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Summary

Serial non-invasive studies including echocardiography were performed for the evaluation and
follow-up of the cardiac lesions in six cases with genetic mucopolysaccharidoses. These cases were
classified by the enzyme assay into one case of Scheie syndrome, three of Hunter syndrome, one of
Sanfilippo syndrome and one of Maroteaux-Lamy syndrome.

The echocardiographic examination revealed the most striking change in the mitral valve,
which was progressive with increase of the age in most cases. The mitral valve echo was dense and multi-
layered with a decreased diastolic descent rate (DDR) in the M-mode echocardiogram, and its thick
leaflets showed diminished opening on the two-dimensional echocardiogram.

The aortic valve echo was also dense in three cases including one case with the prolapse of the
non-coronary cusp into the left ventricular (LV) cavity. The pulmonary and tricuspid valves
showed an unremakable change, although the echocardiographic signs of pulmonary hypertension
was observed in two cases.

Diffuse hypertrophy of the interventricular septum and LV posterior wall was observed in five
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cases and apical hypertrophy was found in a case of Hunter syndrome (Case 2). Parameters of the LV
contractility showed almost normal values but the distensibility of the LV posterior wall was impaired
in two cases, suggesting stiffness of the cardiac muscle.

Although no ischemic change was observed on the electrocardiogram, the echo density of coronary
artery wall was not uniform on the two-dimensional echocardiogram and dilated coronary artery
was found in two cases.

Phonocardiograms disclosed an aortic regurgitant murmur in one case and an apical mitral regur-
gitant murmur in two cases. In one case of Scheie syndrome, a pansystolic murmur (Levine 3/6) and a
mid-diastolic rumble (Levine 2/6) were present at the age of 15 and 16, but after the transient increase
in the loudness these disappeared at the age of 18 and only an ejection systolic murmur is audible at
the present time, while the mitral valve showed a progressive limitation of the movement on the two-
dimensional echocardiogram. Contrary to the reduced DDR and diminished opening of the mitral valve
in 3 cases, neither diastolic rumble nor opening snap was recognized in the phonocardiogram.

The echocardiographic findings seemed to reflect the patho-anatomical manifestation of this
disease, and thus, the periodical echocardiographic evaluation is rewarding to assess the cardiac lesions
and their progression in mucopolysaccharidoses.
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Table 1. Classification of mucoploysaccharidoses (modified from McKusick®®)
Designation Name Enzyme deficiency Excreted glyco- Organs mainly
saminogoglycans affected
MPS IH Hurler a-L-Iduronidase D.S H.S Central nervous system
skelton viscera
MPS IS Scheie a-L-Iduronidase D.S H.S Mild relative to IH
MPS IH/IS Hurler | a-L-Iduronidase D.S H.S Phenotype intermediate
Scheie between IH and oS
MPS II severe Hunter Iduronate sulfatase D.S H.S Central nervous system
& mild skeleton viscera
MPS IIIA Sanfilippo A Heparan N-sulfatase H.S Central nervous system
MPS IIIB Sanfilippo B N-acetyl-a-D- H.S Central nervous system
glucosaminidase
MPS IIIC Sanfilippo C a-glucosamine-N- H.S Central nervous system
acetyl transferase
MPS IIID Sanfilippo D N-acetyl-glucosamine Central nervous system
—6-sulfate sulfatase
MPS IVA Morquio A galactosamine 6- K.S Skeleton viscera
sulfate sulfatase
MPS IVB Morquio B B-galactosidase K.S Skeleton (mild)
MPS VI Maroteaux-Lamy Arylsulfatase B D.S Skeleton
Severe inter-
mediate mild
MPS VII Sly B-glucuronidase D.S H.S Central nervous system
viscera
MPS VIII DiFerrante N-acetylglucosamine K.S H.S Skeleton
—6-sulfate sulfatase
D.S=dermatan sulfate; H.S=heparan sulfate; K.S=keratan sulfate.
Table 2. Clinical features of six cases
Case Type Age/Sex Main clinical features PCG CTR
1 MPS-IS 18y/male Cloudy cornea, stiff joints, disturbed Apical pansystolic mur- 57%
hearing, normal intellect, visceromegaly = mur (2/6), diastolic rumble
2 MPS-II 18y/male Disturbed vision & hearing, no corneal Soft ejection systolic 70%
opacity, barrel chest, normal intellect, murmur, accentuated IIP,
hepatosplenomegaly no opening snap
3 MPS-II 13y/male Stiff joints, disturbed hearing, Early diastolic murmur 649%
hepatosplenomegaly (3/6) at 3LIS. B.P: 130/60
4 MPS-II 2y/male Normal intellect, stiff joints, Apical pansystolic 549%
organomegaly murmur (2/6)
5 MPS-IIIB 6y/male Mental retardation, viscelomegaly Soft ejection murmur 58%
6 MPS-VI 7y/female Turbid cornea, normal intellect, Harsh ejection systolic 629%

hepatosplenomegaly, consanguinity

(+)

murmur
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Fig. 1. Left ventriculograms of Case 1 (MPS-IS) at the age of 16.

A and B: right oblique views; C and D: left obluque views.
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Fig. 2. Phonocardiograms of Case 1.

A: a pansystolic murmur (3/6) and a mid-diastolic rumble (3/6) were recorded at the age of 17. B:
only an ejection systolic murmur (2/6) was recorded at the age of 18.
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Fig. 3. Two-dimentional echocardiograms of Case 1.
A recorded at the age of 15. B: recorded at the age of 17. C: recorded at the age of 18.
The mitral valve shows progressive thickening and opening limitation.
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Table 3. M-mode echocardiographic findings of Case 1

Nov., ’79 July, ’80 Nov., 80 Mar., ’81 Aug., ’81 May, ’82 Oct., ’82
1Vs mm 7.0 6.3 6.5 7.5 7.0 8.0 7.5
LVPW mm 7.0 6.5 7.0 9.0 8.5 7.5 7.5
AoD mm 25.0 27.0 21.5 27.5 24.0 27.5 25.5
LAD mm 19.0 25.5 28.5 26.0 25.5 25.5 30.0
LVDd mm 40.0 34.0 43.0 46.0 40.0 40.0 40.0
LVDs mm 28.0 22.5 25.5 29.0 24.5 27.0 24.0
mVCcF cir/sec 1.06 1.13 1.06 1.23 / 1.45
LVEF % 66 72 76 75 77 69 78
DDR mm/sec 45 40.5 40 40 41 26 21.5
mPWVs mm/fsec 50.8 18.5 34.6 44 .4 42.0 32.2 52.5
mPWVd mm/sec 90.8 60.0 80.0 69.2 67.1 77.8 78.8
Age/BSA 15 y/1.20 M2 16y 17 y/1.25 M? 18y

IVS=interventricular septum; LVPW=left ventricular posterior wall; AoD =aortic dimension;

LAD =left

atrial dimension; Dd=end-diastolic dimension; Ds=end-systolic dimension; EF=ejection fraction; DDR=
diastolic descent rate of the mitral valve; mVcF=mean velocity of circumferential fiber shortening; mPWVs &
d=mean LVPW velocity during systole & diastole; BSA=body surface area.
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Table 4. M-mode echocardiographic findings

of Case 2
Feb., July, May, Oct.,
’81 ’81 82’82
IVS mm 11.5 10 10.5 11
LVPW mm 8.5 12 9.2 7
AoD mm 20 20 23 20
LAD mm 27.5 24 26 28
LVDd mm 30 21.5 27.5 30
LVDs mm 16 14 17 16
mVCF cir/sec 1.83 1.55 1.74 |
LVEF % 77 72 76 86
DDR mmfsec 11.0 10.0 9.5 7.0
mPWVs mmy/sec 32.8 35.4 26.2 |/
mPWVd mm/sec 39.5 41.5 29.2 |/
Age/BSA 17y 18 y/0.96 M2

Abbreviations: see Table 3.
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Fig. 4. Chest radiogram and electrocardiogram of Case 2 (MPS-II).
Chest X-ray shows marked cardiomegaly and pulmonary venous congestion. Electrocardiogram
shows right axis deviation, right ventricular hypertrophy, left atrial overload and low voltage of ventri-

cular complex.
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Fig. 5. Phonocardiogram of Case 2.
A soft ejection systolic murmur and a split second heart sound with accentuated pulmonic
component are noted.

Table 5. M-mode echocardiographic findings of 6 cases

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Age/BSA (M?) 18 y/1.27 18 y/0.95 717 y/1.02 72y/0.5 6y/0.76 7 y/0.65
IVS/I:VPW ratio - 1.0 1.1 0.9 1.0 0.9 1.1
AoD mm 25.5 23.0 26.5 16.5 23.5 20.5
LAD mm 30.0 26.0 24.5 15.5 21.5 21.0
LVDdi mm 40.0 27.5 42.0 32.0 43.0 35.5
LVDs mm 24.0 17.0 30.0 22 26.0 22.0
LVEF % 78 76 64 68 78 76
mVCF cir/sec 1.45 1.74 1.02 1.48 1.18 1.62
DDR : mm/sec 7 21.5 9.5 93 7120 82 36.7
mPWV; mmy/sec 52.5 7”"26.2 734.5 - 47.5 365 - 31.5
mPWVd mm/sec 78.8 2_92 39.5 62.5 7 787.5 69.5

Abbreviations: see Table 3.
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Fig. 6. M-mode (A) and two-dimensional (B) echocardiograms of Case 3 (MPS-II).
A: The mitral valve shows multiple echoes and reduced DDR, and tricuspid valve echo is dense.
B: Lower panel shows hypertrophy of the septum and posterior wall, decreased LV dimension and

thickened mitral valve leaflet.
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Fig. 7. Phonocardiogram and two-dimensional echocardiograms of Case 3 (MPS-II).
Phonocardiogram demonstrates a regurgitant diastolic murmur. A dense aortic valve echo is seen
to prolapse into the left ventricle during diastole.
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Fig. 8. Distribution of echocardiographic aortic root dimension (A), left atrial dimension
(B), septal thickness (C) and left ventricular posterior wall (D) in 6 cases.
The area between two lines indicates the expected range of normal values from Goldberg?®.
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Table 6. Two-dimensional echocardiographic findings of six cases

1 MPS-IS 18y H H - — + + +
2 MPS-11I 18y + H + + + +H +
3 MPS-I1I 13y - + H + - + -
4 MPS-II 2y - + — - - — -
5 MPS-I1IB 6y - + - - — — -
6 MPS-VI 7y + + + - - + +

* MV =mitral valve; AV=aortic valve; PV=pulmonary valve; TV=tricuspid valve; IVS=interventricular

septum; Cor.A=coronary artery.
P ry
** L. severe; + : mild; — : normal.
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gfﬂ, EE‘:P, fmy EM

5. L ICLBEBEEEREIC L 2BERZRS
FBZLBRTERMPol.

SEO 6 EFZWTRLEFERTHY, T0#E
TR TR ORI B b ITHEIC X B REFH
FRESEIC L. —RIC A aEEERoERHIL
O BHMBITIREEZRL 9 5L, ElOREIC
BB B R Eh 3. 19724 Krovetz
51243, MPS-III, MPS-VI ifmE»sP AN &
EZ2bhTWADEFNVE WD TH Y,
MPS EJRRIC & BIRED BEZ IV L
RT3, Fa 6T, 1FERFNTLREH
B s hie s (Table 6), JEF1 D 2L, RO
BEwWikseifToiedrol.

AEOLFEEICHAL T, MEFRCETsHE
Bbokbl, D 90% LLEITREIRD
bhTWn3. JREFENITE, & D RIEL LR
R B Y, BB scalloping ¥ 7ci3E
HREEL, SbRAHFRSETIEE LFELIET
U, AR b ALTEG EIIcgE. Baeo 6
Bl LEIERREI R, BEERELSRE==
—, JBE, =a—EEoEH, DDR o TiL
REEshE. ROEHEIREEE KA T
1= %%, BRECEIRR 38 o 7. EF 1,2 B X6 0 3
5l DDR & F %38 T35 2, Wih bBTE,
#EAEH] rumble §, opening snap HLBLEh TV
. ERERL 0k 5 REEORBTLFICE
LLBERRBdbhflbd Y, —fFKILFICK
% e F BIACEIRR (841 30k ©i3 mitral stenosis
LEHEhTWS) Oflii REEThHB LEXD
N5, I, REMIBFRASETRE L%
Lizsh s, PIEICERROBEROR—E
S O JEJE & EHE OFER, Wi HEE 2R L,
#HcIxHRORE L L, BAHIRIC X 2 HRARE
EXRREO P E BT X IEELLNS. 6
Fl iz OEEORME, EBKS, AKIE
BREERED T, UREHETEEDZ 24
THLEEROBBEZZEDOATHARN. V<
FHEFRBAE & R L EE T 5 23, KHEIERA,
HOEPERME, BRODHE~ DR, RO

WiERE DY U= FHREIRCAD N BFTR® T A

{, MPS EizknTix, FRHBL VA b h 5
diffuse ZfEE %D 5 b b, BEKYE
BIZEKBILES LEX DR S.

PHF o bz, KEBIRFASETE L LTHE
shTws. Krovetz &3 1968 42 |z 68 il
w48 FlicHEEEZRD, 19 FIRKEIRSPI
WERE L LBL, FRRUC 1972482033,
9 filrh 8 filic KEIRFWFOEPEE & 72 L Wi
LT3, HEMEEEMIcE, 1974 4 iz DiFer-
rante 73, X Bk # ¢ multilayered diastolic
echoes & KEMRFYH T & 3 HIEFATR 0
flutter %, M £ — Fhza—RZX 3BEFOH
BhHl L LTHELTW B, EF3EabhK
BIRS DEEIE~ OBBitkiz, TRIICHRESR
WA, HARRSEAICIE, cusp BIEELILER
kL, 2R BARILOFLDHB LShTNS.
. DFp OYEE M ST L ballooning %R 5 &
Stk L, EF3INXHIC, FEELE cusp 3
EEE~RNET 2R LTEEEAZ LD LS
zbhs. —J, Bk (BEMHIR) n3E b
B, KEIRFIAE & RRT 5 L OFT R A3 7%
<, MITBMREREILOFERETH - 7. i)
IRFFZE TP 722 <, AT BIRBAY I 3 il L
PHRERWTERE LEX bhi.

DM LEESR 5 ¥, gargoylic cell MfEIEIZIL
L+ BFER, Do contractility oK TS AL
5L EhTws. a0 EFTIE, EREIEE
(EF {3 X8 mVcF ff) 3 2FIER Th - 22,
2 Glic B EEREE DR T ABE & h, O ol
PR & 19724 Krovetz I, LD 7—7F
MR X Y, 21 fild 8 Flic EEIIREHIE D |k
B %W, 1973 4, Herd 5203, 3 o EEMGE
HESTL A6 LT MPS-III p@BF icHERHR
FMEIT, Z20% UL LITPREFHRLEE D
W UIER 2 #E LT3, %72 1975 4, Schie-
ken 59, M £—F.Lhxza—RKREEZ I flic
M7 L, 3 Blic@igFoEE==2—Lt DDR ok
TEBELTWED, Zzoob 1l EF fEHE
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mVCeF EMMEEThH o e LBEL TS, L=
VFIAT v AOBERFNFHTE LN, O
BCORREDOBSBABER LD Y, LRED
FHEELSBROBRIEETHS. Tk, iz
WHEFI2 0 X 5T, MidMELRE & Z0EENIKT
ERTEGITE, FHELO RS FRSh S
—7, DESEEMMRIZh TR Y BIEREED L O
WIEFI T, FIEISOFEEEETSALDLE
xbhd. FrEEOHEMILFAIEDLH, &

{ I fEHI 2 ik apical hypertrophy »388® b h
7z. L 2 L IVS/LVPW K, iz 09 55 1.1 &
diffuse ZJBE %R, DKo BERE LT,
Fig. 8 T/RL7z X 5 IC HEHITIZ EEEROHEK
DETHY, L & ITOFBIERSEHRL 72 L
EZibh3.

R ICEET 2 A TEEAR L O 1 o0 i@
BIRRETH Y, TRED |EDL £V, Lidsay
BIH 35% oFREIC EBIRKAEL B TR
D, RCHERELATBREF LD 5. B
SR I M PIIEIC & 2 SRS TR LIRZE 2 TURR
T35, BEERMCEERBZLVWEERTWS.
BEEFHNCREOFMIRETH 52, e o
6 filth 2 flic SEBIRZBIC EAZEEZRDTRY, 2
Bl L b KW EBIAREE DIEE DR ABIER S h Ty
38, LERTREBMEELEZED TW AR

R X AHEBFTRE, wWhbidz oRE oK
BTHY, ELREMBEIEODROLEBDORD,
BYVBELLI T —F Vi 8 OBIMAIRE T L
B, EFre—EoLoRECIHME+sZ Li3F
BlrBEICLL . BERDL L, FEELHETH
AHECh 2 BFEREE X, MPS EolwmEs
RBBET S T2 o FEL BMED MmEmicisy
T, BERREEZHL M LB ER sREk
LEZBRB.

F & ®

1) MPS E0LRERELE, »o%THETH
Y, EREEED BRI ERE LS 2R 5.
Bt X &, OEX, OFXA L 0B mERE

2 2 BFERGRFEAED 6 4

TIREOLDREDOTMIRETH Y, BEFHEFEN
BRFEZ, RBEBELE WHELOBELFET 5L
ICEHETDH 3.

2) EIERRELL - L b, ZoXREIFHF
FIEEIRIC X 2MAEELEZX DN B8, TOR
OB S I & b ICERTT 5.

3) X diffuse RBERETRT R, ERBEE
WRREDET 0B bh BESI T, s LELE
kAT 5 0IREE FRERE RN EEILR
3.

-3 #

BEEL a ZERBREECAHT 3 0REL
T OEITIREE Rt 270, 6EFZ FRIT,
JEBMARE, < kbza—HRFICLY, &
R ICBIE R IT Lie. ERILPIBEHZ2H 21T
vy, Scheie JEfEEEL 5], Hunter SEFEEE3 #),
Sanfilippo fE#RE 1 1, Maroteaux-Lamy fEf&
Hlplchok. L=a—[ERETIZ, BIERRK
ERbo bR 2FIBDbh, ML & bic
EITHABR. M E—Fbhza—KTiE, £
[~ = — LIBRAIBIRBIBHEE 0 K T N BEg
h, BBl a—KTix, FREFIZESIEE -
B LRKTIRERED . KBRFz=—i3, 3
BlIZEE 2R 22, 14, EERoLEEE~
OHEPPBE S hic. =ZL7-MBARAE 0Lk,
bTFPTHoH, 24licdh=a—X EfiELE
AT BT R 28807 LERRALLCICESR
BEEG S HICIBER D Y, 1HlICLREEE %R
»ic. EEHERE (EF & mVcr f) 3ERIC
REE & T 7z B, HBEEHGERE (mPWVs
mPWVd) i1 2 fliiEF 238 bh, O oL
PPl S hic. DERTIE, O ORMmAT R A
oleh3, 2 HoEiELT 2 —KICESEEIREE
DTa—EEICERRDY, —ROHELEHT
bole. LERTOFMI, 1Hlic KBRS
HE, 20ICIBRYTHET 2R, HiEH
DDR ETF o 3 filicix, BRHMIEREST 022
kL, MRAMEETCHBIERRAKE GRS T, M
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%MW, Hf, TH, &

TR o L BRI R TH - 2. 18 %o
Hunter JE@RE T3, —REHIER 2B U0
s (Levine 3/6) LILERHIZ v T A bk
L, MEAEGSE 3 I BRI RIHE (2/6)
PERTB0ORE RS, LDEI—RTEIO
R, fEIEFHBAHIRR OHEABER S iz, FER
BB 2R RURELEERREICL - TFF
fliTsz 3 BBoBIFNCLY EEL EXOL
5.

Kz sicEr KEEBDLYELEL—6 X
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