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ABSTRACT :
A simple, safe method for bedside;measurement’of 1éft-ventricu1ar
- (LV) functfon and pulmonary blood volume (PBY) has been devé]oped.
A single scfnti]latjon probe boéifipned dver the mid-LV récords
;the passage of bolus of radioisotope (]]3mIn) injected into thé
_Asupefior vena cava, from which LY ejection fraction (EF) can

be determined after proper backgrdund correction. 113m

In, half-1ife
‘T.7'hours, easily prepared from a commercial available, Iong;

Vived generator, rapidlyibindS'to_plasma prdtein (transferrin) and
can be used-to determine blood vo}ume (BVY) and cardiac output kCO).
With CO and LVEF determined simu]tdneous1y, LV end-diastolic volume
(EDV)_can;be'calculatediand PBV can'be'determined from pulmonary

‘transit time.

 ‘N1th this method,_we have demonstrated stable and chanaing LV
.funct10n and PBV in a var1ety of c11n1ca1 s1fuat1ons, e.aq.
.myocard1a1 1nfarct1on, pulmonary embelism, severe ou]monarj
.oarenchymal disease: and followina cardiac surderv BV and €O
corre]ate well with standard techniques. LVEF and LVEDV |
determ1ned by this method correlate we]] with these weasurements
obta1ned at the same time from LV ancioaraphy over a w1de range

(EF 20-80%). '

==T ss*bf~tempo¥affseoa ratiomn befween TFight™ venur1c1e'(PVY'aﬁd'

]

LV has been denonftraued in severﬂ ou]ronarv vascu]ar oostruction

(embolism), in severe bronchial obstruction and as a result of
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The ab111ty repeatedly to quant1tate 1eft ventricular (LV)

funct1on at the bed51de vould be an 1mportant adiunct to care of

--the ser1ously‘111 pat1ent.  Not only wou]d such'1nformation be
~of value in the management of the ipdividual patient, but would

-pfovide the basis‘for evaluation of various forms of therapy.

External monitoring of the passage of a bd]us of radioactive
tracer: through the central c1rcu1at1on is a method which.has been
deve1oped over the last 25 years (1) in an attempt to fulfill the
need for safe, ea511/ repeatab]e method of ouant1tat1nu card1ac
function. . Ear]1er attempts to utilize simple scintillation .

probes and - low frequency data'forAevaluation of the left ventricle

- following a right-sided injecticn failed because of the difficulties

.in-analyzing the complicated functions resulting from passage of

the bolus through the right heart chambers and lungs (2-7).

-_With the advent of scintillaticn cameras with high freqUency‘

" .recording, interfaced to data storage, acqusition and manipulation

_systems, a better understanding cf the influence of ventricular

function on the radioisotope concentration patterns has ‘been

.;obtained. What has been learned is that althcugh the low frequency

patterns in the left ventricle, following an injection on the

ifight side, has not as yet provided clinically useful information

about the left ventrxc]e, h1oh frecuency record1no when aonronr1ate1v

corrected for "Cross talk™ prcv1des an accurate measure oc LV
ejection fracc1on (EF). To obtain LVEF one nusf have a high

frequancy recerdine of activity rrow within the confines of the LV,
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massive RV dilatation in the presence of normal PBV. This

--method, which can be freqhent]y performed, has proved useful

.in serial measurement of cardiac function at the bedside.
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corrected by a recording of the activity in the immediately

" surrounding. structures (cross talk) (5-7). This 1nforma*1on,

combined with the c]ass1c 1nformatwcn obtainable from the logw

- frequency part of the data (cardiac output and pulmonary blood

volume), proyides an abundance of clinically useful information.

Since locating the scintillation camera and its associated

" data storage system at the patient's bedside is not readily achieved,
~the—use—of—an easily portable, properly collimated sinale probe

. with direct strip chart recordino has been investigated. The

techn1oue reou1res pre -determining the area of interest (mid- point

T e, - A Y

of the. LV) from a chest f11m, the presence of a central venous

catheter and simultaneous or subsequent (as in this case) recording

S it & AT bl

from a w1ndow" around the left ventricle. . Resu1ts .from the serial -

‘ study of patients with stable or changing cardiac and pu]monary

'ffunct1on are presented

The high freauenCJ s1no1e probe precordial rad1o1sotope

' concentrau1on curve conS1sts of 11 essent1a1 parts, each of wh1ch

. provides evidence of central c1rcu1at1on funct1on (Fig 1).

Fig. 1: 1) "Overall transit t1re through the central c1rcu1at10n
' (time from injection to peak of LV): prolcnged in
circulatory failure. ,
2) Rate of appearance of label in RV (flow from SVC ‘to
S RV); Prolonaged in circulatory failure.
- —i_i;L,__guﬂ;iggﬁ_Qi_ﬂﬁ washout curve: slew in. c1rcu1ator/

T -7~ . failure~and im the pre presence of diTlated r1oh heart
’ chambers

)



'4) Pulmonary transit time (PTT): decreased with
decreased pu]monary blTood volume and vice- versas;
decreased in richt-to-left shunt and 1ncreased in

~ circulatory failure.
"5) . Temporal separation between RV and LV: obliterated
"~ with markedly decreased PBV or markedly dilated right
- heart chambers.
.'6) -~ Area under the first pass of the indicator: when
related to the concentration after mixing in the
blood, #11, is inversely related to cardiac output.

7) Cross talk correction: provides the baseline against
vhich EF is measured. T ‘

8)  Ejection fraction (EF): vrelated to #7. )

9) - Washout slope of LV: slow in failure, rapid with
reduced PBV. '

10) First re-circulaticn oSc111aL1on function of total

- circulatory competence. Shortened in AV fistula and
blunted in circulatorv failure.

11) ~ Concentration after comn]ete mixing A-V: small

: .. (as compared to area under first pass, #6) in low
..card1ac outout or excent1ona]1y larae BY.

METHODS: In order to measure b1ood volume (which is required

for ca]cu]atwnc cardiac output by the externaily mon1+ored rad1o-

99m

1sotone metnod) one must 1n)ect agents such as Te- a]bun1n (8) -

or ionic Indium 113m

113m

, which remain w1thinAthe vascular compartment.
When In- ch]or1de (in aelatin'éolution) is injécted'intfayenously,
.]13m1n b1nds to the p]asma transferrin (9,10). Because no preparation
~ time (pre-labeling). is requ1red for the use of 1]3m1n and bncause

its energy is su1tab1e for use w1th the probe, this short-lived

-(1.7 hr.) radionuclide, which is obtained from a lona-lived

geherator (118 days) has been used in the majority of the studies

revorted here.

. N . < —— — : ———— ———

PR S .ol T - JRpp———

l'e. have est1mated tne rad1au1on dese resu1t1no from the .

an

adminlstrau1on of 1.5 mCi cof. In to be 320 mrads to the

.



 blood ‘and 30 mrads to the whole body .

Prepération of the patient for study requfres inserting : -
a catheter to the superiof vena.ﬁava (SVC), taoing a radioc-opaque
o méfker;.such:as a baper clip, to the skin over the estimated mid-
'poiﬁt of the LV and then faking‘a portab]é roentagenoaram in supine
positipn. From the roentgendgram, the position of the catheterA

in the SVC and the mid-point of thé LV relative to the marker can
be confirned The correct position for the probe is then drawn on
-;the chest with a. fe]t pen to fac111tate accurate re- Dos1t1on1na |

for ser1a1 stud1es

A standard, commercially avaiiab]e, poftab1e scintillation-- - -
probe (sée’accompanying photograph) with a 2" by 2" sodium icdide
’cry$ta1 is used. This portable stand carries the high voTtage
pover supo]y, count raue meter with 10 M cts./min. capacity and
‘time constanu'of 1ess than 0.1 sec. and hich speed stripo chart
~ recorder. L1near1ty of the ent1re'systém is,dehonstrateé by
rotating an absofbef wheel with 10 steps having from 0 to 100%
absofption over a 1 mCi H3mp source.

Collimation for obta{hing the LV radioisofone éoncentration

‘curve is as shown at the too _of Fia. 2. A1 3/8! c1rcu1ar port

— —_——— —_— e . -l -

(in~ ]/2" Pb co1]1nator) s oos1t1oned ovar the n1d point of thp

LY. A bolus of 1 mCi |13M

In is flushed throuoh the central venous
cathetar and the zctivity over the LV recorded with the nrcbe

perpendicular to the chest wall., Recordina is «ereated from 5 min.
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to obtain the. concentration after mixing. A blood sample is taken
at this time for determination of blood volume. From theée two

measurements, CO is determined.

Collimation of the Drobe is then modified to the con-
‘.figﬁfation sﬁown at the botuom of Fig. 2 for recordina activ1ty
immediately surrounding the LV. The LV is eclipsed by a 2 3/16"
circuiar shield placed 1 3/8" out from the probe face (4 3/8"

from the sodium iodide crystal) and méintained in pesition by

a styrofoam cone. fof this recording a second bolus of 500 uCi

In is given.' The record is matched in amplitude to the record
_frdm within the LV area of interest to provide the “"cross talk"
correction or correct baseline from which ejection fractidn (EF)
is calculated. ' The rationale and method for this "cross talk"

. correction have been presented in detail elsewhere (5).

‘The pulmonary blood volume (PBY) is obtained frem the
proddét of the cardiac output and bu]monéry tfansit tire (PTT)

'using a modification of the forrmulation, P8V = (tn-T'), of

”_ Giuntini et al (12). The PTT is estimated as the interval

from the time of ejection of label from the right ventricle to
the time of peak count rate in the left heart. The basis
of the modification used in this studv is described below under

low frenuencv even P S

- /'
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RESULTS

Normal precordial curves: Figs. 1 and 2 shew characteristics

radioisotooe content curves from the~mid Lv precofdial position .in
norma] cardiac funct1on ‘The f1rst peak represents passage of the.
.bolus through the RV, the first va]ley,1ts passage out of the
field of view of the probe into: the pu1monary circulation, and

the second peak the Ieft ventr1cu1ar porticn of the curve u1th the
.eJect1on pattern super1mposed. The ccrrected base 1ine or "cross-
talk" correction, from which EF is measured is shouwn as a smootﬁ

curve under the Lv vashout portjchjud?awn as previously described.

Lovw frequency events: An important gqualitative aspect of

the record is overall transit time throuagh the central ci(cu]atipn,'m
which is most easily represented by the tire elapsed between
'injectibn into the SVC and peak attivitv in the: LV as i]]ustrated

in Figs 3 and 4. ~Fig. 3 shovs a 0ross]y abnorha1 pattern obtained

‘.short]v before death in a oau1enu with a massive rvocard1a1 infarct.

~The possibility of his sudden onset of resn1ratory d1stress being
due to pu]monarv embolus could not be ruled out in the usual clinical
orounds. The rad101soLone reqord was clearly that of mvccard

dys function rauher than massive pulmonary embolism (see below).

Fig. ‘4 shows representative patterns from 21 serial studies

_done_ ovey.a =dav period—in—th he—=pa cind ent—g

f_a—héart -transplant.

C)

LV dysfunction is apnarant in the marked]y prolonged transit
time in the récord obtained three hours aftey comoletion of the
suraical prccedura. Dependency of Lho newiy-transnlaonted '

. ’ - . - T [
heart on iscoroterencl is anparent in the A subsequent records.
. L ] "
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Card1ac arrest- occurred short]y after the 4th record was obta1ned

Follow1nq resusc1tat1on and- re- 1n1t1at1on of a dose of 10 ua/min. of

‘1lsoproterenol an entirely normal pattern W1th'EF - 69%vand overall
trahsft'time‘of 7 sec. vwas recorded. From the 2nd to the 7th day;
when cardiac arrest and' death secondarv to immunologic re1ect1on
w:occurred deter1orat1on was progressive (overal] ‘transit time of 16

vsec;,pn day 7).

Transit time throuah the central circulation is re]ated to
'card1ac output and vo]ume of b]ood in the various cownartments
of the centra] c1rculau1on, as dwscussed later in reference to

pulmonary transit time. N ' "_l C

Normally, between the RV and LV peaks in the radiocardiogram
there is a valley during which the label is in the lunos. This

‘results in temporal sebaration'gj RV and LV (Fig. 5).

TheArecdrd’from a patient in-seyere respiratory diétress
from multiple nulmonery throﬁboembo1i is shown . in Fig. 6. Part A
of th° fiaqure shous complete loss of temporal separation between
RV and Lv. Introduct1on of the 1abe1 into the pu1ronarj arter/
(shaded curva of part B) resulted in oromn+ labeling of the LV.
"Note similarity,between Fig. 6 and the Eé%g_part of Fia. 5. Fiag.

7 shows the gradual emeroenCJ of tenoora] separation with time

N e — . - —=

“3in The Same

a

(us]

o

- of PBV-uses the value of 37% of the RY peak count as renresentiva

ient. e sethod 6f Giuntini et a],(le) for calculat

~

1450
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méan.time-spent in the'RV Our studies have shown unequ1voca11y
that this flaure is not un1versa11v ann11cable, for it would result
in the RV registration occurring after that of the LV in Fig. 7
for examo]e - clearly unacceptab]e « A reasonable minimal va]ue
: _(100 200 ml) for PBV wads obtained in this case only by using the
‘ figure of_70 or 80% instead of the_37@ of Glunt1n1.
"It would theréfore apnear to be reasonable that the figure of

75% rather than 37% should be emnloyed for this calculation in
. all cases, since in'norma1 subjects the fall of RV activitj is
so rao1d that it makes ]1tt1e practical difference which of these
values is adopted. N

Fig. 8 shows a series4of studies from another patient with
- initial loss and gradual re-anpearance of temnoral separation
between RV and LV. This patientvhad sevéfe'reSpiratory.distress
-due to widespread'brcnchial carcinoma comp]icéted by pneumonia.

Fia. 9 illustrates andther mechanism by thCh'temnoral
separation.betweéﬁ_RV ahd LV may be obliterated. On first
examinafion.fby pattérn recooniticn alone) it midht appear.fhat
this patient had aAmarkedly reduced PBY. However, the PTT was

found to be 5.3 sec., or the equivalent of 7.1 stroke volumes,

s - e = e

giving @ normal (520 mT)" PBY. TIniroduction of the 1ab91 into the
rulmonary arterv sugoes ted a normal PTT (Iowér curve in Fia. 9),

in contrad1st1nchon to Fia. 6. Scintillaticn carera pictures
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99mTcthrough the right heart,

taken during the passage of a bolus of
demonstrated an extremely 1arge right ‘atrium and richt ventricle.

Thus, dilatation.of the. r1oht heart chambers to volumes apnroach1nc

" the PBV will result in ob11terat1on of the oulmonary "vallev" -in

the record but not loss of tempora] separaticn between RV and LV

High freouency events (ejection fracticn):

'Ejection fraction is important for its intrinsic value as an'

1nd1cator of LV function (14) and as the basis .for the ca1culat1on~
of LV end-diastolic volume (net stroke yo]ume/EF). Chanoes in

EF with changing'LV-function as i11ustrated in Fiags. 3 and 4. A

- series of stud1es in a pat1ent with congestive heart failure during

;alcoho]1c detoxification are shown in Fiag. 10. As can be seen,

._the Tow freouencv pattern and cardiac output were not abnormal but .

EF was marked]y depressed with only slight improverment over the

6 days during which the patient was Studied The combination of

hnorma] CO and HR and swa]l EF s1on1f1es a larce EDV (300 ml.

averace value for the 5 stud1es) 1nternreted as deoressed

. myocard1a1 function secondaryvto<a1cohol1c cardiomyonathy (15).

Fig. 11" shows the striking effect of subiingua1 isosorbide

-dinitrite on EF and EDYV in a patient with coronary artery disease.

Administration of the-drug produced transient, but sianificant

changes in a]] nararatarc —measured. . . L
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DISCUSSION

it~is vital to apnreciate that the hiqh-frecuency'part'of
,the recordxng is.an exnress1on of content rather than concentration
__in the cardiac chambers. It is apparent as these studies proqressed
that in viewing sequential recordings it is- possible to recogn1ze
improvement or deter1ora;1on of cardiac function from pattern
recognition alone. Measurements of EF and tran51t times orov1de
an easy method of quanu1tae1on which add> s.nn1f1canely to the

“value of the data, but rare]y chanaes the 1nnresa1oqj\a1ned from
- Y—W”*"‘ & .

St At L ¥

"*f1rst viewina the str1p charL record1nc of the boT
;j’“’;*g__!h [

-(F1a. 9 was an exceptiongs ';ﬁs, the method

[-v-x 5

R AR AT e

-advantage of almost immediz intTerrmatio

3
[
"l

pr

to considerable delay wuHen a SCIﬂ'i E ’cr carera uigﬁ data store,

retrieval .and.maninulaiion. ci“aa%

— s g I A

I¥ in a givén"case Tnformaticn 15 reou1red on card1ac output

Ieftsventr1cu]ar end-diastolic volume. and pulmonarv blood volume,

‘such 1nformat1on can be obta1ned usinag Lhe s1no]e probe and

99m Ti3mp Thws areater 1n‘ormat1on is ohtained

Tc a]bumln or icnic
at the cost of greater complexity (preparation of the labeled
albumin or elution of the In generator, blocd samples, preparation

of a standard, sample ccunting and comnutation time).

—_— —— S e = = - e

Experience with more elaborate systems (5-7) indicated that

a sirgla~probe study would be useful nrovided a2 Tisfactory baseline



© ° TABLE 1

PATIENT

I1SOTOPE

CONTRAST

DIAGNOSIS
z Rheumatic <20 31
heart disease
L - Cbronary artery 42 41 -
o disease
B IHSS .66 rA
K Chronic bu]monary 64 59
disease
S Normal 80 . 718
F Coronary artery = 60 79
disease . :
Average 55.3 59.6
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corre;tiqn could be achieVed._ Could a fixed circular window (eé]ipse

mask of the LV) serve to provide the proper correction for all

géubjetts in all situations? A]thoughAmany mere direct comparisons

with standard contrast anagiography are needed to*answer this ouéstion

the fixed "W1ndow used in these studies apnears to be surpr1s1ng1v

satlsfactory over a w1de range of EF uhen compared to standard

'ana1ography (Tab]e I.).

In. these pat1ents I anciograms were filmed using standard

techn1ques in the 40° RAO position and LV vo]umes vere obtained

by area. length. Computation with correcticn for maanification.

Note that in the last 3 records of the series shown in Fig.4,:EF
Cqu1d not be estimated. This was due to the fact that as"reﬁecfibn-

and LV dysfuﬁction brogressed, both LV and background configuratiocns

s

resulted in similar patterns during the LV phase of the record because

| of marked ditatation of the LV (centrallport and circular window

below clearly recoqnizéble amplitude, so that the need for a baseline

seeing the same information). However, before this becomes a

problem, transit time has become markedly prolonged and EF has fallen

.against which to judae EF has disanneared.

Except for its use in transit time analysis and.in cases where
4“9%&—JQQ&P¥LAﬂﬁLJJQQ§€&=+t"“W_JXu4mQf ord—Fics. 6 .and 9) no

atuemnt has been made to cuantitate the richt ventricle in these

cF

studias.. Previous studies (1-7,16) have darcns

rated that detarrinati
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of RVEF and EDV will depend on adeauate correctwon of the- precord1aT
record for m1x1nq, stream1ng and “cross ta]k" Uhether the ecl1pse
mask technique aop11ed 1n these studies to the LV wou]d be eoua11y

: app]1cab1e to the.RV is under investigation.

The t1me reou1red for the study as’ we]I as the dose of
rad101$otoue to the pat1ent could be reduced if the LV and circular

W1ndow record1nqs could be made S1mu1taneous1y A mosaic probe‘

with multiple photomu1t1p11er tubes, dual count rate meters and dual

channel pen recorder is being build for this purpose.




‘DESCRIPTION OF FIGURES .
Fig. 1. See text.

Fig. 2 shows the collimation for obtainina the LV radio-
-isotope concentration curve (top) and eclipse collimation for
obtaining "cross talk" correction (bottom). The auxillary
collimators are made of 1/2" Pb. , ‘ :

, ‘Fig. 3 shows a grossly abnormal pattern (prolonced transit

time and loss of EF) obtained shortly before death from a
massive myocardial infarct.. . : '

Fig. 4 shows representative patterns from 21 serial studies
done over a 7 day period in the recinient of a heart trans-
plant. The records demcnstrate the effects of suraical
trauma (top), drugs (middle) and immunologic rejection
(bottom). :

Fig. 5 Teft: a semilocarithmic craph of time concentration

" curves of an indicator injected into the proxiral chamber of

a two-chamber system. The compcnents of which are of equal

size and perfused by the same flow. ' :
Right: illustration of the displacement of the concentration

curve of the second chamber by the interposition of a labyrinth

of transit sections bestween the two chambers. Fror Giutini,

et al (12), (reproduced by permission of the authors and -

Jd Clin Invest).

Fig. 6: Part A of the fiqure shows an abnormal nattern obtained
vhen the probe was positioned over the LV.of a patient subsequently
shown to have -multiple pulmonary emboli. The reduced pulmonary
blood volume (PBV) obscured temporal senaraticn of right and

left ventricle. Part B is the pattern obtained with the probe

over the RV after an SVC injection suoerimposed on the pattern

of LV fcllowing injection into the pulmonarv arterv by means

‘of a flow directed catheter.

Fia. 7 shows the gradual emercency of temnoral senmaration between
RV and LV with time in the sam2 patient illustrated in Fig. 7.

Fig. 8 shows a series of studies from a patient with initial
loss and gradual re-apnpnearance of temnoral separaticn between
RV and LV. This patient had severe resniratory distress due
to widespread bronchial carcinoma comotlicated by pneumcnia.

- _Fig. 9 illustrates one nf—tha;mee@a&i&h&:ﬁy;vhLgi;teﬁgqnal__.

— Separation betvéen RV and LV may be obliterated. . In this

case the PTT was normal and loss of tempcral seraration was
due to massive dilataticn of richt heart charbers. The

~shaded portion (bottor) of the fioura sheows the nattarn

sdtained -over the LY when the racdiciscione-was irtroduced into
the pulmgnary artery, bypassine the dilatad Pi and oY,



Fig. 10 shows a series of studies .done during alcohelic

~ detoxification with congestive failure. This series illus- ,
strates the stabililty of the PBV measurement in a patient whose
difficulties resulted from ventricular dysfunction (loss of
normal EF and increased EDV).

Fig. 11 shows a strikina effect of isosorbide dinitrite on EF -
and EDV in a patient with coronary artery disease.

e : L

*
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RV from SVC injection
' . plus
LV from PA injection

SVC_INJECTION .

RS .,l:‘; 4 ;}R=iﬂ9
~ RIGHT +/LEFT  * - .
’ PV > 320 wA

-~

. EFwsag -

 Fig. ~  Part A of the figure shows an abnormal ‘pattern obtained

~ when the probe was positioned over the LV of a patient subsequently
shown to have multiple pulmonary emboli, The reduced pulmonary

." blood volume (PBV) obscured temporal separation of right and left

~ ventricle, Part B is the pattern obtained with the probe over the
RV after an SVC injection superimposed on the pattern of LV follewing
injection into pulmonary artern by means of a flow directed (Swan
Gans) catheter, : ‘
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