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= Abstract =A single dose crossover pharmacokinetic study of amitriptyline and nortripty-
line was done to find out the extent of first-pass metabolism to nortriptyline after amitripyline
administration, and the contribution of nortriptyline during amitriptyline therapy. Six healthy
male volunteers took part in this study and were given single doses (50 mg) of amitriptyline
and nortriptyline at more than three-week intervals. Plasma concentrations of the drugs were
measured up to 48 hours. Total area under the plasma concentration-time curve (AUC) of
amitriptyline (744.6+258.4 ng/mlh) was smalter than that of nortriptyline {1497.3+589.8
ng/mlh}, and the mean terminal half-life of amitriptyline (21.8+3.9 hr) was shorter than
that of nortriptyline (36.8+5.9 h). The total area under the plasma concentration-time curve
of nortriptyline produced by amitriptyline administration was 498.1+274.5 ng/mlh, and the
fraction produced by the first-pass of amitriptyline was 33.7+£10.5%.

From this data, it can be estimated that the average nortriptyline concentration could be
about 40% of the total tricyclic antidepressants present in the plasma of patients taking
multiple amitriptyline therapy at steady state. About 34% of nortriptyline is produced by
first-pass effect during gastrointestinal absorption of amitriptyline to systemic circulation re-
sulting from N-demethylation of amitriptyline in the liver. Then, the rest of the nortriptyline is
formed continuously at a rate proportional to the rate of amitriptyline elimination.
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INTRODUCTION

For the treatment of primary unipolar depress-
ion, the clinical response of tricyclic antidepress-
ant is reported to be less than 70%(Bennett,
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variability of the drugs. Among these, the interin-
dividual differences of pharmacokinetic prop-
erties are currently being emphasized. Some in-
vestigaters reported that a same-dose regimen
of tricyclic antidepressant can result in 30-fold
difference in the steady-state total plasma con-
centration of tricyclic antidepressants, and re-
ports of 5-t0-10 fold differences are frequen-
Hammer et al, 1967; Asberg, 1976).

Amitriptyline is a tertiary amine tricyclic antide-
pressant frequently used in depressed patients.
The tertiary amine, amitriptyline is metabolized
by N-demethylation and benzylic 10-hydroxylation
(Bahr, 1972), whereas the demethyl metabolite
nortriptyline is primarily metabolized by
10-hydroxylation. The degree of demethylation
of amitriptyline might be clinically important be-
cause the metabolite formed is active and may
reach high concentration in plasma comparable
to the parent drug(Braithwaite et af, 1972; Rol-
lins et al., 1980}. The variability in this disposition
process of amitriptyline can be considered to be
the cause of this large interindividual difference
in the steady-state total plasma concentration
and therapeutic outcome. A considerable portion
of nortriptyline product after an amitriptyline
dose is suggested to be produced by presyste-
mic elimination during absorption, because amit-
nptyline shows low bicavailability(30 to 60%) in
spite of rapid and complete gastrointestinal
absorption{Gram et al, 1975; Jorgensen et al,
1976). However, little attention has been paid to
the importance and the degree of the first-pass
demethylation of amitriptyline in relation to the
nortriptyline concentration during amitriptyline
therapy.

The objectives of this study were to define
more completely the kinetics of amitriptyline eli-
mination and the interindividual variations of
amitriptyline demethlation pathway by crossover
pharmacokinetic study with amitriptyline and nor-
tniptyline.

MATERIAL AND METHOD

1. Subjects and study design

Six healthy male adults (age: 25-29, body
weight: 55-87 kg) with normal blood chemistry
and ECG finding took part in the study. None
took any medication for at least one week be-
fore this study. Written informed consent was
obtained from each subject.

Amitriptyline and nortriptyline 50 mg(25 mg
tablet) were administered in a crossover design
seperated by more than three-week interval
considering the long half-life of the drugs. Drugs

were given orally after an overnight fast. No
further food or tea was taken for at least four
hours. Seventeen samples of venous whole
blood were collected up to 48 hr after the drugs
were given. An indwelling catheter was inserted
into a forearm vein locked with heparin{100 unit/
ml}), and centrol blood was drawn before drug
administration. Collections of 7 ml blood sam-
ples were made at the following times after
drug administration: 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4.
5. 6.8, 12, 14, 24, 36 and 48 hours. Heparinized
blood was centrifuged at 1000 g for 10 minutes
immediately after collection, and plasma was
stored frozen at —207 until plasma drug level
determination.

2. Assay of plasma amitriptyline and nortrip-
tyline concentration

Plasma concentrations of tricyclic antidepress-
ants were determined by modifying previously
reported HPLC methods (Proeles et al, 1978;
Preskorn et al, 1980; Coggins et al. 1980 Suck-
ow et al, 1982) to improve sensitivity. The
HPLC system consists of a Gilson 302 pump,
Gilson 116 variable wave length UV detector,
Rheodyne injector with 100 ul exiernal loop,
C-RBA integrator(Shimadzu) and Cg reversed
phase column (30 cm x 1.9 mm). Potassium
phosphate (monobasic), phosphoric acid, hyd-
rochloric acid and sodium hydroxide were ali
analytical grade, and pentansulfonic acid (Sigmal,
triethylamine (Aldrich), isoamylalcohol {Merck)
and hexane (Aldrich} were used as supplied by
the company.

A stock solution {1 mg/ml in 0.1 N HCl) of
amitriptyline(Aldrich), nortriptyline(Sigma) and in-
ternal standard loxapine (Lederle} were prepared
and diluted with 0.01 N HCI solution before use.
The extraction procedure of tricyclic antidepress-
ants from plasma was as follows. Two mililiter
of plasma, 100 ul internal standard solution(lox-
apine, 50 ng) and 200 ul 1.5 N sodium hydroxide
solution in 15 ml polypropylene conical tube was
extracted with 6 ml of 2% isocamylalcohol in hex-
ane. After shaking for 90 minutes and centrifuga-
tion at 1000 g for 15 minutes, 5 mi of organic
layer were seperated. Two hundred microliters
of 0.1 N HCI solution was added to the organic
layer and shaken for 30 minutes. After centri-
fugation, the seperated organic layer was dis-
carded and 100 ul of aqueous layer was injected
into the column. The mobile phase of HPLC was
0.1 M KH; PO4/Acetonitrile (65/45), pentansul-
fonic acid 5 mM, triethylamine 10 mM, and pH
of the solution was adjusted to 4.0 by phosphor-
ic acid. All the solvent was filtered and degassed
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Fig. 1. HPLC chromatogram of extracted plasma after
oral administration of 50 mg amitriptyline.

with 0.45 gm pore-sized filter before use. The
flow rate of mobile phase was 1.5 ml/min.
and wave length of UV detecter was set at 214
nm with sensitivity of 0.01 AUFS. The standard
curve was linear, from 2 ng/ml to 50 ng/ml.
Detection limit of amitriptyline and nortriptyline
was about 1 ng/ml, and extraction recovery was
about 70%. The representative chromatogram of
amitriptyline, nortriptyline and internal standard-
(loxapine) from the plasma of study subject is
presented in Fig. 1.

3. Pharmacokientic Analysis

Plasma concentrations of amitriptyline and nor-
triptyline were analyzed by noncompartmental
model

1) Calculation of AUC, Clearance, Vduea
t;,2p and MRT of amitriptyline and nortripty-
line

Terminal elimination rate constant{(3) of the

drugs was obtained by least square method on
semilogarithmic plot of plasma concentration and
time. Plasma half-life at the elimination phaselt; ,
2} was calculated as 0.693/ 3. AUC(area under
the plasma concentration time curve) was caicu-
lated by a trapezoidal rule until time to peak con-
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centration and by loganthmic-trapeziodal rule
from peak time to the last samplng tme. After
the last sampling time, AUC was calculaled as
Cpus (plasma concentration at 48 hours) divided
by ;3. Clearance(CL/F} after oral does was
calculated as the dose divided by the total AUC,
and volume of distribution during the elimination
phase was calculated as Vd.../F — Dose/ ;3
AUC(co),

2) Analysis of nortriptyline production from
the dose of amitriptyline
The total amount of nortriptyline(NT} produced
up to time “t” after amitriptyline dose is the
amount eliminated until time "t” plus the
amount existing in the body.

Total NT = CLyAUCK 4+ Conith Cly/ 3 (1)

Nortriptyline can be expected to be formed in
two phases. Some will be formed during the fir-
st-pass of amitriptyline through the liver, and
subsequently the amount of amitriptyline elimin-
ated from systemic circulation would result in a
certain amount of nortriptyline entering the sys-
temic circulation.

Let this fraction to be x, then the amount of
nortriptyline formed by amitriptyline elimination
from systemic circulation until time “t” is
xCLa-AUCA(L). If the total amount of nortriptyline
produced in the first-pass metabolism of amitrip-
tyline is to be X, then at all times after absorp-
tion and first-pass metabolism is complete, the
following relation can be derived from equation

(1.

CLNAUCKANHD + Cp \(UICL/ 3 = X + xCla
AUCA(Y)

or AUCha{th + Conlt)/ By = X/CLyt x/Cla
/7 AUCAIL/Cly {2)

3~ the elimination rate constant of nortriptyline
cannot be obtained from amitriptyline dose. So
the crossover administration of nortriptyline is re-
quired to know the elimination rate constant of
nortriptyline. i A is known, the left side of
equation{?) can be calculated at each value of
“t“ and plotted against AUCA(t). The graph
would be a stragiht line when first-pass meta-
holism is complete. The intercept, X/CLy is the
AUC of nortriptyline formed by the first-pass
metabolism of amitriptyline. When “t”
approaches infinity, left side of eguation ts AU-
Crnaloe), total AUC of nortriptyline formed from
amitriptyline dose, and this value determines
steady-state average plasma concentration of
nortriptyline after multiple amitriptyline therapy




by the relation of

Cpss‘ave = AUCN(A)(OO}/ T (v = dosmg in-
terval).

RESULTS

Representative plasma levels of amitriptyline,
nortriptyline and nortriptyline after amitriptyline
dose are presented in Fig. 2. After 50mg oral
dose, amitriptyline peak plasma concentration is
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Fig. 2. Plasma concentration time curves of single oral
dose of 50 mg amitriptyline and 50 mg nortrip-
tyline in subject 2. Filled triangles are plasma
levels of nortriptyline produced after amitripty-
line dose.

attained before four hours. Then plasma level
showed relative rapid declining distribution
phase, followed by a linearly declining elimiation
phase. Nortriptyline formed after the amitripty-
line dose peaked before five hours after dose
but did not show definite elimination phase until
48 hours. Same dose of nortriptyline resuited in
lower peak plasma leve! than amitriptyline, and
slower decline of plasma level in the elimination
phase.

Pharmacokinetic summary after amitriptyline
50mg single oral dose is summarized in Table 1.
Total AUC of amitriptyline was 744 6 ng/
ml-h{461.4-1184.9) in average, and mean resi-
dence time was 27.8 hours. The terminal half-
hfe averaged 21.8 hours {15.4-25.6}, and mean
peak concentration and time to peak were 50.7
ng/mi(31.7-89.6) and 2.6 hours(1.5-4), respec-
tively. The volume of distribution{Vd,e,/F) was
2222 1L(1478-3005} and average total bedy clear-
ance was 73.6 L/h{42.2-108.4).

Pharmacokientic summary of nortriptyline is
presented in Table 2. Mean AUC was 1497.3 ng
/mi-h{1044.8-2473.3), and mean residence
time(MRT) was 53 hours (40.9-66.1) in average.
Terminal half-life at elimination phase was 36.8
hours (29.56-42.6). Peak plasma concentration
and tme to peak plasma concentration were
38.3 ng/mi(21.3-59.3) and 4 hours(3-5), respec-
tively. Volume of distribution(Vd,e./ F) was 1910

Table 1. Pharmacokinetic summary of amitriptyline after single 50 mg oral dose

Subject Body Weight AUCafeo)  MRTx Tig,
No. kg {ng/mt-h) th)
1 66 871.7 337 2586
2 87 592 9 29.6 247
3 63 7553 267 215
4 55 6015 241 190
5 63 11849 318 243
6 70 461.4 208 154

Mean 744.6 278 218

SD. 258 4 49 39

Vd,ea/F CL/F Peak Concentration Time to Peak
L dt/h)  (ng/mll Concentrationfh}

2120 57.36 48.6 2

3005 84.33 486 3.5

2050 66.20 45.0 3

2279 83.12 49.4 15

1478 4220 896 15

2401 108.37 317 4

2222 73.60 50.7 26
498 2332 20.2 1.1

AUC,(oo}: Total area under the plasma amitriptyline concentration-time curve

MRT4: Mean residence time of amitriptyline
Tl 5. Terminal half-life of amitriptyline

Vdaea/F: Apparent volume of distribution during the /2 -phase

CL: Total clearance
F: Bioavailability
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Table 2. Pharmacokinetic summary of nortriptyline after single 50 mg oral dose

Subject Body Weight AUCh,...) MRTy T4 5 Vdaea/F CL/F Peak Concentration Time to Peak
ﬁ;. {kg) (ng/ml-h) {h} _(h) B (_L) {L/h) (ng/ml)_ Concen!{a_tion{h)

1 66 1959.8 66.1 43.8 16711 159.48 475 35

2 87 1300.5 469 295 1639 24038 305 5

3 63 1194.0 409 308 1534 261.73 300 4

4 bb 1044.8 509 37.0 26bb 229.13 40.3 3.5

5 63 24733 57.0 372 1075 12635 53.3 3

6 70 1010.8 669 426 3044 309.18 21.3 5

Mean 67.3 1497 .3 53.0 36.8 1910 2327 383 4

SD. 10.8 589.8 88 59 735 746 13.8 0.8

AUCy(e0): Total area under the plasma nortriptyline concentration-time curve

MRTy: Mean residence time of nortriptyline
T4 5: Terminal half-life of nortriptyline

Vd,.ea/ F: Apparent volume of distribution during the f-phase

CL: Total clearance
F: Bioavailabiity

Table 3. Nortriptyline production after single 50 mg oral dose of amitriptyline

Subject  AUCyafco)  Intercept  Intercept/AUCya{co) AUCafo0)/ AUCA(co)
(ng/ml-h}  (ng/mlh)
1 330.2 104.7 0.32 0.38
2 276.5 h6.4 0.20 0.47
3 b21.56 1294 0.25 0.69
4 730.4 232.4 0.40 1.21
5 908.4 305.1 0.34 0.77
6 2214 111.3 0.50 0.48
Mean 4981 167.1 0.34 0.67
S.D. 2745 1047 010 0.30

AUCalcc): Obtained from the grpah of AUCw,(t) + Ce /By against AUCA (Fig. 3).
AUCaloc} is the value of the ordinate when abscissa is equal to

AUC (0}

Intercept: Value of the ordinate when AUCL(t) is zero (Fig. 3).

L{1075-3044) in average and mean total body
clearance was 232.7 L/h{126.4-309.2).
Analysis of nortriptyline production by
N-demethylation of amitriptyline dose is pre-
sented in Fig. 3. The intercept of vertical axis is
the the AUC of -nortriptyline formed by the fir-
st-pass metabolism of amitriptyline. When the
horizontal axis value is the value of the total
AUC of amitriptyline, the vertical axis value is
the total AUC of formed nortriptyline from the
amitriptyline dose. The pharmacckinetic detalis
of nortriptyline production from amitriptyline

doses in six vounteers are summarized in Table
3. Total AUC of nortriptyline formed from amit-
riptyline was 498.1 ng/ml-h{221.4-908.4) in
average, and the AUC of nortriptyline formed
during first-pass of amitriptyline was 167.1 ng/
ml-h(56.4-305.1). About 34% of nortriptyline is
produced during the first-pass through the liver
dunng absorption of the amitriptyline dose. From
the ratio of the total AUC of amitriptyline and
nortriptyline after amitriptyline dose, it could be
expected that the ratio of the steady state aver-
age plasma concentration of amitriptyline and
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Fig. 3. Analysis of Ist-pass production of nortriptyline
after amitriptyline dose: piotting of AUCa(t)
+ Cp w/ 8w and AUCA( in subject 2,
Intercept/AUCa{ce) represents fraction of nor-
triptyline produced by Ist-pass metabolism.
(AUCylt); area under the plasma concentra-
tion-time curve of nortriptyline formed by amit-
riptyline from time 0 to t, C,n; plasma nortrip-
tyline concentration, Ay; terminal elimination
rate constant of nortriptyline)

nortriptyline would be 1.5(0.83-2.63).

DISCUSSION

The plasma concentration-time curve of amit-
riptyline after single oral dose showed a distinct
distribution phase and appeared to be adequately
explained by triexponential term, two compart-
ment model. Peak plasma concentration occur-
red about three hours after dose and coincided
with main adverse effects of drowsiness and dry
mouth. This fact suggests that amitriptyline is
rapidly distributed to the corresponding receptor
site from the plasma pool, in contrast with the
delayed onset of the antidepressive effect.
Adverse effects were present in all the volun-
teers, and the potency of the subjective symp-
tom seems to be correlated with the peak plas-
ma leve! of amitriptyline. The plasma concentra-
tion-time curve of nortriptyline showed less
prominent distribution phase and slower elimina-
tion phase. The antihistaminergic and anticho-
linergic adverse effects, drowsiness and dry
month, were much less with nortriptyline than
those of amitriptyline in the same oral dose.

The half-lives of amitriptyline and nortriptyline
were similar to those reported by other authors
after giving single oral dose to healthy subject-
s(Rollins et al, 1980; Schuz et al, 1983) and
depressed patients(Preskorn, 1986). Total area of
plasma concentration time curve of amitriptyline
and nortriptyline were also similar to other re-
portsiAlexanderson et al, 1972; Gram et al,
1975). The pharmacokinetic parameters of both
drugs sucli as total AUC, peak concentration and
volume of distribution, showed large interindivi-
dual variations by as much as a three fold differ-
ence. This difference is notable considering that
the subjects were a relatively homogenous
population. However, the individual ratio of amit-
riptyling total area to nortriptyline total area was
relatively constant among subjects, with an aver-
age value of 0.5 and a coefficient of variation of

15%, suggesting that the pharmacokientic fea-
tures of tricyclic antidepressants are an indi-
vidually determined trait.

The total area of nortriptyline formed after 60
mg amitriptyline dose was 498.7 ng/ml-h in aver-
age, and it is 33.3% of total area resulted when
the same oral dose of amitniptyline was taken. If
oral bioavailability of nortriptyline is assumed 10
be 50%(Gram et al., 1975), 16.7% of the amit-
riptyline dose is converted to systemic nortripty-
line. Santagostino (1974} reported that nortripty-
line metabolites were 59% of the compounds
excreted in the urine after single oral dose of
amitriptyline and amitriptyline metabolites were
A1%. Taken together with our result, a consider-
able amount of nortriptyline metabolites do not
derive from systemic nortriptyline. Presumably,
this material is formed by the immediate trans-
formation of nortriptyline as it is formed in the
liver and also from demethlation of 10-hydroxy
amitriptyline.

From the result of our study, those volunteers
with high value of first-pass formation of nortrip-
tyline from amitriptyline tended to have a higher
ratio of total area of nortriptyline to amitriptyline
after an amitriptyline oral dose {r = 0.8). The fir-
st-pass demethylation seems to contribute
much to the steady-state concentration of nor-
triptyline in amitriptyline therapy. First-pass pro-
duction of nortriptyline averaged 34% of the tot-
al nortriptyline produced after amitriptyline.
However, the variability in first-pass production
of nortriptyline was profound, resulting in more




than three fold difference in the ratio of the total
amitriptyline area to nortriptyline area (0.8-2.8).
Therefore, it seems that the extent of the fir-
st-pass metabolism of amitriptyline to nortripty-
line contributes much to the plasma concentra-
tion of both tricylic antidepressants and also the
clinical outcome in amitriptyline therapy. Also,
the large interindividual variation of the pharma-
cokinetic features of amitriptyline can be partly
explained by the variability of the first-pass de-
methylation of the drug.
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tain at present how rare the spontaneous clo-
sure rate is and whether all the infundibular ven-
tricular septal defects develop aortic prolapse/
insufficiency or some other form of aortic com-
plication, such as sinus valsalva aneurysm in the
long run. Sequential observation on the progres-
sive changes in the aortic valve and sinus area,
along with a detailed anatomic study of the de-
fect and hemodynamic assessment, seems
necessary to understand some uncertainties in
the natural history of infundibular ventricutar sep-
tal defect.

Echocardiography has been very useful in
assessing the ventricular septal defect and aortic
valve and/or sinus disease (Bierman et al.,
1980; Sutherland et al, 1982: Terdjman et al.,
1984; Hagler et al, 1985). There have been
several reports on the echocardiographic findings
of infundibular ventricular septal defect, and
these showed that aortic valve prolapse can be
diagnosed by echocardiogram (Craig et al., 1986;
Menahem et al., 1986; Schmidt et al, 1988). In
addition to aortic valve prolapse, an echocardio-
gram should be able 10 identify the structure

bordering the defect and tc show the aortic
valve motion and other anatomic changes
around the defect. Furthermore, a Doppler study
has been used to gather hemodynamic informa-
tion, and color Doppler has been very useful in
assessing valvular insufficiency (Miyatake et al.,
1986: Helmcke et al, 1987; Perry et al., 1987).

This study was undertaken to asses the role
of echocardiography in infundibular ventricular
septual defect and to compare the echocardiog-
raphic findings with cardiac catheterization and
angiographic and surgical findings.

MATERIALS AND METHODS

All the patients who were operated on for in-
fundibular ventricular septal defect at Seoul
National University Children’s Hospital from octo-
ber 1987 to January 1989 were included in this
study. The doubly committed subarterial type
and the muscular outlet type were inculded, but
the perimembranous defect with outlet exten-
sion was not included. Severe pulmonic stenosis
with cyanosis (tetralogy of Fallot) were excluded,
but mild to moderate pulmonic stenosis with a
pressure gradient of less than 50 mm Hg were
included. It has been our policy to operate on all
the infundibular ventricular septal defects in view

of possible aortic complications. When patients
are symptomatic and fail to thrive, they undergo
operations in infancy. When they present an
asymptomatic murmur, they usually undergo an
operation after one year of age.

All patients had a chest X-ray, an electrocar-
diogram, an echocardiogram and a cardiac
catheterization and angiography before surgery.
Echocardiograms were performed using the Alo-
ka 880 color Doppler with a 3.0MHz and a
5.0MHz transducer. The Ultramark 8 of ATL was
used for the last few patients. A systemic
approach was used for two- dimensional echo-
cardiography with special attention given to the
structures bordering the ventricular septai de-
fect; the presence or absence of aortic valve
prolapse; the aortic vaive motion and other
structural changes around the defect. Prolapse 1s
regarded to be present when there is a valvular
bulge toward the right ventricular side or when
the aortic valve looks folded during systole in the
long axis view. The infundibular defects were
subtyped according to the structure bordering
the defect and the presence or absence of the
aortic valve prolapse. The defect size was mea-
sured from the lower margin of the defect to the
the remaining portion of the infundibular septum
in the muscular outlet types or to the pulmonary
valve annulus in the doubly committed subarte-
rial types. The diameter of the defect was di-
vided by the body surface area for standardiza-
tion and represented as mm/M2. Subsequently,
the Doppler study was performed to measure
maximal velocity through the ventricular septal
defect using centinuous Doppler incorporated in
a two dimensional image. In most cases, aortic
insufficiency jet was searched for through the
color Doppler technigue. Aortic insufficiency was
considered to be present when a spindle shaped
regurgitation jet from the aortic valve was persis-
tently demonstrated in the color flow image
Quantification of the insufficiency was not
attempted, but jet distance and jet width were
measured in a long axis color flow image, and
jet direction was also noted. When the insuffi-
ciency jet hit the mitral valve, the jet distance
was measured from the aortic valve to the mitral
valve. The jet width was measured and divided
by the anterior-posterior diareter of the left ven-
tricular outflow tract {Perry et al, 1987). Cardiac
catheterization was per formed under ketamine




anesthesia. An assumed oxygen consumption
value was used for flow calculation. A long axial
oblique view and a right anterior oblique view
were used for left ventriculography. An aortic
root injection was done in most cases using
right anterior oblique and left anterior oblique
views. Aortic valve prolapse was assessed (Tat-
suno et al, 1973a & b; Menahem et al, 1386},
and aortic regurgitation was graded by the usual
criteria {Grossman, 19886).

Operation records were reviewed for the size
of the defect, structures bordering the defect
and for the presence or absence of aortic valve
prolapse.

Student T tests were used 10 measure statis-
tical differences. A P value of <0.05 was re-
garded as significant. The least sguare method
was used for regression.

RESULTS

There were 80 cases. The male-female ratio
was 1.7 1o 1 and the age distribution is shown in
Table 1. Half of the patients who underwent an
operation were below the age of three years.

Table 1. Age distribution

Age under -2 -3 -4 -7 -10 over Total
{year) 1 10
No 19 15 6 9 11 8 12 80

For the purpose of description, infundibular
septal defects were subclassified into 4 groups
according to structures bordering the defect and
the presence or absence of the aortic valve pro-
lapse {Fig. 1). In the first group (Group 1), pui-

Fig. 1. Echocardiogram of each subtype. A and B are "doubly committed subarterial type,” which show continuity
between the pulmonic and the aortic valve. There is no aortic valve prolapse in A but thereis in B. Cand D are
“muscular outlet type.” There is an intervening muscle strip between the pulmonic vavle and the aortic
valve. The prolapse is noted in D but no aortic valve proiapse in C.
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monary valve annulus forms in the upper margin
of the defect from the right ventricular aspect,
and this has been called a doubly committed
subartenal defect. Group 1 was divided into two
according to the presence or absence of aortic
valve prolapse. When there is no prolapse, there
is a direct continuity between the pulmonic valve
and the aortic valve, and the large functioning
defect is roofed by valvi continuity (Group 1a). In
some members of this Group 1a, the remaining
infundibular septum is deviated posteriorly caus-
ing a subaortic obstruction. On the other hand, if
there is a prolapse, the pulmonic valve is con-
tinuous with the prolapsed protion of the aortic
valve and the greater part of the defect is closed
by the prolapsed cusp (Group 1b). In the second
group{Group 2), the defect is bordered entirely
by muscular tissue from the right ventricular
aspect, but from the left ventricular side, an aor-
tic valve annulus forms the margin of the defect.
This has been called the muscular outlet type.
Group 2 was also divided into two according to
the presence (Group 2b} or absence {Group 2a}
of prolapse. In each case, the defect was sub-
classified into subtypes on the basis of the sur-
gical findings.

The clinical characteristics of the various sub-
types are shown in Table 2. Groups la and 1b

{doubly committed subarterial defect) are more
common than groups 2a and 2b {muscular outlet
type). Group 1a usually presented congestive
heart failure in early infancy. The mean pulmon-
ary to systemic flow ratio was 3.4:1 {The cases
with another shunt lesion other than ventricular
septal defect were excluded from the computa-
tion of flow ratio). On the other hand, Group 1b
usually presented heart murmur in early child-
hood with or without a history of congestive
heart failure in the infancy period. There is only
one case in Group 2a. Group 2b is similiar to
Group 1b in the mode of presentation. The
mean value of the standardized size of the de-
fect in Group 1 {15.9mm/M2} is larger than in
Group 2(10.0mm/M2}, but the difference did
not reach a significant level. The standardized
defect size of Group 1a is bigger than that of
Group 1b or 2b. In Group 1a, six cases had
associated defects, mostly coarctation of aorta
and patent ductus arteriosus. Three cases which
had coarctation of aorta also had posterior mala-
lignment of the infundibular septum. In Group Ib,
six cases had associated anomalies.

The echocardiographic diagnosis of various
subtypes was compared with the surgical di-
agnosis (figure 2). Echocardiographic diagnosis
was the same as the surgical diagnosis in 72

Table 2. Clinical characteristics in each subgroup

Mean Age Sex Qp/Qs Incidence Defect Assoicated
Range Ratio of CHF Size Anomaly
{mo) in Infancy {mm/m2)
Group 1al16)* 6 1.7:1 341 100% 32.8 PDA + COA + AS(1)*
1~ 20 PDA + COA(1}
COA(1) PS(1)
PDA(2)
Group 1b{46} 74 1.6:1 1.2:1 17% 101 PS(4)
7~198 PDA + COA(1)
subsortic ridge(1)
Group 2al(1) 12 — 251 100% 54.1 MR(1)
Group 1b{17) 47 2.4:1 1.2:1 29% 7.4 PS(1)
8 ~ 145 subaortic ridge{1)

AS- aortic stenosis, COA: coarctation of aorta, CHF: congestive heart failure,
mo: months, MR: mitral regurgitation, PDA: Patent ductus arteriosus.
PS: pulmonic stenosis, Qp/Qs: pulmonary/systemic flow ratio
* The numbers in parentheses are the number of cases.
The same abbreviations are used in the other tables.
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Fig. 2. The echocardiographic diagnosis of the subtype is
compared with the surgical diagnosis.

cases. There were eight misdiagnoses. In four
cases, the small muscle strip below the pulmo-
nic valve was mistaken for fibrous annulus, and
in another four cases, the fibrous annulus was
mistaken for the muscle strip, but these two
kinds of mistake did not affect the surgical tech-
nigue.

The defect size measured on the two dimen-
sional still frame was compared with the one
measured during the operation(Fig. 3). Generally
there was a good correlation between these two
measurements. The R value was 0.81 {P<0.01).
However, there were a few cases which
showed significant differences between the two
measurements. Review of the echocardiogram
in these cases revealed that the maximum dia-
meter of the defect was not shown becasue of
a poor echocardiographic window.

Some qualitative changes of the aortic valve
motion were assessed on the two dimensional
picture. In Group 1la, the aortic valve motion
looked normal and the aortic valve hinged from
the fibrous raphe between the aortic valve and
pulmonary valve. One case in Group 2a also
showed normal aortic valve motion. In Groups

Size measured .
during operation
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Defect size by echocardiogram
Fig. 3. The defect size measured by the echocardiogram

is compared with the size measured during the
operation. The regression line is superimposed.

1b and 2b, {63 cases) there were three kinds of
aortic valve motion{Fig. 4). The most common
type (44 cases) was that, with the onset of the
ventricutar systole, the aortic valve made a bend
at the mid-portion and looked folded during sys-
tole. Concomitant with this, anterior or down-
ward protrusion usually became more pro-
nounced in systole. In the other 13 cases,
however, the prolapsed aortic valve looked fixed
at the upper margin of the ventricular septum
and did not slide cver the defect. The aortic
valve hinged from the left ventricular aspect of
the ventricular septal crest. In the remaining six
cases, a thin echogenic line extended from the
right ventricular aspect of the septal crest to the
middle of the prolapsed aortic valve. This mem-
brane bulged during systole, and the aortic valve
hinged from the point where the membrane was
attached to the prolapsed valve. The latter two
types of aortic valve motion may be related to
fibrotic change.

The degree of aortic valve prolapse was
assessed by echocardiography using parasternal
long axis and short axis views in the patients
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belonging to groups 1b and 2b, and the result
was compared with angiographic findings.
Groups 1a and 2a were excluded because there
was no one who showed prolapse on the two
dimensional echocardiogram, and only a few had
an aortogram. The grading of aortic prolapse by
echocardiography (Fig. 5} is as follows: “DOWN-
WARD PROLAPSE”: During diastole, the aortic
valve and sinus wall look noraml, but during sys-
tole, the aortic valve looks folded and usually
shows a bright dot at the bending point. The
portion between the bending point and the
anterior aortic wall is very thin, which is certainly
abnormal. There is no bulging toward the right
ventricular side. "MILD": When there was a
smali protrusion into the right ventricle and it
locked like a so-called “teardrop” in angiogra-
phy. “MQODERATE": The bigger and more anter-
ior protrusion. “SEVERE": The biggest protru-
sion into the right ventricular side. There usually
is a bright dot at the middle of the prolapsed
portion. Angiographic findings were assessed
according to the degree of the anterior protru-
sion and the deformity of the aortic valve/sinus
area, and these were graded as “no,” “mild,”
“moderate” and “severe”. The results of these
two studies are compared in Fig. 6. Echocardiog-
raphic "DOWNWARD PROLAPSE”"™ was re-
garded as equivalent to a “no” resulting from
aortography. Generally there is a good correla-
tion between the results of these two studies.
However, echocardiograms often fail to identify
mild prolapse noted by angiography although
angiograms occasionally did not show mild pro-
lapse documented by echocardiograms. All the
involved cusps were right caoronary cusps.

severe 5
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2 sodeate 3 1 6 5
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E aild 1t 9 1

2 Mo 16 1 1
Downmard aild woderate severe
prolapse

ECHOCARDEOGRAPHIC GRADING

Fig. 6. Comparision of the echocardiographic grading of
the arotc prolapse with aortograhpic grading in
prolapsed cases. One case was omitted because
an aortogram was not available.

Some hemodynamic parameters of the pro-
lapsed group are summarized in Table 3 accord-
ing to the degree of prolapse assessed by com-
bining echocardiography and aortography. When
the results of these two studies are the same,
the final degree of prolapse is the same as in
these two studies. If the results of these two
studies are different, then the more severe
grade is taken as the final degree of prolapse.
Asa result, there were 16 cases which showed
“downward prolapse” in echocardicgraphy and
no abnormality in aortography {no antericr protru-
sion group). These cases were not different
from others from the hemodynamic point of
view but their mean age was lower than cther
groups.

There were three cases with bicuspid aortic
valve, and all the rest had three leaflets. Another
three cases had thickened and deformed right
coronary cusps.

Aortic insufficiency was assessed by a Dop-
pler study and/or aortography in 73 cases. In

the remaining seven cases, acrtic insufficiency
was assessed only by auscultation. Nineteen
cases had aortic insufficiency. In 10 cases, insuf-
ficiency was found in both gortography and color
flow mapping. The color Doppler study identified
an additional six cases whose aortogram
showed no regurgitation. Table 4 summarizes
some of the important findings of the color Dop-
pler study. The jet tends to be narrow and jet
direction is central in those who had aortic insuf-
ficiency seen only by color Doppler study and
not by aocrtography. In contrast, the jet is thicker
and jet direction is toward the mitrial valve in
those who had insufficiency identified by Dop-
pler and aortography.

DISCUSSION

The classification of ventricular septal defects
has been proposed by many authors. However,
there is still no widely-accepted classification
(Goor et al.. 1970; Soto et al, 1980; Capelli et
al., 1983). Therefore different names are applied
to the same anatomic defect, and this causes
some confusion {Becker and Anderson, 1985).
The subject of this study was the infundibular
septal defect without involvement of the mem-
braneous septum. These have been variously
called “doubly committed subarterial,” “subarte-
rial,” “subpulmonic,” “infundibufar,” “muscular




Table 3. Hemodynamic parameters according to the final degree of
prolapse

N Mean Age Defect Size Op:Qs  Peak Velocity

Range {mm/m2) through Defect
(mo) (m/sec)
No anterior 16 27 10.0 1.34 4.2
protrusion 7 133
Mild 24 84 73 1.20 45
13 ~ 187
Moderate 12 63 10.6 1.10 4.2
12202
Severe 11 a3 116 1.16 45
31 ~ 171

Table 4. Color Doppler findings in the cases with aortic insufficiency

Age Angio Color Doppler Findings
(months) Grading Jet Jet Width Jet
Distance{mm) (%) Direction

25 0 5 ik C
50 0 5 18 C
65 o) 13 18 C
67 0 7 17 C
73 0 14 25 C
105 0 12 18 C
67 1 23 33 M
86 1 pulsed Doppler only

91 1 9 10 C
187 1 puised Doppler only

19 2 1 33 M
43 2 10 29 M
77 2 12 23 C
160 2 23 39 M
84 3 18 44 M
165 3 18 37 M
178 4 25 50 M
14 Not performed 12 19 C
171 Not performed 23 24 M

Jet width(%) represents percentage of jet width relative to left ventricular
ouflow dimension.

“C" and “M" in jet direction indicate "central jet” and “jet toward mitral
valve” each.
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outlet,” or “supracristal” (Goor et al, 1970,
Capelli et al. 1983; Van Praagh and McNamara,
1968).

Ventricular septal defect with aortic insufficien-
cy has been the subject of many pathologic and
clinical studies (Nadas et al, 1964; Van Praagh
and McNamara, 1968; Tatsuno et al, 1973a;
Momma et al, 1984; Ando and Takao, 1986).
Both perimembraneous and infundibular defect
can result in aortic insufficiency, and the right
coronary cusp and nhon-coronary cusp are in-
volved in prolapse. Infundibular defects are more
likely to develop aortic insufficiency than
perimembranous defects, and a different
pathogenesis was suggested for aortic insuffi-
ciency according to the anatomic type.

Infundibular ventricular septal defect is impor-
tant because it develops aortic insufficiency in a
significant proportion of cases. The pathophysiol-
ogy of aortic insufficiency has been discussed in
many papers. Both anatomic and hemodynamic
factors have been ascribed to the development

of aortic insufficiency (Tatsuno et al, 1973a;
Ando and Takao, 1986). Recently Momma et af.
studied the natural history of subarterial infun-
dibular ventricuiar septal defect and suggested
that nearly all cases of infundibular defects ulti-
mately develop some form of aortic complica-
tion. However, this study was based on statis-
tics from hospitalized patients and was not a se-
quential follow-up study. The best way 1o study
the natural history may be through follow up
observation on a large cohort of patients. Echo-
cardiography may be best suited for natural his-
tory study because it is non invasive, can be
repeated and provides not only anatomic in-
formation but hemodynamic information
(Schmidt et al., 1988).

In this study, infundibular septal defects were
classified into four types. We did not intend to
make a new classification or nomenclature, but
we wanted to make an accurate description.
Echocardiograms have been reliable to delineate
the anatomy of ventricular septal defects, but so
far few have reported their role on infundibular
septal defects with or wihout prolapse
(Menahem et al., 1986; Craig et al., 1986;
Schmidt et al, 1988). This study confirmed that
echocardiogram was generally reliable to idnefity
structures bordering the defect. However, there
were a few mistakes which we think can be

solved by a machine with better resolution. The
size of the defect can also be measured accur-
ately by echocardiogram except in some inst-
ances with poor echocardiographic window.,

Those who had a large defect without pro-
lapse usually presented congestive heart failure
and faiied to thrive so that they needed surgical
correction in infancy. But the prolapsed group
usually presented heart murmur. Momma et al.
showed frequencies of various forms of aortic
complications according to age group. The prop-
ortion of those who had pulmonary hypertension
but neither prolapse nor regurgitation (they were
similar to our Group 1a} decreased rather sharply
from over 30% in the age group of 0-1 years to
about 10% In the age group of 5-7 vyears. The
cause of this decrease is not clear, but it may
have resulted from early surgical correction, ear-
ly medical death or development of aortic com-
plication.

Ando and Takao suggested in a recent patho-
logic paper that the anatomy of the ventricular
septal defect may be related to the development
of prolapse and aortic insufficiency. In their
study, the coarctation type ventricular septal de-
fect, regardless of the location, was not associ-
ated with any kind of aortic complication except
in one case of prolapse. Nor was there any un-
supported sinus wall or aortic valve annulus in
the coarctation type ventricular septal defects. In
contrast, all the cases of subarterial infundibular
punched hole type had not only some form of
aortic complication {either prolapse or insufficien-
cy or sinus valsalva aneurysm) but also an un-
supported sinus wall and an aortic annulus. The
suggestion of Ando and Takao is very interesting
in two aspects. First, infundibular septal defects
are not a signle entity from the pathologic point
of view. Same of them have unsupported sinus
wall and aortic valve annulus whereas others do
not. The presence of an unsupported structure
and the likelihood of aortic insufficiency can be
predicted by the status of the septal alignment.
It would be very interesting to confrim Ando and
Takao's finding through a large scale clinical
study, but it would be limited by surgical in-
tervention. In this study material, there were
only three cases with significant posterior mala-
lignment, all of which had associated coarctation
of the aorta. All three patients had their defects
closed so early that it was impossibie to see the




progression. Secondly, the simple punched hole
type defects usually have an unsupported sinus
wall and an aortic valve annulus, which should
be in such a state since the completion of car-
diac development in fetal life. If so, is it possibie
to identify an unsupported sinus wall by echocar-
diography? Furthermore, is it possible to tell an
unsupported sinus wall from an acrtic valve leai-
let by any non-invasive means? To our know-
ledge, there has not been any study on these
matters. In this study, echocardiographic pro-
lapse was defined by a bulging of the aortic
valve/sinus area and a careful analysis of the
aortic valve motion. The mildest degree of pro-
lapse was labeled “downward prolapse” in
which the aortic valve was folded together with
a bright dot at the folding point during systole.
The bright dot in the middie of the prolapsed
valve was also a usual finding in more severe
degrees of prolapse (see arrowheads in Fig. 4
and 5.). It is quite tempting to hypothesize that
the bright dot is an aortic annulus and that the
portion between the bright dot and the anterior
aortic wall is an unsupported sinus wall. Thus
the “downward prolapse” may be what the sim-
ple punched hole type with unsupported sinus
wall looks like before significant prolapse de-
velops. Over time and with the Ventun effect, an
aortic valve annulus would loosen and eiongate,
and the entire unsupported sinus wall, annulus
and leaflet would prolapse more downward and
anteriorward. Schmit et al. reported echocardiog-
raphic findings similar to our “downward pro-
lapse” group. Actually, they described the early
stage of aortic valve prolapse to be subtle and 10
appear only as a slightly irregular anterior protru-
sion of the involved sinus. But the pictures in
their article (Fig. 3 top and Fig. 6) showed mainly
a downward prolapse with little or no antenor
protrusion. It is important to diagnose aortic
valve prolapse because it is known to precede
aortic insufficiency. Aortography and recently
echocardiography are used to assess aortic valve
prolapse. Though there is some debate on which
method is better, aortography has been the stan-
dard method (Menahem et al., 1986 Craig et al,
1386). However, there has not been any firm
angiographic criteria for acrtic valve prolapse,
and most of the criteria are vaguely described as
“deformity,” “irregular contour” or "protrusion
beyond natural contour.” Furthermore all these
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criteria describe protrusion of the acrtic valves
sinus anteriorly toward the nght ventricular side
Though echocardiogram has been used tc di-
agnose aortic prolapse, no one has suggested
the criteria for its grading. The cniteria used In
this study was ohjective, but it was not difficult
to grade prolapse. This study showed that echo-
cardiographic grading of the gortic valve prolapse
correlated well with the angiographic grading in
moderate and severe prolapse, but in miid pro-
lapse the correlation between the two studies
was not good. Neither echocardiograms nor
aortograms were sensitive methods for identify-
ing small prolapses. The theoretical advantage of
echocardiograms Is that they can provide numer-
ous slices. Their limitation is that the area of
interest is so close to the transducer that some-
times it is hard to get a good picture. On the
other hand, aortography is limited by the number
of planes, and if a small protrusion is not profiied
it can be missed. Thus it is very difficult to tell
which diagnostic methed is better, and both
methods should be used in doubtful cases.

Aortic valve motion received little attention so
far. This study showed three types of motion in
a prolapsed valve, and the most common type
could be regarded as normal motion of a pro-
lapsed valve. However, in some cases the aortic
valve was fixed at the septal crest, whereas in
other cases a thin line extended from the right
ventricular side of the septal crest to the middle
of the prolapsed valve. The mechanism of fixa-
tion and the nature of the thin line are not clear,
but they may be related to fibrotic change result-
ing from physical trauma to the prolapsed aortic
valve and the septal crest during the cardiac
cycle. This fibrotic change may also be responsi-
ble for the spontaneous closure of the infundibu-
lar defect, which rarely happens (Momma et af.,
1984).

Nineteen cases (23.8%) had aortic insufficien-
cy. The incidence of aortic regurgitation depends
on the characteristics of the population studied
and the diagnostic method. Interestingly there
were six cases which showed an regurgitation
jet on the color flow image but did not show any
regurgitaton on aortography. It seems certain
that the regurgitation jet in the color flow image
was not an artefact (Takamoto, 1987} because it
was persistently seen and showed a typical spin-
dle shaped jet from the aortic valve during di-







