimated.
However, although our patients ranged in age from

4 months to 36 years the age range in the MPS IH
(Hurler) patients was only 4 months to 1 year 2
months. Similarly the age of the MPS IIA (Hunter,
severe) patient was only 2 years 7 months. On the
other hand the MPS IH/S (Hurler/Scheie) patients
ranged from 4 years to 20 years, the MPS III
(Sanfilippo) patients from 5 years to 13 years, and the
MPS IVA (Morquio type A) patients from 8 months
to 36 years. Thus the paucity of cardiac abnormalities
might be a reflection of the relatively young age of
some of our groups of patients, but it is unlikely that
this would provide a full explanation for the paucity of
findings in all cases. Without doubt these patients
develop progressive valvular involvement so that at
necropsy marked valvular thickening may be present.
However, this does not mean that the majority of
patients will have symptoms or signs of cardiovascular
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disease or will die from cardiac causes. A prospective
study of all patients with MPS would give a truer
incidence of clinically significant cardiovascular
disease than isolated case reports. In addition, the rate
of diastolic filling and LV compliance may be more
sensitive indicators of muscle dysfunction and their
assessment might yield further information on
mucopolysaccharide deposition within the myo-
cardium.
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