KYPHOSCOLIOSIS AND COR PULMONALE
A StupY OF THE PuLMONARY VascurLar Bep

RicHARDp L. Nagve, M.D.*

From the Department of Pathology, The University of Vermont
College of Medicine, Burlington, V1.

Certain persons with long-standing dorsal kyphoscoliosis develop
pulmonary arterial hypertension and cor pulmonale. A normal pulmo-
nary arterial wedge pressure in these cases suggests that the small pul-
monary vessels are the site of an increased resistance to blood flow.!
However, pulmonary vascular abnormalities have not been established
as the basis for this high resistance.>® The present study was under-
taken to determine if such vascular changes occur and, if they do, what
relationship they may have to other factors thought to influence the
pulmonary circulation in kyphoscoliosis. These other factors include:
(a) intrinsic pulmonary parenchymal disorder; (b) chronic hypoxemia;
and (c) reduction in the pulmonary vascular bed by the thoracic de-
formity.

Intrinsic pulmonary parenchymal lesions are common in kyphosco-
liosis. These may independently increase pulmonary vascular resistance.
Included are chronic obstructive emphysema, bronchiectasis, pulmonary
fibrosis, abscesses and atelectasis.?®51%18 Chronic hypoxemia, often
present in kyphoscoliosis, may induce both functional and anatomic
changes in the pulmonary vascular bed.!**-2 Finally, the thoracic de-
formity itself may restrict the pulmonary vascular bed by reducing
thoracic volume. Restriction of the pulmonary parenchyma is presum-
ably associated with a reduction in the pulmonary vascular bed.>* In
adults with kyphoscoliosis the lungs are often less than one-half normal
Size.l.9—12

In the current study, each factor was considered in patients having
dorsal kyphoscoliosis and chronic cor pulmonale. To evaluate the in-
fluence of the thoracic deformity, pulmonary vessels in these cases were
compared with similar vessels in 3 control cases after pneumonectomy.
The influence of chronic hypoxemia was assessed by comparison with
vascular alterations known to be induced by chronic hypoxemia in other
disorders. The influence of intrinsic lung lesions was explored by com-
paring the pulmonary vascular bed in kyphoscoliosis complicated by

Accepted for publication, December 19, 1960.
* Markle Scholar in Medical Science.

561



Vol. 38, No. 5

NAEYE

562

ooob-oob¢
t/1t oS4 - » ogb - " 009 - otg ('22) Aypeded [B3jp
» » * £/¢8 * . . " o1/gs (8H Jo ‘ww)
aInssoad JemOpIUIA JySpY
L6-¥6 red - . 0’0l - A4 §lg - 865 % uj
uopeIN}es 20 ‘qH [BHAMY
of N7 - " o'gs . 0'gg 8'89 " S'sS (8- Jo 'ww ob 38 94 ‘[oA)
JU0d EQ) [BHIY
6b-th ovs o'6¥ 0'99 ob¥ o1b o's§ otd ogh o'Sg (%) N0JBWIY
D10p K401040QDT
o o +r - * () +te +1 +t +¢€ BwdPd [esayduag
) +¢ +¢ +c +¢ [} +¢ -+¢€ +£ +¢t s[sousL)
] <+£ +1 +c ] ° “+e “+1 +¢ +1 UO[}BNIUIIIE ‘punos puc ‘|ng
te-91 of 9t . 144 of 9¢ gt St ot nufw Jad suopuajdsoy
susig
<1 +1 -] +1 o +1 +t [} [} waudoyliQ
<+ +v +¢ +v o -+¥ ++ “+v +v wvaudsAqQ
2 1] 73 ¥ or -] 1 € - £ (*ak) uopeing
swolduwls
pooy
13 sS 14 Rithe) 94 84 6¢ 6¥ St ('1£) £Lywaogap jo uopvang
Jov LS (14 (24 J94 nev J6¢ nov noe X35 {yjuap v a8y
[ewaoN 6 8 L 9 S 14 £ ¥4 1 Jlaquinu ase)

SISOITOOSOHJAX IVSY0d HIIM SINIILVA

I 31av],



563

KYPHOSCOLIOSIS AND COR PULMONALE

May, 1961

sisoaqig
N1
‘$5308Q®
..\H. D.\H
.n—n‘u
-R[youoig

o'g

+¢
+€
00§

“TTT
‘5158309
-[9%% pPIO
A1
.o.—-du
-09[qouoag
<+t
+e
+¢€

»

'8

+¢
+¢

(<]

“+t
+¢€
940t

o9

+t
+1
otf

+t
+1

o'or

+£
+
(114

Sun|

31 xode

‘spwoaqya
o

o
+c
%59

o

+1
o
oce

S1U03190495Q0 £5¢0429 )\

[}

+t
o

-+t
%S¢t

o'or

+€
+£
SLE

o o

oS

+1
+1
oge

‘umouyun ‘y {31938 ‘+-¥ ‘ajedpowt ‘4-€ {ppjw ‘4-¢ Pl £194 ‘-1

“TTd
‘sjgoiqy
1ed0q
+t
o
<+1

.

§4

+¢
“+1
oge

L0 ]
-20[03%

$19p108]p

[eujwiay, [vwAgoudied Arsuownd JoyQ

+1I
o
“+1

*

0'01

+c
+1
oftd

SUOSIYPE [BandJ
SPioIgou0Iq put SpgoUCIg

swasAydwmyg

pajdppaid jo 9 uy
‘paulquod sBunj jo ‘[0A

s3ung

(‘wmw uj

SSUNOIY)) JPMIUIA 1Y
Q[OMIUIA °31 JO uopeIe[Iq
wni3e "y jo uopelefiq

(ws8) g8pm
1400



564 NAEYE Vol. 38, No. 5

chronic obstructive emphysema with that in kyphoscoliosis without in-
trinsic parenchymal disease.

MATERIAL

Nine patients with dorsal kyphoscoliosis and chronic cor pulmonale were selected
from the necropsy files at the Presbyterian and Bellevue Hospitals, New York City.
There were evidences of pulmonary hypertension in all instances (Table I). Right
heart catheterization in 2 of the cases demonstrated a marked elevation of right
ventricular pressure which increased with exercise. At necropsy, all g had right ven-
tricular myocardial hypertrophy and in § the right heart was dilated. None had a
deformity of the great vessels sufficient to restrict blood flow through them.

All g patients had small lungs. In every case, the thoracic deformity was present
long before skeletal growth was complete. This suggested that the skeletal deformities
prevented the lungs from growing to the usual adult size. Kyphoscoliosis was usually
the most important factor in reducing thoracic volume since it diminished the height
of the thoracic cage. In most instances, the lateral rotation due to scoliosis was re-
sponsible for one lung being smaller than the other (Fig. 1). In the cases in which
measurement was made, combined lung volumes by fluid displacement at necropsy
ranged from 30 to 65 per cent of the values found in normal controls matched for
body size and weight (Table I). The matched, normal controls were 17 individuals
without thoracic deformity; these died with disorders unrelated to the cardiopul-
monary system. The 65 per cent value was recorded in one patient who survived
until old age and died of noncardiopulmonary causes (Table I). In 4 cases vital
capacity measured during life was less than one third of normal.

Arterial hypoxemia and hypercapnia were noted in 5 cases in which blood gas
studies were made. Eight of the g patients were cyanotic, some for protracted periods
and others for a short time before death. A secondary polycythemia was present in
5. These phenomena may be attributed to cardiorespiratory failure, a common clini-
cal complication of kyphoscoliosis after the third decade.™* Other common clinical
features of cardiorespiratory failure which the patients exhibited were dyspnea,
orthopnea and peripheral edema. Several individuals were somnolent during their
terminal illnesses. Clinically, this was related to hypercapnia.

Significant intrinsic pulmonary lesions were found in 3 patients at
necropsy (Nos. 7,8 and 9). Two had had repeated respiratory infections
during life, with cough and purulent sputum (Nos. 8 and ). All 3 had
diffuse, chronic obstructive emphysema, and bullae were prominent.
On microscopic, examination, chronic inflammatory cells could often be
seen in bronchiolar walls. Respiratory bronchioles and alveolar ducts
were ballooned, and alveolar spaces were dilated, Alveolar walls were
narrowed and ruptured. In many cases, fibrosis involved alveolar walls
and interstitial tissues. Bronchiectasis was extensive in 2 of the patients,
one of whom also had a pulmonary abscess.

Intrinsic pulmonary alterations were few in the other 6 cases. Except
for reduced lung size, gross alterations were insignificant. Microscop-
ically, some alveolar spaces were distended and scattered alveolar walls
were ruptured. These changes were usually localized and were never
associated with bronchitis or bronchiolitis. Patches of atelectasis were
found in several of the lungs. The absence of inflammation or fibrosis in
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most of the atelectatic areas suggested that they were of short duration.
Each of the pulmonary lesions found in these 6 cases was found in some
of the matched normal controls.

Lungs from 3 patients who had had pneumonectomy were also exam-
ined in an attempt to determine the effect of the single factor, pulmonary
vascular bed reduction, on the remaining pulmonary vessels. All 3 indi-
viduals had survived operation for an appreciable time without intrinsic
disease in the remaining lung. None had evidence of hypoxemia. In these
patients there was mild right ventricular hypertrophy and dilatation
at death. This suggested that there had been at least latent pulmonary
hypertension during life—that is, an abnormal pulmonary arterial pres-
sor response when blood flow was augmented by exercise.?® At necropsy,
the remaining lung was grossly normal. Microscopically the only finding
was mild overdistention of alveolar spaces.
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TEXT-FIGURE I. The mean area of intima combined with internal elastic membrane is
recorded for pulmonary arteries of all sizes in patients with kyphoscoliosis and in normal
controls. Values for the two groups are similar. In both groups the values rise with age be-
cause of thickening of the intima.

METHODS

Blocks of tissue were taken from the lungs in each case, a balance being main-
tained between upper and lower lobes. Every block was serially sectioned so that
vascular channels could be traced and examined for some distance. In two cases,
bronchial and pulmonary arterial systems were injected with a gelatin preparation ™
in an attempt to demonstrate abnormal communications between the two circuits.
Sections were stained with Verhoefi’s and van Gieson’s stains, a method which helped
to differentiate fibrous tissue, elastic tissue and muscle.
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A quantitative study of the structure of the pulmonary arterial beds was under-
taken. To avoid bias, microscopic sections from control patients and those with
kyphoscoliosis were mixed and examined in a random manner. Vascular measure-
ments were made from drawings prepared at constant magnification with the aid of a
camera lucida.” With a planimeter, the relative cross sectional areas of lumen, intima
combined with internal elastic membrane, and media were determined for 15 to 30
muscular arteries and arterioles in each case. All vessels cut in cross section which
were encountered were measured.

REsuLTs

Neither qualitative nor quantitative abnormalities were found in the
intima or elastic membranes of pulmonary arteries in patients with
kyphoscoliosis when compared with normal controls. The mean com-
bined cross sectional area of intima and internal elastic membrane was
charted for muscular arteries and arterioles in each case (Text-fig. 1).
The mean values in kyphoscoliosis matched those of normal controls,
indicating that these two structures had not thickened in patients with
the skeletal deformity. The mean area of these structures did increase
with age, however, in both kyphoscoliosis and normal controls as a re-
sult of an increase in intimal connective tissue.

For further investigation, arteries and arterioles less than 150 g in
lumen diameter were selected for analysis since these presumably had
an important role in controlling vascular resistance. The fact that the

© Cases of Kyphoscoliosis
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TEXT-FIGURE 2. A ratio which reflects medial muscle mass is recorded for small pul-
monary arteries in patients with kyphoscoliosis and in normal controls. The arteries in
persons with kyphoscoliosis show a greater muscle mass than do the controls.
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intimal area of pulmonary arteries was normal in our cases proved use-
ful; it made possible the use of this value as a base line in the quantita-
tive study of other vascular structures. The area of the media varied
markedly and in a very significant manner when compared to this base
line. The ratios of media to intima in cases of kyphoscoliosis and in nor-
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TEXT-FIGURE 3. A ratio which reflects arterial dilatation is recorded for small pul-
monary arteries in patients with kyphoscoliosis and in normal controls. In all but one
individual with kyphoscoliosis, the pulmonary arteries are more dilated than in control
cases.

mal controls are charted in Text-figure 2. The method employed for
calculating this ratio has been previously published.?®*** The mean ratios
in persons with kyphoscoliosis were considerably greater than in the
control cases. This indicated that an appreciable increase had taken
place in the medial muscle mass of the smaller pulmonary arteries in
the kyphoscoliotic group. In some of the cases, the relative medial mass
was almost twice that of the controls. One of the principal advantages
of this method of measuring medial mass was that such measurements
were not affected by stretching of the vessels.?”

A similar method was employed in evaluating the degree of arterial
dilatation. The same base line was used for comparison—namely, the
combined area of intima and internal elastic membrane. The area of the
lumen was compared with this base line, since an increasing lumen size
with dilatation would be associated with an increasing ratio. The mean
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ratios of lumen to intima were increased in all but one of the cases of
kyphoscoliosis, indicating that terminally, at least, arteries and arterioles
were dilated (Text-fig. 3). On casual examination this dilatation ob-
scured the medial hypertrophy because the eye usually evaluates such
hypertrophy by comparing medial mass with lumen size (Fig. 2).

In about one half of the cases, the arterioles were normal. They did
not have a muscular coat beyond the cuff which surrounded their point
of exit from the small muscular arteries. In the other cases, such a coat
did extend for varying distances down toward the capillary bed. Alveolar
capillaries were markedly congested in all cases. Pulmonary veins and
bronchial vessels were structurally normal. In the course of examining
serial sections, no abnormal communications were found between the
pulmonary and bronchial vascular systems. Likewise, no abnormal com-
munications were found between pulmonary arteries and veins.

Similar studies were made in the lungs of 3 patients who had had
pneumonectomy. A comparison was made in each case between the lung
removed at operation and that obtained much later at necropsy. Both
of the ratios described above were calculated for muscular arteries. In
each instance the ratios in the postmortem lung were greater than those
calculated for the previously resected lung (Table II). This indicated

TasLe 11
VASCULAR ALTERATIONS FOLLOWING PNEUMONECTOMY

__ Area‘ media _ Area !umen Interval

Area intima + int. elast. mem.  Area intima + int. elast. mem. petween
Before After Before After pneumo- Age
pneumo- pneumo- pneumo- pneumo- nectomy d att.h

nectomy nectomy nectomy nectomy and death ea
Case A 2.15 343 1.85 5.98 2 yr. 58 yr.
Case B 2.06 4.35 2.24 5.64 3% yr. 635 yT.
Case C 1.61 4.21 1.53 3.06 5 yT. 48 yr.
area media
tio for pulm ; arteries i
The mean raf intima  LEM. r pulmonary arteries is compared in 3 lungs
removed by pneumonectomy with the paired lung removed at necropsy. The greater nec-
area lumen

ropsy ratios indicate muscular hypertrophy. An increase in the ratio
indicates arterial dilatation.

area intima 4 I EM.

that an appreciable increase in pulmonary arterial muscle mass and in
arterial dilatation took place in the years after pneumonectomy. No
other vascular abnormalities were found.

DiscussioN

Both anatomic and clinical evidence indicates that the patients with
kyphoscoliosis had pulmonary arterial hypertension. The only abnor-
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mality within individual pulmonary vessels which might have been
related to hypertension was smooth muscle hypertrophy in the media of
arteries and arterioles. Lumen narrowing by intimal fibrosis, so often
responsible for pulmonary hypertension in other disorders, was absent.
The genesis of the muscular hypertrophy and its possible functional sig-
nificance must be evaluated in the light of other abnormalities which
affect the lesser circulation in kyphoscoliosis.

The reduced size of the lungs in kyphoscoliosis imposes a severe re-
striction on the pulmonary vascular bed.!*2? This restriction appears
to be responsible for at least latent pulmonary hypertension in many
cases.! The vascular restriction might be compared to that which fol-
lows pneumonectomy. In both groups there are individuals without
hypoxemia or significant intrinsic lung disease who have an abnormal
pulmonary arterial pressor response when pulmonary blood flow is
augmented by exercise.”** In both groups the only abnormality in indi-
vidual vessels is an appreciable hypertrophy of arterial muscle. In both
instances the increased muscle mass might be interpreted as a work
hypertrophy, a response to normal or increased blood flow through a
reduced arterial bed.

Hypozxemia, often chronic, was present in all but one of the cases of
kyphoscoliosis in the current study. This was probably most directly
related to alveolar hypoventilation associated with an abnormal increase
in the total work of breathing.!*'%* Bergofsky, Turino and Fishman!
have noted that pulmonary hypertension is most severe in those cases
of kyphoscoliosis in which hypoxemia is present. Chronic hypoxemia of
this nature is capable of increasing cardiac output and of initiating a
general hypervolemia in which the pulmonary circuit participates.?!-23
In the present study, secondary polycythemia and dilatation of pul-
monary arteries were evidences of the latter. The high cardiac output
and hypervolemia could further increase the circulatory load on the
restricted pulmonary bed in kyphoscoliosis and contribute to a work
hypertrophy in arterial smooth muscle. However, all of the effects of
hypertension associated with hypoxemia cannot be attributed to changes
in blood flow and volume.!** It is thought that hypoxemia acts either
locally or by reflex means to reduce the caliber or distensibility of the
small pulmonary vessels.? A plausible target for such an action is the
smooth muscle surrounding pulmonary arteries. A consequent increase
in the state of contraction of this muscle might well serve as the stim-
ulus for its hypertrophy. This has been postulated in other cases of
chronic hypoxemia.??** An alternative explanation would be that the
hypertrophied muscle is a consequence of the hypertension rather than
part of its cause. If this hypothesis were accepted, it would be necessary
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to postulate a vasomotor response to hypoxemia in some more distal
segment of the lesser circulation.

Despite small lungs from childhood in most patients with kyphosco-
liosis, cor pulmonale is rare before the age of 25 years.’? The relatively
late development of obstructive emphysema and other intrinsic pulmo-
nary diseases may explain this phenomenon in some cases. Chronic ob-
structive emphysema was prominent in 3 individuals in the present group
(Table I). These could not be distinguished from the patients with
kyphoscoliosis who had no parenchymal disorders on the basis of pul-
monary vascular abnormalities; vascular alterations were identical in
the two groups. This similarity can probably be attributed to the factors
which might contribute to hypertension in obstructive emphysema, such
as hypoxemia and vascular bed reduction. Similar factors were present
in the kyphoscoliotic subjects not having emphysema. It seems reason-
able to assume that when obstructive emphysema is severe in kyphosco-
liosis, it may contribute to pulmonary hypertension. In our cases, other
pulmonary parenchymal disorders were too limited in their extent to
add significantly to the development of cor pulmonale.

In conclusion, multiple factors may reduce the over-all area and the
distensibility of the pulmonary bed in kyphoscoliosis. By increasing
pulmonary vascular resistance they could contribute to the development
of arterial hypertension. The latent hypertension observed in many
younger patients is apparently due to a vascular bed reduced by the
limitation of pulmonary parenchyma inherent in the thoracic deformity.
Hypertension, in turn, is probably responsible for pulmonary arterial
smooth muscle hypertrophy. In later life, other factors contribute to
progressive cor pulmonale. Structural changes in the bones and joints
of the thoracic cage increase the work of respiration, leading to the de-
velopment of alveolar hypoventilation and hypoxemia. The hypoxemia
may induce a narrowing of some segment of the pulmonary vascular
bed and is most likely responsible for hypertrophy of periarterial smooth
muscle. Furthermore, the hypoxemia may limit pulmonary vascular
distensibility indirectly by increasing the pulmonary blood volume.
Finally, intrinsic pulmonary diseases, such as chronic obstructive em-
physema, appear to contribute to pulmonary hypertension in a number
of individuals.

SUMMARY

Nine patients with dorsal kyphoscoliosis who had evidence of cor
pulmonale at death were investigated. Pulmonary arterial and arteriolar
changes were similar throughout the group. These consisted of marked
hypertrophy of the media and vascular dilatation. Three factors were
found which may have contributed to these vascular changes and to
pulmonary hypertension:
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1. All cases had small lungs and a consequent reduction in the pul-
monary vascular bed. The pulmonary arterial muscular hypertrophy
found in kyphoscoliosis is apparently similar to that which develops in
the remaining lung after pneumonectomy.

2. In all cases there was evidence of chronic hypoxemia. The muscu-
lar hypertrophy and vascular dilatation noted were similar to the pul-
monary vascular changes attributed to chronic hypoxemia in other dis-
orders.

3. Severe intrinsic pulmonary disease was present in 3 of the g cases.
It did not appear to have a specific effect on the pulmonary vascular bed
in patients with this thoracic deformity.
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LEGENDS FOR FIGURES

F1c. 1. This posterior view of the lungs in case 5 shows the effect of the thoracic
deformity on the lungs. The volume of the right lung is 95 per cent of that
predicted and of the left lung 35 per cent of the predicted size. Note the absence
of bullae. There is a small area of fibrosis at the apex of the right lung.

FiG. 2. Pulmonary muscular artery (A) is in a normal subject. Arteries (B) and
(C) are from a patient with kyphoscoliosis and cor pulmonale. The media ap-
pears to be of about equal thickness in arteries (A) and (B). However, vessel
(B) is more dilated than vessel (A) as can be determined by observing its in-
ternal elastic membrane which is less wrinkled. Artery (C) is still more dilated.
The ratio area arterial media

area intima - internal elastic membrane
(B) and (C) than in artery (A). There is significant medial muscular hyper-
trophy in arteries (B) and (C). Verhoeff and van Gieson stains. X 150.

is much greater in arteries
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