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A noninvasive method for measurement of the individual kidney filtra
tion fraction (FF) is presented, based on an analysis of the early rise of
the kidneys' time-activity curves obtained after simultaneous injection of
tubular ["'I] ortho-iodohippurate and glomerular (Tc-99m DTP A) tracers.
The analysis is based on the assumption that an insignificant amount of
tracer leaves the kidney during the first few moments following injection.
Therefore the kidney activity during this period is directly proportional to
the integral of the blood (heart) activity. The dual-tracer technique allows
the direct calculation of the ratio of glomerular to tubular clearances, i.e.,
the FF. in vivo studies were performed on 12 dogs, including normals as
well as others with acute ureteral ligation or Benemid-induced tubular block
ade. The calculated FF correlated well with the FF obtained from single-shot
clearances performed simultaneously. We conclude that the FF can be cal
culated directly for each kidney, noninvasively, from the early part of the
tubular and glomerular timeâ€”activity curves by noninvasive external
detection.
J NucÃMed 18: 684-691, 1977

The need for noninvasive methods using radionu- all these methods is that they do not solve the prob-
clides for the evaluation of the kidney function has lem of the nonspecificity of the so-called cumulative
been stressed by clinicians. The renogram with [131I] type of curve, which is encountered in a variety of
ortho-iodohippurate represents a typical noninvasive clinical situations such as ureteral obstruction and
method; it can provide a certain amount of valuable acute renal failure in the poly uric stage (8). The
information if properly performed and interpreted, limitations of the methods using radionuclides to
but nevertheless it has definite limitations. The main measure split renal function are of two types: (A)
limitation is that the renogram expresses a complex related to the simplifications or hypotheses used to
function resulting from the superimposition of mul- approximate the model for kidney-tracer dynamics
tiple physical and physiologic factors including geom- (9) or (B) related to the approximations concerning
etry, background, renal hemodynamics, and the vari- the external detection of the radioactivity from each
ous nephron mechanisms (7). For the interpretation kidney (70,77).
of the renogram, two general approaches have been In previous studies (72) evaluating the function of
suggested: (A) the analysis of different segments of
the curve (2â€”4)â€”anapproach that has been dis-
appointing overallâ€”and (B) the evaluation of the ReceivedMay 4, 1976; revision accepted Feb. 4, 1977.
curve as a whole with or without mathematical simu- J FÂ°rurePfintscontact: Jacques Assailly INSERM Centre

de Technologie BiomÃ©dicale,149 Rue de Sevres, 75015 Pans,
lation (5-7). One of the most serious limitations of France.
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isolated pig kidneys, we tried to circumvent this
limitation by using two radionuclides: [131I] ortho-
iodohippurate (HippuranÂ®) and [12r'I] sodium di-

atrizoate (filtered). Under these circumstances, the
part of the time-activity curve obtained immediately
after intra-arterial injection (i.e., before recirculation
occurs) allowed the calculation of a plateau-to-peak
ratio, which represents the fraction of the dose re
maining in the kidney. This ratio is the extraction
ratio for the tracer, derived from the arteriovenous
difference. The ratio of the two extraction ratios for
the glomerular and tubular curves has proven to be a
sensitive index of renal function in isolated kidneys
with varying degrees of tubular damage (12).

We have subsequently tried to extend this tech
nique to kidneys in situ. In contradistinction to the
isolated kidney circuit, it is necessary in this case
to consider the renal response to an intravenous
injection with recirculation of tracers. A true renal
time-activity curve can be determined by appropriate
correction for vascular background activity, geom
etry, and detector efficiency. The correction is made
possible by the use of intravascular tracers and simul
taneous recording of the precordial or subclavicular-
count rates fossa (1,13-15). We have shown, by a
mathematical analysis, that it is possible to deter
mine noninvasively a glomerulo/tubular ratio (G/T
ratio), i.e., the filtration fraction (FF) for each kid
ney, analyzing only the early rise of the true [131I]
Hippuran and Tc-99m DTPA renogram curves. We
present here this analysis and its experimental veri
fication in unilaterally nephrectomized but otherwise
normal dogs.

THEORETICAL ANALYSIS

Using the mathematical approach described in the
Appendix, we were able to obtain by external de
tection a quotient representing the ratio between
the values of the Tc-99m DTPA and the [131I]ortho-

iodohippurate extraction ratios:

G
TT1

(1)

This quotient represents the filtration fraction,
and is proportional to the slopes obtained by proc
essing the DTPA and Hippuran curves (renal and
precordial) as described in the Appendix.

MATERIALS AND METHODS

Twelve anesthetized, unilaterally nephrectomized
dogs were used. The nephrectomy was performed at
least 3 weeks before the test. Two of the dogs were
also given 25 mg/kg Benemid* intravenously (76).

In four other dogs acute ureteral ligation was done
surgically half an hour before the experiment.

Two Nal(Tl) probes with cylindrical collimation
(diameter 4 cm, depth 7 cm), were connected to a
four-track magnetic tape recorder. The data from
the magnetic tape were played back into an 800-
channel analyzer with a time constant of 5 sec; they
were also stored in digital form on a punched paper
tape and subsequently analyzed with a laboratory
computer.

[131I] ortho-iodohippurate, Tc-99m DTPA, and
iodine-tagged human serum albumin (1-131 HSA)
were used. A sample of the dog's red blood cells

(RBC) was labeled in vitro with Tc-99m about 1 hr
before the injection (77). The bladder was catheter-
ized. One probe was placed over the heart and an
other over the kidney area. A continuous infusion
of isotonic saline was given during the procedure,
to ensure a urine output of approximately 2 ml/min.
The following protocol was then used.

1. The background was recorded for 3 min on
the four channels for kidney 1-131, kidney
Tc-99m, heart 1-131, and heart Tc-99m re
spectively. The first blood sample was drawn
for background level.

2. 1-131 HSA (6 /Â¿Ci)was injected for meas
urement of the vascular component. After a
5-min equilibration period, the radioactivity
was recorded for 2 min on each of the four
channels. A second blood sample was drawn
at the end of this period.

3. Tc-99m RBC (20 /uCi) was then injected.
Five minutes later the resulting activity was
recorded for 2 min on the four channels. A
third blood sample was drawn.

4. A solution containing [13II] ortho-iodohip
purate (40 ,iCi) and Tc-99m DTPA (120
/iCi) was finally injected and the corre
sponding activity was recorded on the four
channels for 10 min.

5. Blood samples were drawn at 30, 40, 60,
and 80 min after the last injection and were
counted in a well counter set up for dual-
nuclide counting. The clearances were cal
culated by the simplified single-shot method

(18,19).

The remaining calculations were performed using
a FORTRAN-IV program. The different steps in
the data processing were:

a. Acquisition and selection of data from each
channel.

b. Background subtraction, if any.
c. Calculation of the 1-131 overlapping in the

Tc-99m channels.
d. Calculation of the heart/kidney correction
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factor, F, using the data from the HSA and
RBC injections and of the proportionality
factor K. (See Appendix: Notations and
AbrÃ©viations).

e. Calculation of the true [ml] Hippuran and
Tc-99m DTPA renal time-activity curves
(R(t)) by subtracting the vascular back
ground multiplied by 1/F (see Appendix
Eq. Ib).

f. Calculation of the a slope (see Appendix)
by plotting each point on the ascending por
tion of the true renogram curve as a func
tion of the corresponding value of the heart-
curve integral.

g. Calculation of the G/T ratio by using the
O-Gand OT values and the proportionality

factor K.

RESULTS

Uncorrected time-activity curves for the kidney
and heart from a representative experiment are
shown in Fig. 1. From these data the different cor
rection coefficients are calculated in order to obtain
the true renogram and the heart-integral curve.

The calculation of the o-Tand <rGvalues is illus
trated in Fig. 2. The computer plots the activity of
the ascending part of the true renogram curve
against the corresponding heart integral at 5-sec in
tervals. The resulting a slope is steeper for Hippuran
than for DTPA, reflecting the higher Hippuran clear
ance rate.

15-

i i

O 5 10
Time (min)

O 5 10

FIG. 1. Diagrammatic presentation of experimental kidney and
heart 1-131 and Tc-99m time-activity curves from representative
experiment: (a) background recording (Bkgr); (b) levels related to
1-131 albumin; (c) levels related to Tc-99m red blood cells; (d)
[131I] ortho-iodohippurate and Tc-99m DTPA curves.

2

Â¡<

m

131l-Hippuran

Hippuranand DTPAheart curve integral
(Arbitrary units)

FIG. 2. Calculation of linear coefficient between true renogram
R(Â»)and the corresponding heart integral values for orthoiodohip-
purate (T) and DTPA (G) during ascending part of kidney curves.
Straight lines ore obtained by least-squares fitting.

In Table 1, the Tc-99m DTPA and [131I]ortho-
iodohippurate clearance values are presented, as well
as their ratio, and are compared with the G/T ratio
calculated from the early parts of the renograms. As
can be seen, the statistical analysis (paired t test)
shows no significant difference between the two sets
of values. The correlation coefficient is 0.96. The
values obtained after Benemid administration are
also included in Table 1. Benemid induced a de
crease of Hippuran clearance while glomerular fil
tration rate was not affected. Thus the FF, calculated
from the clearance data, increased from the control
values of 0.14 and 0.47 to 0.76 and 0.81, respec
tively, after Benemid administration. The corre
sponding G/T ratios calculated from the time-activity
curves show a similar variation.

Table 2 shows the results obtained after acute
ureteral ligation. In the four experiments performed,
the glomerular filtration rate was not completely
abolished half an hour after ligature but was defi
nitely lower than in control animals. The correspond
ing ortho-iodohippurate clearance values were only
slightly decreased. The resulting clearance ratios and
computed G/T ratios were not significantly different
in this experiment either.

DISCUSSION

The entire experiment was performed on unilat
erally nephrectomized dogs in order to simplify the

686 JOURNAL OF NUCLEAR MEDICINE



DIAGNOSTIC NUCLEAR MEDICINE

TABLE 1. FILTRATIONFRACTION MEASURED BY CLEARANCE METHOD (CLEARANCE RATIO)
COMPUTATION (G/T RATIO) IN NORMALDOGSDog

Hippuran clearance DTPAclearanceNo.
ml/min1

2401*
1182

1592*
883

2254
3385
3506
3647
2868

189ml/min849075728111553518351meanStandard

deviationStandard
errorpaired

t test t â€”d/Stt(9df,

Â«= 5%) =2.26No

significant difference between the two series of valuesX,*

Clearance measured aftertubular blockage with Benemid.Clearance

ratioDTPA/HippuranX0.350.760.470.810.360.340.150.140.290.27){

=0.394YComputed

G/TratioY0.300.820.410.750.430.380.200.230.210.17Y

= 0.390AND

BYX

â€”Yd0.05-0.060.060.06â€”0.07â€”0.04â€”0.05â€”0.070.080.10d

=0.006Sa
=0.069Si
=0.022t
= 0.274

model and make the results of the single-shot clear
ance measurements strictly comparable with those
obtained by external detection. The method may be
readily extended to both kidneys in situ.

In order to evaluate renal function from [1S1I]
ortho-iodohippurate and Tc-99m DTPA time-activity
curves, we used the early parts of the curves and the
blood disappearance kinetics of the tracers to cal
culate a parameter of renal function, the FF. The
early part of the renogram was selected because
within the first few minutes, while no tracer has left
the kidney via the urinary tract, the renogram is re
lated to the renal and pedreÃ±alactivity and is pro

portional to the specific renal accumulation (/). We
have previously shown that less than 3% of the
tracer is excreted into the urine at the time of the
renogram peak (12). The same pattern was revealed
for Tc-99m DTPA (unpublished data). In order to
determine the true renogram curve for either [131I]
Hippuran or Tc-99m DTPA, a preliminary injection
of an intravascular tracer labeled with the corre
sponding nuclide was needed (1,14,15). It was as
sumed that 1-131 HSA and red blood cells labeled
with Tc-99m had the same diffusion volume. Label
ing albumin with Tc-99m would have been more
convenient than red blood cells, but Tc-99m HSA

TABLE 2. FILTRATION FRACTION MEASURED BY CLEARANCE METHOD (CLEARANCE RATIO) AND BY
COMPUTATION (G/T RATIO) AFTER URETERALLIGATUREClearance

ratioDog
Hippuron clearance DTPA clearanceDTPA/HippuranNo.

ml/min9

21210
19111
25212

226ml/min116167meanStandard

deviationStandard
errorpaired

t test =dV5dt(3df,
a = 5%) = 3.18X0.050.030.060.03X

= 0.042Computed

G/TratioY0.030.040.080.05Y

= 0.050Xâ€”

Yd0.02â€”0.01-0.02â€”0.02a

=â€”0.007SÃ=
0.019Si

=0.009Â»
=0.797No

significant difference between the two series of values X, Y
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was not sufficiently stable at the time of our experi
ments and was discarded after testing.

The precordial-area recording, rather than that
from the subclavicular fossa, was chosen for the
calculation of the renal input function, P(t), to en
sure better statistical accuracy. Even though in
humans the time-activity curve from the subclavicu
lar fossa more closely resembles the renal fossa post
nephrectomy, the error introduced by replacing it
with the precordial curve appeared negligible when
offset by the improved statistical accuracy of the
latter in the dog.

The product of the arteriovenous extraction ratio
and the true renal plasma flow (E X RPF = ERPF)
is directly proportional to the early part of the true
renogram divided by the time integral of the blood-
activity curve. This relationship has been shown by
Britton and Brown (7) and is stated mathematically
in Eq. 4. If only one tracer is used, however, the
constant of proportionality cannot be found because
one cannot measure the vascular volume (V0) in
the field of the subclavicular probe. Equation 4 is
applicable for [1A1I]ortho-iodohippurate as well as
for Tc-99m DTPA. With two tracers, therefore,
Eq. 4 may be applied for each of them leading to
Eq. 4b, in which the vascular volume (Vc) cancels
out. Since the detection parameters F0 and FT are
measurable by the preliminary injections of 1-131
HSA and Tc-99m RBC. and a proportionality fac
tor K is calculated, we can now transform a non
specific ratio between two slopes (<r(;and o-T) into

a parameter with physiologic meaning, i.e., the
glomerulo-tubular ratio. This ratio between the glo-
merular filtration rate and the effective renal plasma
flow represents the filtration fraction.

The precision of the filtration fraction measure
ment (G/T ratio) was estimated at Â±5%. This is
the value obtained during the different curve fittings
of the experimental time-activity curves. The other
potential source of error for FF (Eq. 6a) could
occur during the determination of K if the ratio
Tc-99m/I-131 should be too low to allow an accu
rate subtraction of the overlapping of 1-131 in the
Tc-99m channel.

Validation of the FF calculation from the early
part of the two tracings, i.e., the G/T ratio, has been
performed by the simultaneous measurement of the
two clearances. The similarity between the two sets
of values is maintained when tubular transport of
[ml] ortho-iodohippurate is impaired by Benemid
injection. Under these experimental conditions [131I]
ortho-iodohippurate clearance decreased from 240
and 159 ml/min to 118 and 88 ml/min, respec
tively, in the two dogs studied, whereas glomerular
filtration rate, as measured by Tc-99m DTPA clear

ance, remained practically unchanged. The similarity
was also maintained when glomerular filtration rate
was acutely decreased by ureteral ligation. In the 4
dogs tested, the glomerular filtration rate decreased
sharply, and the Tc-99m DTPA clearances were at
the lower limits measurable by the simplified Blau-
fox technique (79). Simultaneously, the Hippuran
clearance decreased by 25% from the average value
found in controls. Such a dissociation between glo
merular filtration rates and Hippuran clearance has
been observed by others and its mechanism exten
sively studied (20-22). The calculated G/T ratios
and the measured clearance ratios correlated well.

The present results demonstrate that a glomerulo-
tubular ratio can be obtained for each kidney by a
noninvasive method using a dual-nuclide technique
and external detection. This ratio represents the
filtration fraction, which evaluates the glomerulo-
tubular balance and can be of value in certain patho-
physiological conditions such as acute renal failure
(where the glomerulo-tubular balance may be acutely
disrupted), and in renovascular hypertension. This
method, as shown in the mathematical description,
does not require any additional assumptions such as
those used in methods based on compartmental
analysis.

APPENDIX

Notations and Abbreviations

Nl =FF

N2 = c,r

N3 = T,G

N4 = R(t)

N5 = K(l)

N6 = P(t)

N7 = C(t)

N8 = r

N9 = RPF
N10= ET,

Filtration fraction = ratio of glo

merular filtration rate to effective
renal plasma flow.

Subscripts referring to cardiac (c)
and renal (r) detector, respectively.

Subscripts referring to [I3II] ortho-

iodohippurate (T for tubular se
creted) or Tc-99m DTPA (G for

glomerular filtered), respectively.
"True renogram," i.e., the time-

activity curve corrected for blood
background activity.

Observed renogram.
Time-activity curve recorded from

precordial area.
Concentration of tracer in the renal

artery at time t, i.e., the "true input
function." Note units are activity

per unit volume.
Heart-to-kidney transit time, i.e., the

time required for a bolus of tracer
to travel from the heart to the renal
artery.

Renal plasma flow.
Renal arteriovenous extraction

ratios for tubular (T) and glo-
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Nil a = (ERPF)T

Nil b = (ERPF)G

N14= Ve, V,

merular (G) type tracers, respec
tively.

Effective renal plasma flow for a
tubular-type tracer. Since effective
renal plasma flow is defined as the
product of extraction ratio E times
RPF, then E X RPF = ERPF.

For notational consistency, the sym
bol (ERPF)c has been maintained
even when a glomerular type
tracer was used. It in fact corre
sponds to the glomerular filtration
rate and not to the effective renal
plasma flow in the usual sense.

Time corresponding to the peak of
the renogram or "renal transit
time."

Efficiency of the cardiac (c) and renal
(r) detector, respectively.

Vascular volume in the field of view
of the cardiac or renal detectors,
respectively.

Note that F now contains all the
parameters related to external de
tection, i.e., probe efficiency and
vascular volume seen by each
probe (/). F is directly measurable
after injection of intravascular
tracers: Tc-99m RBC and I-I31

HSA. The notation is FG and Fr.
respectively.

Represents the angular coefficient
of the straight line obtained by
least-squares fitting of R(t) com
pared with ri,P(0 â€”7-)do*.

G/T the final product of this analysis
is the ratio of the extraction ratios
for Tc-99m DTPA and ["'I]

ortho-iodohippurate. G/T ratio is
equal to the filtration fraction.

Theoretical Analysis

The true renogram may be obtained in a subject with a uni
lateral nephrectomy by subtracting the time-activity curve for
the nephrectomy bed (the "nephrectomy trace") from the reno

gram obtained from the contralateral kidney. Further, it has
been shown that the nephrectomy trace may be closely ap
proximated by a detector viewing the subclavicular area (SCA)t
(2.?).

true renogram = observed renogram
- nephrectomy trace, (I)

pr =F~;
N17 = a = R(t)

l
/!, P(0 -r)dÃ¶

N18 = â€”

where nephrectomy trace = SCA trace.
While Eq. 1 is qualitatively correct, it cannot be expressed in

precise mathematical terms unless appropriate scale factors are
introduced to correct for detector efficiencies and dimensional
consistency. For example, if in Eq. 1the true renogram has units
of activity per milliliter, all other terms must have identical
units.

Detector efficiency corrections: if a detector views an area
with an efficiency t, then the actual activity in the field of view of
the detector is calculated by dividing the observed activity by t.

Dimensional corrections: we express each term in Eq. I in
units of activity of tracer per unit volume. The activity A from a
source of volume V may be expressed on a unit volume basis as
A/V. Thus Eq. I may be expessed as

* e represents the dummy variable of integration.
t We have chosen to approximate this activity from the

precordial rather than the subclavicular area because of the
superior counting statistics of the former, although a slight
error is introduced during the first circulation of tracer since
the detector views both the right and left heart.

R(t)

t, V, (, V,

P(t - T)

tcVc

tÂ»a)

Where T (see N8) corrects for the time lag between heart and
kidney during the first few circulations (see N2, N4, N13, and

N14).

Rearranging Eq. la and using N15,

e,Vti

- - â€¢P(t -
(Ib)

F, the heart/kidney correction factor, is determined after the
injection of an intravascular tracer (10.12). After a few minutes
for equilibration, F is calculated by dividing the activity ob
served by the precordial detector P by the activity observed by
the renal detector R. Thus, F = P/R*.
The ensuing renogram is now corrected with complete sub
traction of vascular background.

Estimation of the true input function C(t): the precordial de
tector views the great vessels (or heart) and Â¡tis assumed that
the amount of tracer in the mediastinal interstitium is negligible.
With this assumption. P(t) is proportional to plasma activity.

Correcting for detector efficiency, vascular volume and time

lag, we may write:

C(t) = P(t - T). (2)

The rate at which tracer enters the kidney depends on RPF,
extraction ratio E, and plasma concentration of tracer C(t).
Since it is assumed that no tracer leaves the kidney before Tml,
(see N12) the kidney acts as a collecting reservoir (or integrator)
of tracer entering via the renal artery. Thus, tracer enters at a
rate equal to E â€¢RPF â€¢C(t) and at time t ^ Tm.Â»the amount of

tracer in the kidney is (see Nl IV.

f!,ERPF C(0)d0.

* The rationale for the calculation of F may be under
stood by examination of Eq. Ib. After injection of only
the intravascular tracer, activity measured by the renal
detector is due only to tracer in the vascular space and not
renal function activity. Thus the non-vascular renal activity
(R(t)) equals zero. Since measurements are made after the
equilibration of tracer, R and P are independent of time and
we may write as:

R = 0 = R -
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Since the kidney detector views this activity with an effi
ciency ft.

R(t) = e,J!, ERPF â€¢C(0)d6. (3)

Combining Eqs. 2 and 3 and rearranging

ERPF=-!lâ€” R(t)fr^ r.0 W
e, JiiP(0 - 7-)dO

Using NI7, we obtain

ERPF ='' - â€¢o. (4a)

If we simultaneously use a tubular and a glomerural tracer
with different extraction ratios E( and EC,,different photon
energies with detector efficiencies tr, t(i. and noting that vascu
lar volumes are only a function of detector geometry and not of
photon energies, we may write:

EG _ EG â€¢RPF _ (ERPF)0*
E~r ~ ET â€¢RPF ~ (ERPF)T

/ *L\ â€¢f^\ ' ac
V* )c (*)r ~i (4b)

From N15

FC, /*_VA /e^VA

FT \f<VrJC\(,VrJ ,

T). (f (5)

As mentioned in the discussion of formula 1, Frand FGare
easily measured parameters. Now combining Eq. 5 with Eq. 4b
we have

ET ~ FT (6)

Substituting N16. N18, and N19, we obtain the final simple
relationship

FF = r = R ^G (6a)

To summarize:
1. The first step involves the determination of the true

renograms for both [|3|I] ortho-iodohippurate and Tc-99m

DTPA. During this step a factor (F) is determined that in
cludes all the cumbersome parameters related to de
tection (geometry, efficiency, absorption).

2. The next step is based upon the following:
a. The true renogram is dependent upon Effective Renal

Plasma Flow (ERPF), tracer concentration in the renal
artery, and detector factors.

b. ERPF is directly proportional to both the tracer's

extraction ratio and renal plasma flow, RPF. By using
the available equations, an expression is sought for
the ratio whose numerator is the extraction ratio for

* To ensure a clearer understanding of the transition from
formula 4a to 4b and notational consistency, we have used
the symbol (ERPF)o even though it is physiologically a
misnomer. It in fact corresponds to glomerular filtration
rate, (see Nil b)

DTPA and the denominator that for ortho-iodohip
purate.

By simple mathematical manipulations it is shown that
all the remaining parameters either cancel out or can be
easily measured. Thus the end result is a number repre
senting a parameter with pathophysiologic significance,
i.e.. the G/T ratio. This value is also equal to the Tc-99m
DTPA/['"I] ortho-iodohippurate clearance ratio or the

filtration fraction.

FOOTNOTE

* BenemidÂ®:di-n-propylsulfamyl benzoic acid.
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The Scientific Program Committee welcomes the submissionof abstracts of original contributions in nu
clear medicine from members and nonmembers of the Society of Nuclear Medicine for the 2nd Annual
Western Regional Meeting. Physicians, Scientists, and Technologists, members and nonmembers are invited
to participate. The Program will be structured to permit the presentation of papers from all areas of interest
in the specialty of Nuclear Medicine. A separate set of guidelines will be used to judge the Technologist ab
stracts. Abstracts for the scientific program will be printed in the program booklet and will be available to

all registrants at the meeting.

GUIDELINES FOR SUBMITTING ABSTRACTS

The abstracts will be printed from camera-ready copy provided by the authors. Therefore, only abstracts

prepared on the official abstract form will be considered. These abstract forms will be available from the
Western Regional Chapter's SNM office (listed below). Abstract forms will only be sent to SNM members of
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other requestswill be sent on an individual basis.

All participants will be required to register and pay the appropriate fee.

Please send the original abstract form, supporting data, and six copies to:

Jean Lynch, Administrative Coordinator
2nd Western Regional Meeting
P.O. Box 40279
San Francisco, CA 94140

Deadline for abstract submission: Postmark midnight, July 8, 1977.
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