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Abstract 
This is the first report of a fatal bleeding caused by segmental mediolysis of the 
inferior vena cava (IVC) at the transition through the diaphragm in a 74 year old 
female patient. As evaluated by the missing vital reaction, the abdominal bleed 
occurred three days after the placement of 2 XTW clips reducing a grade III-IV 
tricuspid insufficiency to a grade II. In the immediate vicinity of the rupture, 
an acute thinning and ultimately a segmental loss of the smooth muscle 
layer without any sign of repair, inflammation or necrosis is present. In the 
surrounding area, individual venues as well as single arterioles show segmental 
changes in their muscular layer being previously mentioned as defect in the 
literature. The patient suffered from a long history of cardiac insufficiency due 
to infarction involving the anterior papillary muscle of the left ventricle as well 
as degenerative valve disease of the aortic and mitral valve. 6 weeks prior to 
the TriClip placement, a MitraClip had been placed successfully using the same 
access via the IVC to the left ventricle without any complication, making any 
consideration of a vascular leak at the diaphragmatic site even more unlikely. 
Changes in hemodynamics following a reduced tricuspid regurgitation (now 
grade II) may have been the reason for an increased wall pressure and the 
observed rise of transaminases ultimately leading to the rupture of the IVC wall. 
Thus, in cases of suspected segmental mediolysis, venous vessels should also be 
considered as source of an acute abdominal bleeding.   
Introduction 

Segmental mediolysis, an overall rare condition, was first defined by Slavin et 
al. in 1976. 1 Since it has been primarily described in arterioles and medium-sized 
splanchnic branches of the aorta along with renal, carotid, cerebral, and coronary 
arteries, it was called segmental arteriolar mediolysis (SAM) [references in 2 
table 2; 3 ]. The clinical characteristics of SAM have been summarized as follows 
4, 5, 6, 7, 8, 9: (1) middle-aged and elderly people, (2) onset due to sudden intra-
abdominal bleeding, (3) no underlying diseases, such as inflammatory changes 
or arteriosclerotic changes, and (4) irregular dilation and narrowing of arteries 
on angiography. Pathologically, an injurious phase with vacuolization and lysis 
of smooth muscle cells of the outer media and separation of the adventitia has 
been differentiated from a reparative phase with granulation tissue and healing 
fibrosis. 9 

In contrast, similar alterations of vessels and even larger veins have only 
been mentioned as lesions observed alongside segmental arteriolar mediolysis 
without further clinical consequences reported, such as subendothelial vacuole 
formation, the deposition of acid mucopolysaccharide in the wall, and small foci 
of nodular intimal proliferation. 10, 11 

Functional tricuspid regurgitation (TR) is the most common form of TR 
and is due to dilation of the tricuspid valve (TV) annulus from right ventricle or 
right atrial remodeling. The most common etiologies for functional TR are left 
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heart failure, aortic or mitral valve disease, or pulmonary 
disorders with pulmonary hypertension. 12 Women are 
4.3 times more likely to be affected with TR than men. 12 
In the past, the function of the tricuspid valve has been 
considered by the medical community to be significantly 
less important than the function of the aortic and mitral 
valves. Moreover, severe TR was previously thought to be 
well tolerated by patients who were treated with medical 
management. The current thinking about the tricuspid valve 
has significantly changed, and TR has been recognized as a 
disease entity with independent prognostic implications. 
13, 14, 15 Irrespective of left ventricular function and 
pulmonary hypertension, TR is associated with increased 
morbidity and mortality, partly due to the development of 
right heart failure 16, 17 , and decreased survival over four 
years regardless of the left ventricle (LV) ejection fraction, 
right ventricle (RV) size, or pulmonary artery pressure. 18 As 
a consequence, cardiothoracic surgeons and interventional 
cardiologists have begun focusing on tricuspid valve repair 
or re-placement. Recent studies 19, 20 have shown that 
the effect of transcatheter edge-to-edge tricuspid valve 
repair for severe tricuspid regurgitation is associated with a 
reduction of hospitalization for heart failure and improved 
clinical outcomes. Procedural success was achieved in 72% 
of 3-leaflet TV. 21 In particular, the TriClip system appears to 
be safe and effective at reducing tricuspid regurgitation by at 
least one grade. 22 Compared to conservative management, 
an early and successful surgical or transcatheter intervention 
improved 2-year survival in patients at low and, to a lower 
extent, intermediate TRI-SCORE; however, no benefit was 
observed in the high TRI-SCORE category . 23, 24 

Here, we report here an unusual case of a segmental 
mediolysis of the inferior vena cava leading to rupture and 
fatal bleeding at the transition through the diaphragm 
three days after a repair of TR by cardiologic intervention of 
successfully placing 2 XTW clips. 

Case Report 
A 74 year old female patient was admitted to the hospital 

in cardiac and multi-organ failure (anuria, metabolic/lactate 
acidosis). Her past history is characterized by multiple cardiac 
events being caused by an arterial hypertension, such as: i) 
coronary three vessel arteriosclerosis treated with a right 
coronary artery (RCA-) stent after a successful drugeluting 
balloon (DEB-) - dilatation of the RCA; ii) medium grade aortic 
stenosis (area 1,2cm2); iii) high grade mitral insufficiency 
(III-IV in March 2023) treated successfully with a MitraClip 
6 weeks prior to this admission, leaving a remaining mitral 
insufficiency of grad I-II; iv) a cardiac insufficiency (New Year 
Heart Association, NYHA, III; ejection fraction, EF, of 30%; 
pro- B-type-natriuretic peptide (BNP) of 17583 in February 
2023); v) an ischemic and a tachy-cardiomyopathy vi) an 
atrial fibrillation with a normo-frequent transmission (78/
min), vii) a postcapillary pulmonary hypertension, viii) high 

grade tricuspid insufficiency with a significant coaptation 
defect (III-IV), and ix) chronic renal insufficiency (estimated 
glomerular filtration rate, eGFR of 31ml/min1.73m2: Kidney 
Disease: Improving Global Outcome (KDIGO) stage G3bA1: 
moderately to severely decreased GFR and albuminuria 
<30mg/g, mildly increased). On her admission (April 
10), a remaining pump function (heart insufficiency with 
preserved left ventricular ejection fraction: HFpEF), an 
improved EF of 56% and a CHA2DS2-Vasc-Score of 5 (chronic 
heart failure, CHF; age, coronary heart disease, chronic 
heart insufficiency, arterial hypertension, Diabetes mellitus; 
female) were diagnosed.25 The patient was anticoagulated 
with a reduced dose of Eliquis (due to borderline GFR, and 
low body weight) and treated with antiarrythmic medication 
(Amiodarone, Metoprolol). Temporarily, a hemodynamic 
and respiratory stabilization was achieved and the patient 
received the placement of two XTW clips on April 10, 
reducing the degree of tricuspid insufficiency to a grade 
II. On April 12, the patient’s health deteriorated leading to 
cyanosis and asystole. Hemodynamic stability could only 
be achieved by increasing the dosage of catecholamines. 
At that point, the systolic pump function was moderately 
decreased, both atria dilated, and a highly reduced right 
ventricular pump function (tricuspid annular plane systolic 
excursion, TAPSE, 0.6cm) was detected. Transaminases 
increased (LDH 2499 U/ml; GOT 1156 U/ml), and the patient 
was anemic (Hb from initially 15.2 [on April 10] to 6.9 g/d 
[on April 12]; Ery count from initially 5.08 x 106 down to 
2.27 x 106). The patient’ s health deteriorated rapidly in 
spite of all therapeutic measures initiated and died in the 
morning of April 13. 

Autopsy presentation 

The autopsy 

The abdomen showed 2.2 liters of partially liquid, 
partially clotted blood spreading sheet-like in a 3mm thick 
layer over the liver and upper abdominal organs. The only 
visible site of bleeding was an area of 5cm diameter at the 
abdominal site of the diaphragm surrounding the passage 
of the inferior vena cava immediately prior to its entrance 
in the right atrium. Earlier segments of this vein, and other 
larger venous/arterial vessels in the abdomen did not 
show any signs of damage to the endothelial layer or any 
bleeding. The heart showed a left ventricular hypertrophy, 
weighing 455g (patient’s expected norm was 350g). The left 
ventricle was moderately dilated. The MitraClip had divided 
the sclerosed mitral valve in two slit-like orifices of 0.4 and 
0.3cm. The anterior papillary muscle was highly scarred. 
The aortic valve had calcified cusps with a circumference of 
6.5cm. The right ventricle was dilated, the TriClips coapted 
the non-sclerosed leaflets. Both atria were massively dilated 
and showed endocardial fibrosis but no signs of damage or 
hemorrhage, no thrombus formation in the auricles. The 
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entrance of the upper and lower vena cava was open and 
undamaged.  

Histological findings 

The microscopic examination was performed after 
longitudinal dissection of the hemorrhagic area of the 
diaphragm (Figure 1b, 1c). This area revealed a rupture of 
the IVC wall with disintegration of the adventitia. Immune 
histologic analysis of the smooth muscle layer (Figure 2) 
showed a thinning and regional disappearance (Figure 
2a, 2d) compared to normal (Figure 2c). Regionally, a 
phlebosclerosis of the intimal layer was observed. To 
analyze any vital reaction, macrophages, neutrophils, and 
the endothelial layer as well as erythrocyte reabsorption by 
macrophages (iron loading) were studied. Only individual 
macrophages (CD68) without iron loading (Berlin blue 
reaction) could be observed. An initial chemotaxis of 

Figure 1: a) abdominal side of diaphragm with bleeding at 
transition of IVC; fresh specimen; b) transition of IVC, formalin-
fixed; c) method of investigation by cross-sectioning; d) section 
plane showing disruption of IVC wall  

Figure 2: a) section plane of IVC showing normally wide (yellow 
arrow) vs. highly  reduced  (blue arrow) muscular wall; b) 
identical section plane with immune histologic demonstration 
of smooth muscle actin (SMA); normal muscular layer (yellow 
arrow) vs. highly reduced muscular layer; c) SMA normal wall; d) 
SMA highly reduced layer. Barr = 200µm 

neutrophiles was identified (CD15). These results support 
the interpretation of a bleeding as a late event prior to death, 
and timewise unrelated to the placement of the TriClip. 
Single arterioles showed a subendothelial vacuolization of 
smooth muscle cells and thinning of the media (Figure 3a). 
Individual venules showed a hemorrhagic distortion of the 
destroyed muscular media (Figure 3b). 

The infarcted area of the heart was fibrosed affecting 
the anterior wall and the anterior papillary muscle. The 
liver was characterized by a network of fulminant necrosis 
in zone 2 and 3 sparing only liver cells in zone 1 surrounding 
Glisson’s triangles. 
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been mentioned incidentally. 10,11 Alterations in medium 
and larger-sized veins reported have been a vacuolar change 
with lysis leading to apparent separation of residual muscle 
bundles but no rupture or fatal bleeding. 

This case report demonstrates lesions found at the 
rupture site of the IVC, which are much more profound than 
the ones previously observed in any vein (Figure 1 and 2). The 
segmental mediolysis caused areas of an almost complete 
disappearance of the muscular layer (Figure 2a, 2b, 2d; 
versus normal: Figure 2c). There is an advanced dissection 
of the adventitial layer by the occurring hemorrhage. 

In addition, there are lesions found in individual 
arterioles and in venules surrounding the rupture site 
similar to the ones reported before (Figure 3a, 3b)10. The 
adventitial alteration, however, is more pronounced than 
previously reported: the adventitial connective tissue is 
regionally dissected and subsequently lost, denuding the 
remaining media. In addition, these alterations are only 
observed in the vicinity of the bleeding site, and are not 
found in any other tissue analyzed by autopsy/histology. 

Other diseases mimicking mediolysis as reported 
previously could be excluded. 6, 8, 28, 29, 30 However, 
since there is a history of a cardiologic intervention 
(placement of MitraClip) predating the occurrence of 
rupture, additional mechanisms may have contributed to a 
progressive pressure to this region of an altered IVC wall, 
ultimately leading to the rupture. The delayed reaction 
with bleeding on day 2/3 after the intervention and its 
accompanying rise of transaminases is not consistent with 
a direct interventional event but rather with a combination 
of different mechanisms, such as i) the enlargement of the 
left atrium (atrial cardiomyopathy), 31 blocking the venous 
return through protrusion of the atrial septum to towards 
the entrance of the IVC; ii) the preexisting, circumscribed 
phlebosclerosis; iii) the reduction of mitral valve and 
tricuspid valve regurgitation with subsequent increased 
atrial congestion, and finally iv) acute vasospasms due to 
inappropriate reactions to catecholamine or endothelial 
dysfunction, 8,11 while even endothelin-1 as surrogate 
vasoconstrictor may play a role.32 

Is there a potential connection between the degree 
of mitral valve regurgitation influencing TR? Percutaneous 
mitral valve repair (PMVR) using the MitraClip device was 
observed to improve functional TR severity in approximately 
one third of patients, particularly in those who experience 
a significant systemic pulmonary artery pressure (SPAP) 
reduction after the procedure 33 but its effect on RV 
dimensions and function, tricuspid annular geometry and 
TR has not been extensively investigated as yet. 34 Thus, 
Matsunaga and Duran have reported functional TR occurring 
on structurally normal tricuspid valves frequently observed 

Figure 3: a) arteriole with vacuolization and normal (yellow 
arrow) vs. reduced (blue arrow) muscular layer ; b) venule with 
hemorrhagic destruction of muscular layer 

Discussion 
 By criteria of the Tricuspid Valve Academic Research 

Consortium (TVARC) 26, the presented case is characterized 
by a severe TR regurgitation (TAPSE 6mm) 26; secondary 
to a mitral valve regurgitation which resulted in a fatal 
hemorrhage classified as subacute bleeding (24 h > x > 30d), 
being confirmed by autopsy (type 5b) 26 due to a vascular 
rupture of the inferior vena cava at the transition through 
the diaphragm. The unusual aspect of this case is the newly 
reported segmental mediolysis of the inferior vena cava as 
cause of a fatal hemorrhage. 

Segmental mediolysis can occur in both, the arterial and 
the venous system. The vast majority of reports refer to the 
arterial system (see references in 2, 3). Slavin 1 originally 
described for these lesions four different types of alterations: 
(1) mediolysis, (2) a tearing separation of the outer media 
from adventitia, (3) arterial gaps, and (4) a florid reparative 
response that replaces zones of mediolysis and fills areas of 
medial adventitial separation. The reparative process may 
make these lesions indistinguishable from common types of 
fibromuscular dysplasia (FMD). 27, 28 

In contrast, of involvement of the venous systems has 
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in patients with mitral valve regurgitation.35 Furthermore, 
TR has been found to progress after mitral valve surgery 
particularly in ischemic or dilatative cardiomyopathy. 36 
Almost 50% of patients present with TR despite successful 
surgery lowering the pulmonary pressure. 35 Furthermore, 
the correction of tricuspid regurgitation can paradoxically 
be worsened by the repair of mitral regurgitation although 
hemodyamics are improved, as Toselli et al reports. 37 
Thus, in analogy to our case, the successful repair of mitral 
valve regurgitation could have resulted in an increased 
postcapillary hypertension and aneurysmal dilatation of 
the left atrium, causing an increased pulmonary pressure 
and subsequent worsening of TR. Repairing the TR with a 
decreased regurgitation from grade III-IV to a grade II will have 
consequently reduced blood flow and caused an increased 
the pressure in the IVC. While under normal conditions 
the function of the IVC as capacity vessel would have been 
able to handle the increased blood volume, the mediolytic 
vessel wall was obviously insufficient to withstand the 
pressure and ruptured, leading to a fatal bleed enhanced by 
the (albeit lower dose of) anticoagulant. Since the degree of 
regurgitation was so high, this pathomechanism may have 
played an additional negative role in this case. 

Since there is no known genetic trait or disease associated 
with a segmental mediolysis, the question remains which 
clinical sign or symptom could be taken as warning sign of 
its possible existence. For arterial lesions, Slavin et al. 38 
reported six potential angiographic presentations (a) arterial 
dilatation, (b) single aneurysm, (c) multiple aneurysms, (d) 
dissecting hematomas, (e) arterial stenosis, and (f) arterial 
occlusions. From the pathologic process being involved, it 
seems probable, that arterial dilatation is caused by lytic loss 
of medial muscle; dissections may develop from reparative 
alterations, while thrombi formation leads to stenosis /
occlusion. Not surprisingly, the initial common radiologic 
findings which are consistent with histologic analyses 
are arterial dilatation, aneurysms and occlusion, while 
dissections and stenotic lesions are considered late lesions. 
In a review of 85 cases of SAM, Shenouda et al noticed that 
sixty-nine percent of cases were diagnosed histologically 
of which 24% by means of autopsy only. 3 SAM mortality 
ranged by 26%. When treated with open surgery, there was 
a 9% mortality rate, while endovascular intervention most 
commonly by coil embolization of aneurysmatic alteration 
had a reported success of 88%. While there is no report 
regarding the frequency or extent of venous mediolysis, 
the number of such alterations can be regarded higher than 
expected considering the simultaneous presentation of 
both arterial and venous lesions in several reported cases 
as well as in this present case. Thus, in cases of segmental 
mediolysis unexpected bleeding may be caused not only by 
arterial lesion but also by concomitantly occurring venous 
lesions. 

Conclusion 
In summary, we report the first case of a vascular 

mediolysis affecting the IVC at the critical passage through 
the diaphragm. For future cases, the spectrum of segmental 
mediolysis can be expected to affect both, large and small 
arteriolar and venous vessel alike. Potentially, different 
methods of imaging such as ultrasound or angiography may 
help to identify mediolytic lesions in order prevent cases of 
fatal bleeding. 
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