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MYOCARDITIS IN FATAL POLIOMYELITIS
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None of the numerous publications dealing with myocarditis in fatal
poliomyelitis appears to be studying it in its relation to the nervous system,
which the virus is known to be capable of penetrating. Nor is proper account
taken of those changes due to lesions in the innervation which, owing to the
altered trophism may give rise to diverse pathological processes on the periphery
without any direct action of the pathogenic agent. Konovalov [10] is one of the
authors to point out the probability of such penetration to the nervous system.
In view of this situation we decided to investigate in a great part of our material
not only the myocardium but also the neural elements that participate in its
innervation.

First Robertson and Chesley [14], then Abramson [1], and later on Cowie,
Parsons, Lowenberg [5] as well as Saphir and Wile [15] furnished reports on
myocarditis in poliomyelitis. Saphir [16] observed myocarditis in 10 of 17
cases of poliomyelitis, of which 2 were severe diffuse, 6 circumscribed, and 2
moderate. Dolgopol and Cragan [7] found myocarditis in 18,4 to 27,2 per cent
of 87 cases. They distinguished three types ; the first was found to be char-
acterized by an increase in the number of nuclei and a thinning out of fibres ;
the second by the presence of mainly mononuclear infiltration among almost
intact muscle fibres; the third by histiocytic, lymphocytic, mononuclear,
and leucocytic infiltrations. Ludden and Edwards [12], Connel [4], Laake [11]
arrived at similar conclusions. According to the literature, different authors
have found myorcaditis in from 12,5 to 86 per cent of their poliomyelitis cases.
Commenting on the wide difference between these figures, Teloh [16] thought
it probable that certain virus strains had a greater affinity to the myocardium.
Fox, Sennet, Kuzma [17] stated the same view. Jungeblut and Edwards [9]
successfully passaged to monkeys virus from the myocardium of patients who
had died of poliomyelitis, and thereby proved the presence of the virus in the
muscular tissue of the human heart.
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Material and observations

In the years 1950—53, necropsy was performed in 27 cases of acute
poliomyelitis at the Laszl6 Hospital. The youngest subject was 15 months, the
oldest 52 years of age. In the series, 20 were male patients and 7 females. The

TABLE |
Inflammatory infiltration
£ Number

- % gﬁgsgds Myo-  Peri-  Nerves of Nodose Superior Central
§ g p:riegl(;/esis cardium cardium pericardium Yagalplexus  ganglion g(::r?élllcgrll ’;;rs‘{‘e)%s
z s}

I b 4 +/+ + + +
2 b 2 + + + +
3 b 3 + - + +
4 b 5 + + - +
5 b 1 + + + +
6 sb 3 + - - +
7 b 4 + - N +
8 sb 3 + + - +
9 sb 4 + + — + + + +
10 b 5 + + - +
11 sb 3 + - - +
12 sb 2 + - - + 4+ +
13 bp 4 + - - ¥ - +
14 L 10 +/+ + + +
15 sb 2 +/+ + - + ¥
16 S 3 . - - + o+ + +
17 sb 2 + + + © + o+ + +
18 b 2 + [+ + + © + + + +
19 b 5 + - - ¥ o+ + +
20 e 7 + - - + o+ + +
21 sb 3 " - - o+ _ .
22 sh 7 + [+ + + © + +
23 sh 4 +/+ - - + © + o+ + +
24 b 4 + - - + o+ v +
25 sh n + — - + o+ - +
26 sb 5 +/+ - - + o+ + +
27 sh 4 ¥ — — + o+ — +

Signs and abbreviations used :
b = bulbar, sb = spinobulbar, bp = bulbopontine, L = Landry, s= spinal, e= encepha-
litic, + = inflammatory infiltration, (+ /+ = muscle destruction, —= no inflammation, @ =
destruction of the myelin sheath, © = no destruction of the myelin sheath, v = haemorrhage.
In places left vacant no examination was performed.
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clinical manifestations of the disease varied (Table 1). The sections prepared
from the central nervous system confirmed the diagnosis of poliomyelitis.

On gross examination the hearts showed no distinct characteristics.
The myocardium was found to be red, the muscular pattern somewhat blurred.
The cardiac veins and the cardiac cavity were replete with coagulated blood.
Punctate or even lentil-sized haemorrhages were frequently found under the
visceral membrane of the endocardium and pericardium.In one case a thrombus
was recorded in the auricle of the right atrium and a haemorrhagic infract in
the lung (case 1). From 8 to 10 samples were taken from each heart’s left anterior
and posterior ventricular wall, from the apex of the ventricle, from the left
posterior papillary muscle, from the ventricular septum, from the wall of the
right ventricle and that of the right and left atrium.

Myocardial lesions were most frequent in the left ventricle. In relatively
fewer instances was infiltration found in the papillary muscles and in the left
atrial wall. The predominant finding was the presence of infiltrate in the
interstitial connective tissue, often situated around vessels (Fig. 1). The infiltrate
consisted mainly of lymphocytes, plasma cells, mononuclears, fibroblasts,
histiocytes, mast cells,with occasional neutrophile and somewhat more eosinophile
leucocytes. Pericapillary haemorrhages, serous infiltrates were observed almost
invariably. In milder cases, there was no loss of striation. In more severe ones,
in addition to the cellular infiltration described above, the degenerative changes
scattered over small areas included myofibrillary fragmentation ; vacuolisation
of the myoplasm, sometimes its disintegration into a dust of granules or its
saturation with serum ; then swelling or vacuolisation of the nuclei. In these
limited areas also leucocytes were present (Fig. 2).

On the basis of these findings two classes of myocarditis were distinguished.
The cases of moderate severity, where interstitial inflammation was observable
but no muscle damage, made up the majority (70,4 per cent), the rest comprising
the more severe acute cases displaying muscular destruction (29,6 per cent).

Occasional perivasculitis was observable around small vessels. The adven-
titia was broadened, fragmented, with lymphocytic, histiocytic infiltrations
around it. The intima was found to be normal.

In the pericardium infiltrations were encountered in 13 cases occasionally
around the vessels, more frequently in the region of the nerve plexuses, as if
accompanying them. Often they were visible closely on the capsule of the neural
plexuses, at other times in the interneural space (Fig. 3). The infiltrations were
found to contain only lymphocytes and plasma cells. In the invaded areas the
structure of the nerve plexuses was observed to have lost its density, the fibres
shifted apart, the interneurum widened. In two instances intensive lymphoid
cellular infiltration in the cervical vagal trunk was seen. In four cases the plexuses
of the cervical vagus,were slained for myelin sheaths ; in two ofthem destruction
of the myelin sheath was present.
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Vegetative ganglion cells in the anterior wall of the right atrium and in the
pericardial neuroplexuses have often been investigated. On no occasion were

Fig. 1. Lymphocytic infiltration along a vessel in the right atrial wall
Fig. 2. Muscle destruction with mixed round cell infiltration in the wall of the left ventricle

any inflammatory or degenerative changes observed in them. The nodose

ganglion has been studied on both sides in 13 cases, on one side in one case
only. Inflammatory changes were found in every one of them. Not infrequently
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the sections revealed massive perivascular infiltration or inflamed cellular
congestion in the interstitium, in the state of neuronophagy (Fig. 4), or the one

Fig. 3. Lymphocytic infiltration in the pericardial nerve plexus in the left ventricle
Fig. 4. Diffuse mononuclear infiltration in the nodose ganglion
Fig. 5. Destruction of ganglioncells in the nodose ganglion
following it (Fig. 5). In addition, degenerative changes were observable in the
ganglion cells. The nuclei were seen to be swollen, vesical, or vacuolated, in places
fragmented or dissolved. Large vacuoles were visible on the edges of the cyto-
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plasm or throughout it. The tigroid had disappeared, or showed on the marginal
parts in the form of some dust of granules, or it was found to be dissolved.
Now and then the ganglion cells contained a large mass of brown pigment
granules. The superior cervical ganglion has been studied in 14 cases. In 10 of
these mild perivascular, interstitial, lymphocytic infiltrations, as well as inter-
stitial haemorrhages could be observed. In one instance, extensive bleedings
exclusively were found, and in three the ganglion was intact.

Discussion

Myocardial infiltrations were encountered in each of the cases in this
series (Table I). According to the data in literature, the incidence of myocarditis
in poliomyelitis varies widely (19). Apparently, the number of specimens taken
to examine the myocardium was frequently insufficient (7), and thus the lesions
consequent upon the scattered interstitial or intermuscular infiltrations escaped
the notice of the investigators.

Our own material presented evidence similar to that ofthe earlier authors,
namely, that myocarditis in poliomyelitis was of interstitial character and in
the majority of cases did not involve muscular damage further, that the infiltrate
in the interstitial connective tissue, consisting of lymphocytes and mononuclear
cells, may be characteristic of viral infection ; and finally, that this type of
myocarditis probably healed without leaving any traces, or only those of a very
slight proliferation of connective tissue. Similarly to other authors, muscle
destruction was observed in a few cases only, and these involved small regions
of myocardium, but myocarditis is known to be attended sometimes by muscle
destruction so extensive as to cause even perforation of the ventricle (12). This
type ofthe disease evidently leaves scars behind. Irrespective ofthe classifications
by Saphir or by Dolgopol and Cragan, we believe, only the two classes which
have been mentioned above are justified, and even they represent but differences
in degree. Interstitial infiltration, namely, is to be found in all cases, including
those where muscle damage is present as well. From the practical aspect the
distinction is important, because it is probable that physical examination and
E. C. G. findings do not indicate myocarditis definitely, unless muscular damage
is manifest, this being the only type of myocarditis to leave traces after healing.

Assumptions that viruses concomitant to the poliomyelitis virus may also
play a role in producing myocarditis can in our opinion be rided out ever since
the polio virus was isolated from the myocardium (9). That this or that strain
of the poliomyelitis virus might show a greater affinity for the myocardium
than the others do is likewise improbable [18, 19]. The necropsy material
of four years seems to admit of the conclusion that in our cases several different
strains can be assumed to have been playing the role.
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Bodian [3] ascribes poliomyelitic lesions in the vagal and sympathetic
ganglia to the centrifugal spread of the virus. Pette [13] maintains the same
opinion. In the cases under investigation the inflammatory lesions of the nodose
ganglion and the vagal trunk and of the nerve plexuses to he found in the peri-
cardium, respectively, do not show an appreciable chronological difference as
compared either to the inflammatory lesions of the central nervous system,
or to those of the myocardium. This should not be taken to mean, however,
that we refute the idea of a possible centrifugal spread of the virus, for, although
it seems probable that this is the route of transmission to the cardiac musculature,
it may yet be possible that the virus had reached the myocardium previously,
during viraemia.

The question arises as to whether myocarditis can occur in poliomyelitis
when the cardiac nerve elements are not pathologically effected. The literature
furnished no data concerning this problem. In our own cases there was inflam-
mation in both the heart and the neural elements. It may be assumed, however,
on the strength ofearlier investigations (Horanyi-Hechst, [8]), that changes of
neural elements do not follow any regular pattern, and it may be that in such
a case there is no myocarditis either.

It appears from the above that the role of the poliomyelitis virus as the
causative agent in myocarditis cannot be discarded. Moreover, inflammatory
and degenerative changes in the cardiac neural elements are significant from
another aspect too. As has been mentioned above, lesions were found in the
sensory ganglion of the vagus nerve and in the superior cervical ganglion,
while the vegetative ganglia of the vagus were intact. These neural lesions
seem to point at the possibility of a neuroreflex origin of myocarditis. Alpern [2],
Speransky and Chernukh [6], as well as Tonkikh [19], in performing experiments
concerning other organs, have found that lesions of the nodose ganglion, the
vagal trunk, or the superior cervical ganglion were leading to pneumonia.
The work of S. Vayl [20] might be considered to confirm our assumption that
inflammatory reactions, muscle fibre disintegration, and lymphocytic infiltrations
in the myocardium were of neuroreflex origin. The experimentally induced
myocardial lesions described by Vayl are in many respects similar to the lesions
of the myocardium in poliomyelitis observed by us. The entire problem requires,
however, further experimental work to be settled.

Summary

Morphological findings in 27 cases of acute poliomyelitis studied in 1950—53, inclusive,
are reported. In each case, interstitial mononuclear infiltration was found in the myocardium.

Two forms of myocarditis are distinguished, depending on the presence or absence of
muscular damage.

In 14 cases, in addition to inflammatory changes in the central nervous system, lesions
in the peripheral neural elements of the heart have been demonstrated. On this basis a reflex,
neurodistrophic origin of myocarditis is suggested, due to neural lesions arising during the centri-
fugal spread of the virus.
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O MNOKAPONTE YMEPLUNX BCJIEACTBUE MOJIMOMUNIJTNTA

n. NTNCKAN

ABTOP uccnegosan B 27 cnydasx poliomyelitis anterior acuta cepaeyHyto MyckynaTypy
a B MOJIOBMHE C/ly4aeB HepBHble 3/1EMEHThI, y4acTBYOLLME B MHHepBauuu cepgua: 6nyxja-
ownii Heps 1 ganglion cervicale superius CMMNaTUYeCKOl HEPBHOM CUCTEMBI.

ABTOp pa3obLyaeT ABe (hOpMbl 3a60/1eBaHUS MUOKapauToM. OfHa opma npeacTaBnsieT
coboi umHTepcTuymanbHoe BocnaneHue (70,4%) 6e3 paspyLlUeHUs Mbllil, a BO BTOPOIA ¢opme
paspylleHMe Mblll, Takxe uMeeT Mecto (39,6%). B MHTepcTMUMaNbHbIX WHDUAbTPALUAX
MOXHO 06HapY>XWUTb NMUMMOLMTbLI, Ma3mMaTUUecKue KIeTKW, TUMCTOLUTbI, TyYHble KIEeTKW, B TO
BpeMsl KakK B C/ly4asx, CONPOBOXAEHHbIX pa3spyLUeHVeM MbILLL, HabnfaTcs, Hapsay C Bbllle-
YNOMSAHYTbIMM, TakKXKe U HEMTPOUIbHbIE U 303UHOGUNBbHBIE NelKouMTbl U nbpobnactel. Bo-
KPYTr Ma/leHbKUX KPOBEHOCHbIX COCYfOB WHOrga nosinsieTcsi perivasculitis.

ABTOp 06Hapyxun B 13 cnyyasix B MepuKapauu, WM e B NepukapinasbHOM HepB-
HOM CMJIETEHUMW, WU B OKPECTHOCTU MOC/MEAHEr0, UHPUAbTPaLUN C TUMBONIHBIMU KIETKaMK.
B ABYX cnyyasix 06HapyxXuBanacb KieTouHast UHQUAbTPaLKMS B LLeliHOM CTBO/E G/1yX/AAtoLLEro
HepBa.

P B 14 cny4yasx 6bin uccnegoBaH ganglion nodosum 1 B KaXXAoM U3 3TUX CNyyaeB Habnio-
fanucb BocNanuTe/bHble sIBNeHWS. B BepxHeM LUeiiHOM y3ne 6bun B 10 M3 14 cnyyaeB 06Hapy-
>KeHbl BOCMa/INTENbHbIE UUALTPALUKN, B OAHOM C/ly4Yae WMHTepPCTULMA/bHblE KPOBOM3IUSHUS,
a B Tpex cny4asx Y3nbl 0Kasaaucb HeBPeAUMbIMM.

MogobHO ApyrvM wuccnefoBaTensiM, aBTOP TaKXe paccMaTpuBaeT BOCMaNUTeNbHbIe
N3MEHEHWNS1 HEPBHbIX 3/1EMEHTOB KaK Crefbl MyTU HEeBpasibHOTO pacrnpocTpaHeHWs BUpyca.
OpHaKo, HemocpeiCcTBEHHOe MATOreHHOe [eiCTBME BMpyca MNOMMOMMINMTA Mpy 3aboneBaii”»
MWOKapAMTOM aBTOP He CUMTaeT [oKazaHHbIM. Ccblasicb Ha 3KCMepUMeHTaslbHble pPa6oThbl
OPYrux aBTOPOB, OH BbIABUraeT BOMPOC O BO3MOXHOCTU Peth/IeKTOPHOro, HeipoancTpodm-
YeCKOro MexaHW3Ma B MaToreHese MUOKapauTa.

Laszlé Liszkai, Budapest, IX., Gyali a4t 7. Hungary
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