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stage of the disease with a considerable
amounlt of tubereulous granulation tissue
posterior to the left ventricle. The decortica-
tion was considered satisfactory exeept at

this site. For the first week the patient ilu-
proved, but after that she exhibited almuost
coniplete syniptomnatic recurrence. No fluidl
could be aspirated from the anterior imedi-
astinumn. Antitubereulous chemotherapy was

prescribed for 6 months postoperatively. She
conitinued to accumulate ascites and pleural
fluid and exhibited dyspnea and hepato-
megaly. Then she began to show slight
iniprovemelnt. Between the sixth alnd the
eleventh months, during which tinme she was

not seeni, she made remarkably rapid im:-
provement and appeared almuost normal onl

subsequent examination. Cardiac catheteriza-
tion 7 years postoperatively showed coin-

pletely norlmal intracardiae pressures. These
two patients were the first in the series, both
had positive evideniee of tuberculosis in the
pericardium and, inexplicably, neither re-

eived digitalis in the postoperative period.

At that time the importance of myocardial
failure was insufficiently appreciated.
Two other patients, completely decorti-

cated, exhibited somewhat slow clinical re-

coveries. Caseous material, which showed
Langhan's giant cells on microscopic examii-

nation, was present in the pericardiuni in
one, (D. B.). From the other (E. M.) a posi-
tive culture had been obtained 9 mouths
previously on pericardial tap. The ultimate
result was good in one and probably also
in the other, but he died of acute alcoholisimi
6 iionths postoperatively before final physio-
logic evaluation. Postmortem examination
showed a satisfactory result without evidenee
of constriction. Thus all of the survivinig
cases muade excellent clinical recoveries, veni-
fied in sevein by cardiac catheterization. There
has been lno evidence of recurrence in aniy.

In the four cases exhibiting a slow post-
operative recovery, the demonstration of

active tuberculous inflamnmlation at or near

the timie of surgery suggests the role of
active mnyocarditis. None of these four had
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Table 3
Suinmary of Perfinelnt Clinical Findings in Eleven? Cases

1. Dyspnea
2. Orthopuen 11(1 paroxysmal iiocturnial d1y.0
:. 1)isteide(l ieck v-eins in sitting positioi
4. Hepatomnegaly
5. Ascites
6. Peripheral edemiia
7. Pleural effusioni
8. Diastolic third heart souind
9. Pulse pressure less thnii 20 nrui. Hg

10. Miurnmurs

11. Atrial fibrillation
12. Patients presenting primarily with

right-sided heart failure

13. Patients presenting with right anid
left sided heart failure

14. Cire. time mnore than 20 seconds
15. Venous pressure more than 200 mm. H1
16. ECG-low QRS and/or T-wave changes
17. Diminished cardiac pulsations on fluorose
18. Pericardial calcification by x-ray

19. Tuberculous etiology by histology and cul

20. Tuberculin skin test positive

symptoms longer than 1 year. Acute tuber-
eulous pericarditis could be accurately dated
within 1 year before surgery in two of them.
The other five surviving patients showed
complete remission of symnptomatology in the
first 2 weeks postoperatively.
Of the two deaths, one patielnt (J. H.) aged

59, died on the ninth day postoperatively.
At operation, the lungs were partially con-

strieted with a thin fibrous peel. An attempt
was made to decorticate the left lower lobe,
but this was abandoned owing to the diffi-
culties encountered and the consequent air
leak. This patient probably died of myo-
cardial insufficiency with pulmonary insuffi-
ciency as a contributing factor. He was

fully digitalized. In retrospect, a less trau-
matic thoracotomy approach might have been
helpful as well as some ventilatory support.
The need for a modified thoracotomy approach
was also seen in case 11 (J. C.), a patient
with disease of 8 years' standing who had
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11 60

11
11
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11 55
11 45
10
11
11

11

11

11
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11
10
11
11
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67 of 67

36

anlnually refused surg,ery unitil his coniditioni
deteriorated badly. Extreme difficulty was

enieountered in obtainingf a satisfactory ex-

posure even with the bilateral, transpleural.
transverse sternotomy approach because of
a firm pleural symphysis. After elevating the
upper thoracic segment sufficiently, consider-
able blood loss had resulted and a number
of air leaks had been produced. Decortica-
tion of the pericardium was tedious, the
pleural problem extensive. He ultimately
died 4 weeks postoperatively from the effects
of staphylococcus wound infection, empyema,

sternal osteomyelitis, and toxic nephritis.
In these 11 patients electrocardiograms

became normal in five, and showed increased
QRS voltage in five of the remaining six, all
of whom continued to show abnormal T
waves. The survivors have continued to be
well clinically, and have had normal venous

pressures for periods from 3 to 7 years after
operation.
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patient E.M. Note coincidence of the "y'
diastole. End-diastolic ventricular pressu'

Discussion
Postoperative Catheterization Findings

The classic study by Sawyer, Burwell,
Dexter, Eppinger, Goodale, Gorlin, Harken
and Haynes,3 demonstrating the abnormal
physiology presented by patients with coni-
strictive pericarditis, showed that elevation
in right ventricular end-diastolic pressure
persisted for months after pericardiectomy,
despite marked clinical improvement in six
individuals. In our series of eight patients
who underwent cardiac catheterization after
removal of constricting pericardia, normal
right heart pressures were found in seven
and the eighth (E. M.) was catheterized only
2 weeks after operation. Two patients (L. M.
and J. M.), whose pressures were abnormal
or borderline soon after operation, showed
normal values subsequently. The patients of
Sawyer et al. still showed abnormal pressure
contours up to 144 weeks after operation,
so that progressive improvement as time
passes does not seem an adequate explana-

igure 1
pressure patterns in constrictive pericarditis.

%res, recorded at two different paper speeds, in
in the atrial tracing, with early ventricutlar

re is about half the systolic value.

tion for the normal postoperative findings iil
our patients, especially since two of our
patients presented normal findings 6 and
30 weeks after surgery. The most likely ex-
planation for persistence of abnormal right
heart pressures after operation in the series
of Sawyer et al. was presented in their
paper, and lies in the completeness of the
pericardial removal: "In none of these pa-
tients was decortication of the ventricles
complete. . . ." A more complete pericardi-
ectomy has been carried out on the patients
in our series. Extensive pericardiectomy has
been emphasized also by Malm,5 who demon-
strated return to normal of right ventricular
diastolic pressures in five patients cathe-
terized after very extensive removal of
pericardium.

Myocardial atrophy and fibrosis were sug-
gested by Sawyer et al. as a possible ex-
planation for persistence of abnormal hemo-
dynamics after pericardiectomy. Dines et al.6
have demonstrated definite atrophy of myo-
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cardial fibers throughout the heart in 11
cases of constrictive pericarditis studied at
autopsy. The high percentage of patients in
our series who eventually developed perfectly
normal ventricular and atrial pressures sug-
gests that irreversible myocardial abnormal-
ity must not be a common occurrence, and
that inadequate pericardiectomy is a more
likely explanation for persistently abnormal
hemodynamics. Abnormal pressures early in
the postoperative course in three patients,
with subsequent development of normal con-
tours, in two, suggests that myocardial
atrophy may be an important factor in the
immediate postoperative period.

Pathologic Physiology in Constrictive Pericarditis

The physiologic abnormality that forms the
basis of the circulatory derangement in
chronic constrictive pericarditis is restric-
tion of ventricular filling by the dense, rigid
pericardium surrounding the heart. Conse-
quently, less blood is able to enter the ven-
tricles, and stroke output into the pul-
monary artery and aorta decreases. The
ventricles are apparently able to eject most of
their blood with each systole, since early
diastolic pressure is normal. Because the ven-
tricles are restricted by the dense scar tis-
sue, ventricular dilation is restricted and a
relatively small volume of blood entering
the ventricles during diastole results in rapid
elevation of the end-diastolic ventricular pres-
sure to a value about half the systolic pres-
sure. The combination of normal early dias-
tolic pressure and elevated late diastolic
pressure in the ventricles is responsible for
the "early diastolic dip" described as char-
acteristic of constrictive pericarditis.
As a result of elevation of ventricular

end-diastolic pressure, atrial pressure in-
creases as do the peripheral venous and
capillary pressures. If the left ventricle is
involved by the constriction, as it frequently
is, the result is a similar increase in pres-
sures in the left ventricle, left atrium, and
the pulmonary veins and capillaries. Hansen7
has stated that similar pressures and pres-
sure contours are found in the left atrium
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and left ventricle during left heart catheteri-
zation of patients with constrictive peri-
carditis, and a "W-shaped" left atrial pres-
sure of 14 mm. Hg -was found in the single
left heart catheterization done in our series.
Elevated pulmonary capillary "wedge" pres-
sures have frequently been found in right
heart catheterization studies of constrictive
pericarditis, reflecting the high left heart
and pulmonary vein pressures.7' 8

Figure 1 shows the simultaneously recorded
atrial and ventricular pressures in patient
E. M., and demonstrates both the early dias-
tolic "dip " in ventricular pressure and the
"M" shaped atrial pressure contour charac-
teristically seen.9
The "M" shaped atrial contours and

"early diastolic dip" with elevated late ven-
tricular diastolic pressures are always pres-
ent in constrictive pericarditis, but are also
observed in a variety of diseases affecting
the heart which have in common restriction
of ventricular filling, such as pericardial effu-
sion,10 subendocardial fibroelastosis," amy-
loidosis,12 hemachromatosis,'3 and myocardial
fibrosis.'4 There are some helpful features
in distinguishing pressure contours found
in myocardial fibrosis from constrictive peri-
carditis. In myocardial fibrosis the mean
right atrial pressure is usually 15 mm. Hg
or less, whereas in constrictive pericarditis
this is more likely to be over 15 mm. Hg.14
Also, in myocardial fibrosis the diastolic pres-
sure is usually less than one third the systolic
pressure of the right ventricle, while in con-
strictive pericarditis end-diastolic pressure is
frequently more than one third the right
ventricular systolic pressure.7
Surgical Considerations

A successful clinical result following de-
cortication of the constricted heart depends
upon the adequacy of the pericardial re-
section and upon the degree of myocardial
inflammation, atrophy, and fibrosis.

In all of the 11 cases reviewed above, a
complete decortication has been attempted.
By this definition the peel is excised from
both ventricles, including the posterior sur-

489

 by guest on July 25, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


FITZPATRICK ET AL.

face of the left venitriele anid the great
vessels at the base of the heart; the atrio-
v-enitricularL grooves are liberated aild any-
scar enceasing the eavae is removed. If easily
accomnplished, the right atrium is decorticated
downi to the level of the right phreniie nerve.
Often the peel oveer the superior veina cava
is thinl andcI no-tneonstrictiiny, and decortica-
tion is niot re(quired at this site. Clearly ile
liberationi of botlh venetricles anid the corre-
sponding atrioventrieular grooves conlstitut e.
the mnost iunportant step of the surgieal p1o-
ce(ltire in the muajority of eases. HoNwe-ver.
ilL one patieint wve observed a significanit
dIrop ini the velnous pressure (superior eaval
systemn) that coitncided with the decortica-
tioln of the superior v-enia cava. This miiay
have occurred in a seconid patient with a

simlilar sear at this site, but the pressure
drop) was not conivineinigly demonstrated
mrlaniomnetrically. In a third patient, the heart
dilated as the ilnferior vena c!ava Nwas
decorticated. In the ffuture we planl to miolui-
tor conitinuously both the infierior anid the
.superior ven-a eaval presstures as the heart
is decorticated in stepwise fashlioni begrinninl
with the left ventricle.

Sinee Dr. HolmI1an 's paper',-, in 1949, inl
whieh he urged that decortication for con-
strietive pericarditis ilnclude the cavTae, (a
numlber of authors have reemnphasized the
primary iimiportanee of the ventricular comi-
strictioin. There can 1be nio argunrent regard-
inig this. The best experimuental investigationt
bearinig oni this subject was eondueted by
Isaacs, Carter, and Haller. ' By productioni
of pericardial constrictioni in dogs, they coni-
clusively demonstrated the separate imiipor-
tanee of rioht and left ventricular constric-
tion, but were unable to show any role for
right atrial constrictionl. Their conclusiolns do
not necessarily infer a nlegligible role for
eaval constrictioln, although this has beenl
implied by other authors in reference to

their work. Experimenitally, lolmiian showed
iin the dog that gross physiologic alterationis
lue to inferior eaval obstruction oceurred
after the diameter of the inferior cava ha(l

beeln reduced 50 per cenlt. Wheni only oine eava
was constrieted, the developmuent of venous
collateral subsequently ameliorated these
changes. The absence of a demoonstrable pres-
sure gradient betweeni cav-a and atrium durino
preoperative catheterization has been fr e-
(luemitly cited as evidenice against the physio-
logic inl)portance of caval constriction. ThlIis
reasoning seeniiis to us inlvalid. UIniforimi joni-
striction of the right heart and eavae wouln
niot be expected to produee ani easily de-
tectable pressur e oradielnt nuitil after the
v-enitrieles had been (lecorticated, anid ev-eni
theni inivocardiacl insufficiency could lead l-o
erironieous interpretatioln. Nevertfieless, pl res-
sure determinations in both inferior andl
superior cava (lurilng deceortieatioll coulct
vield inlterestingo, iniformiiationi. Marishall ani(t
IPaitridge'7 have claiimed to showv a distinct
drop in the inierior caval pressure at the
tuinie of decoirticationi of this vessel ini font
of five cases. However, convineinig evidencee
againist the iinportaiiee of caval involvemletit
is that presented by Johansson.'5 He cited
9- cases of visualizatiotn of the eavae pre-
operativelv with angiocardiography wvithout
evidenee of stenosis. Inm-ost cases the cavac
were actually dilated, as was also the righot
atrium.

It has beeni stated by surgeons who hav e
em-tployed both a radical and a limited de-
cortication- (of the ventrieles only) that a
return to a maore normual state occurs more
rapidly following a radical decortication, but
that a satisfactory clinieal result niayx be
achieved following a less complete decortica-
l-ion if a longer period of recovery is accepte(d.
Scientific appraisal has beenl difficult owing
to uncertainty regarding the state of the mnlyvo-
eardial function in an individual case at
the timle of decortication. Dinies et al.V hav,e
emnphasized the frequent occurrence of atr:o-
phy of mnusele fiber. We hav-e reasoned that
if the ventrieles and atrioventricular grooves
ar e ilncompletely decorticated, a longer period
of time anid more complete reeovery froi
iniyocardial atrophy will be niecessary for
adlequate ventricular funietioin, but that eveni-
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tually- eompenisation by the partiallv liber-
ated iyvocardiumll may be sufficient. On the
other hand, with conmpletely decorticated
veii trieles, good hemodynamie fun-ction is
achieved during an earlier state of myo-
eardial recoverv.

In order to achieve complete decortication
we have usually emploved the transpleural.
tranissterniotomnv incision, usually through the
foturth interspaee on the right and the fifth
interspace on the left. The midline sternal
splitting incision advocated by Holman does
niot in most instances provide satisfactory-
exposure for decortication of the posterior
suirface of the left ventricle, particularly
when- the heart is laroe. Holman recognized
this, buLt apparently did not think that de-
cortication was essential. Other recommendedl
left thoracotomv approaches do not provide
satisfactory exposuire of the right atrioven-
tricular groove or the cavae. In two patients
we used a slightly modified and somewhat
less tranlmatic approach, whieh seems equally
as satisfactory as a transsternal, transpleural
thoracotomy and allows a complete decortica-
tion of both the right and left sides of the
heart. A midline vertical sternal splitting
incision is emploved with a T extension into
the fourth or fifth interspace. Appropriate
spreaders are needed for adequiate retractioni
of the thoracic flaps. The midline skin inci-
sion is arched sliohtly to the left. The left
pleural space is alwavs drained and if the
right pleniral space is entered, this is in-
tubated as well. A heavy no. 20 wire mnat-
tress suture is used to reapproximate the
sternal segments at the T. With this
approach, problems arising from extensive
pleural symphysis are minimized. We do not
believe that this is an appropriate time for
indulging in a very difficult pulmonary de-
cortication for a peel that has often resem-
bled a fibrous pleuritis. Further evaluation
of this approach is needed.

Summary
In each of seven patients studied by car-

diac catheterization more than 2 weeks after
extensive pericardiectomy, performed because
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of constrictive pericarditis, noriial right
heart pressure-pulse contours were demonl-
strated.
The extensiveness of pericardial removal

seems the most likely explanation for the
normal catheterizationi findings, whieh eon-
trast witlh demonstration by other workers
of persistence for periods up to 2 years of
the "W' '-shaped atrial pressures and high
enid-diastolie venitrieular pressures charac-
teristic of pericardial constriction.

Clinical findings, abniormal right heart
lpressures, anid surgical considerations are
presenited for a total of 11 patients with
constrictive pericarditis who were subjected
to pericardiectomyv between 1955 and 1960.
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The Early History of Instrumental Precision in Medicine
Thinking over the number of instruments of precision, a single case may require, it

is clearly to be seen that no matter how expert we may be, the diagnostic study of an
obscure ease must today exact an amount of time far beyond that which Sydenham may
have found need to erploy. A postmortem section used to take us an hour or two, and
now, alas! it goes on for weeks in some shape until the last staining is complete, the
last section studied, the last analysis made.

These increasing demands upon us are due to the use of instruments of precision,
or to accurately precise methods. As in factories more and more exact machines have
trained to like exactness a generation of workmen, so with us, the use of instruments
of precision, rendering the comparison of individual labor possible, has tended to lift
the general level of acuteness of observation. The instrument trains the man; it exacts
accuracy and teaches care; it creates a wholesome appetite for precision which, at last,
becomes habitual. The microscope, the balance, the thermometer, the chronograph have
given birth to new standards in observation, by which we live, scarce conscious of the
change a generation has brought about. Certain interesting intellectual results have
everywhere followed the generalisation of precision by the use of instruments, like the
world-wide lesson in punctuality taught by the railway and made possible by the watch.
. . .For unless men keep ahead of their instrumental aids, these, to coin a word, will
inerelv dementalize them, and but measurably lift the mass without in proportion advan-
taging the inasters of our art, who were so easily masters in days when the erudite touch
was more uniquely advantageous than it is today.-S. WEIR MITCHELL, M.D., Transac-
tions of the Congress of A merican Physicians and Surgeons, Second Triennial Session
held at Washington, D.C., 1891. New Haven, The Congress, 1892, p. 164.

Circulation, Volume XXV, March 1962

492

 by guest on July 25, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


D. P. FITZPATRICK, E. M. WYSO, L. H. BOSHER and D. W. RICHARDSON
for Constrictive Pericarditis

Restoration of Normal Intracardiac Pressures after Extensive Pericardiectomy

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 1962 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
doi: 10.1161/01.CIR.25.3.484

1962;25:484-492Circulation. 

 http://circ.ahajournals.org/content/25/3/484
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. and Rights Question and Answer 

Permissionsthe Web page under Services. Further information about this process is available in the
which permission is being requested is located, click Request Permissions in the middle column of
Clearance Center, not the Editorial Office. Once the online version of the published article for 

 can be obtained via RightsLink, a service of the CopyrightCirculationoriginally published in
 Requests for permissions to reproduce figures, tables, or portions of articlesPermissions:

 by guest on July 25, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/content/25/3/484
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/



