
Hernia (1998) 2:51-55 

Hernia 
�9 Springer-Verlag 1998 

Original artides 

Metabolic factors contributing to herniation* 

A review 

Raymond C. Read 

Chief of General Thoracic Surgery, John L. McClellan Memorial Veterans Hospital and Professor of Surgery, University of Arkansas for Medical Sciences, 
Little Rock, Arkansas, USA 

Summary: Modern herniology began during the golden century of anato- 
my (175oq85o), the underlying assumption being that the tissues lining 
the various abdominal defects were normal and would stay so. Even 
though Harrison [1922], Keith [19231 and Andrews [1924] questioned this 
dictum, it was not until 1964 that the possibility of connective tissue 
abnormalities was suggested. Thirty years ago, I noticed attenuation of 
the rectus sheath, and therefore, transversalis fascia in veterans under- 
going preperitoneal repair. Evidence was accumulated suggesting leakage 
of proteases from the lungs of these heavy smokers as the mechanism 
(metastatic emphysema). A similar phenomenon was cited to explain the 
development of aortic aneurysm in this population. The evidence to sup- 
port these concepts is reviewed and the mechanism has been extended to 
incisional herniation. Recently, studies primarily in non-smokers have 
shown that the genetic expression of collagen type I and III synthesis can 
be influenced by mutation. These data indicate that more than one factor 
can cause a systemic metabolic disease of collagen leading to abdominal 
herniation. 
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Modern herniology began during the 
golden age of anatomy (1750-1850), the 
underlying assumption being that the 
tissues lining the various abdominal  
defects were normal and would stay so. 
Causation was attributed to a mechani- 
cal disparity between visceral pressure 
and the resistance of the musculature. 
Cooper [18o4] not only described the 
transversalis fascia and its role in pre- 

venting groin herniation, but listed fac- 
tors which increase intra-abdominal  
pressure - cough, obesity, constipation, 
pregnancy, ascites and unusual exer- 
tion, i.e. heavy lifting. Strength of the 
abdominal wall was considered to be 
diminished by congenital deficiency, 
debility or aging. Rupture of the perito- 
neum or a b d o m i n a l  m u s c u l a t u r e  
(Galen) was disproved as a significant 

factor by dissection and the fact that 
trauma, unless massive, did not result 
in herniation. 

Even though  it was well known 
[Cloquet 1819] that, at autopsy, persis- 
tence of a patent processus vaginalis 
did not equate with herniation, surgical 
thought  regarding et iology became 
dominated by Russell's saccular theory 
[19o6] "which rejects the view that her- 
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nia can  ever  be " a c q u i r e d "  in the 
pathological sense.., the presence of a 
developmental diverticulum is a neces- 
sary antecedent in every case" and "we 
may have an open funicular peri to-  
neum with perfectly formed muscles: 
We ma y  have c o n g e n i t a l l y  weak 
muscles with a perfectly closed funicu- 
lar peritoneum and we may have them 
separa te ly  or toge ther  in inf ini te ly  
variable gradations". Harrison [1922] 
was the first to question this dictum - 
"when we cons ider  the dozens  and 
hundreds of men who first show a her- 
nia at 50 or 60, after their active life is 
over ,  the h y p o t h e s i s  ( saccu la r )  
becomes improbable to say the least. 
However,  the main object ion to the 
theory is that even if true, it gives us no 
useful guidance. In and of itself, the 
persistence of a more or less elongated 
narrow processus vaginalis should not 
predispose to a future hernia if all ele- 
ments of strength present in the wall of 
the abdomen were also present in the 
wall of the processus.. .  The muscles, 
however, appeared to be normal... The 
natural conclusion is that the cause of 
an indirect hernia as of a direct hernia 
is the failure of the transversalis fascia 
to withstand the intra-abdominal pres- 
sure to which it is subjected." 

The following year, Sir Arthur Keith 
[1924] dealt another blow to the saccu- 
lar concept stating "we are so apt to 
look on tendons, fascial structures and 
connec t ive  t issues as dead passive 
structures. They are certainly alive, and 
the fact that hernias are so often mul- 
tiple in middle-aged and old people 
leads me to suspect that a pathological 
change in the connective tissues of the 
belly wall may render certain indivi- 
duals par t icular ly  liable to hernia."  
And further "It is most important that 
surgeons should form a just and true 
op in ion  conce rn ing  the m a n n e r  in 
which hernias arise. If they occur only 
in those who have hernial sacs already 
formed during fetal life, then we must 
either excise the sacs at birth or stand 
by and do nothing but trust to luck. But 
if... the occurrence of hernia is due to 
c i rcumstances  over  which we have 
control, then the prevention of hernia 
is a m a t t e r  w o r t h y  of  ou r  se r ious  

study." Andrews [1924] followed, sug- 
gesting that atrophy of the conjoined 
tendon played a role. In 1964, Wirt- 
schaf t e r  and Ben t ley  p o i n t e d  to 
connective tissue abnormalit ies as a 
poss ib le  cause  of  h e r n i a t i o n  in 
humans. They cited an increased inci- 
dence of hernia in patients with lathy- 
rism coupled  with its exper imenta l  
induct ion in animals using lathyro- 
gens. Nevertheless, little attention was 
paid to these pioneers.  Zimmerman 
and Anson [1967] in their  textbook, 
continued to state that inguinal hernia- 
tion developed as a result of a congeni- 
tal anatomical predisposition. Indirect 
herniae were ascribed to the presence 
of a preformed sac; direct herniation 
was explained by the absence of the 
lowermost fibers of the internal oblique 
muscle, leaving the transversalis fascial 
floor of the inguinal canal unsupported. 

Personal observations 
My interest in the role of metabolic fac- 
tors in hernial causation was stimula- 
ted by a finding made in the late 196o's 
[Read 1968] during the development of 
a modified McEvedy posterior preperi- 
toneal approach to the repair of groin 
herniae. The rectus sheath some centi- 
meters  above the defects appeared  
thinner than normal [Read 197o] and 
felt greasy. Samples of constant size 
weighed significantly less than those 
taken from matched controls operated 
upon for other  condit ions.  Patients 
with direct or bilateral herniae showed 
more attenuation than those with indi- 
rect defects [Wagh and Read 1971]. 
A t r o p h y  was u n r e l a t e d  to age or 
muscle mass [Wagh and Read 1972] 
Hydroxyproline content and therefore 
collagen, which comprises 8o% of the 
rectus sheath, was strikingly decreased. 
Collagen showed altered salt precipita- 
bility and impaired hydroxylation with 
decreased amounts of mature insoluble 
(po lymer ic )  collagen [Wagh, et at. 
1974]. Cultured fibroplasts proliferated 
less and had reduced uptake of radio- 
active proline. Collagen fibrils on elec- 
tron microscopy showed irregular per- 
iodicity, variable diameters, with some 

intracellular positioning. Similar fin- 
dings were present in pericardial and 
skin biopsies  [Sun 1974]. Since, as 
McVay [1954] emphasized, the anterior 
rectus sheath is continuous with the 
transversalis fascia (as demonstrated 
historically by the success of relaxing 
incisions in the former to reduce suture 
tension after herniorrhaphy) the data 
reflect changes in the floor of the ingui- 
nal canal unaffected by scarring, secon- 
dary to the protrusion itself. 

Hypothesis 
Thus, veterans were presenting in late 
middle-age with a surprisingly high 
incidence of primary inguinal hernia- 
tion, almost half having direct or bila- 
teral defects. They showed evidence of 
widespread damage to connective tis- 
sue, different to that seen in lathyrism 
because crosslinking of collagen was 
unaffected. Almost all smoked heavily, 
having become addicted to nicotine 
when, during World War II, cigarettes 
were sent up with the rations. Many 
had already suffered the consequences 
- emphysema, lung cancer, accelerated 
atherosclerosis, etc. Since the collagen 
changes in their skin biopsies (similar 
to those in the groin) resembled those 
seen in the skin and lungs of patients 
with pulmonary emphysema, with or 
without deficiency of alpha-l-antitryp- 
sin, [Read 1984] it seemed likely that 
smoke was not only damaging their 
lungs, but  by a systemic effect, the 
abdominal wall. This thereby allowed 
hernia t ion  through a locus minoris  
resistentiae, the inguinal canal. The 
conclusion was that long term excessi- 
ve exposure to tobacco smoke was a 
risk factor  for groin hernia t ion.  To 
ascertain the mechanism involved, we 
first considered what was known about 
how smoking damages the lung. 

Pulmonary emphysema 
Prior to 1962, clinicians speculated that 
destruction of alveoli in this condition 
r e su l t ed  f ro m  m ech an i ca l  f ac to r s  
(cough and forced expiration against 
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resistance) similar to those once ascri- 
bed for herniae. However, Laurell and 
Eriksson's [1963] report of predisposi- 
tion to this disease secondary to an 
Jinherited deficiency of alpha-l-anti- 
trypsin, coupled with its experimental 
]production by Gross, using tracheal 
imstallation of proteolytic enzymes, 
[Gross 1965] led to the now accepted 
protease-antiprotease imbalance theo- 
ry. Smoking stimulates a neutrophil- 
macrophage response. Their five-to- 
1Lenfold concentration in the lungs, with 
activation and release of zymogen elas- 
tase, is the prime mover. Further, oxi- 
dant combustion products of tobacco 
damage antiprotease defenses [Wewers 
:t987]. 

Metastatic emphysema 
To explain the systemic effects of smo- 
king and in particular the effect on 
connective tissue, we envisaged that the 
chronic inflammatory response in the 
lungs was spilling over into the syste- 
rnic circulation. Uninhibited proteoly- 
tic activity and large numbers of activa- 
ted neut rophi l s  and macrophages ,  
along with products of tobacco com- 
bustion, were causing collagenolysis 
and inhibi t ing repair [Cannon and 
]Read 1981]. The process would be ana- 
logous to metastat ic damage to the 
lung and skin seen in acute pancreatitis 
or the secondary pulmonary effects of 
visceral or extremity ischemia [Lee and 
Howard 1979]. 

Supporting data 
Our patients with inguinal herniation, 
18% of whom had associated pulmona- 
ry emphysema, had leukocytosis with 
elevated circulating elastolytic activity 
and a reduced antiproteolytic inhibito- 
ry capacity. Neutrophils showed enlar- 
ged zymogen granules and were pri- 
med for proteolysis. The changes were 
more marked in direct herniation and 
those with bilateral defects. [Cannon, et 
al. 1984] Thus the data suggested that 
the presence of a preformed indirect 
sac allowed indirect herniation with 

less attenuation of the transversalis fas- 
cia than seen with direct protrusions. 
The age distribution of 2,5oo hernia 
cases admitted to our surgical service 
resembled that of 5oo patients treated 
for lung cancer, and another  3,ooo 
cases with cardiovascular diseases rela- 
ted to chronic smoking. The changes in 
col lagen tha t  we observed in our  
patients resemble those previously des- 
cr ibed in the skin of smokers  
(wrinkles) [Kadunce 1991] Peacock, 
while maintaining that the connective 
tissue changes in adults with groin her- 
niation are restricted to the groin, did 
allow that the pathology was also pre- 
sent on the clinically normal side [Pea- 
cock 1978]. In 1988, the use of tobacco 
was reported to be significantly more 
common in patients presenting with 
hernia,  especially women [Bielecki 
1988]. The year before, Weitz and his 
colleagues [Weitz 1987] provided inde- 
pendent  support  for the metastat ic 
emphysema hypothesis when they une- 
quivocally recovered the "fingerprints" 
of free active neu t roph i l  elastase 
(increased fivefold) from the plasma of 
cigarette smokers by measuring a spe- 
cific fibrinopeptide cleavage product of 
fibrinogen identified by radioimmune 
assay. They concluded, "Our findings 
raise the possibility that other systemic 
complications of cigarette smoking (for 
example, atherosclerotic disease) may 
be the result of uncontrolled neutrophil 
elastase activity." 

Proteolysis in patients with aneurysm 
Yet another  abdominal  protrusion,  
aortic aneurysm, was once blamed on 
mechanical factors, turbulence, hyper- 
tension and aging, abetted by atheros- 
clerosis. Nevertheless, smoking was 
shown to be a risk factor in 1968 [Ham- 
mond 1969]. Auerbach [198o] later, 
found non-smokers to be outnumbe- 
red eight to one, while Cronenwett  
[1985] determined that the presence of 
obstructive pulmonary disease was the 
best predic tor  of  rupture .  In 198o, 
Swanson et al. for the first time invo- 
ked a metabolic factor, endogenous 
collagenase, in the pathogenesis of rup- 

tured aneurysm. Busuttil et al. [1989] 
the same year, reported that elastase 
caused aneurysm with its 7o-8o% loss 
of elastin, but  prevented occlusive 
disease. They suggested the enzyme 
originated in neutrophils  or mono- 
cytes. Two years later, we [Cannon and 
Read 1982] reported that smokers with 
aortic aneurysm, but not Leriche syn- 
drome, demons t ra ted  leukocytosis  
with elevated serum and leukocyte 
elastase activity (later to be confirmed, 
even after excision of the aneurysm) 
[Cohen 199o] and reduced antiproteo- 
lytic capacity. Smoking was then shown 
to increase aortic elastase content  
experimentally [Cohen 1989]. Since 
these findings were similar to those 
previously described by us in patients 
with hernia, we investigated the possi- 
bility of an association between the two 
conditions. We found inguinal hernia- 
tion to be twice as common in patients 
with aneurysm compared  to those 
having Leriche syndrome. In addition, 
the former had more severe fascial atte- 
nuation with earlier and larger, mainly 
direct, recurrent or bilateral hernial 
defects [Lee ~979]- A similar relation- 
ship was later shown [Stevick 1988] and 
repeatedly confirmed [Hall 1995, Hol- 
land 1996] to hold with incisional her- 
niation after resection of an aneurysm, 
but not for occlusion with aortofemoral 
p ros the t i c  in te rpos i t ion .  In 1984, 
Brown et al. [1985] reported increased 
serum monocyte circulating elastase 
activity persisting long after the aneu- 
rysm was excised, proving again that 
these proteases do not originate in the 
aortic wall. Rizzo et al. [1989] described 
inflammatory cell infiltrates permea- 
ting the wall of aneurysms. 

Cigarette smoking has also been 
correlated with the formation, expan- 
sion and rupture of saccular aneurysms 
arising in the intracerebral arteries, 
previously thought to be congenital 
[Misra 1988]. The fact that pancreatic 
trypsins and elastase have also been 
identified in the blood of smokers and 
may contribute to the development of 
abdominal aortic aneurysm empha- 
sizes the damage inflicted by consump- 
tion of tobacco on the protective anti- 
protease mechanisms [Dubick !988]. 
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Thus, in smokers, aneurysm, like her- 
niation, has to be considered the result 
of a systemic protease-antiprotease 
imbalance. This conclusion is suppor- 
ted by a reported eightfold increase in 
the incidence of cerebral aneurysm in 
patients with alpha-l-antitrypsin defi- 
ciency correlated with a similar change 
in plasma elastase [Baker 1995]. 

Congenital and genetic influences 
Smoking does not always lead to death 
from lung cancer or a heart attack. 
Similarly, not all smokers develop 
aneurysms or herniae. Further, these 
latter may arise in patients who have 
never used tobacco. Thus, many her- 
niae occur soon after birth, especially if 
premature. Such congenital defects 
have been ascribed to a delay in normal 
development, i.e. closure of the proces- 
sus vaginalis. However, herniation may 
be multiple, familial or part of various 
connective tissue disorders, including 
osteogenesis imperfecta, Marfan's or 
Ehlers-Danlos syndromes, congenital 
elastolysis (cuffs laxae) or more com- 
monly, hip dislocation of childhood. 
Some of these conditions are known to 
arise from genetic mutations. In 1992, 
Deak et al. demonstrated abnormal 
synthesis (collagen gene expression) in 
cultured skin fibroblasts taken from 
two patients with multiple aneurysms, 
suggesting sporadic mutation. Howe- 

ver, a number of individuals with single 
aneurysm showed no such change des- 
pite a positive family history. The follow- 
ing year this group studied nine men, 
17 to 67 years of age, with either indi- 
rect or direct inguinal herniation. Few 
smoked, some had a familial history, 
and a third demonstrated joint hyper- 
mobility. Isotopically labeled skin 
fibroblasts secreted twice as much type 
III collagen (one of the two common 
among the 29 different forms) as 
controls. The altered ratio with predo- 
minant type I collagen led to a decrease 
in insoluble (polymeric) fibrils, confir- 
ming our original observations. The 
collagen type proportion also regulates 
fibrillogenesis, fibril diameter and 
bundle architecture. They commented, 
"An increase in type III collagen, (a 
metabolic abnormality of production) 
may predispose certain individuals to 
the development of inguinal herniation 
and recurrence after corrective surge- 
ry" [Friedman 1993]. Genitourinary 
prolapse in women was shown [Baker 
199o] in 199o to be similarly associated 
with hypermobility,  suggesting an 
underlying connective tissue disorder. 
In 1996, collagen deficiency with 
increased cross-linking and decreased 
solubility associated with collagenoly- 
sis was identified [Jackson 1996] in this 
condition. The role of smoking in her- 
niogenesis was emphasized in 1998 by 
Scott, who found that the use of tobac- 

co was twice as common in 13o patients 
operated upon for recurrence, compa- 
red to those treated for primary hernia- 
tion. At the same meeting, Pans and 
Pierard using biomechanics [1997] and 
immunohistochemistry [Pans 1998] 
confirmed the changes in collagen, 
which we had previously described. 
They concluded, "The collagen frame- 
work of the transversalis fascia was 
modified, mainly in the direct hernia 
group, associated with increased vascu- 
larity and cellularity. Similar changes 
were observed on the non-herniated 
sides, suggesting that a connective tis- 
sue pathology plays a role in the gene- 
sis of groin hernias." 

Conclusion 
In infancy, herniation is known to rela- 
te to prematurity or known connective 
tissue disorders. In adults, cigarette 
smoking has now been shown repea- 
tedly to damage connective tissue, cau- 
sing attenuation of the transversalis 
fascia, thus leading to inguinal and 
incisional hernia t ion (metastatic 
emphysema). Genetic mutation can 
also interfere with collagen type I and 
III synthesis, thereby playing a role in 
herniogenesis. Thus, 75 years later, 
Keith's suggestion that a pathological 
change in connective tissue could cause 
herniation has been confirmed by a 
number of investigators. 
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I Appendix 

Since the rev iew was accepted  for publ i -  

cation,  fur ther  ev idence  suppor t i ng  the  

c o n c e p t  t h a t  s m o k i n g  s y s t e m a t i c a l l y  

impedes  col lagen p roduc t i on  was publ i -  

shed by  Jorgensen,  et al. f rom Copenha-  

gen ,  D e n m a r k ,  [(1998) Less  c o l l a g e n  

p r o d u c t i o n  in  s m o k e r s .  Su rge ry ,  123: 

450]. In this e legant  study,  the  au thors  

b l i n d y  assessed,  us ing  a s u b c u t a n e o u s  

w o u n d - h e a l i n g  m o d e l ,  t h e  e f f ec t s  o f  

cigaret te s m o k i n g  (average o f  20 for lo  

days)  on  w o u n d  h e a l i n g  in 37 v o l u n -  

teers  (19 s moke r s  and  18 n o n - s m o k i n g  

con t ro l s ) .  They ,  ave rage  age 28 years ,  

w e r e  c a r e f u l l y  m a t c h e d  fo r  b a s e l i n e  

character is t ics .  N o n - s m o k e r s  synthesi -  

zed  1.8 t imes  m o r e  h y d r o x y p r o l i n e  in 

the  g ranu la t ion  t issue than  thei r  coun-  

te rpar t s ,  w h o  s m o k e d  (p<o .o l ) .  O the r  

p r o t e i n s  were  unaf fec ted .  I m p a i r m e n t  

of  col lagen p r o d u c t i o n  cor re la ted  nega-  

t ively wi th  tobacco  c o n s u m p t i o n  before  

( p < o . m )  and  d u r i n g  the  i nves t i ga t i on  

(p<o.oos) .  The  i m p o r t a n c e  of  this w o r k  

is t h a t  r e l a t i v e l y  y o u n g  i n d i v i d u a l s  

w e r e  s t u d i e d  so  t h a t  t h e  l o n g  t e r m  

c o n s e q u e n c e s  o f  t o b a c c o  u s e  w e r e  

o b v i a t e d .  F u r t h e r ,  t h e  s c i e n t i f i c a l l y  

con t ro l l ed  s tudy  was p rospec t ive  and  it 

i n d i c a t e d  a spec i f ic  effect  o f  c iga re t t e  

s m o k i n g  on w o u n d  heal ing,  in  par t icu-  

lar, co l lagen  synthesis .  


