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The modern medical specialty of open-heart surgery had irs origins in rhe 
1950s. The developmenr of apparatus to take over the function of the 
patient's heart and lungs during surgery played a cenrral role, and much of 
the early work was done in US medical centres. John Gibbon of Philadelphia 
was the first to operate successfully using a heart-lung machine, in 1953. 1 

The Mayo Clinic subsequently modified Gibbon's machine for their own 
open-heart programme. At Minnesota Universiry during 1954-55, C. Walton 
Lillehei championed his cross-circulation technique, in which a patient's 
relative took the place of a heart-lung machine. Lillehei later devised and 
used a heart-lung machine in collaboration with Richard DeWall. 2 

By 1960, these and other surgeons had established, if not standard 
procedures, then at least the feasibility of open-heart surgery using 
cardiopulmonary bypass and, potentially curative of otherwise fatal conditions 
such as congenital heart defects in children, open-heart surgery slowly came 
into routine use. In London, several teaching hospitals began programmes in 
the late 1950s or early 1960s. The adoption of new technology was an inregral 
part of open-heart surgery in the early years and, in Britain, major decisions 
over heart-lung machines preoccupied many surgeons: should an expensive 
purchase be made from the USA, or should a "home-made" version be 
devised in the hospital workshops? Or indeed, as will be presented in this case 
study, should an altogether alternative form of technology be pursued? 

*** 

The raison d'etre of museums is, of course, their artefacts, and the "black 
boxes" of modern technology cause curators much angst, offering, at first 
sight, rather less potenrial for analysis than their more ornate and less opaque 
precursors. However, recent work in the history and sociology of technology 
offers much potential for the analysis and display of these modern artefacts. In 
this paper, both conringenr factors and the specific culture of British operative 
surgery during a transitional period will be shown to have played key roles in 
deciding why a piece of surgical technology finally took the form it did. 

*** 

Charles Drew's apparatus for his technique of open-heart surgery under 
profound hypothermia was developed around about 1960. The apparatus 
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has been in the Science Museum's collections since 1987, and it went on 
permanent display in the Health Matters gallery in 1994. One of the 
principal intentions in that gallery was to make the selection of objects 
for display, and the display treatment itself, more in line with new 
perspectives in the history of medicine and of technology. With these 
concerns uppermost, it appeared to be a promising case study. There were, 
for example, extensive accounts of the design process, with striking 
evidence of industrial involvement and transfer of skills and technology 

from outside medicine. At an early stage, there had been much "ad hocery" 
and improvisation in the apparatus used. After initial acclaim, the 
technique had apparently been abandoned within a few years by most 
surgeons, but was still advocated by its inventor, so there was the promise 
of controversy. Subsequently, the method had been assessed as "not 
mainstream" - that is, not on the rather direct path that some historians 
maintain can be traced for the "development" of open-heart surgery.3 

The major design work on Drew's apparatus was carried out between 
1959 and 1961 at the Westminster Hospital, London, where Charles 
Drew (1916-87) was a thoracic surgeon.4 By his own account, he was 
seeking a simpler way of doing open-heart surgery than using a heart-lung 
machine. In particular, it frustrated him that, when using a heart-lung 
machine, "the perfect oxygenator" (that is, the patient's own lungs) 
"lay fallow in the chest."s Heart-lung machines were, of course, designed 
to pump and oxygenate the patient's blood outside the body, thus 
bypassing both heart and lungs. Surgeons reported several problems with 
the models then available. Most of these were still unique "one-off" 
versions, devised by individual medical men in collaboration either with 
companies, such as IBM, General Motors or AGA, or with hospital 
physicists or engineering departments. 6 

The problems that surgeons in the 1950s most frequently associated with 
heart-lung machines were first, that they required large priming volumes 
of stored blood (which was detrimental to the patient's body chemistry and 
clotting functions) and second, that the artificial-lung component damaged 
the blood cells as they passed through it. However, less specific criticisms 
make it clear that, to many surgeons in the mid 1950s, heart-lung 
machines seemed just "complicated," and "difficult to run."7 

Drew himself had tried a Lillehei-DeWall type heart-lung machine 
in 1955-56, during which period he experienced "difficulties, 
disappointments and the set-backs well known to everyone who has 
undertaken this type of work."s 

SeekiIli; an alternative to the use of a heart-lung machine, Drew 
developed the technique he called "profound hypothermia."9 This involved 
cooling the patient down to about 15°C, at which point the heart stopped 
beating and the patient was, to all intents and purposes, clinically dead. 
Heart surgery could then be performed (with a self-imposed one-hour time 
limit) and the patient rewarmed, whereupon the heart usually restarted, 
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either spontaneously or with electrical stimulation. In this way, Drew 
obviated the need for artificial oxygenation of the blood - this took place 
in the patient's own lungs, which could be artificially ventilated until, 
at low temperatures, they were not required. Since the 1930s, hypothermia 
had been the subject of considerable research, first as a potential cancer 
therapy, and then in relation to the survival of shipwrecks in the Second 
World War. Findings suggested that, in controlled cooling to low 
temperatures, the brain and heart might survive undamaged for limited 
periods with little or no oxygen. 10 

Drew did, of course, need the "pump" component of heart-lung 
machines for two purposes. First, he needed to be able to maintain the 
circulation of the blood artificially, in case the heart stopped during the 
cooling process but before sufficiently low temperatures had been reached 
(the usual cause of death in accidental exposure to cold). Second, in order 
to reach such low temperatures, he cooled the patient, not directly, but by 
cooling their blood in a heat exchanger as it circulated outside the body 
and then pumping the cooled blood back into them. In early case series, 
Drew's team used a makeshift heat exchanger for the blood that comprised 
steel tubes placed in a length of roof guttering, through which ran hot or 
cold water. 11 Subsequently, the much more sophisticated apparatus that is 
the subject of this paper was devised. It incorporated two "roller" blood 
pumps of a type used widely in extracorporeal bypass, but with an 
innovative annular heat exchanger mounted on trunnions and supplied 
with iced and hot water from a separate unit. 

In the early 1960s, Drew's success rates with this apparatus were 
comparable to those of any of the small number of other surgeons doing 
open-heart work. (The patients were often children, open-heart surgery at 
that period being dominated by the repair of simple or moderately complex 
congenital heart defects sometimes known as "holes in the heart." Problems 
with the valves of the heart, such as those arising as long-term sequelae of 
rheumatic fever, were considered to be technically much more difficult.) 
In particular, Drew's success rates in correcting Fallot's tetralogy, a complex 
fourfold congenital abnormality, were better than those of other surgeons, 
with a mortality rate of 15%.12 

However, if this apparatus was an initial success for Drew, in other ways 
it was a failure. It seems probable that only three more machines of this 
kind were ever produced, one for the other London hospital at which Drew 
performed open-heart surgery, St George's.13 By the late 1960s, the only 
hospitals using profound hypothermia were the two at which Drew himself 
operated (the Westminster and St George's). An isolated "objective clinical 
trial" of the method, reviewing results at Bristol Royal Infirmary from 1960 
to 1967, was published in 1968. 14 

Participants in heart surgery at that time recalled some apparently obvious 
and fairly unanimous reasons for the the demise of the technique. 15 

First, it was said that the one-hour operating time limit grew increasingly 
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irksome: as the repair of more complex defects involving the heart valves 
began to be attempted, even the faster surgeons found that one hour was 
not long enough to complete the operative repair; and second, it was 
recalled that the performance of heart-lung machines improved 
considerably during the l%Os. When asked why Drew persisted in using 
the technique of profound hypothermia for the rest of his career, to the 
extent that, by the mid 1970s, physicians were reluctant to refer patients to 
him for heart surgery because of it, several of those interviewed considered 
that the reason was simply that he had invented the technique, and was 
therefore wedded to it. 

*** 

An idee fixe is perhaps one of the least appealing explanations for sociologically 
minded historians. Furthermore, the reasons for abandoning profound 
hypothermia given by cardiac surgeons - admittedly through the 
"retrospectoscope" - seemed so convincing. Could it be that this artefact, 
which had seemed so promising a candidate from the perspective of what 
might be called the "new" history of technology, was in fact an "open-and
shut" case? It seemed that some "problematisation" of the issues involved 
might prove fruitful. A number of other questions could be pursued, in 
particular those raised by the form of the apparatus itself, which might further 
illuminate issues to do with the success of the technique, the machine, or 
both. Why was it built as it was? Why did it look as it did? Drew's apparatus 
actually looked very unLike other medical equipment devised at this time (see 
Figure 1). The notion that form follows function has come under attack by 
historians of technology in recent years. 16 Might this machine have been built 
differently, looked different? First of all, did it have to be so big? It was very 
big - huge, given the size of the average operating theatre. 

The design process is relatively well documented. It did not, as one 
might have expected at that time, involve a hospital physics or engineering 
department. The Westminster, Drew's own hospital, had a particularly 
active and innovative medical scientist in Percy Cliffe, who was well known 
for devising new apparatus and became head of the Department of Clinical 
Measurement there in 1959. 17 However Drew had it seems temporarily 
fallen out with Cliffe. 18 When he first began to think seriously of how to 
cool down his patients, Drew went, not to Cliffe, but to a copy of a 
standard engineering textbook - An Introduction to Heat Transfer by 
Fishenden and Saunders. 19 Finding it difficult reading, he consulted the 
senior author, Owen Saunders, then Professor of Mechanical Engineering 
at Imperial College, London.20 Saunders put Drew in touch with a 
refrigeration engineer from the APV Company whom he had supervised 
for a Master's thesis on the cooling of non-Newtonian fluids. This led to 
an extremely close collaboration with the engineer in question, David 
Shore, and with APY, process engineers to the food industry working 
especially with brewing, and dairy and ice-cream plants.21 
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Shore eventually published full accounts of the design of the machine 
in a paper to the Institution of Mechanical Engineers and in the journaL 
ofRefrigeration.22 Both papers make reference to the choice of controls 
used on the apparatus. In the journaL ofRefrigeration, Shore wrote that 
"The visual aid offered by pneumatic control, together with its simplicity, 
was considered by our design team to outweigh other merits of the electric 
or electronic control systems."23 In his paper to the Institution of 
Mechanical Engineers, he stated that pneumatic controls were considered 
" I' bl hi' I . , "24more re la e t an e ectnc or e ectrollic equipment. 

Here was a clear indication of a choice being made concerning the form 
of the machine - and the first suggestion that it might have been made 
differently. Further inquiry into this issue of the controls leads one to 
speculate about the reasons given for the use of pneumatic controls. 
A reluctance to use electronic controls was apparently widespread amongst 
mechanical engineers at this period. For example, the guidance notes for 
sales representatives of the Cambridge Scientific Instrument Company in 
the 1950s stated: "this craze for the use of electronic circuits as applied to 

measuring and recording instruments is often ill-founded and may be 
pressed to disadvantage for the user electronics is a great and potent 
means of furthering instrumentation use it if you must, but never if you 
need not."25 Of course, Shore was not only a mechanical engineer but his 
company, APV, specialised in process engineering. Several authors have 
stressed how pneumatic controls were traditionally favoured in process 
control. 26 Their use goes some way towards explaining the size and general 
ungainliness of Drew's equipment: to operate the controls required air lines 
and a compressor, or an air bottle of 48 cubic feet capacity that would last 
for two operations. 27 An even larger component, however, was the heating 
and cooling unit for the supply of iced and hot water - so large that it was, 
in practice, usually accommodated outside the operating theatre, sometimes 
in a corridor or the anaesthetic room (see Figure 2). The design remit that 
Drew gave to Shore was to devise a heat exchanger capable of cooling a 
body weighing 150 pounds from 3TC to a mean of 15°C in half an hour, 
with an extracorporeal blood flow of 3 litres per minute, the blood 
temperature never rising above 40°C nor falling below 4°c. 28 Shore 
worked meticulously to these and other specifications, ever aware of the 
need for the apparatus to "fail to safety," and that he had a patient's life 
to consider, rather than the workings of an ice-cream plant. He devised 
an extremely sensitive annular form of heat exchanger. To secure precise 
control of the temperature of the water supplied to it, he provided 
a refrigeration unit with ice bank and heating element, and a safety valve 
that ensured the water simply recirculated in the event of a fault in the 
thermoregulation. This added considerably to the bulk and complexity of 
the equipment. 

*** 
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in overall size. The heat exchanger was much smaller and simpler, and 
merely clamped to a pole, whereas in the APV machine the heat exchanger 
was mounted on trunnions so that it could be up-ended to allow air to 
escape. There was a separate refrigeration and heating unit, but this did not 
incorporate an ice bank, so was smaller than that with the APV machine; 
however, some surgeons did not go to the trouble of using it, preferring 
instead the water supply from an ordinary sink, and some ice.32 

*** 

In many ways, the whole ethos of these two machines, designed for the 
same purpose within 18 months of each other, was entirely different. 
The machine that Shore designed at APV is redolent of his background 
in refrigeration and process engineering. It was large: space was rarely a 
problem in processing industries. The control element was immensely 
precise. In other details, instrumentation familiar to process control was 
chosen - the Taylor Fullscope recorder controller, for example, on which 
continuous circular records of inflow and outflow water temperature were 
plotted. This was unknown in medical instrumentation of the period. The 
NEP machine had a simple dial indicator instead. 

The design problem was presented in a way that was very familiar to 
APV - an individual customer presenting them with a problem for which 
they designed a one-off solution. (APV had a strong problem-solving 
tradition: in later years, they solved the problem of the Cadbury's Creme 
Egg.33) What APV did not design were mass produced products; NEP, 
however, explicitly did so. They were a small company, founded in 1947. 
Some of their business came from the Royal Aircraft Establishment at 
Farnborough, for whom they designed miniature galvanometers; 
physiological recording equipment in general was an important part of 
their output.34 Their "ethos," judging from surviving advertising material, 
was one of size reduction, self-containment and modular construction, all 
based on e1ectronics.35 Seen through half-closed eyes, as it were, their 
apparatus looks more "modern" than that of APV, perhaps partly because 
of its cream-painted sheet cladding. APV's use of stainless-steel and 
bent-tube construction gave their machine a similarity, not only to the 
dairy and brewing equipment they were used to producing, but to a style 
of hospital furniture that had been predominant since the years between 
the First and Second World Wars. Although there is no direct evidence of 
the involvement of industrial designers in the development of the NEP 
machine, it is noteworthy that their parent company, Honeywell, was one 
of the earliest to employ such specialists on a permanent basis.36 One 
might speculate how much factors such as these, rather than those actually 
recalled by surgeons, influenced the limited success of the APV machine. 
As a study of the acquisition of computed tomography (CT) scanners by 
US radiologists in the 1970s has shown, the reasons that decision makers 
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recall as underlying their acquisition of new technology - such as 
documented increased efficiency - frequently do not stand up to closer 
scrutiny.37 Less often recalled reasons for acquisition may include, for 
example, institutional prestige, or the persuasive power of marketing 
techniques. 

NEP marketed their machine themselves, but APV, once satisfied that 
their apparatus was working satisfactorily, passed this function to the 
company Allen & Hanburys, apparently considering that it was too far 
from their normal line of business to undertake the marketing effectively 
themselves. 38 The choice was perhaps not fortuitous. Allen & Hanburys 
were an old-established firm, founded in 1715, who made proprietary 
medicines, surgical instruments and hospital furniture;39 they had no 
tradition of making or selling scientific instruments. Comparison of their 
advertising material with that ofNEP is interesting. In the brochure that 
Allen & Hanburys produced to promote the APV apparatus, the front 
cover is devoted to a large, architectural photograph of the Westminster 
Hospital. The imposing nature of the building is accentuated by the low 
camera angle, invoking all the connotations of tradition and authority 
associated with a London teaching hospital (see Figure 4). NEP's advertising 
looked quite different. Promotional material for their profound 
hypothermia apparatus has not been traced, but leaflets produced to 
advertise other pieces of medical equipment at the same period have been 
preserved (see Figure 5).40 They feature brightly coloured, "contemporary" 
artwork, rather than black-and-white photography; the stylised image of a 
hand brings connotations of ease of use and compactness; the company's 
affiliation to Honeywell Controls, suppliers of instrumentation to the US 
space programme, is prominently mentioned. In contrast, Allen & 
Hanburys chose to emphasise their product's association with an old and 
venerated medical institution. By deciding to call it the "Westminster 
Profound Hypothermia Apparatus" they had almost, if not quite, reverted 
to a tradition predominant in the medical supply trade throughout the 
nineteenth and early twentieth centuries - that of eponymous naming. 
They did not go so far as to call it the "Drew apparatus," but they did the 
next best thing, naming it after his alma mater. This tradition was dying 
elsewhere in the rapidly expanding field of medical equipment. It is 
perhaps not difficult to see how to some the NEP machine, with its 
connotations of scientific precision, greater air of "modernity," small size 
and possibly industrially designed shape, might have proved more attractive 
than APV's larger machine which was marketed on authority and tradition. 

These contrasts in advertising practice, and in the two machines 
themselves, can, I believe, be linked to considerable change in surgical 
practice after the Second World War. In the rhetoric of the newer surgical 
specialties of the 1950s and 1960s, there are some words that occur 
repeatedly. One is the word "new" itself, and another is the word 
"scientific;" but there is a third word - "teamwork" - which it is interesting 
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Figure 4. Front cover ofAllen 6- Hanburys 
advertising brochure/or Drew's pr%llnd 
hypothermia apparatus, showing the 
Westminster Hospital. 

ro explore in rclation ro Drew's apparatus. Nowhere was use of this word 
more prominem than in the area of open-hean surgery. In this emergem 
specialry, existing groups, such as anaesthetists, rook on far more ceiHral 
roles. New groups came imo being, especially of paramedics occupying key 
positions, for example as pump technicians. New degrees of liaison and 
imerdependency were set up, not only inside the operating theatre, but 
outside it (00 - in pos(Operative intensive care, for example - and with 

cardiac physicians, on whom surgeons were dependent for the preoperative 
assessmeiH of patieIHs and, indeed, for referring patiems (0 them in the 

tIrsr place. As one leading hean surgeon of the period recalled, surgeons 

had (0 make the transition from being "captain of the ship" to being 
"chairman of the board.,,4\ Not all of them made it; it seems possible that 

Charles Drew himself failed ro make it. He was recalled by many as 
aurocratic in theatre. He did not hesitate (0 curse his junior staff, but was 
quick (0 make amends, and inspired fierce loyalty: one docror who had 
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The concerns of other workers, however, were not always addressed. 
Two consultants referred, independently, their concerns over Drew's 
apparatus. One was an anaesthetist, who recalled that the low 
priming volume - a specific request of Drew's, to avoid the problems 
of stored blood meant that, if there were any obstruction in the blood 
circuits, the reservoirs would run dry in seconds, pumping air into 
the patient's circulation, with potentially fatal results.44 This machine, 
which produced almost perfect operating conditions for the surgeon, 
required nerves of steel in the anaesthetist or pump technician who 
ran it. For other groups, such as the theatre staff who set up and 
dismantled it, taking several hours in all, the machine also had 
disadvantages. 

It might not be impossible to write an account of these machines 
comparable to that produced by Pinch and Bijker for the bicycle - showing 
how the relative strengths of various interest groups affected the ultimate 
design.45 In contrast to Drew's machine, the NEP apparatus was designed 
by a trio of consultant surgeon, anaesthetist and physiologist.46 Several 
design features demonstrated concern for the various team members' jobs, 
not just the surgeon's. Photosensitive safety devices were fitted, for example, 
to give audible alarms if the reservoirs were in danger of running dry. 
A special feature was made of the fact that the machine operator could sit 
facing the operation, which apparently was not possible with Drew's 
machine. It was much simpler to assemble, take apart and sterilise. It 
probably cost less, too. It is possible that Allen & Hanburys might 
have sold the APV apparatus almost at cost, in order to launch a new 
product of this kind. Even so, the price was likely to have been more 
than f 1000.47 Charles Drew himself was largely freed from financial 
constraints in his research, by an endowment from a grateful and wealthy 
benefactor.48 

*** 

It is possible to see the Westminster apparatus for profound hypothermia 
as an embodiment of Charles Drew's concerns and priorities and perhaps 
somewhat autocratic tendencies, his preferred ways of working, and the 
prevailing institutional and financial circumstances that allowed these a 
fairly free rein. Further evidence for this interpretation comes from the 
typescript of a lecture that Drew gave in Tokyo in 1968. His collaboration 
with David Shore and APV continued more or less throughout the 1960s, 
and by this time Drew had made several modifications to his original 
extracorporeal circuit, most notably in substituting a single reservoir for 
separate ones in the right and left circuits. By 1968, he was considering 
discarding reservoirs entirely, replacing them with heat exchangers, using 
a shunt between the two venous lines to equalize flow through the pumps, 
using the same shunt line for the giving of blood, and at the same time 
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removing air from the lines to the heart immediately after cannulation. 
He had very particular reasons for doing this. "Such a circuit," Drew wrote, 
"could be placed at the head of the table and manipulated by the surgeon, 
for this reason: during cooling the surgeon is not concerned with the open 
heart and can therefore control the extracorporeal circulation; during 

open heart surgery, the extracorporeal circulation is no longer used. When 
he has finished his manipulations in the heart, he can resume control of 
the extracorporeal circulation."49 Here, indeed, is clear evidence of Drew's 

wish to take responsibility for every aspect of open-heart surgery, rather 
than distribute functions among a team, and of how this might very 
literally be translated into the design of apparatus. Drew's former senior 
registrar, John Bailey, on being read this quote, exclaimed "Oh yes, it was 
one of Charles' greatest aims to get rid of the perfusionist!"50 

This is yet more supporting evidence, it seems, for the claim by certain 
historians of technology that machines are not adequately described by 
a single overt function. Charles Drew's apparatus was intended to cool 
patients to very low temperatures, but, at least in later forms, it seems it 
was also intended, consciously or otherwise, to "get rid of the perfusionist." 
Likewise, success is not measured solely in terms of performance 
specifications. One retired woman cardiac surgeon recalled how much she 
liked profound hypothermia because it was "so neat and tidy."51 

When it comes to form, of course, all engineering solutions are "borrowed," 
but looking at where from, and why, can provide surprising insights. 
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