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I orsus Closed-Chest T('(flmiquvs

John D. Michentelder, M.D., Howard R. Terry, Jr.,, M.D., Edward F. Daw, M.D.,
Collin S. MacCarty, M.D., Alfred Uihlein, M.D.

Siner NMarelh 1960, protormd v potherniia and

total civenlatory arrest have bheen utilized at

the Navo Clinde in selected cases for the sar-
Up 1o

December 1961 1S operations had bheen done

aical repair of intracranial anenrysms,

with the nse of Drew’s open-chest techuigne
Between December 1961

IS additional procedives

for T pothermia.s
1962,

with

and Aot

were done w0 closed-chest techmigue.

I view of the existenee of comparable se-
ries 1S cases cachr s this seemed an appro-
priate time to compare the open- and closed-
chest techmigques inan attempt to determine
which, it cither s the hetter method for ob-
taining the desived goul of deep by pothermin
and total cirenlatory arrest.

Ancesthetic Management

The anesthetic problems presented by both
techmigques are similar. and althovuel differ-
cnces dooexist they are minor, Premedicu-
tion as o routine procedumre Tas been avoided
in both aronps for Tear of px't)]nn«;inu‘ itto the
postoperative period any depression resulting
dining

from the delived  exeretion ol dres

deep Tvpothermin,  For sinilar reasons, in-

duction of anesthiesia bas been timited in both
oroups Lo short-actine. rapidhv dissipated
aocnls: inosin coases this has been .u‘<-u|11p|i\]|<'<|

CBrevitaly 100 mo..

the remaining 30 cases indiction was accoms-

with mcethobievital and in

plished with Tadothane cFhiothaned or evelo-
GO e

in cich instance to tacilitate intabation.

propanc,  Suceinn leboline W tsed

\ceepted tor publication December 500 1962,
Dirs. Michendedder, Terrvs wnd Daw e i the
Section ol Anesthesioloov, and D NMaceCanty and
Uililein are in the Scction of Neorolooie Siroery
Mavo  Clinde and Navo Foundation, Rochester,
Minnesota, This paper was presented ol e
Annal Mecting of the American Society of Anes-
thesiologists, Tnen New Yorks New York, October
20, 1962,
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hoth

was accomplished with halothane, 0.5 to 1O

Nadntenance of anesthesia in arotps

liters minute: and
A of the patients”
himos were intentionallv Tivperventilated with
Bird Mok 1N
controller and Nark VT vespivator with posi-

per cent: nitrons oxides 3

onveens 2 liters miinate,
e ofa anesthesta assistor-
tive-negative pressure phuasing at w rate of 16
to 20 por minate, This differed somew hat in
the apen-chest aronp o that manoal Tinper
the

beine caomulated and during the pertusion.

ventilation was ntilized while heart was

In both cronps o Therm-O-Rite hlanket was
placed heneath the patient. althouel it served
the

chest cronp. privcuilv to minimize the down-

somewhat  different purposes: i open-
ward temperatire dritt following vewanuing:
in the closed=chiest cronp. princaily for cooling

the pationts to 30 to 32 L

hetare perfnsion
and secondarilv to minimize temperature dritt
alter reswarmine. This variation in proceduore
reflects the sianificantly donaer cooling tines
that provail with the closed-chiest technigne,

the

HAN 4‘\<1lx|1‘lL',

diff cred somewhat i fwo

bloaod

cal stethoscope. and thermistors placed i the

\Monttony
aronps. A prossire enfl
csophacus and nasoplaryny were considered
adequate Jor the open-cliest aroup sinee visal
monitoring ol the heart was possible and was
ol sulicient acecuracy Tor clinical appraisal of
I the elosed-chiest gronp.

the

the cordine statns,

vistal monitoring was replaced by Pro-

coedire of thing contrad venons pressare from
4 catheter threaded into the saperior e
cavae viee ans anteenbital vein and arterial pres-
stre from o needle placed o the radiad arten
by s of o cntdown: the clectrocardiogram
swas monitored continnonshy onean oscilloscope,
I none of the cases did complications result

from the monitoring procedire,
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178 MHTCHENFELDERD TERRYD DAV M AacCARTY, AND UTHLEIN

Perfusion Technigue

In both series the conduet ol the pertusion
was the responsibility ob the anesthesiologist;
in the closed-chest miethod this was accon-
Sinee

the two teehnigues differ inevery wan, eaeept

plished with the help ol o technician,

in that they baoth permit lowering of YN)([_\
temperatare to 15 Coothey will he deseribed
separately .,

Opcn Chest ¢Drew ). Basicallv, this method
by passes both the right and feft sides ol the
heart. and it atilizes the patients’s Tangs as
the oxvegenator ofics 1y The vohune required
for priminye the apparatus and Tor transfusing
during perfusion is 3500 ml: this permits fow
rates of 2.0 to 2.5 Titers per minnte per square
meter ol hody sivface area. The perfusate
wias reshiv dravwn, heparinized blood,  Four
canmdas are used  with this technique -one
throngh an incision in cacl wtriinn, one placed
in the pubmonay outllow tract throngli an
incision i the vight ventricle. and one in the
externad iline artery: this requires a medinn
sternotomny incision and total heparinization
(90 o, .

Initiallv. onhy the Teft heart s bypassed.
and cooling i institited by aintaining the

blood that Teaves the heat exchanger at a

Anesthesiology
Moo Apr. 1063

I o Clrenitry of
open-chiest perfusion.,

temperature that is 120 €L cooler than the
paticnt's  esophageal temperature, As soon
as the heart heat becomes ineflective (287 1o
300 Covight-heart bypass is instituted, and
<-m)]in}_: progresses withe constant flow rates of
2.0 to 2.5 diters inimate 7 antil body tems-
At this
point. cither low Hows of 0.6 1o 1.0 liters’
minate m.

perature is lowered to abont 157

or civenlatory arrest mayv be estab-
lished for the duration required Dy the neuro-
surgeon: diring this time blood is taken from
the patient {about 1,000 to 13500 ml) to
improve exposure and rveduce statie bleed-
g, Rewarming iy accomplished in reverse
order of the cooling process, with maintenance
acain of o aradient of 12 €. between the
temperature of the blood leaving the heat
excelimger and the temperature of the esoph-
agis. When patientUs  temperature reachios
300 to 320 Coothe heart s defibrillded in-
ternally cond then tuken ofl right by pass. When
to 35 L0 Teft-

Beart bypass is discontinned, the cannulas are

the temperature veaches 37

removed, and the effect of the heparin is ve-
versed with administration of hexadimethrine
(Polvbrene) (133 me. .

Closed Chesto This teelhinigue involves pe-

ripheral canmalation with bypass throngh a
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Nunibeyr 2

primp-oxs gevator and, depending on the pa-
tiens temperatire, funetions as cither a par-
tal or o lotad bypass susten (lise 2)0 0 The
prp-osvacnator s oa small Mayo-Gibbon
tvpe ™ which incorporates w Brown: Foumons
Lot exelumneer. The volume reguived for
priming and transtusing diring the perfusion
is 3,000 ml.
ml o citrated bank blood to which is added

The perfusate consists of 1.500

15 mue. of heparin and 1300 me. ol calcinm
chlovide, and 1,500 b of 5 per cent destrose
i water to which is added 210 ml of sevim
albumin, The fHow rates duaring the perlision
have aneed from 13 to L7 liters minnte mes
Three canndas are osed with this technigue,
one it each common temoral vein and one i
a connuon femoral artery. One venons cans
nulais passed Lo the Tevel ot the diapliraan
il possible,

The paticnts are coolod to 300 to 32 CL
priov to perfusion. Following heparinization.
the cannulas are inserted and perbusion is in-
dlituted with flows  araduadly increased to
abont 1o diters minnte m Cooling s ae-
complished by naintaining a0 aradiont of
12 . between the tenmperatire of the blood

Fic. 2. Cirenitry  of
elosed-chest perfusion.

=L b e
trap

F r*"r"n aral

leaving the heat exchanger und the tenpera-
ture of the esophagns, Initiadly, this is o par-
tial Brpass sesteon with the heart contributing
to the total-body perlusion; the part played
by the hewt is essential to thie sadety of the
techmiue, since a How rate of 1 liters/
minute, e would of itsell be inadequate at
temperatures above 25 €0 AL temperatures
below 28 € the heart becomes inctective
add usuadly Hibrillates. at which point tolal-
hody pertusion is being provided by the
pump-onyeenator, During cooling. 7 per eent
carhon dioxide is metered into bothe the Tangs
and the onveenator in order (o provide cere-
Dral vasodilatation and thereby hasten eooling
of the brain. Ventilation of the Tongs is dis-
contitnied as soon as the heat beat hecomes
inclicctive. When the nasopharyngeal tem-
perature reaches 157 Codow flows of 0.6 1o
PO liters minnte m o cirenlatory arrest may
he established as with the open-chest tech-
niques and during this time blood s taken
from the patient <1000 to 1500 ml) Lo im-
prove exposure and reduce statie bleeding,
Rowarming is accomplished with the same

L7 liters miinmte o) and

flow rates (1.3 to

Shest
oxygenato

"."’_J'

Hleaot

exchanger

artery
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T b Comparative Porlision 1t
[ e [ 1 ~1
[RSTRTE Meon R M
Pl ot~ ,
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Cooling 1. i
THinutes [ B EEA N N N T2 i
Wiy i :
T es Lo it 26 T I
Fow tlows i
(IR !
min. m” ‘
ninntes |ooan " 05N
Arrest tine, l
NI es ' 0 6 [FAY )

atemperature gradient of 120 €0 When esopl-
reaches 260 to 25 (L

the heirt is defibrillated externally wecording

ageal temperature ,

to the dechuigque of Konwenhoven and s

Atesthesiology
Mar-Apr. 1vos
assoceiates
Once the hewt is delibrillated. the system

agidn becomes o partial by pass svstem, Res

warming s contivned  antil bhody tanpera-
tire reaches 320 to 34 Cooat which point

removed  and hesadimeth-
rine (Polybrened s aehministered.

the cannulas are
Bewanm-
ing is then continued with the Thern-O-Rite
blankets,
Conmment. The outstandine difference in
the two technigues is the overall simplification
ol the closed-chest method, which docs away
with median sternotomy. The price paid for
this simplification has heen i terms of flow
rates, which wre redueed to almost hadf of
those used with the open-chest micthod. oy
this reason both the cooling and the rewarn-
g times are approximately double those of
the open-chiest method (table e this s oot

thonght 1o be w eritical Tactor and s therefore

On ety
Neart
bypass

40 l On
L biateral

> On
\ o brlateral
bypass

5 . Circulatory
——arrest ———

R

I
Hlood pressure »5/5 o Hy
Fulse rate S8

Venous pressure Bomir by

Yoo v0 30 a0

x X F,‘;ODHOQ‘:(]‘ tempercture

e a0 Temperatur

bypass

Ott nght
neart

bypass Off left

heart
bypass

|

NO/7C e Hy

80

10 mm Hy
60 70 8O 90 100 1O 120 10
Minutes

O——=C Mixed verous fempercliure

craphs open-chiest technigue (ina case of auearysin of auterior

communicating artery V.

Sawvith o Norris externad defibrilltor,
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e, b Temperatire eraph: closed=chost technigqne (in a case of anearysie of posterior
communicating artery ).

not a significant disadvantage. The progress
of cooling and rewarming with cach method is
eraphicallv demonstrated in ficures 3 and 4
It is of interest to note the inercase in rate
of cooling seen in the closed-chest method
after the heart ibrillaes. Apparenthy the
output ol the hieart resists the retrograde flow
of the cold blood to the upper hall of the
bodv, and. when fibrillition ocenrs, the Toss
of this resistanee is reflected by sharp in-
crease i the cooling rate. This can be con-
firmed by monitoring rectal temperature, which
drops  precipitoushy, often reading 107 to
12 C, lower than the nasophiaryvigeal tem-
perature prior to o fibrillation. Temperature
dritt during arrest and adter rewarnuing i
seen with cach method. but it is greater with
the open-chest technique, This probably is the
result of the more rapid cooling and warming.
which results in farger temperiture aradients
hetween the varions body tissues. This drift

has been in the range of 27 to 3 CLin the

open-chest aroup and 1 to 37 € i the
closed-chiest group.

The use of o dilinte perfusate in the osed-
chest method has reduced the amount of blood
needed in these cuses and has possibly im-
proved the perfusion by decreasing viscosity
and reducing the acerceation of ved blood
cells. v 1t is reasonable 1o assumie that a
dilnte perfusate conld also be used with the
open-chest method. but at the time that
method was being utilized the adviantages of
such a0 svstem had not been appreciated.
Likewise, the need for fresh heparinized blood
rather than citrated blood in the open-chest
technique is questionable.™ The use of 7 per
cent carbon dioxide for cerebral vasodilatation
is based on recent experimental work ' and
would be equally applicable to the open-chest
technique. The need for an artificial oxveen-
ator in the closed-chiest method  might be
constdered o disudvantage in terms of trauma
to red bload cells, but this is minimal and
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T Comprorative Chides] Py
Cran Closrd
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medion indavs 500 20
CACe menn i venrs e [N
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CNeoring systetn deseribed anrest
probablv ot ittle sicnificince, The depend-
cnee onexternal defibrillation with the closed-
chest teelnigne was o matter of some coneern
initiadlv s however, the resalts Tiave so far heen
cncotraging, Inocach aronp. two of the 18
hewrts defibillited spontancousty s one ine cach
aroup reguired muoltiple shocks hetore delib-
rillation was accomplished. and the renaining
30 defibrilliaed with case whether the methad
swas internal or extornal.

The closed-chest techmigue carries with it
several contraindications to its sse and has one
potentiadd fozard, The contraindicutions in-
clnde patent doctus, corctation of the aorta,
and wortic sulficieney. e the presence ol
such conditions, retroorade aortic How with
this technique woudd be hazardons or ine
possible. The potential Teard s that of pul-
monary vasenlor damaees This conld develop
atter fibrillation as o result of poersistent bron-
chial blood How . some of which is retiened to
the Tett atrivin: if sueh blood How s of sud-
ficient volume, it conld result in hioh Teft atrial
prossures with subsequent inercase in pahio-
nary venons pressare saedirreversible dionaoce
with pulmonary edenie In the 1S cases in
which the closed-chest procedure was nsed.
no such complications occurred: it is none the
less wosouree of some concern and militates
acainst the use of ])I()I(IIIL’('(I ]n-riu(]\ ol Tow
How priov to cirenlatory arrest. For the siomne
reason  carhe defibrillation during veswarnming

is considered advisable.

Results

o adtampting to evaluate the results i

these two uronps and thereby draw dedinite

Anesthesiology
e Apr. 1903

hetter

difficaltios are encountered.,

conclusions  recarding  which is 1

method,  many
These difficnltios wre compornded Inthe el
Such

mportant - considerations as swrgical experi-

tively soadl nmnher of cases compared.

cnee. preoperative condition of the patient,
Tocation of the anenvysim. and tvpe of anen-
rvsm adl five animportant bhearing on the
outcomer vet, for none ol these bactors can
numbers he applicd and direcet comparisons
mades For this reason, indirect comparisons
are: necessarye and it is hoped that they will
at least indicate which, it cithers is the better
technigne,

Table 2 vepresents ane attempt at making
such indivect comparisons. The overall mor-
tdity rates favor the closed-chest group. i
which there were three deaths as compared
with five in the open-chest group. Becinse
ol the sinadl series involved, this difference
was not statisticadly significant. One death
topen method ) occwrred ina patient with an
arteriovenous anomaly swho died trom uncon-
trolled Liemordige: this is the only nonancn-
rvsmial case in the sevies and therelore canmot
Another
death telosed method ) ocenrred ina patient

be compared with the other cases.

with infarction of the hasal canglic and o
ternad capsule prior to operation: in retrospect
this was an inoperable case. A thivd death
copen method ) was the result of postoperative
pucumonia in a paticnt who was otherwise
A fourth death {closed miethod)

was the result of a postoperative bleeding uleer,

doing well,

The remadning four deaths resulted from post-
operative cerebral edemi postoperative bleed-
ing. or cerchral infarction complications which
are connnon to all intracrunial procedures,
With the exeeption of the death resalting from
pncumonia. swhich was probably o complica-
tion of median sternotomy . none of these was
thonght to be due to the Tinpothermic tech-
nique itself.

I an attempt to evahate morbidity as well
as mortaditv, a newrologic scoring svstem was
devised i order 1o compare both the pre-
operative and the postoperative status of the
patients in cuch series ctable 3y This differs
somewhat from w previons classification pro-
posced by Botterell and his associates.

This svstem is based on a0 O to 5 scale

swherein the absence of any nenrologice deficit
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warranted w0 O scores minimal deficit {for ex-
ample, third nerve padsy was scored as 1L
sienificant deficit withont  mental ateration
(lor example, hemiparesist was scored as 2,
mental alteration ccontusion. letharav, and
the liker as 30 coma 1and death 500 With
this svstem the total preoperative score i the
open-chest aronp was 150 and in the closed-
choest aroup. 23,0 Postoperativelv s the total
scores were 36 tor the open-group as come
parcd with 30 for the closed aroup. This
sngdests that the overall preoperative nenro-
logic status of the closed-chest aronp was
worse than that of the open @roup. vet their
overaddl postoperative status was better, This
is. as we indicated. o indirect and artificial
cotparisore. and the postoperative scores are
heavilv sweighted by the deaths.

A third comparison can be based on the
lenath of time required to repair the ancn-
rvsm: this involves the assamption that the
more time that was reguoived. the more difli-
cult was the procedure. Since the definitive
surgical procednre is accomplished daring the
periods of Tow How ud cirenlatory rest.
these times can he compared. Por the open-
chest aroup the average time was 25 minntes.
and in the closed-chest group it was 32 min-
ntes. Awain, this sngoests that there were
more ditficnlt cases in the closed-chest aronp,
with overall better results,

Finallhv, one can compare the time that
clapsed between the Tast hemorrhage from
the ancenrvsm and the dav ol operation. There
is coneral agrecment that the Tonger this pe-
riod. the Tess the suraical risk: obviously.
there mnst be a time after which the visk does
not alter to any significant degree, TE T
been sucoested in other veports V-7 that 1
davs is the eritical time, ater which the visk
remains about the same. o the open-chiest
group the median time which clapsed was
371, dinss and inonlv one patient was the
time Tess than T danvs, I the closed-chest
cronp the median time was 25 dnss and i
siv pationts the time clapsed was Tess than T
davs. This auain indicates @ hicaer visk fae-

tor in the closed-chiest group.

Comment

From the olinical results it s reasonable to

conclude that the closed-chiest method is al
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least as wood as and perhaps better than the
open-chest method,

ln comparing the two techuigues without
consideration of - clinical results. the closed-
chiest method mast he considered the pre-
ferred teelmique, This is so primarily because
it does away with the need for opening the
chest and thereby ercatly simiplifies the entire
procedure. This is refleceted i the amonnt of
blood required by caelh mcthod: the average
amonnt in the open aronp was 10,000 ml, as
comnpared with 3900 mlio the closed aronp.
Becanse of this simphtication and becanse less
l\]‘)()(l ]]('(‘(l ])(’ HL[(]“ 11\\1”;[]1](" ()l\("}l!i(”] can
be schedaled at a much carlier date. thus
reducing the potential hazad of fatud bleeding
while the patient awaits operation: such wus
the vuteome in two patients during the time
the open-chost teelmigue was in uses 1t s
hoped that. in the vear future. operation: by
the closed-chest technigque can he carried out
within 21 howrs after the diagnosis is made.

One further advantage oftered by the closed-
chest method s ity overall adaptability. This
method could cusilv be atilized in both ab-
dominad and thorucic operations il the indi-
cations for hvpothermin and prolonged total

cirealatory arrest shoald arise in these recions,

Summary and Conclusion

Protound b pothermia and total eirenlaton
arrest have bheen applied by two ditferent
technigques to 36 patients of which all bt
one had intreranial ancorvsins, Bichteen of
these patients were namaged with Drew's
open chiest feclmigque wnd IS with a0 closed
chest method. The overall simplification per-

mitted by the closed-chest techmigue. swhicls
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does awiy with the need for median sternot-
omyv and  caomulation of the heart, heavily
choice. The

favors this as the method of

clinical results sugvest that the closed-chiest
method carries with it no more, and possibly
lesse hazard than does the open-chest teel

nicie.

We are indebted to the wiembers of the see-
tions of nevrosnraery and cardiovisenlar surgery,
in particular Dro John W Kitkline for their co-
operadion in the collection of the material pre-
sented in this paper.
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