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OUR SURGICAL HERITAGE

hagavant Kalke and His Pioneering Work on the
i-Leaflet Heart Valve Prosthesis

ankaj Saxena, MCh, DNB, and Igor E. Konstantinov, MD, PhD
epartment of Cardiothoracic Surgery, Sir Charles Gairdner Hospital, University of Western Australia, Perth, and Cardiac
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hagavant R. Kalke, working with C. Walton Lillehei
(1918–1999) at the University of Minnesota, de-

igned the first bi-leaflet heart valve prosthesis in 1965.
his prosthesis became known as the Kalke-Lillehei
alve and was implanted clinically in 1968. Although this
alve did not find further clinical application, Kalke’s
esign laid a foundation for the development of all
odern bi-leaflet prostheses. Demetre M. Nicoloff (1934–

003) subsequently used this innovative concept and
erfected Kalke’s original design into the modern bi-

eaflet mechanical prosthesis. Today, the bi-leaflet me-
hanical valve is the most commonly used heart valve
rosthesis in the world.
Although a number of heart valve substitutes were

esigned in the early 1960s, a reliable prosthetic valve
as yet to be found [1, 2]. This was the time when young
r Kalke entered the scene of cardiac surgery. The details

n this paper are based on a personal interview that we
onducted with Dr Kalke.

rom Mumbai to Minneapolis

hagavant Rajaram Kalke was born to a middle class family
n November 24, 1927, in the small village of Kasheli in the
atnagiri District, which is in the Indian state of Maharash-

ra. The family moved to Bombay (now Mumbai) when
hagavant was 10 years old. Upon his graduation in 1952

rom Seth Gordhandas Sunderdas Medical College, Kalke
Fig 1) continued his surgical training at Nair Hospital.
alke developed an interest in cardiac surgery after reading
bout the pioneering work done by Clarence Walton Lille-
ei at the University of Minnesota. At that time, cardiac
urgery at Nair Hospital was in its earliest stages. The
ospital developed an experimental laboratory for open
eart surgery, however, that caught the eye of Dr Lillehei
uring his visit to India in January 1964. Kalke approached
illehei and asked if he could spend 2 years working with
im. Lillehei arranged that, and Kalke arrived in Minneap-
lis on October 14, 1964. Soon after his arrival, Kalke
ssisted Lillehei for the first time. Kalke recalled that it was
n aortic valve replacement with a Starr-Edwards prosthe-
is. This bulky prosthesis was implanted with some
ifficulty.
Kalke thought that it would be more convenient to use a

ow-profile mechanical prosthesis, particularly in children,
nd he based the design of a new prosthesis on the tidal
ddress correspondence to Dr Konstantinov, Royal Children’s Hospital,
arkville, Victoria, 3952, Australia; e-mail: igor.konstantinov@rch.org.au. F
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oodgates of the dams in his native village in India. As the
ide came up high, the floodgates closed, and as the tide
eceded, the gates opened and drained into the irrigation
hannel. At the end of 1964, Kalke showed the design of his
rosthesis to Lillehei, who agreed to get the valve made at

he University of Minnesota workshop. Soon, Kalke
roudly brought the first prototype of his valve to Lillehei.
fter looking at it, Lillehei smiled and said, “Give it a try.”
alke enrolled into the PhD program at the University of
innesota with the intention to design and test his new

rosthesis in Lillehei’s laboratory.

xperimental Trial of Kalke’s Valve

nitially, four valves were made by the workshop. The
asic structure of this valve consisted of two semicir-
ular metal leaflets placed in a rigid cage formed by a
etal ring. The valves for the experiments were made

rom stainless steel. Kalke started implanting these
alves in dogs in the mitral and aortic positions.
ig 1. Dr Bhagavant R. Kalke upon graduation from medical school.
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ineangiography was performed on the second or
hird postoperative day. Normally, Kalke was assisted
uring these procedures by one of the surgical resi-
ents working in the laboratory. A laboratory techni-
ian ran the heart-lung machine.

Soon Kalke became aware of another low-profile
alve—the Gott-Daggett prosthesis. Vincent L. Gott
as a surgical resident who worked with Lillehei from

953 to 1960. Upon completion of his residency in 1960,
ott became a staff surgeon at the University of Wis-

onsin. Together with Ronald L. Daggett, an engineer
nd later professor at the University of Wisconsin, Dr
ott designed a valve made of a silicon-coated Teflon
isk with a central superstrut that allowed the flexible

eaflets to bend and open in a butterfly fashion [2]. The
ott-Daggett valve was first clinically implanted in

963. The area of the superstrut in the Gott-Daggett
alve was the site of thrombosis, and for this reason,
he valve was taken off the market in 1966 [2]. Kalke
ompared his valve with the Starr-Edwards and Gott-
aggett prostheses in the animal laboratory. In Kalke’s

alve, both leaflets moved independently, and they
pened to 60 degrees, allowing unimpeded flow
hrough the central and lateral orifices of the valve.
he hemodynamic performance of Kalke’s valve ap-
eared superior to that of the other tested valves. The
tudy was carried out in 65 animals over a period of 8
onths.
In 1965, Kalke met Demetre M. Nicoloff, who com-

leted his residency at the University of Minnesota
ospital and was appointed as instructor to the Depart-
ent of Surgery in 1964. Although Dr Nicoloff was

nterested in Kalke’s design, he was never directly in-
olved in Kalke’s experiments; however, as a staff mem-
er of the Department of Surgery at the University of
innesota, Nicoloff was appointed to the committee that

ead Kalke’s thesis, and it was approved. Thus, Kalke
ulfilled that requirement and was then allowed to
resent for his preliminary doctoral examination, which
e passed on November 24, 1967. On May 30, 1968, Kalke
resented a paper titled “Evaluation of a double-leaflet
rosthetic heart valve for clinical use” at the Second
ational Prosthetic Heart Valve Conference in Los An-

eles, California. The studies relating to the performance

ig 2. Clinical model of Kalke-Lillehei valve with leaflets in (A) open
f this valve were published in 1968 and 1969 [3, 4]. w
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irst Clinical Implantation of Kalke-Lillehei
alve

n 1967, Lillehei accepted an appointment as Lewis At-
erbury Stimson Professor and chairman at New York
ornell Medical Center. Lillehei invited Kalke to join his
epartment in New York, and Kalke moved to New York
n December 5, 1967.
A few prostheses were fabricated by Harry Cromie (Sur-

itool Company, Pittsburgh, PA) in 1968 for clinical use [2].
he prosthesis became known as the Kalke-Lillehei valve

Fig 2). Titanium was used as the material, and the sewing
ing was covered with Teflon. The first prosthesis was
mplanted in March 1968 in the aortic position. Unfortu-
ately, the patient died 2 days later; the cause of death was
ot known. It was a big setback for Lillehei and Kalke. In the
eantime, the pressure on Kalke was mounting to go home

o Mumbai, as his leave of absence had come to an end. On
uly 29, 1968, Kalke left for Mumbai. The job of further
efining and patenting the valve was left to Lillehei. To
ome extent, enthusiasm was lost owing to the failure of its
rst clinical implantation. Lillehei then focused on his

ilting disc prosthesis, known as the Lillehei-Kaster valve,
hich was first implanted clinically in 1970. Robert Kaster,

n engineer and a graduate of the University of Minnesota,
elieved that the ideal disk material was pyrolytic carbon,
nd he worked with Jack C. Bokros on the fabrication of a
at disk for his valve. Approximately 55,000 Lillehei-Kaster
alves were implanted, until production of the valve ceased
n 1987 [2].

For a few years, these events overshadowed Kalke’s
i-leaflet prosthesis. Soon, however, Lillehei’s interest in
alke’s work was renewed. In February 1973, Kalke

eceived a letter from Lillehei urging Kalke to complete
is doctoral degree within the next 3 months. Kalke
ould need to travel to the United States to complete the
octoral examination. That was not financially possible

or Kalke, and he told Lillehei about his inability to travel
o Minnesota to complete his doctoral degree. To his
urprise, however, the Department of Cardiac Surgery at
he University of Minnesota paid all the expenses for
alke to travel to Minneapolis for his doctoral defense.
he thesis submitted to the University of Minnesota was

itled “Evaluation of a double-leaflet prosthetic heart
alve of a new design for clinical use.” Kalke’s examiners

(B) closed position, and (C) as seen from below.
ere Lillehei, Nicoloff, and Jesse C. Edwards. Kalke was
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warded his PhD degree in April 1973. Nicoloff was very
nterested in the design of Kalke’s prosthesis and was
elpful in reviewing his final doctoral thesis.

yrolytic Carbon
yrolytic carbon, the world’s hardest manufactured sub-
tance, has been adapted from the nuclear fuel industry.
n 1964, Bokros suggested to Gott the testing of pyrolytic
arbon as a prosthetic material. They demonstrated that
yrolytic carbon was the most thromboresistant of all
aterials available [2]. Pyrolytic carbon revolutionized

he mechanical heart valve industry. The fabrication of a
ollow ball of pyrolytic carbon for the DeBakey-Surgitool
alve in 1969 by Bokros was a landmark in mechanical
alve development (5). By 1970, it was used for most
onoleaflet valves [2]. All subsequent bi-leaflet prosthe-

es were made of pyrolytic carbon, which determined
heir extraordinary strength and durability.

volution of Bi-Leaflet Prostheses: From Kalke
alve to Modern Prostheses

n 1976, Christopher Possis, an industrial engineer, and
icoloff began to develop a prosthetic heart valve. Nicoloff

nd Possis approached Manuel A. Villafana for the further
evelopment of this valve model [1]. On July 4, 1976,
illafana started St Jude Medical Company. Apparently, it
as Villafana’s idea that the entire valve be fabricated of
okros’ pyrolytic carbon [2]. Nicoloff was an associate pro-

essor at the University of Minnesota when, on October 3,
977, he implanted the first St Jude bi-leaflet prosthesis [6].
lthough the original St Jude Medical bi-leaflet prosthesis

mplanted in 1977 looked very similar to the Kalke-Lillehei
alve, it was not, according to Villafana, a “direct descen-
ant” of the Kalke valve [2]. Remarkably, the original
esign of the St Jude prosthesis implanted in 1977 has
emained virtually unchanged over the past 30 years.

ig 3. Dr Kalke as Dean of Topiwala National Medical College and
air Hospital in Mumbai, India, in 1983.
In 1979, Lillehei was appointed Director of Medical 1
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ffairs at St Jude Medical, a position that he held until his
eath in 1999. By 1990, more than 320,000 St Jude pros-

heses had been implanted—more than any other heart
alve. St Jude Medical had approximately 46% of the
orldwide market for heart valves, and its total sales

opped $175 million in 1990. In 1990, Nicoloff and Vil-
afana once again brought back several members of their
riginal scientific group to revisit the St Jude prosthesis,
ith a goal of further improving its performance. That

esulted in the establishment of the Advancing The
tandards (ATS) group and the development of the ATS
i-leaflet mechanical prosthesis. On May 4, 1992, Nicoloff
ssisted Professor Hossein Sadeghi at the University of
ausanne, Switzerland, during the implantation of the
rst ATS open pivot prosthesis [7].
In 1986, Bokros founded Carbomedics and began pro-

uction of the Carbomedics bi-leaflet prosthesis, which was
imilar in design to the St Jude valve but its housing could
e rotated within the sewing ring [2, 8]. The first Carbo-
edics bi-leaflet prosthesis was implanted in Paris in 1986.

n 1994, Bokros founded the Medical Carbon Research
nstitute (MCRI) to utilize a new pure form of isotropic
arbon to develop new bi-leaflet prosthesis—the On-X
rosthetic heart valve—with reduced thrombogenesis. In
007, MCRI was renamed On-X Life Technologies, Inc. The
rst On-X prosthesis was implanted on September 12, 1996,
y Professor Axel Lacszkovics in Bochum, Germany. Re-
uced anticoagulation therapy trials of the On-X prosthesis
re currently being undertaken. It is not inconceivable to
hink that the On-X prosthesis may become the first me-
hanical valve that will not require anticoagulation therapy.
he remarkable success story of the bi-leaflet prostheses is
et to be continued.

uccessful Oblivion or Oblivious Success?

alke held the position of dean of Topiwala National
edical College (Fig 3) and was the head of the Depart-

ig 4. Drs Kalke and Lillehei at Lillehei’s home on October 23,

988, celebrating Lillehei’s 70th birthday in St Paul, Minnesota.
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ent of Cardiovascular surgery at Nair Hospital in Mum-
ai until his retirement in 1985. Apart from clinical work,
alke continued with his research work and teaching [9,
0]. Upon his retirement, Kalke lived a modest life and
as enthusiastically involved in charity and social work.
e visited Lillihei several times (Fig 4) and corresponded
ith him regularly. Most cardiac surgeons had never
eard of Kalke. Furthermore, in two major review articles
f their results with the St Jude valve from Nicoloff’s
roup, we found no reference to the development of the
rst bi-leaflet valve by Kalke [6, 11]. In 2002, however,
icoloff acknowledged Kalke’s pioneering work in the

ollowing line: “In 1967, a young Dr. Kalke working in the
ab of Dr C. Walton Lillehei also had a bi-leaflet design
ut, due to materials, was not able to develop it success-

ully” [7]. In 2002, St Jude Medical controlled more than
0% of the mechanical heart valve market, and its booked
et sales were $1.6 billion. In 2007, St Jude Medical net
ales were $3.8 billion. More than 2 million bi-leaflet
rostheses have been implanted worldwide. It appears

imely to acknowledge Kalke’s pioneering work.

e are grateful to Dr Kalke for providing us with detailed
ecollections of his life and events leading to the clinical implan-
ation of the first bi-leaflet mechanical prosthesis and for the
riginal photographs. We are also grateful to Mrs Mamta Sinha,
r Alok Sinha, and Mrs Alison Wallace for their kind assistance

ith preparation of the manuscript.
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