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Dedication	to	Dr.	Thomas	W.	Shields

This	8th	edition	of	General	Thoracic	Surgery	marks	the	first	time	Dr.	Shields	has	not	been	an
active	member	of	the	editorial	directors,	yet	his	influence	on	the	text	remains	strong.	His	lifelong
interest	in	lung	cancer	began	in	1951	with	a	fellowship	at	the	Palmer	Memorial	Hospital,	the

cancer	building	that	was	part	of	Deaconess	Hospital,	now	Beth	Israel	Deaconess	Medical	Center.
His	experiences	with	the	thoracic	surgeon,	dynamic	and	controversial	Richard	Overholt	inspired
him	to	begin	a	lifelong	study	into	thoracic	lymphatic	drainage	and	lesser	pulmonary	resections.
He	traveled	the	globe	gathering	data	from	leading	centers	making	strong	bonds	with	many

international	colleagues.	Using	this	wealth	of	knowledge,	he	compiled	the	first	edition	of	General
Thoracic	Surgery	published	in	1972,	updating	it	every	few	years.

Dr.	Shields	was	a	legend	to	the	surgical	students	and	residents	of	Northwestern	University	up	to
the	time	of	his	death	in	2010.	His	devotion	to	clear	communication	of	thought	made	him	a	tough
taskmaster.	His	advocacy	of	evidence-based	practice	often	made	him	a	lightning	rod	among	his
colleagues.	We	hope	that	this	edition	continues	the	tradition	of	enhancing	our	understanding	and
practice	of	thoracic	surgery	through	assimilation	of	knowledge	and	expertise	from	around	the

world.
—JLIII

Dedication	to	Dr.	Carolyn	E.	Reed,	MD

This	8th	edition	of	General	Thoracic	Surgery	is	dedicated	in	part	to	our	friend	and	colleague,	Dr.
Carolyn	E.	Reed	who	was	an	editor	of	the	7th	edition	and	was	working	on	this	edition	until	her

untimely	death.

Dr.	Reed	was	an	outstanding	clinician,	teacher,	and	researcher.	Her	impact	on	the	field	of
thoracic	surgery	was	extraordinary.	While	maintaining	a	busy	clinical	practice	at	the	Medical
University	of	South	Carolina,	she	made	a	major	impact	on	our	knowledge	of	diseases	of	the	chest

and	how	to	treat	them.	She	was	an	NIH-funded	researcher	and	investigator	on	numerous
important	national	clinical	trials.	She	served	our	specialty	as	the	first	woman	chair	of	the
American	Board	of	Thoracic	Surgery	and	the	first	woman	president	of	the	Southern	Thoracic
Surgical	Association.	Also,	she	served	as	vice-chair	of	the	Residency	Review	Committee	for

Thoracic	Surgery,	treasurer	of	the	Society	of	Thoracic	Surgeons,	treasurer	of	Women	in	Thoracic
Surgery,	council	member	of	the	American	Association	for	Thoracic	Surgery,	board	member	of	the
Joint	Council	for	Thoracic	Surgical	Education	and	the	Thoracic	Surgery	Foundation	for	Research
and	Education.	Posthumously,	she	was	unanimously	elected	the	first	woman	president	of	the

Society	of	Thoracic	Surgeons.

After	her	love	for	providing	care	to	her	patients,	Dr.	Reed’s	passion	was	imparting	knowledge	to
her	students	and	residents.	It	is	our	hope	that	this	edition	of	General	Thoracic	Surgery	will	make
a	fitting	completion	to	her	obligations,	which	were	such	a	large	part	of	her	life	and	that	those

who	use	it	will	continue	to	experience	the	wonder	of	being	her	student.
—RHF

To	my	family	and	to	all	succeeding	generations	of	knowledge-seeking,	innovative	healers	around
the	world	to	whom	we	entrust	our	future	health.



—JLIII

To	the	men	and	women	of	Thoracic	Surgery	who	have	dedicated	their	lives	to	the	treatment	of
diseases	of	the	chest.	It	is	a	specialty	that	has	embraced	the	research	and	new	technologies

required	to	serve	our	patients	at	the	highest	level	and	the	spirit	of	professionalism	that	is	the	envy
of	all	of	medicine.	And	to	the	teachers	of	Thoracic	Surgery	who	devote	themselves	day	in	and	day

out	to	ensuring	that	there	will	always	be	outstanding	chest	surgeons.
—RHF

To	Gina	and	Raffaele,	sempiternal	source	of	energy	and	inspiration.	Amor	gignit	amorem.
—GR

To	my	father	for	teaching	me	to	dream	big,	my	mother	for	making	hard	work	and	fortitude	part	of
my	DNA,	my	patients	for	giving	me	purpose,	my	collaborator	Mark	Grinstaff	for	the	gift	of
creativity	and	friendship,	my	husband	Gray	for	providing	unlimited	love	and	support	and
believing	in	the	impossible	every	day,	my	two	daughters,	Karinne	and	Azuri,	and	all	of	my

trainees	for	opening	my	eyes	to	the	amazing	potential	of	the	next	generation,	and	my	special	team
that	keeps	everything	running	and	makes	my	work	enjoyable.

—YLC
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Preface	to	the	Eighth	Edition

In	the	foreword	to	the	first	edition	of	General	Thoracic	Surgery	published	in	1972,	Paul	Samson	noted
that	Shields	published	a	text	dedicated	to	the	General	Thoracic	Surgeon	to	the	exclusion	of	the	heart.	That
occurred	at	a	time	when	the	“romance	and	appeal	which	have	attended	the	astounding	developments	in	the
surgical	treatment	of	cardiac	disease”	was	skyrocketing.

During	 the	 next	 40	 years	 of	 cardiac	 surgical	 dominance	 on	 the	 international	 stage,	 Shields’	 book
remained	focused	on	the	diseases	of	the	lungs,	esophagus,	chest	wall,	diaphragm,	and	mediastinum.	The
first	 text,	penned	by	58	specialists,	was	encyclopedic	 in	scope	and	depth.	Students	and	practitioners	of
this	specialty	needed	no	other	book.	Through	its	many	editions,	it	carried	the	same	thorough	approach	and
served	as	the	de	facto	bible	of	the	specialty.

Over	the	decades,	other	books,	atlases	and	manuals	on	General	Thoracic	Surgery	have	come	and	gone,
but	this	book	has	remained	the	only	comprehensive	text	in	continuous	publication	for	the	practitioner	of
thoracic	diseases,	excluding	the	heart	and	great	arteries.

In	 the	 current	 digital	 age,	 seekers	 of	 knowledge	 no	 longer	 rely	 solely	 on	 the	 static	 text.	 They	 often
begin	 their	 search	 for	 information	 by	 scouring	 the	 Internet	 for	 a	 variety	 of	media	 for	 articles,	 videos,
meeting	reports,	videos	and	other	tidbits	to	understand	the	nuances	of	a	particular	disease	or	procedure.
While	more	dynamic	than	searching	the	texts	of	old,	these	searches	often	are	hampered	by	search	terms,
are	disorganized,	narrow	in	scope,	and	evanescent.

Now,	45	years	after	the	first	publication,	this	edition	of	Shields’	General	Thoracic	Surgery	is	written
by	 over	 150	 specialists.	 It	 has	 shed	 its	 encyclopedic	 tradition	 while	 maintaining	 its	 completeness.	 It
includes	 dynamic	 audio	 and	 visual	 content,	 color	 coordinated	 graphics,	 and	 analyses	 of	 the	 world’s
literature	 and	electronic	data	 for	 the	most	 extensive	 and	concise	 collection	of	 information	 for	 the	busy
clinician.

For	 the	 first	 time,	 the	 edition	 includes	 a	 retrospective	 into	 the	 past	 with	 particular	 attention	 to	 the
milestones	 of	 artificial	 ventilation	 and	 the	 era	 of	 minimal	 invasion,	 both	 of	 which	 revolutionized	 the
century-old	specialty.	It	also	addresses	new	topics	such	as	deciphering	complex	statistical	analyses,	using
efficiently	the	new	World	Health	Organization’s	International	Classification	of	Diseases	(ICD-10),	mining
big	data	sets	for	specific	decision	making,	and	developing	and	performing	effective	quality	improvement
projects	for	the	surgeon’s	practice	and	hospital	setting.

Long-time	 users	 of	Shields	 will	 enjoy	 the	 continued	 comprehensiveness	 of	 the	 chapters.	Millennial
practitioners	will	find	this	transformed	edition	less	ponderous	and	intimidating	than	the	tomes	of	the	past,
yet	more	thorough	and	meaningful	than	imprecise,	often	fragmented	individual	electronic	searches.



Preface	to	the	First	Edition

This	 volume	was	prepared	 to	 present	 a	 comprehensive	 text	 on	 the	 surgical	 diseases	 of	 the	 chest	wall,
pleura,	diaphragm,	trachea,	lung,	and	mediastinal	structures.	Initially,	an	overview	of	the	anatomy	and	of
the	physiology	of	these	structures	is	given.	The	investigation	of	the	patient’s	disease	and	the	management
of	the	patient	in	the	perioperative	period	are	considered	next.	The	various	operative	approaches	and	the
standard	 surgical	 procedures	 are	 discussed	 and	 these	 are	 followed	 by	 chapters	 concerned	 with	 the
disease	entities	of	the	aforementioned	structures.	The	major	objectives	are	to	present	a	summation	of	the
current	 knowledge	 and	 the	 clinical	 concepts	 of	 the	 surgical	management	 of	 trauma	 and	 diseases	 of	 the
thorax.	 The	 pathophysiologic	 alterations	 produced	 and	 the	 corrections	 of	 these	 by	 appropriate
intervention	 are	 emphasized	 throughout.	 Presentations	 of	 the	 clinical	 features,	 pathologic	 changes,
surgical	management,	 operative	 results,	 and	prognosis	 of	 the	 various	 disease	 states	 are	 included	 as	 an
integral	part	of	the	whole.

Outstanding	surgeons,	physicians,	and	scientists	have	cooperated	in	the	preparation	of	the	text.	As	with
most	multi-authored	books,	repetition	could	not	be	completely	eliminated;	however,	I	have	tried	to	keep	it
at	a	minimum.	In	most	instances,	the	repetition	serves	to	emphasize	important	information	relative	to	the
entire	 subject.	 Interestingly,	 conflicting	 statements	 are	 few,	 and	 only	 an	 occasional	 footnote	 has	 been
appended	 to	 point	 out	 such	 differences	 in	 opinion.	 This	 book	 hopefully	 will	 serve	 as	 a	 source	 of
information	for	 the	young	thoracic	surgeon	and	the	person	in	surgical	 training.	It	also	should	serve	as	a
reference	for	surgeons,	as	well	as	physicians,	outside	the	field	of	general	thoracic	surgery	who	wish	to
ascertain	the	current	views	held	by	the	specialty.

TWS
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I

HISTORY	AND	PIONEERS	IN
THORACIC	SURGERY



1

The	History	of	Thoracic	Surgery
John	A.	Odell

“Let	me	repeat	what	history	teaches,	history	teaches.”
—Gertrude	Stein

In	this	chapter	important	issues	of	how	a	correct	diagnosis	was	achieved,	how	the	pleural	space	needed	to
be	controlled,	and	how	an	ability	 to	control	major	blood	vessels	and	to	close	a	bronchial	stump	arose.
For	 the	older	surgeons,	 the	story	 is	 reasonably	well	known	but	for	 those	entering	 the	specialty	 it	needs
retelling.	For	the	sake	of	brevity	and	continuity,	I	have	concentrated	on	the	challenges	that	needed	to	be
overcome	 and	 included	 within	 these	 sections	 the	 pioneers	 who	 popularized	 a	 surgical	 approach.
Inevitably,	there	will	be	some	who	were	involved	with	more	than	one	approach,	and	some	who	will	be
left	 out	 of	 the	 record.	 I	 have	 not	 attempted	 to	 include	 every	 pioneer,	 nor	 every	 surgical	 variation,	 nor
every	 surgical	 first.	 Many	 of	 the	 early	 procedures	 were	 done	 in	 the	 belief	 that	 radical	 surgery	 was
necessary	 to	deal	with	 the	underlying	disease	process	and	many	were	 simply	published	 to	 show	 that	 a
procedure	was	possible,	but	with	no	evidence	 that	 the	procedure	prolonged	or	 improved	 the	quality	of
life.	It	is	also	difficult	to	describe	the	small	progressive	steps	that	inevitably	take	place	over	a	continuum
of	time.	The	first	faltering	steps	are	obviously	described	but	the	reader	will	need	to	imagine	the	further
progress	to	the	present.

The	 subject	 of	 our	 surgical	 history	 actually	 deserves	 space	 for	 a	 book.	 For	 those	 wishing	 a	 more
comprehensive	 tome	 there	 are	 two	excellent	 reviews.	Mead’s	book1	 is	 almost	 too	 comprehensive,	 and
many	will	find	the	description	of	virtually	every	operation	until	the	time	of	publication	irksome,	yet	gems
of	information	can	be	found	within.	Alternatively,	the	chapter	by	Molnar2	 is	excellent	and	gives	a	more
inclusive	European	perspective	than	other	historical	chapters,	but	is	 limited,	as	this	chapter	will	be,	by
editorial	restrictions	imposed	in	a	reference	book	chapter.	Nevertheless,	both	this	chapter	and	Molnar’s
provide	references	for	those	wishing	to	further	explore	the	subject.

Most	 of	 the	 developments	 that	 affected	 thoracic	 surgery	 occurred	 between	 the	 World	 Wars.	 My
description	will	 stop	 in	approximately	1950,	when	advances	 in	anesthesia	 (paralytic	agents,	halothane,
and	pentobarbital	[pentothal]	all	introduced	in	that	decade)	enabled	routine	intratracheal	ventilation	and
thoracic	 surgery	 safer.	 There	 will	 be	 some	 overlap	 with	 the	 subsequent	 chapter.	 Also,	 at	 that	 time,
antituberculous	 drugs	 became	 widely	 available	 and	 changed	 the	 nature	 of	 thoracic	 surgery	 in	 a	 very
dramatic	 fashion.3	Within	 a	 decade	 and	 a	 half	 of	 the	discovery	of	 antituberculous	drugs,	 specialties	 of
cardiac	surgery	and	pulmonology,	started	to	form.

INTRODUCTION

It	 is	 not	 known	 exactly	when	 the	 first	 thoracic	 surgical	 procedure	was	 performed,	 but	we	 can	 readily



understand	 the	 chest	 pathology	 the	 early	 physician	 had	 to	 deal	 with:	 traumatic	 wounds	 and	 the
consequences	 of	 infection.	 Two	 early	 classic	 descriptions	 to	 set	 the	 stage	 for	 management	 of	 these
pathologic	processes	are	provided.

The	first	description	is	that	of	Hippocrates	translated	from	Fuchs’	edition.4

If	as	a	result	of	the	treatments	the	pus	does	not	break	through,	one	should	not	be	surprised,	for	often	it	breaks	into	the	body,	and
the	patient	seems	to	be	better,	because	the	pus	has	passed	from	a	narrow	space	to	a	larger	one.	As	time	goes	on,	the	fever	becomes
more	severe,	coughing	begins,	the	side	begins	to	pain,	the	patient	cannot	lie	any	more	on	the	healthy	side	but	on	the	diseased	side,
the	feet	and	eyes	swell.
When	 the	 fifteenth	 day	 after	 the	 rupture	 has	 appeared,	 prepare	 a	 warm	 bath,	 set	 him	 upon	 a	 stool,	 which	 is	 not	 wobbly,

someone	should	hold	his	hands,	then	shake	him	by	his	shoulders	and	listen	to	see	on	which	side	a	noise	is	heard.	And	right	at	this
place—preferably	on	the	left—make	an	incision,	then	it	produces	death	more	rarely.
Those	cases	of	empyema	or	dropsy	which	are	treated	by	incision	or	the	cautery,	 if	 the	water	or	pus	flows	rapidly	all	at	once,

certainly	prove	fatal.	When	empyema	is	treated	either	by	the	cautery	or	incision,	if	pure	and	white	pus	flow	from	the	wound,	the
patients	recover,	but	if	mixed	with	blood,	slimy	and	fetid,	they	die.

The	second	is	by	Barron	Larrey,5	Napoleon’s	surgeon,	describing	a	soldier	 injured	during	 the	Egypt
campaign	of	1798.

A	soldier	was	brought	to	the	hospital	of	the	Fortress	of	Ibrahym	Bey,	immediately	after	a	wound	penetrated	the	thorax,	between	the
fifth	and	sixth	true	ribs.	It	was	about	8	cm	in	extent.	A	large	quantity	of	frothy	and	vermilion	blood	escaped	from	it	with	a	hissing
noise	at	each	inspiration.	His	extremities	were	cold,	pulse	scarcely	perceptible,	countenance	discolored,	and	respiration	short	and
laborious;	in	short,	he	was	every	moment	threatened	with	a	fatal	suffocation.
After	having	examined	 the	wound,	 the	divided	edges	of	 the	part,	 I	 immediately	approximated	 the	 two	 lips	of	 the	wound,	and

retained	them	by	means	of	adhesive	plaster	and	a	suitable	bandage	around	the	body.	In	adopting	this	plan,	I	intended	only	to	hide
from	 the	sight	of	 the	patient	and	his	comrades,	 the	distressing	spectacle	of	a	hemorrhage,	which	would	soon	prove	 fatal;	and	 I
therefore	thought	that	the	effusion	of	blood	into	the	cavity	could	not	increase	the	danger.	But	the	wound	was	scarcely	closed,	when
he	breathed	more	freely	and	felt	easier.	The	heat	of	the	body	soon	returned,	and	the	pulse	rose.	In	a	few	hours	he	became	quite
calm,	and	to	my	great	surprise,	grew	better.	He	was	cured	in	a	very	few	days	and	without	difficulty.

Hippocrates,	described	a	possible	lung	abscess	with	rupture	either	into	the	bronchus	or	pleural	space;
his	description	of	the	symptoms	and	signs	of	a	bronchopleural	fistula	was	excellent.	He	knew	that	early
intervention	in	the	disease	process	was	dangerous	and	never	did	drainage	until	15	days	had	passed.	In	this
setting,	Hippocrates	was	able	to	differentiate	pus	of	a	parapneumonic	effusion	(commonly	Streptococcus
pneumoniae),	which	tends	to	be	watery	and	thin	(enzymes	streptokinase	and	streptodornase)	from	that	of
a	 likely	 staphylococcal	 empyema	 (enzyme	 coagulase	 results	 in	 the	 formation	 of	 a	 rapid	 cortex	 on	 the
surface	of	the	lung)	and	to	recognize,	either	an	anaerobic	or	amebic	empyema.

What	 both	 these	 famous	 clinicians	 described	 was	 an	 open	 pneumothorax	 and	 its	 consequences.
Hippocrates’	patient	with	thick	white	pus	has	a	better	prognosis	than	that	with	thin	watery	pus	because	a
cortex	has	developed	on	 the	pleural	 surface	of	 the	 lung,	preventing	collapse	when	 the	 sub	atmospheric
pleural	space	was	opened	and	exposed	to	higher	atmospheric	pressure.

The	lesson	was	not	lost.	One	of	the	orders	issued	in	the	First	World	from	an	Allied	Commander	about
open	 chest	 wounds	 was	 one	 issued	 by	 WG	 MacPherson6	 for	 the	 Director	 Medical	 Service,	 British
Armies	in	France.

“An	open	pneumothorax	should	be	temporarily	closed	by	suture	at	the	earliest	opportunity,	either	in	the	field	ambulance,	or	at	the
Casualty	Clearing	Station.	If	for	any	reason	suturing	is	impossible,	the	wound	should	be	strapped,	so	as	to	render	it	air	tight.”

This	 issue,	 collapse	 of	 the	 lung	 and	 its	 consequences	 when	 the	 pleural	 space	 is	 entered,	 was	 an
enormous	barrier	 to	early	 surgery	within	 the	chest	 and	hindered	 surgical	development,	 shape,	 and	 type
until	the	first	quarter	of	the	20th	century.	The	history	of	thoracic	surgery	has	at	its	core	the	management	of



the	pleural	space	and	this	problem	will	rear	its	head	repeatedly	in	the	descriptions	that	follow.	It	should
be	remembered	that	this	was	an	era	without	oximeters,	EKG	monitors,	blood	banks,	endotracheal	tubes,
and	antibiotics.	Many	of	the	early	procedures	pursued	were	designed	simply	to	avoid	entering	the	pleural
space,	because	it	was	safer	for	the	patient.

AN	ACCURATE	DIAGNOSIS

One	 of	 the	 tenets	 of	 any	 planned	 surgical	 procedure	 is	 an	 accurate	 diagnosis.	 In	 the	 19th	 century,	 the
ability	to	make	a	diagnosis	was	limited.	A	symptomatic	empyema	necessitans	or	a	traumatic	chest	wound
was	 an	 obvious	 reason	 for	 surgical	 intervention,	 but	 it	 was	 difficult	 to	 determine	 if	 intrathoracic
pathology	 required	 intervention.	Skoda7	 had	 popularized	 percussion	 and	Laennec8	 auscultation,	 but	 the
ability	to	use	these	aids	were	limited	by	clinical	ability.	Nevertheless,	some	clinicians	had	confidence	in
their	 ability.	 One	 such	 surgeon	 was	 Block9	 of	 Danzig,	 who	 had	 performed	 successful	 pulmonary
resections	in	rabbits.	Convinced	he	could	do	it	safely	in	humans	he	operated	on	his	cousin	in	1883	with
the	presumption	 that	she	had	bilateral	apical	 tuberculosis.	She	unfortunately	died	and	at	postmortem	no
evidence	 of	 tuberculosis	 was	 found.	 The	 distraught	 Block	 committed	 suicide.	 (Authors	 note:	 This
description	of	Block	operating	on	his	cousin	can	be	found	in	numerous	textbooks	dealing	with	the	history
of	 thoracic	 surgery,	 but	 none	 have	 been	 referenced	 [not	 too	 surprising	 as	 the	 protagonist	 had	 killed
himself].)

In	the	late	1800s	and	early	1900s,	the	most	common	cause	of	death	was	tuberculosis.	It	was	apparent
to	many	 that	 tuberculosis	was	a	communicable	disease.	 In	 fact,	Villemin,10	a	French	army	surgeon,	had
proven	 so	 by	 reproducing	 the	 pathologic	 features	 of	 the	 disease	 by	 injecting	 caseous	material	 from	 a
deceased	 patient	 with	 tuberculosis	 into	 the	 trachea	 of	 rabbits,	 but	 his	 research	 was	 largely	 ignored.
Medical	 proof	 had	 to	 await	Koch’s	 presentation,	 entitled	 “Die	Tuberculose”	 (On	Tuberculosis),	 to	 the
Berlin	 Physiologic	 Society	 on	 March	 24,	 1882.	 The	 electrifying	 atmosphere	 that	 developed	 at	 the
presentation	 is	 vividly	 described	 in	 the	 book	 “The	 Forgotten	 Plague”	 by	 Frank	Ryan.11	 Present	 in	 the
crowded	 room	 were	 Virchow,	 Loeffler,	 and	 Ehrlich,	 who	 described	 “that	 evening	 to	 be	 the	 most
important	 experience	 of	 my	 scientific	 life.”	 Three	 weeks	 after	 the	 presentation,	 the	 lecture	 was
published.12	Twelve	days	later	an	English	summary	was	published	in	the	London	Times,	and	a	few	weeks
later,	on	May	3,	it	was	published	in	The	New	York	Times.	The	rapidity	of	the	spread	of	the	news	and	its
publication	in	the	lay	press	testify	to	how	common	and	threatening	tuberculosis	was	at	the	time.	Naturally
it	was	thought	 that	surgical	resection	may	have	a	role	 in	management	of	such	a	 life-threatening	disease.
This	 was	 how	 planned	 thoracic	 surgery	 started.	 If	 we	 study	 the	 history	 of	 thoracic	 surgery	 we	 study
surgical	attempts	to	control	tuberculosis.13

RADIOLOGY

Tuberculosis	could	now	be	suspected	and	proven	by	examining	sputa,	but	the	extent	of	disease	had	to	wait
until	 1895	when	Roentgen	 discovered	 x-rays.14	 The	 ability	 to	 visualize	 shadows	within	 the	 chest	 and
correlate	radiographic	findings	with	pathology	at	autopsy	was	now	at	hand.

ESOPHAGOSCOPY

The	bronchoscope	 and	 esophagoscope	were	developments	 that	 followed	 laryngoscopy	 and	 cystoscopy.
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