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An important cardiac surgery milestone: The first known
stopped-heart operation

‘ '.) Check for updates
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On May 6, 1953, John Gibbon, MD, performed the first
heart operation using a heart-lung machine without stop-
ping the heart'; afterward, various inflow occlusion types
of operations continued to be performed, and C. Walton Lil-
lehei was using cross-circulation for heart operations.”
Meanwhile, Melrose and his team were experimenting in
the laboratory on inducing cardiac arrest with potassium.”
On February 17, 1956, Donald Effler, MD, and Larry
Groves, MD,”" performed the first documented operation
in which the heart was stopped with aortic occlusion and po-
tassium citrate infusion on a cardiopulmonary bypass pump
(built by Willem Kolff, MD) with a 17-minute pump time.
There is no indication from the report of the first 3 opera-
tions done with potassium arrest of the heart on cardiopul-
monary bypass. In addition, there is no record of Effler and
Groves previously doing ventricular septal defect (VSD)
closures with either cross-circulation or cardiopulmonary
bypass without stopping the heart.

CASE REPORT

The patient (who signed HIPAA [Health Insurance Porta-
bility and Accountability Act of 1996] forms and provided
written consent to share his story and medical information
with media, since institutional review board approval was
not needed) was a 17-month-old child weighing 17 pounds
when he underwent surgery. He suffered from failure to
thrive, could not sleep lying flat, and had repeated episodes
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first cardioplegic arrest operation.

CENTRAL MESSAGE

The first known stopped-heart
operation, performed by Donald
Effler, MD, and Larry Groves, MD,
was a precursor to what has
become a major contribution to
cardiovascular care of patients.

See Commentaries on pages 464 and 466.

of pulmonary edema and “pneumonia.” His parents had to
pace with him at night to try to get him to sleep. F. Mason
Sones, MD, who would perform the first coronary angio-
gram on October 30, 1958, performed a cardiac catheteriza-
tion and documented a high VSD and pulmonary
hypertension. The patient’s record notes that Dr Sones
informed the parents of Dr Effler’s research on using the
heart-lung machine to close heart defects, as well as Dr Ef-
fler’s caution that the operation carried a 25% to 30% risk
of death. The patient’s family agreed to proceed, and the
referring doctor was invited to observe. Dr Sones ordered
“fresh whole blood” and to “‘start him on antibiotic” before
surgery.

The operation report describes, “A transverse anterior
thoracotomy incision was made through the right 4™ inter-
space, the sternum was transected, and it was carried up the
left 3" anterior interspace. After exposure was obtained, the
left subclavian was isolated, and it was ligated immediately
proximal to its primary division and divided after securing
the base with a Pott’s ductus clamp. An aortic cannula
was then inserted and tied into the vessel; the tip of the can-
nula extended into the arch of the aorta” (reference
Figure El, C and D, for images of typed operative notes,
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as well as handwritten notes from Dr Sones [Figure E1, A]).
Dr Effler noted during surgery that the pulmonary artery
was significantly enlarged, under high pressure, and more
anterior in the chest. A trans-right ventricular approach
was used to close the VSD that was “about the size of a
5-cent piece which is a considerable defect for a heart of
this size” with 4 interrupted silk sutures. After reperfusing
the heart, spontaneous sinus rhythm returned. A lung biopsy
was taken after weaning; otherwise, closure was uneventful.
The patient’s postoperative period was normal other than a
fever of 103°F, perhaps due to aspiration that was relieved
with suction, but he was discharged shortly thereafter. The
patient was asked to return 6 weeks postoperatively, and
the patient’s doctor wrote to Dr. Sones to report on the
patient’s remarkable recovery (Figure El, B).

.. FROM PUMP

DISCUSSION

Time magazine’ and Reader’s Digest reported on the
remarkable operation. Today, the patient is a 66-year-old
retired trumpeter who was inspired by the great band leader
Doc Severinsen. He decided to study music because Dr
Sones did not think it was safe for him to play sports after
having 2 ribs removed. The patient is also a grandfather
and has never experienced any other cardiovascular events.
In 1980, Dr Effler wrote to the patient, saying that the pa-
tient’s lucky number must be 17: 17" day operation,
17 months, 17 pounds, and 17-minute pump time.

This seminal patient with potassium-induced arrest and
cardioplegia on a pump was a precursor to what has become
a major contribution to the cardiovascular care of patients.
The 3 illustrations accompanying this case report (in
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FIGURE 1. Colored illustrations of the original drawings of the first cardioplegic arrest operation. A, Illustration of the ventricular septal defect and can-
nulation via the left subclavian artery for cardiopulmonary bypass and venous drainage. B, Illustration of injection of potassium solution with the aorta
crossclamped. C, Right ventriculotomy and closed ventricular septal defect. All images are reproduced with permission from Effler and colleagues.* Copy-

right 2021 The Cleveland Clinic Foundation. All rights reserved.
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VIDEO 1. Case Report. Lars G. Svensson, MD, PhD, discusses the mile-
stone first stopped-heart operation to examine its significance for the evo-
lution of heart surgery procedures. Video available at: https://www.jtcvs.
org/article/S2666-2507(21)00584-8/fulltext.

Figure 1) depict colorized versions of C. Kurt Smolen’s
original work.* Additional explanation about this milestone
operation appears in Video 1.
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Currently, about 500,000 heart operations are done annu-
ally in the United States—most still induced with potassium
cardioplegia.® This patient’s story reminds us that the pio-
neers of cardiac surgery were great heroes for attempting
operations with unknown outcomes. Thanks to their
groundbreaking efforts, most heart operations have less
than a 1% risk of death.

References

1. Gibbon JH. The development of the heart—lung apparatus. Am J Surg. 1978;135:
608-19.

2. Warden HE, Cohen M, Read RC, Lillehei CW. Controlled cross circulation for
open intracardiac surgery; physiologic studies and results of creation and closure
of ventricular septal defects. J Thorac Surg. 1954;28:331-43.

3. Melrose DB, Dreyer B, Bentall HH, Baker JBE. Elective cardiac arrest. Lancet.
1955;2:21-2.

4. Effler DB, Groves LK, Sones FM, Kolff W1J. Elective cardiac arrest in open-heart
surgery; Report of three cases. Cleve Clin Q. 1956;23:105-14.

5. TIME [Internet], TIME USA; 2021. Medicine: surgery in the heart; April 30,
1956. Available at: http://content.time.com/time/subscriber/article/0,33009,
824204,00.html. Accessed May 21, 2021.

6. Dobson GP, Faggian G, Onorati F, Vinten-Johansen J. Hyperkalemic cardioplegia
for adult and pediatric surgery: end of an era? Front Physiol. 2013;4:228.


http://refhub.elsevier.com/S2666-2507(21)00584-8/sref1
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref1
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref2
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref2
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref2
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref3
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref3
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref4
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref4
http://content.time.com/time/subscriber/article/0,33009,824204,00.html
http://content.time.com/time/subscriber/article/0,33009,824204,00.html
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref6
http://refhub.elsevier.com/S2666-2507(21)00584-8/sref6
https://www.jtcvs.org/article/S2666-2507(21)00584-8/fulltext
https://www.jtcvs.org/article/S2666-2507(21)00584-8/fulltext

Congenital: Ventricular Septal Defect: Cardioplegia Historical Vignette

D0 Mo R ) feegoner
P < '4
. S
8l 'I”,“% P I R )
¢ !/ At G ce:eT o Fonbaad !
! BYCY ¢ A A T N L |

-.,_d_‘?’ag_ e ew LM _«?a_nm‘_{:

s Hal Con ;
ézu Titiofs Ocrolein toar  ntstad Te “dZiet'-

b Pl abil ot Am;j

mr»zé:f{‘ =

/t"‘,L =

P i - .
A
A . Iy
BEE Age Cane N
o ' * Dake
— i

Srgeon

Cc

Anestierist

Name Wl Fendch_ = Age_.__ 17 uous. Case Noo_ (3 124 _
=l as bo
Lzog uriue). wo eaca otaer, -u-um; ::z It 0 2%
lopment 5as been Laicmplete. T Ipersiion ] - .o 21156 .
1igh and is about tre size of o 5-emt plece which is a s::l.darnhlc 7 @
zor t of this size. No other obvicus sbmormalities wero dete: A lung blogr, Amesthetic .. = s e Roem. Time 3 o X ef
was taken. = e
PROCIDURE: Witk the patient under anterior Surteon - Time
thoracotomy incisics was asde through the right hth munpm, the staroum wss
transected, snd it ves carried up the left 31 anterior ce. Both interial 5 o
., interspa Amesthétiot e - Avbasnc - AN - N

mirmary bundles were divided and secured, A! or the exposure vas Gbtalsed, the left
subclevian arbery vas fsolated and it wes u'mx—u.-mqm:\-mm

aterrupted placed carefully o approx. -
soptal defect. Aftar the sutares were tied and the defect was considercd

usTih 30t

1956

ni
Clevelsnd, \)no

Dear Or. 3ones:

. BEEEEE callec to-desy injuiring if 1 had
heard frca you. an- 8aid you hsd indiceted they should bring
XEEEE back in stout 6 weeka.

'or nearly s week after returning Fome bl nn-ocly

llnpt at nxgm. snd for the Pirst few deys dehaved " hongh
Tangze plece. Pinslly I geve him s ncuvlgh

tu ,u. M- u sleep snd singe then sverything

't km- -ly he skould ocn ua lhwlnl
nd congretulate uﬂu,n o
-nno-

.

: muu what the aucoess dml cosa
: s is e nlnth.* net
ug

the osre uln-m Mni

34nesrely Yours, oo mesty, many thanks

aurmur 1s andid if.

Centinued:

and the pericardium vas closed. The sortic canmula was removed frau the subclavian
vessel, the luags were re-expanded, s lung blopsy was taken, the chest was them closed
by spproximating the ride with mwhlmn‘pﬁ;ﬂn nﬂnmﬁ‘h

carough the

cut edges of the stermum Wi*h tvo catgut sutures

. 4-«, tee sortie claap ves rumoved and alsost imsedistaly, blood M_a

soronary bed. Bhorély sfter whis

D

FIGURE El. Original operative documents from first cardioplegic arrest operation. A, Handwritten operative notes with preprocedure instructions and
notes about the procedure itself from Dr Sones. B, Letter written to Dr Sones from the patient’s doctor with comments about the patient’s recovery.
C and D, Typed operative notes about the procedure. All images reproduced with the permission of the patient and Cleveland Clinic.
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