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In a recent communication we have pointed 
out some of the relationships between the left 
diaphragm and gastro-intestinal mechanisms 
in the dog1 The significant feature of these 
observations was a decrease in gastric empty- 
ing time in the presence of a relatively dilated 
stomach after left sided transthoracic phreni- 
cotomy. The dogs were kept for prolonged 
periolds in order to observe whlether the de- 
nervated diaphragml would resufme its respira- 
tory lfun8ction\. This was donle in view of 
Xoack's wolrk, who reported that regular 
rhythmic respiratory contractions of the dia- 
phragm reappeared in the human lfrojm one 
and a half to two years after phrenic exeresis 
in the neck.2 Noack's statement has been 
accepted (by a numb.er of authors. The 
mlechanism of recovery of diaphragmatic 
function was postulated to be through the 
tiwelfth thoracic intercostal nerves and through 
sympathetic innervation. If the innervation 
of the diaphragm and recovery of its function 
following interruption of the phrenic nerve 
in man and, dog are comparable, experiments 
on the latter offer the adbvantage of better 
control of most experimental conditions and 
ensure a complete section of the phrenic nerve, 
which is nolt always possible in the usual opera- 
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tions in the neck of manl for phrenic exeresis. 
Long term observations comparable to those 
done by Koack om the human were done on 
the dog. The animals were observed fluoro- 
scopically, in order to determine if and when 
there would occur reactivation of the dia- 
phragm after complete left transthoracic 
phrenic section, the right diaphragm serving as 
normal control. Sauerbruch3 described a gas- 
trocardiac sympto'm complex foUOlwing ledt 
sidle phrenic exeresis, which $was later called 
Roernheld's synldrome. The symptom1 were 
bradycardia, premature systoles, anxiety, epi- 
gastric distress, lack of appetite, pallor, nausea, 
vomiting and eructations. 

Experimental. Sixteen dogs were operated 
upon transthoracically under aseptic cosndi- 
tions, using pentobarbital sodium anesthesia. 
In 13 animals a section of the left phrenic 
nerve frolm the hilum of the lung to the 
diaphragm was removed. Two dogs had 
simple phrenic section at the level of the 
diaphragm, and one had the nlerve cut at the 
hilurn of the lung, The cut enlds oif the 
nerve were doulbled up and tied with nm-ab- 
sorbable suture. The d'ogs appeared nor& 
after a few days of postoperative care. All 
dolgs were fluoroscoped at weekly intervals 
for the first 1 2  to 13 weeks after operation 
and then at  monthly intervals, to watch for 
possible reactivation of the diaphragm and for 
the possible development of Roemheld's syn- 
__ 
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droirne. Observations were made also after 
standapd barium meals4 to determine if there 
was a relatiorhip between the possilble re- 
activation of the diaphragm and the return 
to normal of the gastric emptying time. Eight 
of the dogs were observed for periods of 14, 
15, 16, 18, 19, 19, 20 and 20 months post- 
operatively, a t  which time acute experiments 
were d m e  under pen,tobarbital sodium an- 
esthesia and with artificial respiration, to deL 
termine whether impulses would reach the 
diaphragm upon stimulation od the phrenic 
nerve above the point of the previous section. 
In these experiments, gastric motility and 
blood pressure recordings were made before 
and after stimulation of the phrlenic nerve with 
various strengths of induced current from a 
Haward inductoirium. At the termination of 
all experiments smtiom were made from the 
right and left diaphragm and from the proxi- 
mal and distal phrenic nerve stumps for mi- 
croscopic stuldy. 

Using fluoroscopy, we have not 
seen in any of 15 dogs a completely dmenervat- 
ed diaphragm, reactivate during 20 months of 
observations. The shortenled gastric emptying 
time rleturned to normal in periods varying 
frolm several weeks to several monlths. The 
large gas bubble within a molderately dilated 
stomach however persisted for many months. 
At n o  time was respiratory difficulty observed, 
but the dogs were not subjected to severe 
exercise. Acute experiments on 8 dogs 14, 
15, 16, 18, 19, 19, 20 and 20 months after 
phrenic section revealed a fixed, elevated, 
atrophic left diaphragm more fixed by intra- 
abdolminal pressure than by adhlesions. The 
muscle was paper-thin and translucent. In  
one 'dog (19 months) there was a completely 
atrophied anterio-lateral one half of the left 
diaphragm and a normal postlerio-lateral half. 
Upon inspection of the opened chest under 
anesthesia, the normal part showed rhythmic 
contractions, while the atrophied part did not. 
However careful dissection and inspection re- 
vealed one intact accessory phrenic nerve, 
which had not been cut. In this animal, 
fluoroscopy had been difficult, and we were 

Results. 
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nut certain whether the diaphragm moved or 

Sectionst from the l'aft diaphragm re- 
vealsed degeneration anid disappearance of 
nerve filbers and degenerated muscle, replaced 
by fibrous tissue and fat. Control sections 
from thse rilght diaphragm were normal. The 
phrenic nerve above the poinlt of section 
revealed degenerating, regenerating, or normal 
nervle fibers. The phrenic nerve distal to 
the section revealed complete degeneration, 
Stimulation of (the distal or proximal ends of 
the cut phrenic nerve did not reveal any 
effect on the diaphragm in the 7 dogs 
with complete phrenicotomy, which were 
tested in acute experiments. Stimulation of 
thle proxilmd phrenic stump caused a rise int 
bloodl pressure and, in some experiments, in- 
creased respiration. When the stuimp was cut 
central to the electrode fiese reflexes were 
abdished. The gastro-cardiac symptom com- 
plex of Roemheld was never oibserved. 

Discussion. ICredit for first interrupting the 
phnenic nerve in man is given to Stuertz5 and 
to Sauerbruch.6 The exhaustive study of 
Felix7 establishmed a basis for the operation. 
He found that the phrenic nerve receives 
sppathet ic  fibers in the neck and at  the 
level cof the diaphragm, as well as spinal filbers 
from lower cervical and first thoracic nerves. 
The phrenic does not give branches to the 
pericarldiurn. The k f t  phrenic divides into 
an anterior, lateral and posterior branch to 
supply the diaphragm. The importance of 
an accessory phrenic is stressed, which may 
be easily missd by the surgeon, a d  which 
will1 allow for continued phrenic impulses to 
the diaphragm. He concludes that the motor 
innervation of the diaphragm consists of the 
phrenic, the 12th intercostal nerve, anld prab- 
ably sympathetic fibers. The phrenic supplies 
the main part of thte diaphragm, the 12th 
intercostal the root of the diaphragm from the 
12th rib, anld sympathetic and phrenic to- 
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gether supply the lumbar section of the dia- 
phragm. Sch'watt8 studied 138 cases after 
phrenic lexeresis or/and phrenicotomy and 
ojbserved that, during the earlier period of 
from two to eighteen months after the opera- 
tion, paradoxical movements of the diaphragm 
werme tbe rule. Ultimately however, probably 
because of degeneration and atrophy of the 
diaphragmatic musculature plus pleural ad- 
hesions, fixation occurred. Davies" lists 3 
operations for paralyzing the diaphragm, 
namely: phrenic avulsion, phrenicotomy. and 
phrenic crush. "The immediate effect of these 
operations is paralysis of the hemidiaphragm ; 
the muscle fibers degenerate and the dome be- 
comes a sheet of fibrous tissue within ap- 
proximately four months. -4s a result of the 
paralysis there are three changes of the dome, 
namely: a loss of tone, a rise into the thorax, 
and a cmation of respiratory movements." 
Kleinl" states that many failures to secure 
paralysis of the hemidiaphragm are due to 
the presence of accessory branches of the 
phrenic nerve, which join the main trunk 
deep in the thorax, and which can carry on 
the function of the phrenic nerve if they are 
not cut. Twenty per cent to thirty per cent 
of all individuals are supposed to have acces- 
sory branches. Geraghty and _4ycockl1 state 
that the length of phrenic nerve avulsed is of 
importance, because of the possibility of re- 
turn of diaphragmatic function unless all aux- 
iliary branches are interrupted. In their 
series the maximum avulsed length was 30 
cm., anld the minimu'm 2.5 cm. Matson12 
states that an  avulsion of not less than 10 cm 
means a return of diaphragmatic function in 
25 to 30% 04 all patients. Schwattl:< concludes 
that an avulsion of 10 to 12 cm is necessary. 
as this approximates the distance from the 
operative site to the hilum and was sufficient 
to interrupt all accessory fibers. Anderson14 
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states that the diaphragm may continue to 
rise 'for 6 months and that the immEdiate rise 
is by no means the maximum. Aufses,15 in a 
review of the anatomy of the phrenic nerves, 
states that most of the accessories are not too 
intimately connected with bloodl vessels and 
join the main trunk within a dis'tance of 11 
to 13 cm from the level a t  (which i t  crosses 
the scalenus anticus. Therefore, i f  avulsion 
of the nerve is performed, and at least 13 cm 
are removed, one may be confident that a 
total permanent paralysis of the hemidia- 
phragm will ensue, Furth'er he states that 
the phrenic nerve is th'e sole motor nerve to its 
corresponding hemidiaphragm, and that in- 
terruption causes immediate paralysis of the 
muscle with atrophy which begins in a few 
weeks and progresses until it  becomes com- 
plete at about the third or fourth month. 

,4reel6 states that the phrenic nerve has 
anastomoses with the sympathetic system 
when it enters the thorax, and that some of 
the branches of the phrenic are distributed to 
the pulmonary hilum. The  latter fact makes 
it possible that phrenic section may produce a 
decrease of pulmonary reflexes. Textbook in- 
formation assures that in the humanl, following 
crushing of the phrenic nerve, tihe diaphragm 
reactivates in about 3 months.17 According 
to Koack,2 after exeresis in the neck of 10 to 
30 cm of phrenic nerve, the diaphragm reac- 
tivated in frolm 1% to 2 years, and he  at- 
tributes this to fibers of the twelfth intercostal 
nerve and to sympathetic innervation. Christo- 
pher17 states that for permanent paralysis not 
less than 4% to 5 inches of the main: trunk of 
the phreni'c nerve must be avulsed from within 
the thorax. This will usually sever accessory 
branches (present in 20% of cases) which join 
the main nerve along its course to the dia- 
phragm. Occasionally one or more accessory 
nerves may have an  independent course to the 
diaphragm. Therefore avulsion of the main 
nerve may or may not interrupt all accessory 
branches of the phrenic nerve. Since after 20 
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mionths we have found only atrophy of the 
dlenervated diaphragm in our dogs it would 
appear that either the innervation) is not the 
sarn'e in th7e dog as in the human, or that our 
procedure on the dog involved complete sec- 
tion, while in man, where the procedure is 
done in the neck, all phrenic fibers may or 
may nlot be avulsed, no matter how much of 
the main nerve is removed. No emphasis 
seems to $be placed by the many writers on 
tying the cut lends of the nerve with non-ab- 
sorbable suture, a f'eature which to us appears 
to be of some importan'ce. We have found that 
the phrenic nerve is able to regenerate within 
a period of 201 months.$ Since the muscula- 
ture of the diaphragm in, both species consists 
of striated muscle, and the phrenic is a soma- 
tic nerve, it follows that, once true paralysis 
and atrophy has developed in the muscle i t  
would never be capable 04 reactivation. The 
so-called paralysis as seen in the hum,an is 
probably in many instances palsy and not 
paralysis, as outlined by iChrist0pher.l' 

The fact that we obtained complete paraly- 
sis anld not palsy may be speculated upon. 
Our operations were transthoracic, andl all 
observable fibers were cut and tiled with a 
non-absorbable suture. The one instanlce ob- 
served by us in which partial diaphragmatic 
functilon persisted and in which complete 
atrophy of m e  half of the left diaphra,m was 
found 19 months after supposed complete sec- 
tion of the phrenic nerve, was demonstrated to 
be due to an intact accessory phrenic nerve 
missed at  operation. This would of course 
indicate that once atrophy, always atrophy, 
and that in th'e human so-called reactivation 
might have been confused with such a picture 
as we observed in this animal. 

The reason for the absence of Roemheld's 
syndrome in our 4dogs may lie in the expla- 

____-____ - 
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nation given by Noack? namely, (that the tear- 
ing of sympathetic fibers during phrenic avul- 
sion in the neck and not section of the phrenic 
nerve itself leads to the syndrome. 

Paradoxical movements of the diaphragm 
followinig phrenicotomy, as descri'bed by 
Slchwatts were not observed in our experi- 
ments. 

Summary. 1. No rleactivation of the left 
dizphragm was wen by us in 15 dogs u p  to 
20 months after complete section of the left 
phrenic nerve. 

2. Micrasccpically all diaphlragms showed 
cornplete muscular atrophy with diegenieration 
or disappearance of nerve fibers, 14 to 20 
months after complete section of the left 
,@mimic nerve. I t  is difficult to conceive how 
such atrophic muscles could ever regenerate. 

3. I t  is highly possimble that phrenic exeresis 
in the neck of h e  human does not always re- 
sult in complete phrenicotomy with subsequent 
atrophy sf the diaphragm, but in a number 
of instances results in diaphragmatic palsy. 

4. We found no evidence that the twelfth 
thoracic intercostal nerve or sympathetic ink 
nervation could influence the reactivation of 
the diaphragm in the dog. 

5 .  Our experience with one diaphragm leads 
us to believe that a hlemifunction of one half 
of a diaphragm may lead the fluoroscopist to 
assume that complete reactivation of that 
diaphragm has occurred. 

6. The phrenic nerve above the point of 
section was able to convey rdexes 20 mmths 
after section; this was d~mcunstrated by rise 
in blood pressure and increased respiration 
upon stimulation oaf the central end' of the 
nerve, which were abolished when the nerve 
was cut central to thle stimulating electrode. 

7. No evidence of the gastro-cardiac symp- 
tom-complex of Rmmheld was seen. 
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