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  Pref ace   

 Since the fi rst successful mesenteric endarterectomy by Shaw and Maynard in 1958, 
signifi cant progress has been made in the diagnosis and treatment of mesenteric vascular 
diseases. Improvements in imaging modalities, medical therapy, and open and endovas-
cular reconstruction have allowed treatment of acute and chronic mesenteric artery dis-
eases with satisfactory results. Yet, delay in diagnosis remains a major problem given 
that mesenteric diseases are uncommon and often present with unspecifi c symptoms. 

  Mesenteric Vascular Disease: Current Therapy  has one purpose, which is to fi ll 
the gap between clinical knowledge and the technical expertise needed to master 
novel open and endovascular approaches to treat a variety of mesenteric arterial and 
venous diseases. In that, the book is organized in a logical fashion to address basic 
concepts, imaging methods, and novel techniques of revascularization for acute and 
chronic arterial and venous disorders. 

 Special attention has been devoted to technical aspects of mesenteric reconstruc-
tions, open and endovascular. Because these diseases are uncommon and most sur-
geons have limited experience, we felt it was important to summarize the evolution 
of surgical approaches over the last decades using as much illustration as possible 
in a didactic manner. Endovascular therapy, which has become an essential skill for 
the vascular clinician, has been emphasized in several chapters given that most 
patients with mesenteric ischemia are currently treated in this manner. Whereas in 
the 1990s angioplasty was reserved for the elderly or higher-risk patient, today this 
modality is used whenever possible in suitable lesions independent of the patient’s 
clinical risk. Because this fi eld rapidly evolves as new devices and the technology 
that drives them changes in fast pace, it is critical that physicians are familiar with 
novel approaches. It is also equally important that the vascular specialist recognizes 
its limitations and when open treatment is indicated or advantageous. 

 It is the editor’s hope that this collection of 34 chapters provided by a multispe-
cialty international panel of faculty experts will help enhance the diagnosis and 
treatment of mesenteric vascular diseases – and, most importantly, patients in need 
with these disorders.  

  Rochester, MN, USA     Gustavo     S.     Oderich, MD, FACS     
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    Chapter 1   
 History of Mesenteric Vascular Disease 

             Kenneth     J.     Cherry     Jr.     

        Although it is generally stated in any short historical introduction to an article 
concerning chronic mesenteric ischemia that Dunphy fi rst correlated chronic 
abdominal pain to subsequent mesenteric artery occlusion and gut infarction in 
1936, his paper did not arise suddenly from a barren fi eld [ 1 ]. The problem with 
“mesenteric occlusion” and death from ischemic necrotic bowel had interested phy-
sicians for years previously. The problem was a complex one, but the impediments 
to understanding mesenteric ischemia and treating it were dishearteningly simple: 
neither diagnostic angiography nor vascular intervention was extant. Diagnosis was 
made during exploratory laparotomy for acute abdominal crises or at autopsy. 
Bowel resection was the sole surgical option. 

 Tiedemann had described mesenteric occlusion and bowel infarction in a patient 
in 1843 [ 2 ]. Seven years later, Virchow added two further such patients to the litera-
ture [ 3 ]. Welch, in 1887, had posited an 80 % stenosis of the SMA was necessary 
for ischemic bowel changes [ 4 ]. In 1904, Jackson, Parker, and Quinby described 
both arterial and venous occlusions of the mesenteric circulation [ 5 ]. Trotter, in 
1913, reviewed 359 cases of infarcted bowel [ 5 ]. He proposed a relationship between 
heart disease and embolus to the superior mesenteric artery and a relationship 
between arteriosclerosis of the aorta and mesenteric vessels and local thrombosis of 
the visceral vessels. Klein pointed out in 1921 in his thesis on embolism and throm-
bosis of the superior mesenteric artery a relationship between superior mesenteric 
artery stenosis and episodic abdominal pain [ 6 ]. 

 Cokkinis, a registrar at the London Lock Hospital, wrote a thesis in 1926, which 
is remarkable for several observations [ 7 ]. He reported 76 cases of “mesenteric 
occlusion” mostly from the London Hospital. He felt primary thrombosis of the 
mesenteric vessels rare, but reported one case with gangrene of the intestines and 

        K.  J.   Cherry   Jr. ,  MD      (*) 
  Division of Vascular and Endovascular Surgery ,  University of Virginia , 
  Charlottesville ,  VA ,  USA   
 e-mail: KJC5KH@hscmail.mcc.virginia.edu  
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both lower extremities, and felt that atheromas of the aorta and mesenteric arteries 
themselves were causative, leading directly to thrombosis. He also described aortic- 
origin emboli. 

 Ten years before Dunphy’s postmortem study could confi rm a history of post-
prandial pain and subsequent gut infarction, Cokkinis wrote: “The patient com-
plains of abdominal symptoms extending over a period of weeks or months. 
Among the commonest of these are: colicky abdominal pain, which may have 
some relation to food…The symptoms are colicky abdominal pain, 1½ to 2 h 
after meals, nausea and vomiting…they may last for years and then arterial 
thrombosis supervenes and leads to infarction…The pathological lesion is one of 
arteriosclerosis of the mesenteric arteries, interfering with the fl ow of blood to 
the intestines during digestion.” 

 Given the lack of diagnostic modalities of the day, this is the most remarkable 
and accurate description of chronic mesenteric ischemia. All that is lacking for 
completeness sake is weight loss and fear of eating. 

 In 1936 in his famous report, Dunphy described 12 patients dying of mesenteric 
infarction studied at autopsy. Seven (58 %) had a history of recurrent abdominal 
pain proceeding the terminal event, a period of time ranging from weeks to years. 
The imperative for early treatment was thus identifi ed, even if the means were not 
yet available. 

    Surgical Revascularization 

 In 1951, Klass performed direct embolectomy of the superior mesenteric artery in 
two patients [ 8 ]. One must remember at this point that the Fogarty catheter had not 
yet been invented. Both patients died, but the mesenteric circulation was free of 
thrombosis at the postmortem. Stewart, that same year, performed an SMA embo-
lectomy [ 9 ]. Five years later Van Weel reported a successful thrombectomy, although 
the patient required subsequent resection of the distal ileum and cecum [ 10 ]. This 
would count as a success today. In 1957 Mikkelsen described the arteriographic 
fi ndings of ostial mesenteric lesions [ 11 ]. 

 The fi rst embolectomy of the SMA to be successful and not to require subse-
quent bowel resection was performed in 1957 and reported by Shaw and Maynard 
[ 12 ]. Shaw with Rutledge in 1958 [ 13 ] reported endarterectomy of the SMA and 
paramesenteric aorta as treatment of chronic mesenteric ischemia. The remarkable 
Houston surgeons – Morris, Crawford, Cooley, and DeBakey – in 1962 reported 
retrograde reconstruction of the celiac and superior mesenteric arteries. It was asso-
ciated with tortuosity and kinking of those grafts in some patients [ 14 ]. 

 Wylie, Stoney, and Ehrenfi eld, in the 1970s, described both transaortic visceral 
endarterectomy and antegrade supraceliac bypass to the visceral vessels [ 15 ]. Initially, 
when performing endarterectomy, they employed a thoraco-retroperitoneal approach 
but modifi ed this to medial visceral rotation in later years for appropriate patients.  

K.J. Cherry Jr.
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    Mayo Clinic Legacy 

 Hollier et al proposed in 1981 that complete revascularization of all three mesenteric 
vessels was the ideal [ 16 ]. He found that recurrence with one-vessel reconstruction 
was 26 % and that with 3-vessel reconstructions was less than 10 %. However, that 
Mayo Clinic cohort included no antegrade reconstructions. Further experience from 
the Mayo Clinic showed that obsession with three-vessel reconstruction increased 
mortality from the current 8–10 % in that day to 15–20 % [ 17 ]. The mortality in the 
1980s was right around 8–10 %, second only to repair or thoracoabdominal aortic 
aneurysms in terms of risk to the patient. In the succeeding decades, with improved 
anesthetic techniques, refi nement of operative approaches and appropriate patient 
selection, mortality has steadily decreased and is currently in the 2–5 % range. 

 Antegrade reconstruction was felt to be the gold standard of repair, but clamping of 
the paravisceral aorta was not without risk, especially in elderly patients with coro-
nary artery disease, associated renal artery disease, and aortoiliac occlusive disease. 

 The group from Oregon modifi ed infrarenal or retrograde bypass to bring the distal 
end of the graft in a curving manner such that the visceral artery anastomosis was 
constructed in an antegrade manner, to decrease turbulence of fl ow. Initially, they 
reconstructed both the celiac and superior mesenteric arteries [ 18 ,  19 ]. Later experi-
ence revealed that superior mesenteric artery reconstruction alone was satisfactory. 

 The Mayo group subsequently reported 91 cases [ 20 ]. That study was postulated 
on the premise that antegrade reconstruction would prove, albeit in a retrospective 
study, superior to infrarenal repair. That hypothesis was proved false. In properly 
selected patients, isolated retrograde reconstruction of the superior mesenteric 
artery was statistically no different than antegrade reconstruction. Further, recon-
struction originating from a common or external iliac artery was felt to be superior 
to that originating from the infrarenal aorta, because the long axis of the graft is 
parallel to that of the aorta, as opposed to the perpendicular orientation seen with 
grafts originating from the infrarenal aorta, thereby eliminating the kinking seen in 
the latter group of grafts when the viscera are returned to their normal position. In 
addition, there is a subset of patients with densely calcifi c aortas whose iliac arteries 
are spared and thus provide superior donor sites.  

    Endovascular Therapy 

 Endovascular treatment of mesenteric disease was introduced in 1980. It is used in 
the majority of patients today, as its mortality is less in the hands of most practitio-
ners than open repair. Further studies from the Mayo Clinic by Oderich et al detail-
ing 229 patients, on the other hand, have shown that the mortality from open repair 
is less than 3 % and is in essence equal to that of endovascular repair. Nonetheless, 
these are retrospective studies from a high-volume institution with a long-standing 
interest in the problem, and the patients are carefully selected [ 21 ]. 

1 History of Mesenteric Vascular Disease
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 Those patients with fl ush occlusions of the celiac and superior mesenteric arteries 
and those with long calcifi c occlusions of the superior mesenteric artery are proba-
bly better treated by open repair. Multiple studies have shown less re- intervention 
after open repair (refl ecting the same experience seen in most vascular beds when 
open and endovascular reconstructions are contrasted). Fortunately, open repair 
may be safely tailored to the patient’s anatomy and physiology in this day and age, 
ranging from antegrade supraceliac reconstruction of the both the celiac and SMA, 
usually reserved for young relatively healthy patients whose life expectancy is long, 
to grafts originating from the iliac arteries and carried to the superior mesenteric 
artery in more elderly fragile patients. Whereas prosthetic grafts have historically 
outperformed saphenous vein for mesenteric reconstructions, retrograde saphenous 
mesenteric bypasses performed in the face of infection appear to have very accept-
able patency rates. 

 The history of reconstructions for chronic mesenteric ischemia has been a pro-
gression. Currently, patients may be reconstructed via transaortic endarterectomy, 
antegrade graft reconstruction, or retrograde repair. The choice is usually made 
dependent on anatomy, physiology, and the applicability of endovascular techniques 
to these patients.     
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    Chapter 2   
 Normal and Variant Mesenteric Anatomy 

             Randall     R.     De     Martino     

         The mesenteric vascular supply is a combination of rich collateral networks and 
commonly encountered variant anatomy. The effect of normal and variant anatomy 
has implications on pathology, treatment choices, and planning interventions. The 
goal of this chapter is to review the standard vascular anatomy with details of the 
potential collateral systems that may be present. Finally, a review of anatomic vari-
ants will assist in understanding the implications of abnormal anatomy on treatment 
for diseases associated with the mesentery. 

   Embryology 

 Understanding the vascular supply of the mesentery and the pathological implications 
of mesenteric vascular disease is best understood by a solid appreciation for the 
embryologic development of the mesenteric structures and their blood supply. This 
helps the clinician understand the pathological consequences of diseases of the 
mesenteric vasculature. 

 At three weeks, the early embryo consists of three fl at germ layers (endoderm, 
mesoderm, and ectoderm) that will develop along separate paths to create each nec-
essary organ system and tissue (endoderm will form the aerodigestive tract, and the 
mesoderm will form the mesenchymal tissue including the vasculature). The primi-
tive gut is derived from the endodermal germ layer as it undergoes tubal formation. 
The cranial and caudal aspects fold to form the foregut and hindgut, while the 
intervening segment (midgut) remains open to the yolk sac, creating the yolk stalk 
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(the eventual omphalomesenteric or vitelline duct). These three distinct segments 
of the primitive gut have important implications for mesenteric vascular supply. 

 At about the same time, the embryo becomes too large to meet its metabolic 
needs by simple diffusion alone. The circulatory system begins its iterative devel-
opment to support embryonic growth and formation. The paired dorsal aortae 
develop three sets of paired arterial branches: the dorsal intersegmental, the lateral 
segmental, and the ventral segmental vessels. The paired ventral segmental arteries 
course over the dorsal and lateral walls of the gut and yolk sac. Ultimately, as the 
dorsal aorta fuse, so do specifi c paired ventral vessels, namely, the 10th, 13th, and 
21st. They fuse in the midline with gut closure and narrowing of the dorsal mesen-
tery to form the celiac artery, superior mesenteric artery (SMA), and inferior mes-
enteric artery (IMA), respectively. 

 These three vessels go on to provide the blood supply for each segment of the 
developing gut. The foregut will form the lower esophagus to the duodenum and be 
supplied by the celiac artery. The midgut will form the lower duodenum to the cra-
nial half of the transverse colon and be supplied by the SMA. Finally, the hindgut 
will form the caudal half of the transverse colon to the superior rectum and be sup-
plied by the IMA [ 1 ].  

   Normal Anatomy 

 Normal mesenteric vascular anatomy is based on these three separate branches of 
the aorta [ 2 ]. Although not all patients will display normal mesenteric vascular 
anatomy, as this may have implications for disease treatment. 

   Celiac Artery 

 As the aorta passes below the crus of the diaphragm at the 12th thoracic vertebra, it 
immediately gives of the celiac artery (also referred to as the celiac trunk or celiac 
axis) a wide ventrally oriented branch that typically trifurcates during its 1.5 cm 
length. Of note, there may be a paired set of inferior phrenic vessels that come off 
the aorta more laterally to supply the inferior diaphragm at this location. Branches 
include [ 2 ]:

    1.    Left gastric artery   
   2.    Splenic artery

    a.    Dorsal and caudal pancreatic arteries   
   b.    Short gastric arteries   
   c.    Left gastroepiploic artery   
   d.    Posterior gastric artery       
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   3.    Common hepatic artery

    a.    Gastroduodenal artery

    i.    Right gastroepiploic artery   
   ii.    Superior anterior and posterior pancreaticoduodenal arteries       

   b.    Right gastric artery   
   c.    Left hepatic artery   
   d.    Right hepatic artery        

  The typical confi guration of the celiac artery is to give off a small left gastric 
artery and then divide into the splenic artery and the common hepatic artery 
(Fig.  2.1 ). This anatomy is present in approximately 50 % of the population. The left 
gastric and the splenic artery travel to the left, while the common hepatic artery 
turns towards the right and the porta hepatis.

   The left gastric artery may originate from the aorta or anywhere along the celiac 
artery. It travels superiorly supplying the distal esophagus and then descends along 
the lesser curvature of the stomach to collateralize with the right gastric artery 
(Figs.  2.1  and  2.2a ). Importantly, the left hepatic artery may be replaced, originating 
from the left gastric. When present, it is important to preserve this during access to 
the supraceliac aorta though the lesser sac. Conversely, the left hepatic artery may 
supply an accessory left gastric artery.

   The splenic artery originates from the celiac artery 80 % of the time. As the 
splenic artery traverses to the left, it gives off segmental branches to the pancreas 

  Fig. 2.1    Celiac artery anatomy and superior mesenteric artery collaterals.  CA  celiac artery,  SMA  
superior mesenteric artery (By permission of Mayo Foundation for Medical Education and 
Research. All rights reserved)       
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(the dorsal pancreatic and caudal pancreatic arteries). These supply the body and the 
tail of the pancreas, respectively, collateralizing via the transverse pancreatic artery 
(Fig.  2.1 ). Distal branches of the splenic artery include the short gastric arteries, 
posterior gastric, left gastroepiploic, and the terminal splenic branches. The short 
gastric arteries number from 1 to 4 and collateralize to the greater curvature of the 

  Fig. 2.2    Gastric and bowel collateral networks. ( a ) Gastric collaterals. Right and left gastric arter-
ies collateralize along the lesser curvature, while the right and left gastroepiploic arteries collater-
alize along the greater curvature of the stomach. ( b ) Celiac to superior mesenteric artery (SMA) 
collaterals include the arch of Bühler and gastroduodenal arcade. SMA to inferior mesenteric 
artery (IMA) collaterals include the arc of Riolan and the marginal artery of Drummond. Perirectal 
collaterals form from the IMA, superior rectal artery, and internal iliac artery (By permission of 
Mayo Foundation for Medical Education and Research. All rights reserved)       
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stomach and the aforementioned left gastric artery. The posterior gastric artery 
s upplies the posterior fundus of the stomach. The left gastroepiploic artery often 
arises from the distal splenic artery in a common branch with the inferior splenic 
branch but may be a single branch. It travels along the greater curvature of the stom-
ach giving off omental branches and collateralizing with the right gastroepiploic 
artery (Figs.  2.1  and  2.2a ). 

 The common hepatic artery is the fi nal branch of the celiac artery. It is of variable 
length and ends at the gastroduodenal artery branch, after which it continues as the 
proper hepatic artery to supply the liver and gallbladder. The proper hepatic artery 
bifurcates into the right and left hepatic arteries (Fig.  2.1 ). Alternatively, there may 
be a trifurcation of the common hepatic artery with no proper hepatic artery. The 
proper hepatic artery or only the right hepatic may arise from the SMA as variants. 
As mentioned, the left hepatic artery may arise from the left gastric artery. The right 
gastric artery may arise anywhere along the common or proper hepatic artery to col-
lateralize along the lesser curvature with the left gastric artery (Figs.  2.1  and  2.2a ). 

 The gastroduodenal artery passes inferiorly between the duodenum and the 
 pancreas, giving rise to the right gastroepiploic artery and the superior pancreatico-
duodenal artery. This has anterior and posterior divisions that are important collater-
als to the superior mesenteric artery (Figs.  2.1  and  2.3 ).

  Fig. 2.3    Celiac artery and superior mesenteric artery collaterals.  CHA  common hepatic artery,  SA  
splenic artery,  RGA  right gastric artery,  PHA  proper hepatic artery,  GDA  gastroduodenal artery, 
 SMA  superior mesenteric artery,  SPDA  superior pancreaticoduodenal artery,  IPDA  inferior pancre-
aticoduodenal artery       
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      Superior Mesenteric Artery (SMA) 

 The SMA is the second ventral branch of the abdominal aorta. As mentioned above 
in the discussion of embryology, this artery will supply the distal duodenum, the 
small intestine, and the large intestine to the mid transverse colon. Given the vitally 
important structures its supplies and the important collaterals it provides to both the 
celiac and IMA, there is a very high morbidity associated with SMA occlusions. 
Anatomically, the SMA origin is about a centimeter distal to the celiac artery and 
accessible through the lesser sac near the superior border of the pancreas. The SMA 
comes off at an acute angle in comparison to the celiac artery. In this aortomesen-
teric angle, the left renal vein and the fourth portion of the duodenum pass. If this 
angle is too acute, it may lead to either nutcracker syndrome or SMA syndrome. 
Symptoms include fl ank pain and hematuria related to renal vein compression for 
the former and a gastric outlet obstruction syndrome related to the latter. 

 SMA branches include [ 2 ]:

    1.    Inferior anterior and posterior pancreaticoduodenal arteries   
   2.    Middle colic artery   
   3.    Right colic artery   
   4.    Ileocolic artery   
   5.    Jejunal and ileal branches    

  The fi rst branches of the SMA include the inferior pancreaticoduodenal artery. 
This comes off the right side of the SMA and divides in to an anterior posterior 
branch that collateralize to the celiac artery via the previously mentioned collateral 
pathway (Figs.  2.1 ,  2.2 , and  2.3 ). The middle colic artery arises from the proximal 
SMA after passing below the pancreas. This artery travels to the transverse mesoco-
lon giving a right and left branch. During an infracolic exposure of the SMA, when 
this artery is identifi ed within the transverse mesocolon, it can be followed down to 
identify the SMA. Within the mid SMA, the right colic artery originates. It is the last 
branch off the right side of the SMA. As the right colic artery traverses behind the 
parietal peritoneum, its supplies a descending and ascending branch. The ascending 
branch collateralizing with the middle colic artery and supplies the ascending right 
colon. The descending branch collateralizes to the ileocolic artery, supplying the 
more proximal right colon (Figs.  2.4  and  2.5 ).

    The ileocolic artery is the fi nal major branch of the SMA but may share a com-
mon origin with the right colic artery. The ileocolic artery vascularizes the terminal 
ileum, right colon, cecum, and appendix. There are four identifi able branches. These 
included the descending branch (to the right colon), cecal branch (an anterior and 
posterior), ileal branch, and the appendicular artery (to the appendix). Finally, on 
the left aspect of the SMA arise the multiple jejunal and ileal branches. These fan 
out, forming several arches to create a collateralized network to the small bowel 
(Figs.  2.4  and  2.5 ).  
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   Inferior Mesenteric Artery 

 The inferior mesenteric artery is responsible for supplying blood fl ow to the distal 
third of the transverse colon, descending colon, sigmoid colon, as well as the upper 
rectum. It originates in an anterior lateral orientation to the left just above the aortic 
bifurcation, typically between the L2 and L4 vertebral bodies [ 3 ]. It travels in a 
retroperitoneal plane towards the sigmoid colon. 

 Branches include [ 2 ]:

    1.    Left colic artery   
   2.    Sigmoid arteries   
   3.    Superior rectal artery    

  Fig. 2.4    Superior mesenteric artery and inferior mesenteric artery anatomy and collaterals.  SMA  
superior mesenteric artery,  IMA  inferior mesenteric artery,  IC  ileocolic artery,  RC  right colic artery, 
 MC  middle colic artery,  LC  left colic artery,  SA  sigmoid arteries,  SR  superior rectal artery. The 
marginal artery of Drummond is formed by the arterial network from the ileocolic to the superior 
rectal. Critical regions of collateralization include Griffi th’s point (SMA to IMA) and Sudeck’s 
point (IMA to internal iliac artery) (By permission of Mayo Foundation for Medical Education and 
Research. All rights reserved)       
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  The left colic artery is comprised of an ascending and descending branch. The 
ascending collateralizes to the middle colic artery, distal transverse colon, and splenic 
fl exure (Griffi th’s point [ 4 ], Fig.  2.4 ). This collateralization is important, as this area 
is at high risk for watershed ischemia in the setting of dehydration or mesenteric 
occlusive disease. The descending left colic artery branch collateralizes to the sig-
moid arteries. These are comprised of two or three sigmoid artery branches within 
the mesocolon. The uppermost sigmoid artery collateralizes to the left colic artery, 
whereas the lowermost collateralizes to the superior rectal artery. The superior rectal 
artery descends into the pelvis dividing into right and left branches. The superior 
rectal artery collateralizes with both the middle rectal (branch of the internal iliac 
artery) and the inferior rectal artery (branch of the internal pudendal artery, Fig.  2.4 ).  

   Collateral Pathways 

 The mesenteric vasculature is rich with collateral blood supply. It is typically neces-
sary to have disease in multiple vessels for clinical sequelae to develop due to the 
number of collateral networks. It is often ascribed that in chronic mesenteric isch-
emia, at least two of the three mesenteric arteries must be severely diseased, one of 

  Fig. 2.5    Superior mesenteric artery angiographic anatomy.  IC  ileocolic artery,  RC  right colic 
artery,  MC  middle colic artery,  JB  jejunal branches       
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which being the SMA, for symptoms to be present due to this collateral network. 
The overall collateral blood supply can be thought of within three distinct patterns. 
These include collaterals within the same vessel distribution, between mesenteric 
vessels, and between the mesenteric and the parietal circulation [ 5 ]. 

   Within Vessel Collaterals [ 5 ] 

   Celiac Axis 

     1.    Collaterals between the left and right gastric and left and right gastroepiploic 
vessels to supply the stomach (Figs.  2.1  and  2.2a ).   

   2.    The fundus of the stomach possesses collaterals between the left gastric and 
short gastric arteries (from the splenic artery).   

   3.    Pancreatic anastomotic collaterals between the pancreatic branches of the GDA 
and splenic origin (Fig.  2.1 ).      

   SMA 

     1.    Collaterals between the inferior pancreaticoduodenal and jejunal vessels.   
   2.    Collaterals between fi rst and second jejunal vessels.   
   3.    The collateral cascade between the right, middle, and ileocolic arteries as they 

formed the marginal artery of Drummond (Figs.  2.2b  and  2.4 ).      

   IMA 

     1.    Collaterals between the sigmoid, rectosigmoid, and superior rectal arteries and 
their formation of the latter part of the marginal artery of Drummond (Figs.  2.2b  
and  2.4 ).       

   Between Mesenteric Vessels 

   Celiac and SMA Collaterals 

     1.    The    arch of Bühler – an embryological remnant of an artery that linked the celiac 
and SMA (Fig.  2.2b ) [ 6 ].   

   2.    The pancreaticoduodenal arteries link the celiac and SMA via the superior and 
inferior pancreaticoduodenal arteries, respectively (Figs.  2.1 ,  2.2 , and  2.3 ).   

   3.    If present, an aberrant middle colic artery originating from the celiac would form 
collaterals to the SMA.      
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   SMA and IMA Collaterals 

 The collateral circulation between the SMA and IMA is critically important, 
 especially in the setting of chronic mesenteric ischemia. It is also a source of access 
for embolization of type II endoleaks after endovascular aneurysm repair. However, 
the terminology surrounding this collateral network is confusing. This is due to 
 variations in nomenclature over time [ 7 ].

    1.    The marginal artery – the marginal artery (of Drummond) is a potential collateral 
pathway that connects the superior mesenteric and inferior mesenteric arterial 
systems. This anastomotic channel originates from the descending branch of the 
ileocolic artery. It involves the communication of this branch to the right colic 
artery via the right colic artery’s descending and ascending branches, then the 
right and left branches of the middle colic artery, the ascending and descending 
branches of the left colic artery, and the sigmoid branches of the inferior mesen-
teric artery terminating in the superior rectal artery (Figs.  2.2b  and  2.4 ). When 
well developed, this can be a rich source of collateral circulation to the colon, 
particularly in the event of colonic resection. The artery may run close to the 
bowel wall or in some instances more within the mesentery. Less than 50 % of 
the time, this collateral pathway may not be complete at the splenic fl exure, a 
location named Griffi th’s point (Fig.  2.4 ). This void of collaterals from the left 
branch of the middle colic artery to the ascending left colic artery can result in 
colonic ischemia in the setting of bowel surgery or occlusive disease [ 4 ,  7 ].   

   2.    Meandering mesenteric artery (also referred to as the arc of Riolan or meander-
ing mesenteric artery of Moskowitz) [ 8 ] – this represents another collateral path-
way between the SMA and IMA. It was named after anatomist Jean Riolan. 
When present, this connects the middle colic artery of the SMA with the left 
colic branch of the IMA (Fig.  2.2b ). In the era of endovascular aneurysm repair, 
this is an important collateral pathway to permit coil embolization for type II 
endoleaks (Fig.  2.6 ).

          Mesenteric and Parietal Arterial Collaterals 

     1.    Collaterals fl ow may exist between the celiac artery and parietal circulation from 
the esophageal branches of the inferior phrenic artery to the left gastric and short 
gastric arteries.   

   2.    Although typically obliterated, the falciform ligament, if recanalized, can be a 
source of collateral fl ow between the hepatic arteries and internal thoracic and 
superior epigastric arteries.   

   3.    The IMA and the internal iliac artery form a perirectal plexus involving collater-
als between the superior rectal, middle sacral, and middle and inferior rectal 
vessels (Sudeck’s point – collateral communication between last sigmoidal 
branch and the superior rectal, Fig.  2.4 ) [ 3 ,  9 ].   

   4.    The middle sacral artery can collateralize to the IMA circulation [ 3 ].   
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   5.    Less common collaterals can develop to permit collateral blood fl ow (1) to the 
liver via intercostal posterior abdominal wall arteries, (2) to the renal capsule via 
the marginal artery, and (3) from lumbar arteries on the posterior abdominal wall 
to the marginal artery [ 5 ].        

   Variant Anatomy 

    The anatomy of mesenteric vascular structures is highly variable. It is quite com-
mon to encounter patients with variations of either the celiac, SMA, or IMA, 
although the fi rst two are much more common. 

   Celiac Artery Variants 

 The “normal” celiac artery consists of the left gastric, splenic, and common hepatic 
arteries as described above (Fig.  2.7a ). This occurs in 55–89 % in series of anatomic 
dissections and arteriograms performed over the last 50 years [ 10 – 12 ]. In <10 % of 

  Fig. 2.6    Arc of Riolan. Catheter is placed in the middle colic artery through the SMA. The col-
lateral connects to the IMA, in this case resulting in a type II endoleak after endovascular aneurysm 
repair.  AR  arc of Riolan,  IMA  inferior mesenteric artery       
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cases, the common hepatic artery originates separate from the aorta, while the left 
gastric and splenic arteries form a common origin (gastrosplenic trunk, Fig.  2.7b ). 
Less commonly, a hepatosplenic (Fig. 2.7c) or hepatogastric trunk (Fig.  2.7d ) is 
formed, with the remaining branch coming from the aorta. In rare circumstances, 
the SMA originates from the celiac artery as a common celiacomesenteric axis 
(Fig.  2.7e ) [ 12 ]. The left gastric artery is a relatively constant structure. However, it 
may give rise to an accessory left hepatic artery (1–16 % of cases) or a replaced left 
hepatic artery 10 % of the time [ 10 ,  11 ,  13 ].

   The common hepatic artery and the pancreaticoduodenal arcade anatomy can be 
highly variable. Variations can occur in all vessels and their branches. Detailed descrip-
tions of all possible anatomic variants are beyond the scope of this chapter, and further 
descriptions are available in other texts [ 14 ]. The “typical” common hepatic artery 
arising from the celiac artery may occur in 80 % of cases. The most common variant 
is the absence of the common hepatic artery in 12 % of cases, while a common hepatic 
origin from the SMA occurs in <5 % of cases [ 12 ,  15 ]. If the common hepatic artery 
is absent, its branches may originate from the aorta, the SMA, or the celiac artery. 

  Fig. 2.7    Celiac artery anatomic variants. ( a ) Normal celiac artery anatomy with left gastric, 
 common hepatic, and splenic artery, ( b ) gastrosplenic artery with separate common hepatic artery 
origin. ( c ) Hepatosplenic artery with separate left gastric origin. ( d ) Hepatogastric artery with 
separate splenic artery origin. ( e ) Celiacomesenteric axis – combined celiac and superior mesen-
teric artery origin (By permission of Mayo Foundation for Medical Education and Research. All 
rights reserved)       
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 The left and right hepatic artery variants can occur with variations of the  common 
hepatic artery or as isolated variants themselves. As mentioned previously, left 
hepatic arterial variations occur 20 % of the time in isolation and more often in 
combination with other variants. This is typically a replaced or accessory left hepatic 
artery from the left gastric artery. When the common hepatic artery is absent, the 
left hepatic artery may originate from the aorta or the celiac artery. Variations of the 
right hepatic artery occur in 6–18 % of cases as either a replaced right hepatic from 
the SMA (most common 6–11 % [ 10 – 15 ] or an accessory right hepatic artery 
(2–8 %) [ 10 ,  11 ,  13 ]). The replaced or accessory right hepatic artery may originate 
from the SMA (common) or the aorta when no common hepatic artery exists. The 
cystic artery commonly arises from the right hepatic artery in 70 % of cases; how-
ever, its relationship to the common hepatic duct is variable, and accessory cystic 
arteries may occur in 11 % of cases [ 15 ]. The “normal” gastroduodenal artery origi-
nating from the common hepatic artery occurs 75 % of the time [ 15 ]. Variations in 
its origin are commonly due to common hepatic artery variants. As such, it may 
arise from an aberrant common hepatic artery (off the SMA), a replaced right 
hepatic artery, or the left hepatic artery [ 12 ]. Finally, the right gastric artery is in its 
normal position in half of cases. Variations can include originating from the left or 
right hepatic artery or the GDA [ 15 ]. 

 The splenic artery may be part of anomalous permutations of the celiac artery as 
discussed previously. The splenic artery can originate from the SMA as opposed to 
the celiac artery. It may also be duplicated with one or both branches originating 
from the aorta. Additionally, it may give rise to the left gastric, middle colic, or left 
hepatic artery [ 12 ].  

   SMA Variants 

 As noted above, the SMA can have a great number of variants related to arteries 
typically seen from the celiac axis. The SMA may originate from the celiac axis 
(Fig.  2.7e ) or provide any combination of hepatic arteries, or accessory gastric, 
splenic, or pancreatic vessels. The “normal” SMA anatomy may be present in as 
many as 68 % of cases (Fig.  2.8a ) [ 12 ]. The ileocolic artery appears to be the most 
consistent structure from the SMA. The other vessels have some degree of variabil-
ity. Although normally a separate branch, the middle colic artery, can share a com-
mon trunk with the right colic artery (middle colic-right colic trunk, Fig.  2.8b ) in up 
to 52 % of cases, representing the most common variant. If not involved in aberrant 
anatomy with the middle colic artery, the right colic artery may be an independent 
branch of the SMA (38 %) or a branch of the ileocolic artery in 8 % of cases 
(Fig.  2.8c ). There may be an accessory right colic in 8–10 % of cases. Less com-
monly, the middle and right colic artery are absent (<10 % of the time), or the 
middle colic may send a large branch to the splenic fl exure. In very rare cases, the 
middle colic artery may be a branch of the celiac artery [ 9 ,  12 ].
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      IMA Variants 

 The IMA has little variation in terms of position and origin. However, the left colic 
artery may be limited in its ascension to the splenic fl exure in 86 % of cases, threaten-
ing the collateralization of the marginal artery in this region. In fact, adequate col-
lateralization may only occur in 60 % of cases at the splenic fl exure (Griffi th’s point) 
and in 50 % of cases in the upper rectum (Sudeck’s point) (Fig.  2.4 ). The predominant 
variations of the IMA circulation involve the division of the sigmoidal arteries in 
forming the arterial arcades and collateralization to the internal iliac artery branches. 
Further details are available from Michels detailed description of these variations [ 9 ]. 
Rarely, there can sigmoidal artery origins from the internal iliac artery [ 12 ].       
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    Chapter 3   
 Pathophysiology 

             Gustavo     S.     Oderich       and     Leonardo     Reis     de     Souza     

        The fi rst clinical and anatomical descriptions of intestinal ischemia were recognized 
by Chienne in 1869 and Councilman in 1884 [ 1 ,  2 ]. Goodman in 1918 associated 
the symptoms of postprandial abdominal pain to those of patients with angina 
 pectoris [ 3 ]. Dunphy from the Peter Bent Brigham Hospital reported in 1936 the 
correlation between recurrent abdominal pain and fatal intestinal infarction from 
occlusive mesenteric arterial disease [ 4 ]. In that report, 60 % of patients who died 
of intestinal infarction had a history of recurrent abdominal pain, which preceded 
the fatal event by weeks, months, or years. Since then, the term  intestinal angina  has 
been coined to describe the classic symptom of chronic abdominal pain that occurs 
after meals, which is the cardinal symptom of  chronic mesenteric ischemia  (CMI). 

 Current estimates indicate that CMI accounts for <1 per 100,000 hospital admis-
sions in the United States and <2 % of all admissions for gastrointestinal conditions [ 5 ]. 
Since the fi rst successful mesenteric endarterectomy by Shaw and Maynard in 1958, 
techniques of revascularization have greatly evolved [ 6 ]. Advances in diagnostic 
imaging, medical therapy, surgical techniques, and endovascular technology 
resulted in improved outcomes. Balloon angioplasty was reported to treat 
mesenteric arterial stenoses by Ufl acker, Furrer, and Gruentzig and colleagues in 
1980 [ 7 ,  8 ]. During the last decade, mesenteric angioplasty and stenting gained 
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widespread acceptance and became the most frequently utilized treatment for CMI, 
 relegating open surgery to patients who fail endovascular therapy or have complex 
lesions unsuitable to it [ 9 ]. This chapter provides a comprehensive review of the 
normal physiology of mesenteric circulation and pathophysiology of CMI. 

    Vascular Anatomy 

 The gastrointestinal tract is supplied by three direct aortic branches (Fig.  3.1 ), the 
celiac axis, superior mesenteric artery (SMA), and inferior mesenteric artery (IMA). 
The celiac axis supplies the upper gut including the stomach, liver, and spleen. The 
SMA is the largest single branch of the abdominal aorta and supplies the midgut, 
including the entire intestine, proximal portions of the colon, and the pancreas. The 
inferior mesenteric artery delivers blood to the distal colon. There is extensive 
 collateral network between these three arteries, as well as other collateral pathways 
via phrenic, internal iliac, and parietal branches.

  Fig. 3.1    Mesenteric 
circulation and its collateral 
networks between the celiac 
artery, superior mesenteric 
artery, and inferior mesenteric 
artery (By permission of 
Mayo Foundation for 
Medical Education and 
Research. All rights reserved)       
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      Physiologic Response 

 Approximately 20 % of the cardiac output goes through the mesenteric arteries 
under normal conditions [ 10 ]. Blood fl ow to the gastrointestinal tract increases even 
before the ingestion of a meal, remaining elevated at levels approaching 100–150 % 
of normal (2,000 ml/min) over the next 3–6 h. There is still controversy if the blood 
fl ow is redirected selectively to the mesentery. In the 1930s, Herrick used a thermo-
stromuhr to demonstrate that blood fl ow is increased 5 h after a meal in awaken dogs 
not only in superior mesenteric artery but also in carotid, coronary, and femoral 
arteries. Some speculated that these changes could be due to an increase in cardiac 
output [ 11 ]. Most of the early attempts to understand the physiologic response of 
mesenteric circulation after meal were based in extrapolation from animal data or 
from limited experiments using angiographic techniques or laparotomy with appli-
cation of electromagnetic fl owmeters [ 12 ]. 

 The normal hyperemic postprandial response is mediated by cardiovascular 
changes that accompany the ingestion and digestion of food. It is well documented 
that these changes start even before food reaches the stomach. Anticipatory response 
usually represents a small increase in superior mesenteric artery blood fl ow. When 
meal doesn’t reach the stomach, response tends to last only a few minutes. Studies 
in dogs and primates have shown that cardiac output, heart rate, and aortic pressure 
are increased in this phase but also that there is little change in mesenteric vascular 
resistance. After the anticipatory period, increase in cardiac output is not well 
 documented [ 11 ]. 

 Mesenteric vasodilatation starts 3–5 min after food enters the intestine, reaching its 
maximum 30–90 min later and lasting 4–6 h. The latency and duration of these 
responses depend upon the type and quantity of a meal, with high fat and protein- 
containing foods producing the most profound and sustained intestinal hyperemia [ 13 ]. 
Moneta and colleagues described variations in duplex scan measurements after 
ingestion of six different liquid meals by conscious humans: mixed, carbohydrates, 
fat, protein, mannitol, and water. Superior mesenteric artery blood fl ow measure-
ments showed signifi cant increases in peak systolic velocity, end-diastolic velocity, 
mean velocity, and volume fl ow after all meals, except water. Peak changes after 
carbohydrate meal tended to occur earlier and to be less intense than after mixed or 
fat meals. Although increases in duplex parameters in response to protein were 
less than those of carbohydrate, they appeared to be better sustained. Femoral and 
celiac arteries showed no signifi cant changes. Minimal change in velocities in the 
celiac axis (CA) is presumably due to the relative low resistance on the splenic and 
hepatic circulations at baseline [ 12 ]. 

 Postprandial mesenteric hyperemia is confi ned to organs in which digestion is 
occurring, but is not shared equally within the same mesenteric arterial territory or 
within the tissue layers of the intestine. The increased blood fl ow in the superior 
mesenteric artery (SMA) territory elicited by food in the intestine is associated 
with little to no change in blood fl ow to the stomach, pancreas, and colon. 
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Studies with introduction of food in specifi c parts of the intestine of dogs showed 
that even within the intestine, various regions are perfused in different degrees [ 11 ]. 
At the level of the intestinal wall, blood fl ow distribution favors the mucosa (70 to 
80 % of total blood fl ow), rather than the submucosa and muscularis [ 14 ]. Mesenteric 
postprandial hyperemia is selective in its distribution to regions related to digestive 
and absorptive processes [ 11 ]. 

 Several mechanisms have been proposed to explain postprandial hyperemia. 
Potential mediators are divided in fi ve categories: direct effect of absorbed nutrients, 
enteric nervous system, gastrointestinal hormones and peptides, local nonmetabolic 
vasoactive mediators, and local metabolic vasoactive mediators [ 15 ]. Lipid micelles, 
some amino acids, carbon dioxide, and nitrogen ions are capable of diffuse across 
intestinal epithelial barrier to directly initiate autoregulation of blood fl ow in 
microvessels [ 16 ]. 

 Effects of enteric nervous system are unclear. Postprandial hyperemia is not 
modifi ed by pharmacological or surgical sympathetic blockade. Atropine infusion 
inhibits food-induced mesenteric vasodilatation, which is compatible with at least a 
partial infl uence of a hormonal mechanism, for cholinergic blockade reportedly pre-
vents the release of cholecystokinin (CCK) [ 11 ]. Capsaicin-sensitive afferent fi bers 
responsible for releasing CCK, substance P, and vasoactive intestinal polypeptide 
(VIP) are also potentially involved, since capsaicin and lidocaine can prevent hyper-
emia associated with micelle absorption. Therefore, a nonadrenergic, noncholiner-
gic mechanism is possible [ 16 ]. 

 Earlier studies with systemic infusion of secretin, gastrin, or CCK reported 
increases in superior mesenteric blood fl ow. CCK was also associated with increases 
in small intestinal and pancreatic blood fl ow [ 11 ]. Premen and colleagues ques-
tioned the importance of CCK as a physiological intestinal vasodilator, based on the 
fi nding that at physiological rates, it didn’t alter intestinal blood fl ow. These authors 
performed intra-arterial infusion of secretin, neurotensin, CCK, and a combination 
of the three hormones in dogs. Results suggested that alone or in combination, none 
is of quantitative importance in regulating blood fl ow in postprandial state [ 17 ]. VIP, 
gastric inhibitory peptide, calcitonin gene-related peptide α, glucagon, enkephalins, 
somatostatin, and peptide YY also don’t appear to have a role at physiological 
doses. It is acceptable, however, that specifi c sites in the digestive system may expe-
rience suffi cient levels of these substances to produce a controlled local effect [ 16 ]. 

 Serotonin, histamine, bradykinin, and prostaglandins are produced by small 
intestine in response to normal or pathological stimuli. Histamine release in the 
stomach has long been implicated in the control of blood fl ow. Its vasodilating 
effects are mainly mediated by H1 receptors. The proper role of local nonmetabolic 
vasoactive mediators probably depends on the balance of vasoconstrictors and vaso-
dilators [ 11 ,  17 ]. 

 Current knowledge suggests that metabolic products, mainly oxygen uptake and 
tissue PO 2,  are the basic mediators of postprandial vascular response. Adenosine 
occupies fundamental positions in almost every metabolic process, and its levels are 
also elevated during hyperemia. Nitric oxide (NO) is a potent vasodilator product of 
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endothelium, with important role as a regulator of intestinal motility, fl uid balance, 
and electrolyte absorption. In rodents, NO appears to be essential for permucosal 
arteriolar dilation [ 16 ].  

    Collateral Pathways 

 The mesenteric circulation is rich in collateral network between the three main vis-
ceral artery territories (CA, SMA, and inferior mesenteric artery) and the internal 
iliac arteries (Fig.  3.1 ). Direction of blood fl ow is contingent on the location of the 
signifi cant stenosis. The gastroduodenal and pancreaticoduodenal arteries provide 
collateralization between the CA and SMA. The marginal artery of Drummond and 
the arc of Riolan (Fig.  3.2 ) connect the left colic artery (inferior mesenteric artery) 
to the middle colic artery (SMA). The term meandering or central anastomotic 
artery describes marked enlargement that occurs in the arc of Riolan in patients 

  Fig. 3.2    Computed tomography angiography in a patient with severe symptoms of chronic mesenteric 
ischemia. Note the three-dimensional reconstruction with large meandering artery, which provides 
collateral fl ow into the superior mesenteric artery via arc of Riolan ( curved arrow ) and marginal artery 
of Drummond ( arrowhead ). The SMA connects to the celiac artery via gastroduodenal collaterals 
( straight arrow )       
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with high-grade stenosis or occlusion of the SMA and collateralization via a patent 
inferior mesenteric artery (IMA) [ 18 ]. The internal iliac arteries provide a collateral 
pathway via the hemorrhoidal branches.

        Pathophysiology 

 Patients with chronic mesenteric ischemia fail to achieve the postprandial hyper-
emic response that is required to supply oxygen for the metabolic processes of 
secretion, absorption, and for increased peristaltic activity [ 19 ]. Just as in the patient 
with ischemic cardiomyopathy, where angina pectoris occurs as a result from inad-
equate supply of oxygen, intestinal angina results from the relative imbalance 
between tissue supply and demand for oxygen and other metabolites. At the tissue 
and cellular level, the lack of adenosine triphosphate metabolism affects intestinal 
mucosa, muscularis, and visceral nerves, causing failure of most intestinal mucosal 
transport pathways and contracture of the muscular layer with inadequate relax-
ation, resulting in malabsorption and abdominal pain [ 20 ,  21 ]. 

 Because of the extensive collateral network, the majority of patients with symp-
toms of CMI have signifi cant stenosis or occlusion of at least two of the three mes-
enteric arteries. In the last Mayo Clinic review of 229 mesenteric arteriographies, 
98 % of patients with CMI had two- or three-vessel involvement, with occlusion or 
critical stenosis of the SMA in 92 % [ 22 ]. However, contrary to what has been 
propagated in many surgical textbooks, this is not an absolute requirement [ 23 ,  24 ]. 
The clinical signifi cance of ischemia correlates not only to the extent of disease 
but also the adequacy of collateral pathways, acuteness of symptoms, and presence 
of arterial steal; approximately 2–10 % of patients with CMI have single-vessel 
disease, which affects primarily the SMA and patients with poorly developed col-
laterals or more acute presentation, as might be predicted from the postprandial 
hyperemic response [ 22 ]. 

 Despite the limitations of using a non-complacent glass-model aorta with steady 
fl ow, Ku and colleagues demonstrated fl ow patterns that may explain the tendency 
of the infrarenal aorta in forming plaque. Flow separation and stagnation at the pos-
terior wall of the aorta, mainly directly opposite the orifi ces of superior and inferior 
mesenteric arteries, were reported in resting and postprandial simulations. 
The shear stress could lead to plaque formation and eventually in both obstructive 
and aneurysmal disease.  

    Conclusion 

 The mesenteric arterial anatomy consists of a robust collateral network between the 
celiac, SMA, and IMA territories. The normal hyperemic response observed after a 
meal is triggered by humoral and metabolic factors, which result in a tenfold 
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increase in blood fl ow. Patients with symptoms of chronic mesenteric ischemia are 
not able to mount this normal response; intestinal angina occurs as a result from 
inadequate supply of oxygen and from the relative imbalance between tissue supply 
and demand for oxygen and other metabolites.     
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    Chapter 4   
 Epidemiology and Natural History 

             Thomas     Curran       and     Marc     L.     Schermerhorn     

           Chronic Mesenteric Ischemia 

   Epidemiology 

 Chronic mesenteric ischemia (CMI) is characterized by recurrent postprandial 
abdominal pain and food fear secondary to small bowel hypoperfusion. Most fre-
quently this condition is brought about by mesenteric atherosclerosis and subject to 
the same risk factors as coronary and cerebrovascular atherosclerosis. Unselected 
autopsy studies have shown incidence of mesenteric artery atherosclerotic stenosis 
to range from 30 to 80 % [ 1 – 4 ]. Roobottom et al prospectively assessed the preva-
lence of signifi cant mesenteric stenosis (occlusion or stenosis > 70 %) using duplex 
ultrasonography in a population of 184 asymptomatic individuals undergoing ultra-
sound study for nonvascular indication [ 5 ]. As may be expected given the preva-
lence of atherosclerotic disease generally, they found that 18 % ( N  = 17/97) of 
individuals greater than 65 years met criteria for mesenteric stenosis, while only 
3 % of patients ( N  = 3/87) less than 65 years met these criteria. Of those greater than 
65 years, 11 % had single-vessel disease, while 7 % had multivessel disease. 
Aortograms, the gold standard for diagnosis of mesenteric stenosis, performed in 
elderly patients without abdominal symptoms have similarly demonstrated an 18 % 
( N  = 97/553) prevalence of mesenteric artery stenosis [ 6 ]. However, only a small 
minority (1.3 %) was found to have multivessel disease. Accordingly while stenosis 
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of at least one mesenteric vessel is common in the asymptomatic elderly population, 
those clinically diagnosed with CMI are far more frequently seen to have two or 
three-vessel disease. A report by Oderich and colleagues on 229 patients undergo-
ing revascularization for CMI showed that 57 % ( N  = 131/229) had three-vessel 
disease, 41 % ( N  = 93/229) had two-vessel disease, while only 2 % ( N  = 5/229) had 
single-vessel disease [ 7 ]. 

 While multivessel mesenteric stenosis is found in 1 to 7 % of asymptomatic 
patients, it appears that the clinical manifestations of CMI are much more rare, 
though possibly increasing over time. Lo et al reviewed the Nationwide Inpatient 
Sample (NIS), a weighted 20 % sampling of nearly all United States (USA) hospital 
discharges, from 1998 to 2010 to show that the annual number of CMI-related 
admissions has risen 25 % over that time period from 1.6 to 2.0 admissions per 
100,00 persons (Fig.  4.1 ) [ 8 ]. Similarly, the treatment of CMI has risen dramatically 
in recent years as evidenced by NIS data showing that overall treatment of CMI in 
the USA has increased from 200 repairs annually in 1994 to 1300 repairs in 2006, a 
trend largely driven by the increase in endovascular revascularization [ 9 ]. A follow-
 up study by Lo and colleagues using administrative data from Florida and California 
from 2006 to 2009 noted that while reintervention rates for endovascular treatment 
of CMI may range up to 10 % over 4 years, the vast majority of the observed increase 
in endovascular interventions for CMI stems from treatment of new cases [ 10 ]. 
However, it is unclear whether this increase in treatment is related to a true increase 
in the incidence of CMI or perhaps a lower treatment threshold following from the 
introduction of endovascular treatment options. Of CMI patients treated with mes-
enteric revascularization, a meta-analysis on all reported revascularizations from 
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  Fig. 4.1    Annual number of admissions per 100,000 persons for chronic mesenteric ischemia in the 
Nationwide Inpatient Sample       
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1990 to 2008 showed a mean age of 59 years for those undergoing open revascular-
ization and 64 years for those undergoing endovascular revascularization [ 11 ]. 
A strong majority of patients treated in both the open and endovascular groups were 
female [open:  N  = 714/992 (72 %); endovascular:  N  = 306/409 (75 %)]. Hence, while 
CMI remains a rare complication of mesenteric atherosclerotic disease, CMI related 
hospital admissions and treatment have increased in recent years.

   Additionally, review studies estimate that approximately 10 % of CMI cases are 
attributable to etiologies other than atherosclerosis including primary vascular condi-
tions such as dissection, fi bromuscular dysplasia, or vasculitis; or other systemic 
conditions such as neurofi bromatosis [ 12 – 16 ]. Dissection secondary to segmental 
arterial mediolysis (SAM), a non-atherosclerotic, non-infl ammatory arteriopathy, 
with subsequent development of CMI, should also be recognized among these non- 
atherosclerotic causes though it is among the most rare with only 47 cases reported 
through 2011 [ 17 ]. The demographics of patients with non-atherosclerotic CMI 
vary widely according to the specifi c underlying pathology with most data restricted 
to single-center case series.  

   Natural History 

 The natural history of CMI has largely been elucidated by two prospective studies 
on the clinical course of patients found to have moderate to severe mesenteric ath-
erosclerotic disease. From 1989 to 1995, Thomas and colleagues evaluated 980 
aortograms of patients without CMI symptoms to identify 82 patients (8.3 %) with 
greater than 50 % stenosis of one or more mesenteric vessels [ 18 ]. These patients 
were then followed at six-month intervals with questionnaires on symptom status 
for a mean of 2.6 years (range: 1–6 years). Sixty patients meeting study criteria 
were available for follow-up during which time 4 patients (6 %) developed symp-
toms of mesenteric ischemia, 3 chronic and 1 acute. Notably, each of these 4 patients 
was among the 15 patients with three-vessel disease, while none of the remaining 
45 patients developed symptoms. A subsequent study by Wilson et al studied 553 
elderly patients undergoing visceral duplex ultrasonography to fi nd 97 patients 
(18 %) with severe stenosis of either the celiac or superior mesenteric arteries [ 1 ]. 
Of the 20 patients with mesenteric artery stenosis who died during the mean 6.5 year 
follow-up period, no deaths were attributed to intestinal infarction. Further, of the 
45 patients with mesenteric artery stenosis available for response at a mean follow-
 up of 6.8 years, no patient reported symptoms referable to chronic mesenteric isch-
emia. These two prospective studies have informed the recommendation for 
treatment of mesenteric artery stenosis only in symptomatic patients though the 
high incidence of symptoms in patients with three-vessel disease in the Thomas 
study may warrant further investigation of this subgroup. 

 Though results following treatment of CMI will be addressed separately in 
Chaps.   12     and   14    , it is worthwhile to note that the number of in-hospital deaths 
associated with CMI are decreasing over time. Lo and colleagues, using the NIS, 
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have shown a nationwide 25 % decrease in CMI-related in-hospital deaths from 
1998 to 2010, from 0.16 deaths per 100,000 persons in 1998 to 0.12 deaths per 
100,000 persons in 2010 [ 8 ]. Interestingly, the Centers for Disease Control 
 Wide- ranging Online Data for Epidemiologic Research (CDC WONDER) database 
has demonstrated a relatively stable CMI attributable mortality ranging between 
0.04 and 0.07 deaths per 100,000 persons over the same time period [ 8 ]. This dis-
crepancy between in-hospital CMI-associated deaths as determined by the NIS and 
CMI attributable deaths as determined by the CDC WONDER database is likely 
due to the NIS inclusion of patients admitted to the hospital with CMI who go on to 
die of other causes (i.e., myocardial infarction or other catastrophic insult). 
Reconciling these two data sources, it appears that CMI-related deaths are either 
stable or falling in recent years. These compelling data are likely the result of 
multiple factors including improved medical prevention with statin agents, earlier 
diagnosis with the increased utilization of cross-sectional imaging, and, fi nally, 
earlier treatment with the increasing use of endovascular techniques.   

   Acute Mesenteric Ischemia 

   Epidemiology 

 Accounting for less than one in every 1,000 admissions [ 19 ], acute mesenteric 
ischemia (AMI) is a rare though highly morbid condition whereby acute onset of 
bowel hypoperfusion is brought on through a variety of mechanisms. In contrast to 
CMI, a condition for which hospitalizations have increased, hospital admissions for 
AMI have decreased from 9 per 100,000 US persons in 1999 to 7 per 100,000 US 
persons in 2010 (Fig.  4.2 ) [ 8 ]. Regarding the treatment of AMI, prior NIS data pub-
lished by our group showed that from 1988 to 2006 the absolute number of proce-
dures for the treatment of AMI in the United States remained largely stable at 
approximately 700 to 800 cases annually though the proportion of endovascular 
cases increased substantially [ 9 ]. Accordingly, population-adjusted data by Lo et al 
have shown that endovascular interventions for AMI have risen nearly threefold 
from 0.06 cases per 100,000 US persons in 1999 to 0.18 cases per 100,000 US per-
sons in 2010 [ 8 ]. Yet, while AMI-related hospitalizations and AMI-related endovas-
cular interventions appear to be trending in opposite directions, the reasons for this 
are likely multifactorial given the varied nature of AMI etiologies.

   AMI is the fi nal common pathway for several clinical entities, each of which has 
its own unique epidemiology: (1) mesenteric arterial thromboembolic disease, 
(2) mesenteric venous thrombosis (MVT), and (3) nonocclusive mesenteric isch-
emia (NOMI). Acosta and colleagues reviewed 270 AMI cases detected at either 
autopsy or operation at a regional hospital in Sweden to fi nd the following distribu-
tion of etiology: 67 % thromboembolic, 16 % mesenteric venous thrombosis, 15 % 
nonocclusive mesenteric ischemia, and 2 % indeterminate [ 20 ]. Similarly, a clinical 
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series by Endean et al reported on 58 cases of thrombotic AMI, of which 38 % 
( N  = 22/58) were related to arterial embolism, 36 % ( N  = 21/58) to arterial thrombo-
sis, and 26 % ( N  = 15/58) to venous thrombosis [ 21 ]. Other review data showed a 
similar etiologic pattern with superior mesenteric artery (SMA) embolism account-
ing for approximately half of all AMI cases, followed by SMA thrombosis in a 
quarter of cases and nonocclusive mesenteric ischemia and mesenteric venous 
thrombosis in 20 and 5 % of cases, respectively [ 19 ]. As each of these varies with 
respect to epidemiology, they will be addressed individually in this space. 

   Thromboembolic 

 Though data on the incidence of thromboembolic specifi c AMI have generally been 
limited to individual case series, a Swedish population-based autopsy study by 
Acosta et al has shed considerable light on this area. In    Malmo, Sweden, a commu-
nity in which 87 % of deaths are investigated by autopsy, 213 cases of thromboem-
bolic AMI were identifi ed from over 30,000 autopsies performed from 1970 to 
1982; these were then added to the number of operations performed for AMI at the 
lone Malmo regional hospital over a 3-year sample period to produce a thromboem-
bolic AMI incidence of 8.6 cases per 100,000 person-years [ 22 ]. Median age of 
those who died from thromboembolic AMI was 81 years with two thirds of cases 
being female. Incidence of AMI nearly doubles with each 5-year interval above age 
70 with an incidence of 25 cases per 100,000 person-years for ages 70–74 that then 
rises to an incidence of 217 cases per 100,000 person-years for patients greater than 
85 years. Interestingly, adjustment for the greater longevity of females in this 
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population showed that female gender was not, in fact, an independent risk factor 
for AMI in this cohort. 

 The epidemiology of thromboembolic AMI may be infl uenced by the prevalence 
of conditions that place patients at increased risk. The pathophysiology of  thrombotic 
AMI suggests that conditions such as prior cerebrovascular accident, aortic wall 
thrombosis, disseminated cancer, and CMI may increase risk of thrombotic events 
[ 20 ]. Not surprisingly, case series on AMI have documented rates of preexisting 
CMI in 0–43 % of cases [ 20 ,  23 – 25 ]. Risk for embolic AMI is increased by comor-
bid conditions suggestive of prior embolic events such as cerebrovascular accident 
or predisposing to embolic events including atrial fi brillation, congestive heart fail-
ure, and recent myocardial infarction among others [ 26 ]. A report by Batellier and 
colleagues on 82 consecutive patients treated for SMA embolism over a 22-year 
period (1966–1988) demonstrated a history of atrial fi brillation in 79 % ( N  = 65/82) 
of cases and a history of prior embolic event in 35 % ( N  = 29/82) [ 25 ]. Accordingly, 
autopsy study of 122 patients with AMI attributable death showed a cardiac source 
of thrombus in approximately half of cases ( N  = 58/122) [ 27 ]. As the management 
of atrial fi brillation improves with better adherence to anticoagulation guidelines, it 
is hypothesized that the incidence of embolic AMI may also decrease though popu-
lation level in this regard is lacking [ 26 ,  28 ]. Data from the National Health and 
Nutrition Examination Survey (NHANES) database supports this possibility as it 
demonstrates a sharp increase in the use of aspirin, clopidogrel, warfarin, and statin 
drugs over the period from 1999 to 2010 [ 8 ]. 

  Mesenteric Venous Thrombosis  – MVT is encountered in the acute form, which 
commonly presents as bowel infarction, or the chronic form, which may present 
more insidiously with nonspecifi c symptoms or esophageal varices in cases with 
portal vein involvement. Here we will focus on acute MVT. Again looking toward 
clinical and autopsy data from Malmo, Sweden, study periods from 1970 to 1982 
and 2000 to 2006 showed a rising incidence of mesenteric venous thrombosis 
(MVT) with 2.0 cases per 100,000 person-years in the earlier period as compared to 
2.7 cases per 100,000 person-years seen in the latter, this on the basis of 63 (56 % 
autopsy) and 51 (12 % autopsy) identifi ed MVT cases, respectively [ 29 ,  30 ]. A rise 
in the use of abdominal imaging has certainly contributed to increased MVT detec-
tion as 69 % of patients in the period 2000–2006 were diagnosed with CT scan as 
compared to 0 % in the earlier period. Even within the period 2000 to 2006, a greater 
proportion of cases were diagnosed by CT scan in the latter half (2004–2006: 
 N  = 10/21) than in the former (2000–2003:  N  = 25/30);  p  = 0.026. With an increasing 
proportion of cases diagnosed by cross-sectional imaging, it is likely that these data 
represent an increase in detection rather than an increase in true incidence. MVT 
involved secondary thrombus, or those cases in which an etiologic factor has been 
identifi ed, in a majority of cases (80 %). As our understanding of congenital and 
acquired thrombotic states improves, the number of MVT cases attributed to 
primary thrombus, or those of unidentifi ed etiology, has decreased [ 31 ]. Though 
men and women were equally likely to develop MVT, advancing age was correlated 
with increased incidence of MVT with septuagenarians having over twice the risk 
of those aged 60–69 years, 11.3 vs. 4.8 cases per 100,000 person-years, respectively. 
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Approximately two thirds of these patients ( N  = 34/51) were noted to have either a 
congenital or acquired thrombophilia with the remainder having either intra- 
abdominal infection or other pro-thrombotic conditions such as pancreatitis (18 %), 
post-surgical trauma (8 %), or infl ammatory bowel disease (2 %). Rhee et al from 
the Mayo Clinic published on 72 cases of MVT (57 acute) from 1972 to 1993 with 
fi ndings largely in agreement with the Swedish data [ 32 ]. Similar rates of secondary 
thrombus (75 %) were seen, and again thrombophilia or prior surgery were among 
the leading causes of MVT. CT scan was abnormal in all patients with acute MVT 
who were studied. Though rare, acute MVT diagnosis has increased over time owing 
to the improved quality and increased use of intra-abdominal vascular imaging.  

   Nonocclusive Mesenteric Ischemia 

 As the name would imply, NOMI refers to intestinal gangrene in the setting of 
patent mesenteric vessels [ 33 ]. First described in a 1949 case report from the 
Massachusetts General Hospital [ 34 ], NOMI describes a clinical syndrome 
comprising a number of entities which share the common pathophysiologic ele-
ments of mesenteric vasoconstriction, intestinal hypoxemia, ischemia–reperfusion 
injury, increased intestinal metabolic demand, and infection [ 35 ]. One in 5,000 hos-
pital visits is attributed to NOMI [ 19 ] though given its nebulous description and 
frequent association with other pathologies, the true incidence may be diffi cult to 
defi ne. Autopsy data from Sweden by Acosta and colleagues demonstrated an inci-
dence of 2.0 cases per 100,000 person-years for fatal NOMI with incidence in 
octogenarians noted to increase to 40 cases per 100,000 person-years [ 36 ]. Nested 
case–control comparisons with non-NOMI autopsy patients identifi ed fatal heart 
failure, history of atrial fi brillation, and recent surgery to be risk factors for fatal 
NOMI. Mesenteric stenosis also appears to have an association with NOMI as 25 of 
62 patients in this series showed SMA stenosis at autopsy, with 14 of those also 
having celiac stenosis. Yet, importantly, the critical aspect in the development of 
NOMI is a low fl ow state, a state that may occur with or without concurrent mesen-
teric stenosis. Beyond these few epidemiologic studies, data on NOMI are primarily 
drawn from small case series and case reports relating it to varied conditions 
associated with either profound isolated vasoconstriction (e.g., cocaine use, digi-
talis toxicity) or low fl ow states with or without critical illness and vasopressor sup-
port [ 37 – 41 ].   

   Natural History 

 Though varying slightly according to etiology, the natural history of AMI, without 
intervention, follows an almost uniformly fatal progression from bowel infarction to 
sepsis and death. Even in the setting of operative intervention, outcomes remain 
poor. Case series prior to the endovascular era, with intervention rates ranging from 
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63 to 100 %, are confi rmatory of this dismal prognosis with 30-day mortality rates 
for AMI ranging from 32 to 82 % [ 20 ,  21 ,  23 – 25 ,  42 – 45 ]. Contemporary series sug-
gest that endovascular therapy may improve outcomes with a 30-day mortality rate 
of 24 % versus 42 % for endovascular versus open revascularization, respectively 
( p  = 0.034) [ 46 ]. However, it must be noted that these data were retrospective and 
most likely confounded by disease severity as 63 % of the open group underwent 
bowel resection as compared to 19 % in the endovascular group. A thorough treat-
ment of open versus endovascular treatment for AMI will be presented in Chap.   20    . 
Similarly, NOMI has an extremely poor prognosis though this is in part related to 
the nature of its association with critical illness in general [ 35 ]. In contrast, MVT 
has a slightly better prognosis than do AMI or NOMI with published reports show-
ing operation for bowel resection in one to two thirds of patients and overall mortal-
ity rates of approximately 20 % [ 20 ,  30 ,  47 ,  48 ]. On a population level, Lo and 
colleagues, using the NIS, have shown that in-hospital mortality for AMI regardless 
of etiology or treatment approach has fallen from 1999 to 2010 [ 8 ]. Open repair has 
shown the most dramatic improvement for in-hospital mortality rate, from 43 % to 
33 % over the study period. This was followed by the change seen in in-hospital 
mortality rate following endovascular revascularization, which has gone from 20 % 
to 15 %. CDC WONDER data, also reported by Lo et al, have similarly shown a 
decrease in AMI-related mortality going from 1.5 deaths per 100,000 US persons to 
0.6 deaths per 100,000 US persons. Given these population-level fi gures, it appears 
that the overall management of AMI including diagnosis and treatment may be 
improving over time.   

   Median Arcuate Ligament Syndrome 

   Epidemiology 

 Alternately known as celiac artery compression syndrome or Dunbar syndrome, 
median arcuate ligament syndrome (MALS) refers to chronic, recurrent postpran-
dial abdominal pain due to mesenteric ischemia in the setting of celiac artery 
compression by the median arcuate ligament (Fig.  4.3 ). From an anatomic perspec-
tive, Lipshutz and colleagues, in a 1917 cadaveric study reporting anatomic variants 
of the celiac axis in 83 patients, were the fi rst to describe compression of the celiac 
origin by the diaphragm noting that such a confi guration occurred “not infre-
quently”[ 49 ]. Further autopsy study by Derrick et al in 1959 reported that 44 % of 
unselected patients demonstrated stenosis of the celiac axis origin with half of these 
having stenosis >50 % [ 50 ]. Dunbar and colleagues then associated this anatomic 
fi nding with symptomatology when they noted that 15 of 27 patients with an 
abdominal bruit and unexplained postprandial abdominal pain showed compression 
of the celiac trunk on angiography [ 51 ]. This study as well as others prompted a 
dedicated autopsy study on the relationship of the celiac axis origin to the median 
arcuate ligament by Lindner et al who showed that in 75 unselected cadavers, 25 
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had a celiac artery origin cephalad to the median arcuate ligament with this confi gu-
ration being more prevalent in females than males [ 52 ]. Thus, the anatomic condi-
tions under which this pathology occurs have been shown in as many as one third of 
patients in general cadaveric studies with a preponderance of females showing 
celiac compression.

   However, while cadaveric studies have demonstrated celiac artery compression 
in up to one third of patients, clinical manifestations of MALS occur much less 
frequently. Studies examining the correlation of clinical symptoms with anatomic 
fi ndings have shown that celiac artery compression alone rarely, if ever, yields the 
symptoms of MALS as the gastroduodenal artery provides adequate collateral fl ow 
to the foregut. In fact, a 2001 study by Park and colleagues evaluated the celiac axis 
origin in 400 consecutive asymptomatic patients undergoing chemoembolization of 
hepatic tumors to fi nd that 7.3 % ( N  = 29) of patients had celiac axis stenosis, 3.5 % 
( N  = 16) due to median arcuate ligament compression and 2.5 % ( N  = 10) of indeter-
minate etiology [ 53 ]. Thus, it is hypothesized that MALS may relate to a neuro-
pathic mechanism secondary to compression of the celiac plexus by the median 
arcuate ligament. Given that anatomic confi guration alone is insuffi cient to cause 
clinical symptoms, the association of celiac artery compression and clinical symp-
toms has been determined by analysis of symptom relief following celiac artery 
decompression. Reilly et al reported long-term outcomes on 51 highly selected 
patients undergoing celiac artery decompression with or without celiac artery revas-
cularization [ 54 ]. Long-term symptom relief was achieved in 53 % ( N  = 8/15) of 
patients receiving median arcuate ligament release alone and 76 % ( N  = 22/29) of 
patients receiving ligament release with accompanying revascularization. This 
series, one of the largest published, reinforced a female predilection ( N  = 39/51; 

  Fig. 4.3    ( a ) Normal relationship of celiac axis with respect to diaphragm. ( b ) Compression of the 
celiac axis by the median    arcuate ligament       
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77 %) with a mean age of 47 years at time of treatment. MALS has also been 
reported in the pediatric population with one of the largest series showing a similar 
proportion of females ( N  = 42/46; 91 %) and similar rates of symptom relief follow-
ing surgery ( N  = 31/46; 67 %) [ 55 ]. In summary, though population-level data on the 
incidence of MALS are lacking, case series suggest that MALS is a rare condition 
to be considered in patients, particularly females, with the appropriate symptoms 
and anatomy.  

   Natural History 

 The natural history of MALS is marked by diagnostic delay given that its mere 
existence is doubted by some and that it is a diagnosis of exclusion with nonspecifi c 
symptoms for the remainder. A contemporary series by Sultan and colleagues dem-
onstrated a mean symptom duration of 34 months prior to diagnosis at a tertiary 
referral center [ 56 ]. Multiple reports have noted patients with MALS to have under-
gone other, unrelated abdominal procedures such as cholecystectomy, appendec-
tomy, or others in attempts to characterize and/or alleviate abdominal pain [ 54 ,  57 ]. 
Defi nitive treatment is surgical, but reports of symptomatic relief have varied widely 
related to a heterogeneous case mix in many series with a wide variety of abdominal 
symptoms and often a high incidence of comorbid psychiatric illness [ 54 ,  58 – 64 ]. 
Results following surgical intervention will be discussed in greater detail in Chap.   32    .   

   Isolated Mesenteric Artery Dissection 

   Epidemiology 

 Mesenteric artery dissection frequently occurs as a complication of abdominal aor-
tic dissection; however, isolated mesenteric artery dissection (IMAD) is quite rare 
with only 106 total cases of isolated SMA dissection reported as of 2008 [ 65 ]. 
Though population-level data on the incidence of IMAD is unavailable, a fl urry of 
case series in recent years suggests that IMAD diagnosis is increasing due to the 
widespread use and improving quality of abdominal imaging [ 66 – 72 ]. The vast 
majority of IMAD cases involve the SMA though reports have described the celiac 
or other visceral vessels in rare cases [ 65 ,  66 ,  72 ]. Demonstrating the growing need 
to better understand IMAD and facilitate its discussion in the literature, Sakamoto 
and colleagues have proposed a radiology-based, morphologic classifi cation system 
on the basis of their institutional experience [ 73 ]. Pooled data on the 106 cases of 
isolated SMA dissection reported prior to 2008 show a mean age of 54 years and a 
4:1 ratio of male-to-female patients [ 65 ]. Epidemiologic data for IMAD is lacking 
though certain risk factors have been suggested including hypertension, smoking, 
connective tissue disease, atherosclerosis, trauma, and infl ammatory disorders [ 66 ]. 
Fourteen of 17 (82 %) of patients reported by Choi et al were smokers, while 
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Takayama and colleagues noted 2 of 19 patients to be have connective tissue disor-
ders (systemic sclerosis and Sjogren’s syndrome) [ 66 ,  72 ]. Rarer still are cases 
attributable to SAM as mentioned in the section on CMI. Further investigation will 
be required to better delineate the true incidence of IMAD and to better characterize 
the patients affected.  

   Natural History 

 The natural history of IMAD has been obscured by its relative rarity and the diverse 
clinical picture with which it presents. Patients with IMAD may be asymptomatic 
with dissection discovered incidentally on imaging obtained for another indication, 
but they may also present with abdominal pain; in either case IMAD has the poten-
tial to cause life-threatening mesenteric ischemia. The proportion of symptomatic 
patients with IMAD has varied signifi cantly between case series ranging from 37 % 
in a report by Takayama et al to 88 % in a study by Choi and colleagues. However, 
while the literature clearly advocates for operative intervention in the event of current 
or impending bowel ischemia, many studies advocate for nonoperative management 
even in symptomatic patients. One of the largest published series on IMAD evalu-
ates the natural history of 46 patients managed nonoperatively, with ( N  = 12) or 
without ( N  = 36) anticoagulation [ 71 ]. Only 18 % of the these patients were asymp-
tomatic at presentation, and 79 % of those with pain rated their pain between 7 and 
10 out of 10 in severity. At a median follow-up of 23 months, 90 % of patients had 
relief of abdominal pain with 75 % stating that the pain did not recur. On follow-up 
CT scan, no patient was found to have progression of disease. A number of other 
groups also champion a conservative approach when there are no signs of ischemia 
[ 66 – 68 ]. Jia et al defi ned SMA lumen compression > 80 %, SMA aneurysm > 2 cm, 
or bowel ischemia as reasons for endovascular intervention with others safely man-
aged nonoperatively [ 68 ]. However, while all patients reported by Park et al demon-
strated favorable outcomes with conservative management, Gobble and colleagues 
described 25 of 56 patients from prior literature in whom nonoperative management 
failed, and of these, 13 went on to die. IMAD then has been shown to most fre-
quently manifest a benign course well managed with conservative therapy, though 
vigilance must be maintained given the catastrophic sequelae of unrecognized dis-
ease progression.   

   Mesenteric Aneurysms 

   Epidemiology 

 Though autopsy study has detected incidental splenic artery aneurysm in as many as 
10 % of patients [ 74 ,  75 ], from a clinical perspective, mesenteric aneurysms are a 
rare entity whose scarcity has restricted our knowledge to small case series and 
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meta-analyses. A pooled analysis by Shanley et al reviewed the literature from 1970 
to 1995 to fi nd only 29 celiac, 52 SMA, and 8 IMA-isolated aneurysms previously 
published [ 76 ,  77 ]. Further highlighting the particularly rare nature of IMA aneu-
rysms, Edogawa and colleagues went so far as to review all English and Japanese 
language literature from 1861 to 2012 to still fi nd only 54 cases of IMA aneurysm 
described [ 78 ]. Recognizing that biased conclusions may be drawn from a small 
sample size, the pooled data do reveal certain epidemiologic themes. Meta-analysis 
data by Shanley et al showed mean age of presentation for celiac, SMA, and IMA 
aneurysms to be in the early sixth decade of life with a majority of patients male for 
each aneurysm type. Early work by Busuttil et al noted visceral artery aneurysms to 
be multiple in up to a third of cases [ 79 ]. Celiac aneurysms were found in associa-
tion with peripheral aneurysms in 18–67 % of cases [ 80 ]. 

 Mesenteric venous aneurysms have also been described in the literature though 
these are encountered far less frequently than their arterial counterparts. A compre-
hensive review of the English and French literature by Sfyroeras and colleagues 
collected data on all mesenteric venous aneurysms reported through 2009 [ 81 ]. 
Approximately one quarter of these ( N  = 56/198) involved the SMA or IMA, while 
the majority involved the intra- or extrahepatic portal veins. Diagnosis was inciden-
tal in approximately 40 % of cases with abdominal pain (45 %) or gastrointestinal 
bleed (7 %) the most common presenting complaints. A majority of patients had 
either portal hypertension (31 %) or cirrhosis (28 %).  

   Natural History 

 Mesenteric arterial aneurysms, according to pooled case report data, present with 
abdominal symptoms in over 85 % of cases regardless of location (celiac vs. SMA 
vs. IMA), yet the natural history of these aneurysms varies by location (Fig.  4.4 ) 
[ 76 ,  77 ]. The proportion of cases presenting with rupture varies with year of publi-
cation as increased utilization of high-resolution imaging has likely facilitated ear-
lier diagnosis. While reports from the 1970s on celiac aneurysm noted a rupture rate 
greater than 80 % [ 82 ], collected reports from 1985 through 1995 observed a rup-
ture rate of only 7 % [ 77 ]. In contrast, reports on SMA aneurysms have consistently 
described a rupture rate approaching 40 % [ 76 ,  83 ]. Eleven total cases of IMA 
rupture, all published after 2003, have been reported, though IMA aneurysm is so 
rare that this accounts for 20 % of all cases [ 78 ]. As expected, outcomes following 
aneurysm rupture are extremely poor in each of these series which places a high 
premium on early recognition and intervention.

   Of the cases presented by Sfyroeras and colleagues, mesenteric venous aneu-
rysms were seen to rupture in only 2 % of cases though thrombosis and compression 
of adjacent structures may also cause signifi cant morbidity. Of the 87 patients for 
which treatment data were available, 53 were managed expectantly with active 
surveillance. Over a mean follow-up of 21 months, none of these 53 were taken for 
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operation. The remaining patients received a variety of surgical procedures to treat 
either thrombosis or rupture with specifi c procedure dictated by the local anatomy 
and clinical circumstance.      
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    Chapter 5   
 Duplex Ultrasound of the Mesenteric Vessels 

             Thanila     A.     Macedo       and     Leonardo     Reis     de     Souza     

         Angiography has been considered the gold standard technique for the diagnosis of 
chronic mesenteric ischemia. Due to its invasive nature and improvements in nonin-
vasive diagnostic studies, angiography is currently reserved for patients with classic 
signs and symptoms of chronic mesenteric ischemia who have planned endovascu-
lar or open reconstruction. Among patients with atypical symptoms, it is not unusual 
to have signifi cant delay in diagnosis [ 1 ]. Since the fi rst published evaluation of the 
splanchnic human vasculature by duplex scanning in 1984 [ 2 ], the technique 
brought up intense interest in the medical community, mainly due to its noninvasive 
characteristic but also because it provides hemodynamic and anatomic information. 
In the last decades, duplex ultrasound has proved to be an accurate method to detect 
stenosis and is typically the fi rst imaging study obtained in the evaluation of patients 
with suspected mesenteric artery occlusive disease. 

   Technique 

 Evaluation of the splanchnic circulation can be technically challenging. In experi-
enced hands, the average time for exam completion is around 15–20 min. Besides 
experience and knowledge of vascular anatomy, some factors can potentially 
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 contribute to increased diffi culty. Obesity, previous abdominal surgery, dressings, 
anatomic variants, respiratory motion, and excessive bowel gas are the main factors 
contributing to a suboptimal examination. Modern and effi cient equipment, an 
experienced sonographer, and appropriate patient selection are keys to a successful 
imaging. 

 The examination is performed in fasting state (at least 6 h) to minimize bowel gas 
and also because the established criteria used to diagnose mesenteric artery disease 
have been based on fasting velocities. Studies showed little or no improvement in 
accuracy when food challenges were used to detect stenosis. Furthermore, it is 
important to recognize that much of these patients are classically afraid of eating, 
due to intense pain [ 3 ,  4 ]. The postprandial state is induced by an 8-oz protein 
 calorie supplement, and the exam is performed after 30 min [ 5 ]. 

 The examination is typically performed with the patient in supine position. When 
bowel gas prevents adequate visualization of the vessels, patients may be turned to a 
lateral oblique decubitus position, which may provide a better window. Patient coop-
eration with breath hold is critical to record adequate Doppler spectral samples [ 6 ]. 

 At the Mayo Clinic, we most commonly use the 1–5 MHz curved array or 9 MHz 
linear array transducers. Caution should be taken to keep the Doppler angle of 
insonation, ideally <60°. The variations of peak systolic velocity measurement as a 
function of angle of insonation is well documented [ 7 ]. This should be kept in mind 
especially in follow-up comparison examinations where similar technique should 
be used. Initially, the abdominal aorta is identifi ed in transverse and sagittal planes, 
paying attention to diameter and atherosclerotic involvement. Spectral Doppler 
waveform is obtained with peak systolic velocity (PSV) and end-diastolic velocity 
(EDV) measurements in the area of mesenteric vessels origin. Color Doppler is used 
to identify the arteries and to guide sample volume placement for spectral Doppler 
analysis (Fig.  5.1 ). The superior mesenteric artery (SMA) and the celiac axis (CA) 
are best identifi ed in the sagittal plane, arising from the anterior aspect of the aorta. 
The CA branches (hepatic and splenic) are best viewed in transverse orientation. 
Velocity measurements are obtained at the origin of the vessel and a few centimeters 
within the celiac artery during tidal breathing; specifi cally, measurements are 
obtained in deep inspiration and expiration for evaluation of median arcuate liga-
ment compression syndrome (Fig.  5.2 ). Spectral Doppler sampling with PSV and 
EDV measurements are obtained at the origin and at the proximal, mid and distal 
SMA. Shortly after the origin, the SMA will curve inferiorly and course almost 
parallel to the aorta for several centimeters where it may be diffi cult to obtain a 
Doppler angle of <60°. Whenever possible, the inferior mesenteric artery (IMA) 
should be also evaluated. It is best identifi ed using the transverse plane, arising from 
the anterolateral aspect of the aorta, generally a few centimeters above the aortic 
bifurcation. Measurements of PSV and EDV are obtained at the origin and distally 
as far as visible. Generally, only a short segment of the IMA near the origin is visu-
alized, and because of its inferior trajectory nearly parallel to the aorta, optimal 
angle of insonation may not be obtained.
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  Fig. 5.1    Normal and abnormal mesenteric arteries’ waveforms: The normal celiac artery has a 
low-resistance waveform. A peak systolic velocity of 2.5 m/s or greater is indicative of a signifi cant 
stenosis. The normal superior mesenteric artery has a high-resistance waveform in the postprandial 
state and a peak systolic velocity of <2.75 m/s. The inferior mesenteric artery has a waveform simi-
lar to the superior mesenteric artery with high resistance. A peak systolic velocity of 2.75 m/s or 
greater is suggestive of a signifi cant stenosis       

  Fig. 5.2    Doppler ultrasound of the celiac artery in inspiration ( a ) reveals normal peak systolic 
velocity. During inspiration, the celiac artery moves caudally, and the median arcuate ligament 
moves anteriorly. With expiration, the opposite occurs, resulting in compression of the artery and 
elevated velocities ( b ). Volume rendered computed tomography images in inspiration ( c ) and expi-
ration ( d ) are also elucidative.       
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    In published series, the mesenteric arteries have been successfully identifi ed in 
85–100 % of patients. There are a few studies reporting duplex evaluation of the 
IMA but no one with more than 14 % of inappropriate evaluation of the vessel 
[ 7 – 10 ].  

   Normal Waveforms 

 The normal celiac artery and SMA have distinct waveforms refl ecting the different 
end-organ blood supply requirements (Fig.  5.1 ). The major branches of the celiac 
artery supply the liver and spleen. These organs are low-resistance arterial beds, result-
ing in a biphasic celiac artery waveform composed of a peak systolic component and 
higher end-diastolic fl ow. The SMA supplies the small bowel and proximal colon. 
In the fasting state, the Doppler waveform is triphasic, composed of a systolic peak, an 
early diastolic reversal of fl ow, and low end-diastolic fl ow approaching zero. In the 
postprandial state, due to the normal hyperemic response described in Chap.   2    , the 
end-organ resistance is decreased, and blood fl ow is increased for adequate food 
absorption, resulting in changes in the arterial waveform. PSV increases, early dia-
stolic fl ow reversal disappears, and end-diastolic fl ow increases. Approximately 
45 min after a meal, these changes reach their apex, and the diameter of the SMA also 
increases by a mean of 112 %. On the other hand, the CA waveform remains similar 
to the fasting state, basically because of the unchanged demands of the liver and spleen 
[ 11 ]. The Doppler arterial waveform is also affected by food composition, with mixed 
calorie meals resulting in the most pronounced change [ 12 ]. A low-resistance wave-
form can also be a normal fi nding if there is a replaced or accessory hepatic artery 
originating from the SMA. Although IMA examination can be diffi cult because of 
small size and posterior location, this vessel can be identifi ed in up to 89 % of patients 
by skilled sonographers [ 8 ]. The IMA supplies the distal colon and upper rectum and 
therefore has a high-resistance waveform, similar to the triphasic SMA waveform. 

 Anatomic variations in the origin of the hepatic arteries, which occur in approxi-
mately 20 % of the population, can result in changes in the SMA waveform in the 
fasting state. The most common variation described above is a replaced right hepatic 
artery originating from the SMA, which occurs in up to 17 % of individuals. In these 
cases, the typical waveform has a lower-resistance pattern in the SMA, resembling 
the waveform of a CA. A normal PSV and the fi nding of a non-turbulent waveform 
with a clear systolic window favor the diagnosis of an anatomic anomaly as opposed 
to a stenotic lesion [ 1 ]. 

 There is a paucity of data on duplex evaluation of the IMA; consequently its 
normal and pathological characteristics are not well described. Typically the IMA 
waveform shows a high-resistance pattern, similar to what is observed for the SMA 
during fasting state but with a higher resistance index [ 10 ]. The IMA is usually not 
affected by meals unless this vessel provides important compensatory collateral 
fl ow to the SMA [ 5 ].  

T.A. Macedo and L.R. de Souza

http://dx.doi.org/10.1007/978-1-4939-1847-8_2


53

   Detection of Stenosis 

 In 1991, Moneta and colleagues reported the fi rst retrospective study evaluating the 
role of duplex scanning of splanchnic arteries to identify SMA and CA stenosis 
(Fig.  5.3 ) in patients undergoing abdominal aortography [ 13 ]. In that study, a PSV of 
>275 cm/s for the SMA and >200 cm/s for the CA accurately detected stenosis 
>70 %. It also suggested that PSV was a better predictor than EDV and that an aorto-
mesenteric ratio had no signifi cant improvement in the ability to diagnose a signifi -
cant stenosis. A few years later, the same group validated their fi ndings in a prospective 
study of 100 patients who underwent duplex ultrasound and abdominal aortography, 
including 13 patients who had investigation for chronic mesenteric ischemia. Duplex 
ultrasound was able to adequately visualize the SMA in 92 % and the CA in 83 % of 
cases. Using the previously described PSV criteria, these authors found a sensitivity 
of 92 %, specifi city of 96 %, positive predictive value (PPV) of 80 %, negative pre-
dictive value (NPV) of 99 %, and accuracy of 96 % to diagnose 70 % or greater ste-
nosis. For the CA, the same parameters were 87, 80, 63, 94, and 82 %, respectively 
[ 14 ]. At the Mayo Clinic, we use the same criteria for the SMA but have adjusted the 
celiac artery criteria to 250 cm/s to improve diagnostic accuracy.

  Fig. 5.3    Doppler ultrasound shows elevated peak systolic velocity at the origin of the celiac artery 
( a ) and superior mesenteric artery ( b ) indicative of a signifi cant stenosis. Angiogram correlation 
confi rms signifi cant stenosis of the celiac and superior mesenteric arteries ( c )       
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   Other velocity criterion has been proposed in the literature. In 1991, Bowersox 
and colleagues reported a retrospective study which identifi ed EDV > 45 cm/s as the 
most accurate predictor of a >50 % SMA stenosis. [ 15 ]. Later, the same group pub-
lished a prospective study validating these fi ndings. An EDV of >45 cm/s had a 
sensitivity of 90 %, specifi city of 91 %, PPV of 90 %, NPV of 91 %, and accuracy 
of 91 %. The same parameters for a >50 % stenosis in CA are, respectively, 93, 100, 
100, 89, and 95 %. 

 More recently, AbuRahma and colleagues published results of a retrospective 
study of 153 patients who underwent angiography to evaluate for chronic mesen-
teric ischemia. In that study, the best PSV criteria to diagnose >50 and >70 % SMA 
stenosis were 295 cm/s (accuracy of 88 %) and 400 cm/s (accuracy of 85 %), respec-
tively. The best PSV threshold to identify >50 and >70 % celiac stenosis were 
240 cm/s (accuracy of 86 %) and 320 cm/s (accuracy of 85 %), respectively. 
Differences in velocity criteria in these studies need to be interpreted carefully given 
distinct methodology, equipment, and patient demographics [ 16 ]. 

 Only a few studies have validated the criteria for IMA stenosis. The fi rst one was 
published by Pellerito and colleagues in 2009, where he proposed the most accurate 
criteria was a PSV higher than 200 cm/s (specifi city of 90 %, specifi city of 97 %, 
PPV of 90 %, and NPV of 97 %) to diagnose >50 % stenosis [ 9 ]. 

 AbuRahma and colleagues reported duplex evaluation of 85 patients with 
 suspected chronic mesenteric ischemia. In that report, an IMA PSV of 250 cm/s 
predicted >50 % stenosis with 95 % of accuracy or 270 cm/s could predict a >70 % 
stenosis with accuracy of 92 %. In an ROC analysis, none of the criterion proved 
better than the others to diagnose >50 % stenosis [ 17 ]. Others have advocated the 
use of a test meal in cases where higher velocities are believed to occur for reasons 
other than stenosis, such as stented vessels. It is expected that, if a stenosis exists, a 
pressure gradient across the stenosis should develop, and consequent damping of 
the waveform will be detected. The CA and the IMA must be minimal or not affected 
by food challenge [ 5 ] The data concerning previous studies and the established 
criteria for SMA, CA, and IMA stenosis are summarized in Tables  5.1 ,  5.2 , and  5.3 .

   Table 5.1    Most accurate cutoff points to diagnose stenosis of the superior mesenteric artery in 
differen   t studies   

 Studies  Design 
 Stenosis 
grade 

 Cutoff 
(cm/s) 

 Sb 
(%) 

 St 
(%) 

 PPV 
(%) 

 NPV 
(%) 

 Ac 
(%) 

 Moneta (1993) [ 14 ]  Prospective  ≥70 %  PSV ≥ 275  92  96  80  99  96 
 Zwolak (1998) [ 1 ]  Prospective  ≥50 %  PSV ≥ 300  60  100  100  73  81 
 AbuRahma 
(2012) [ 16 ] 

 Retrospective  ≥70 %  PSV ≥ 400  72  93  84  85  85 
 PSV ≥ 410  68  95  88  84  85 
 EDV ≥ 70  65  95  89  82  84 

 ≥50 %  PSV ≥ 295  87  89  91  84  88 
 EDV ≥ 45  79  79  84  72  79 

   Sb  sensitivity,  St  specifi city,  PPV  positive predictive value,  NPV  negative predictive value,  Ac  accuracy, 
 PSV  peak systolic velocity,  EDV  end-diastolic velocity  
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        Intraoperative Imaging 

 The main cause of early failure of arterial reconstructions is technical imperfection. 
Acute thrombosis of the mesenteric vessels is usually a life-threatening event, 
resulting in bowel infarction and its drastic consequences. Intraoperative duplex 
scanning emerges as a suitable option, providing anatomic and hemodynamic infor-
mation with high accuracy. One of the fi rst attempts to demonstrate the utility of the 
technique was published in 1987, by Okuhn and colleagues [ 18 ], and since then it 
has gained considerable interest. 

 In our institution, after the completion of the revascularization, a staff radiologist 
performs the intraoperative duplex ultrasound with assistance of an ultrasound tech-
nician. A 8–18 MHz linear probe is placed in a sterile plastic sheath previously fi lled 

   Table 5.2    Most accurate cutoff points to diagnose stenosis of the celiac artery in different studies   

 Studies  Design 
 Stenosis 
grade 

 Cutoff 
(cm/s) 

 Sb 
(%) 

 St 
(%) 

 PPV 
(%) 

 NPV 
(%) 

 Ac 
(%) 

 Moneta (1993) [ 14 ]  Prospective  ≥70 %  PSV ≥ 200  87  80  63  94  82 
 Zwolak (1998) [ 1 ]  Prospective  ≥50 %  PSV ≥ 200  93  94  96  88  93 

 EDV ≥ 55  93  100  100  89  95 
 AbuRahma 
(2012) [ 16 ] 

 Retrospective  ≥70 %  PSV ≥ 320  80  89  84  86  85 
 EDV ≥ 100  58  91  83  74  77 
 EDV ≥ 110  56  92  85  74  77 
 EDV ≥ 120  53  95  89  73  77 

 ≥50 %  PSV ≥ 240  87  83  93  72  86 
 EDV ≥ 40  84  48  80  54  73 
 EDV ≥ 45  80  58  82  53  73 

   Sb  sensitivity,  St  specifi city,  PPV  positive predictive value,  NPV  negative predictive value,  Ac  accuracy, 
 PSV  peak systolic velocity,  EDV  end-diastolic velocity  

   Table 5.3    Most accurate cutoff points to diagnose stenosis of the inferior mesenteric artery in 
different studies   

 Studies  Design 
 Stenosis 
grade  Cutoff a  

 Sb 
(%) 

 St 
(%) 

 PPV 
(%) 

 NPV 
(%) 

 Ac 
(%) 

 Pellerito (2009) [ 9 ]  Retrospective  ≥ 50 %  PSV ≥ 200  90  97  90  97  95 
 EDV ≥ 25  40  91  57  83  79 
 MAR ≥ 2.5  80  88  67  93  86 

 AbuRahma 
(2012) [ 17 ] 

 Retrospective  ≥ 50 %  PSV ≥ 250  90  96  90  96  95 
 PSV ≥ 260  85  98  94  95  95 
 EDV ≥ 80  60  100  100  83  96 
 EDV ≥ 80  60  100  100  83  96 
 MAR ≥ 4  75  100  100  92  93 
 MAR ≥ 4.5  75  100  100  92  93 

   Sb  sensitivity,  St  specifi city,  PPV  positive predictive value,  NPV  negative predictive value,  Ac  accuracy, 
 PSV  peak systolic velocity,  EDV  end-diastolic velocity,  MAR  mesenteric/aortic velocity ratio 
  a PSV and EDV in cm/s; MAR is a ratio  
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with sterile acoustic gel. Sterile gel or saline solution is used for acoustic coupling 
between the probe and the vessel. Grayscale and color Doppler images are obtained 
in the native vessels proximal and distal to the revascularization, in the anastomosis, 
and in the conduct. 

 A normal exam is one where no technical defects are identifi ed, waveforms have 
a normal expected appearance, and velocities are within normal range. Abnormal 
fi ndings are divided into minor and major defects. Minor defects include residual 
plaque, small intimal fl ap, and graft kinks, which do not result in signifi cant hemo-
dynamic changes and are not necessarily repaired. Major defects (Fig.  5.4 ) require 
immediate revision and include residual stenosis, thrombus, larger intimal fl ap, dis-
section, and bypass graft kinks, which result in signifi cant hemodynamic changes 
and are frequently corrected [ 19 ,  20 ].

   Oderich and colleagues retrospectively reported their experience with this rou-
tine in 2003 [ 19 ]. The incidence of minor defects was 6.6 % and major defects 
8.4 %. Major defects included severe residual stenosis [ 4 ], thrombus [ 2 ], kink [ 2 ], 
bidirectional fl ow [ 1 ], and intimal fl ap [ 1 ] and were promptly revised. One dissec-
tion was detected after revision and was treated again. Patients with  persistent 
abnormal ultrasounds had increased risk of graft-related complications (45.5 % vs. 
10.5 %;  p  = 0.01), early graft thrombosis (11.7 % vs. 0.97 %;  p  = 0.04), graft-related 
death (27.3 % vs. 3.5 %;  p  = 0.02), and reintervention (17.6 % vs. 3.9 %)   .  

  Fig. 5.4    Intraoperative ultrasound of a supraceliac bifurcated aorta to celiac and superior mesen-
teric artery bypass graft: Grayscale longitudinal image at the distal anastomosis reveals a linear 
fi lling defect ( a ,  arrow ). Spectral Doppler waveform confi rms hemodynamic disturbance with 
elevated velocity >4 m/s ( b ). Post revision image reveals resolution of intimal fl ap and normaliza-
tion of velocity ( c  and  d )       
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   Post-intervention Imaging 

 It is well known that clinical follow-up by itself has a sensitivity of as low as 33 % 
to predict graft occlusion [ 21 ]. This fi nding obviates the usefulness of a comple-
mentary imaging examination, which can detect a threat to the revascularization and 
prompt intervention to promote maintenance of primary-assisted patency. 
Unfortunately, there is no consensus on Duplex criteria to defi ne signifi cant recur-
rent stenosis that needs reintervention. 

 Prior to the examination, review of surgical notes or procedure report to clarify 
the type of intervention performed is critical for adequate imaging. Evaluation 
should include infl ow and outfl ow arteries, anastomosis, and graft or stent. 

 There is no established criterion to diagnose recurrent stenosis in mesenteric 
bypass grafts. In our practice, we typically use the same threshold that is applied for 
native vessels (Fig.  5.5 ). Liem and colleagues showed their results in duplex scan-
ning follow-up of visceral bypass procedures where ultrasound surveillance led to 
one reintervention due to stenosis at proximal anastomosis but failed to predict two 
graft occlusions [ 22 ]. An important observation was the fi nding that the mean PSV 
generally remains stable over time.

   There is some evidence that the established duplex criterion that is used to diag-
nose stenosis in native arteries may overestimate stenosis rates in stented vessels 
[ 23 ,  24 ]. This has been more extensively studied in the carotid arteries. One of the 
possible explanations is that the stent may reduce vessel wall compliance, resulting 
in higher velocities, even when no narrowing is detected [ 5 ]. A retrospective study 
by Mitchell and colleagues compared mean PSV before and after stenting of 
the SMA and found post-stenting PSVs higher than 275 cm/s, despite reduction in 

  Fig. 5.5    Surveillance Doppler ultrasound of a supraceliac bifurcated aorta to celiac and superior 
mesenteric artery bypass graft: Longitudinal view of the distal celiac limb anastomosis reveals 
elevated peak systolic velocity with turbulent fl ow indicative of signifi cant stenosis ( a ). Computed 
tomography angiography with volume-rendered 3D reconstructed image confi rmed a severe steno-
sis at the distal anastomosis ( b )       
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pressure gradients and satisfactory arteriographic image [ 25 ]. Similar fi ndings were 
published by Baker et al. [ 23 ]. 

 In our experience, we have found optimal criteria to identify 50 % or greater 
stenosis in stented superior mesenteric artery to be PSV of 350 cm/s (100 % sensi-
tivity, 76 % specifi city and 79 % accuracy) and in the celiac artery 270 cm/s (100 % 
sensitivity, 77 % specifi city and 80 % accuracy). This is similar to the fi ndings 
reported by AbuRahma and colleagues, who proposed a PSV over 325 cm/s to 
detect > 50 % stenosis in stented SMA (89 % of sensitivity, 100 % of specifi city, 
91 % of accuracy) and 274 cm/s in the celiac artery (96 % of sensitivity, 86 % of 
specifi city, 93 % of accuracy) [ 24 ]. Interestingly, in our experience, the majority of 
patients without signifi cant (<50 %) in-stent stenosis had velocities in the normal 
range, with a mean stented superior mesenteric artery PSV of 260 cm/s. 

 An important aspect to consider when evaluating post-stent examinations is 
 stability over time. An exam shortly after the procedure is helpful to establish a base-
line, which serves for comparison with future follow-up studies. Although it has been 
suggested a potential role for meal tests to help differentiate elevated velocities related 
to stenosis or not in stented mesenteric arteries [ 5 ], to this date there is no convincing 
literature that it is helpful. Given the limitations of available studies and controversy 
regarding optimal criteria to identify in-stent restenosis, it is prudent to use caution 
interpreting elevated velocities on duplex ultrasound examinations (Fig.  5.6 ).

  Fig. 5.6    Surveillance Doppler ultrasound of a stented superior mesenteric artery: Longitudinal 
view of the origin of the superior mesenteric artery reveals elevated peak systolic velocity with 
turbulent fl ow indicative of signifi cant stenosis ( a ). Selective angiogram confi rmed a severe in- stent 
stenosis ( b )       
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      Other Applications 

   Median Arcuate Ligament Syndrome 

 Median arcuate ligament compression syndrome (Fig.  5.2 ) remains a controversial 
entity. These patients often present with abdominal pain, which is believed to be 
related to compression of the celiac artery by the median arcuate ligament of the 
diaphragm. During inspiration, the celiac artery moves caudally, and the median 
arcuate ligament moves ventrally, which minimizes compression. During expira-
tion, the opposite happens which results in maximal vessel compression. The ques-
tionable clinical signifi cance of this entity is largely supported by the fact that a 
signifi cant number of individuals in the general population have asymptomatic 
celiac axis compression [ 26 ]. Furthermore, although immediate relief has been 
widely reported with surgical decompression, the long-term success is poor with 
recurrence rates in the range of 50–83 %. There is a great deal of debate on the 
pathophysiology of this syndrome with respect to ischemia, steal phenomena, or 
ganglionic compression of the arterial adventitia causing pain. 

 Irrespective of these controversies, duplex ultrasound has been widely applied to 
screen patients with suspected median arcuate ligament syndrome. The variations in 
celiac artery compression related to respiration seen in celiac compression syn-
drome can be well documented with duplex ultrasound. Findings include a signifi -
cant change in PSV between inspiration and expiration, associated with elevated 
PSV on expiration (Fig.  5.2 ). At times, the velocity during inspiration remains 
above the threshold for signifi cant stenosis indicating a degree of fi xed stenosis, 
which can develop over time. Commonly, another imaging modality such as com-
puted tomography angiography (CTA) or magnetic resonance angiography (MRA) 
is used to anatomically delineate and confi rm the diagnosis (see Chap.   7    ). Careful 
interpretation of the ultrasound fi ndings seems prudent; it must be understood that 
respiratory changes in PSV are seen in patients with celiac compression syndrome 
but can also be seen in normal individuals. Clinical presentation and thorough eval-
uation are necessary to establish this diagnosis.  

   Acute Mesenteric Ischemia 

 Although duplex ultrasound has been obtained in patients with suspected acute 
intestinal ischemia, its applicability is limited, and it cannot be recommended as a 
test of choice in this setting [ 27 ,  28 ]. The last updated ACCF/AHA guideline for 
patients with peripheral arterial disease, published in 2013, considers duplex ultra-
sound as not an appropriate diagnostic tool for acute mesenteric ischemia, strongly 
not recommending its use [ 29 ].  
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   Infl ammatory Bowel Disease 

 Recent reports have raised interest in fl ow patterns at the splanchnic vessels to identify 
activity of Crohn’s disease. These studies have shown that patients with active Crohn’s 
often have hyperdynamic mesenteric circulation, which can be demonstrated by eval-
uating PSV, resistance index, and fl ow estimates in the SMA, as well as fl ow patterns 
at the aorta and distal small bowel vasculature. Even though it could be a useful tool 
in the future, the ability to detect disease activity still shows confl icting results [ 30 ].  

   Mesenteric Artery Dissection and Aneurysms 

 Ultrasound is frequently obtained in patients with abdominal pain. Isolated mesen-
teric artery dissections (Fig.  5.7 ) and aneurysms can be incidentally diagnosed or 
found to be a cause of the patient’s symptoms. Among patients with aneurysms, 
ultrasound is often used for the assessment of size diameter during follow-up, prior 
or after an intervention.

  Fig. 5.7    Ultrasound performed during investigation of abdominal pain suggested celiac artery 
dissection ( a  and  b ). Computed tomography angiography confi rms the diagnosis ( c  and  d )       
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       Conclusion 

 Duplex examination is widely used in the diagnosis and follow-up of mesenteric artery 
disease. It is well accepted as the fi rst screening study in patients with symptoms 
of chronic mesenteric ischemia and suspected mesenteric artery occlusive disease. 
It is safe, noninvasive, low cost without ionizing radiation, and readily accessible. 
While well-established criteria are available for native vessel disease, caution should 
be used with elevated velocities in the stented arteries.     
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    Chapter 6   
 Functional Testing in the Diagnosis 
of Chronic Mesenteric Ischemia 

             Jihan     Harki      ,     Eric     T.    T.    L.     Tjwa      , and     Désirée     van     Noord    

         Chronic mesenteric ischemia (CMI) is a diagnostic challenge. Currently, there is no 
single test with high sensitivity and specifi city to diagnose or exclude this condition. 
Chronic abdominal pain is a common symptom in the population, as are stenoses of 
the mesenteric arteries. Development of mucosal perfusion assessment techniques 
may be of additional diagnostic value in identifying and grading the severity of 
mesenteric ischemia. These functional tests may help to select patients who will 
benefi t from treatment by revascularization. Until recently it was thought that CMI 
could only occur in the presence of minimal two occluded mesenteric arteries, but 
studies on diagnostic strategies including functional tests have shown that a signifi -
cant stenosis of a single artery with insuffi cient collateral circulation can also lead 
to clinically relevant mesenteric ischemia [ 1 ,  2 ]. Functional testing also appeared to 
be of value in diagnosing nonocclusive causes of CMI [ 3 – 7 ].

     A diagnostic approach combining assessment of clinical symptoms, radiological 
imaging of the mesenteric arteries, and functional testing is recommended in the 
work-up of CMI suspected patients [ 8 ]. Measurement of intragastric PCO 2  and muco-
sal oxygenation has been reported to be reliable in establishing mesenteric mucosal 
ischemia [ 3 ,  9 – 11 ]. In this chapter, we will highlight the two most relevant functional 
tests for such measurement, i.e., gastric tonometry and visible light spectroscopy. 
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   Gastric Tonometry 

   Background 

 Mesenteric ischemia is one of the earliest events in circulatory stress and is being 
used as a monitoring technique for the intensive care. It is believed that hypoperfu-
sion below a critical level of 50 % of the basal blood fl ow causes accumulation of 
carbon dioxide and acidosis in the mucosa of the intestine due to a switch to anaerobe 
glycolysis [ 9 ,  10 ]. The PCO 2  of the intestine may increase and the mucosal pH con-
sequently decreases due to reduced washout of metabolically produced CO 2  and 
from buffering of anaerobically produced lactic acid and free H +  protons by bicar-
bonate (Fig. 6.1) [ 11 ]. In parallel, a decrease in tissue PO 2  and oxygen consumption 
may be observed. This initiates tissue injury, increased permeability, bacterial trans-
location, and an aggressive infl ammatory response which could result in acute isch-
emia of the mesenteric tract [ 12 – 15 ]. 

 Studies dating back to the early 1970s have used measurement of PCO 2  in the 
mesenteric tract as an indicator of several pathophysiological processes and as a 
guide for treatment to improve the outcome of critically ill patients [ 16 – 19 ]. 
Measurement of PCO 2  can easily be performed using mesenteric tonometry. The 
tonometer is a balloon-tipped catheter, which can be placed in the stomach, jeju-
num, or colon and is attached to a modifi ed capnograph. 

 Tonometry has the potential to detect ischemia defi ned as insuffi cient delivery and/or 
consumption of oxygen for metabolic demands irrespective of fl ow and mesenteric per-
fusion. Initially, tonometry calculated the mesenteric mucosal pH derived from the 
PCO 2  measured in the mesenteric lumen and the blood bicarbonate level using the 

  Fig. 6.1    Measurement of 
intraluminal PCO 2  by 
tonometry. The tonometer is 
placed in the stomach. The 
mucosal PCO 2  (PmCO 2 ) and 
the gastric PCO 2  (PgCO 2 ) are 
equal because of the rapid 
diffusion of CO 2  over the 
membrane layers. The 
balloon of the tonometer is 
also CO 2  permeable; 
therefore, the PCO 2  measured 
by the tonometer 
demonstrates the actual 
mucosal values (Adapted 
from Kolkman and Mensink 
[ 3 ], with permission)       
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Henderson-Hasselbalch equation [ 20 ]. However, this has major drawbacks as it is infl uenced 
by systemic variations in blood fl ow, which not necessarily refl ects the true balance 
between oxygen supply and demand of the mesenteric tract [ 20 ,  21 ]. Therefore, it is 
replaced by the PCO 2  gradient, defi ned as the difference between luminal and arterial 
PCO 2 . Since CO 2  diffuses rapidly over the membrane layers, the mesenteric PCO 2  in the 
lumen equals the PCO 2  in the mucosa. Mucosal ischemia will invariably be associated 
with increased mesenteric PCO 2  [ 3 ]. This is less infl uenced by systemic variation and is 
currently the preferred tonometric parameter for detection of ischemia. 

 Initially, the detection of mesenteric ischemia by tonometry was performed using 
meals as provocation [ 22 ]. However, this was not successful with an accuracy ranging 
from 0 to 100 % for ischemia as it was infl uenced by ongoing acid production of the 
stomach and direct infl uence of the meal on gastric PCO 2  [ 23 – 25 ]. 

 It was not until the development of the gastric exercise tonometry (GET) and the 
24-hour tonometry by Kolkman et al. that tonometry could be used as a practical, 
validated diagnostic test for the detection of ischemia [ 4 ,  26 ,  27 ]. GET requires 
submaximal exercise, i.e., cycling, to trigger mesenteric ischemia. The concept is 
very similar to the commonly used exercise testing for assessment of cardiac isch-
emia. The prolonged, 24-hour combined gastric and jejunal tonometry requires 
standardized test meals as a provocation of mesenteric ischemia [ 5 ,  8 ].  

   Procedure 

   Gastric Exercise Tonometry 

 Gastric exercise tonometry (GET) testing is performed according to a standard pro-
tocol [ 1 ,  27 ]. Patients are not allowed to drink or eat prior to the procedure and acid 
suppression will be administered. The tonometer, a balloon-tipped nasogastric tube, 
is placed 60 cm from the tip of the nose assuming intragastric position. Gastric and 
arterial PCO 2  measurements are performed before, during, and after the 10-min 
submaximal exercise. Gastric PCO 2  measurements are measured by infl ation of a 
semi-permeable balloon with saline and repeated aspiration of the gas content of the 
balloon. The tonometer is attached to a modifi ed capnograph. A radial catheter is 
inserted to allow for arterial PCO 2  measurements. To defi ne a test result as patho-
logic, all three of the following criteria have to be met [ 4 ]:

    1.    Gastric-arterial gradient >0.8 kPa after peak exercise   
   2.    Increase in gastric PCO 2  from baseline to peak exercise   
   3.    Arterial lactate level <8 mmol/l    

     24-Hour Tonometry 

 This method consists of prolonged, 24-hour combined gastric and jejunal tonometry 
using standardized meals with a large metabolic demand as a provocation of mesen-
teric ischemia. 
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 Tonometer catheters are inserted both in the stomach and jejunum by endoscopy 
and fl uoroscopy. Gastric and jejunal PCO 2  levels are registered every 10 min using 
a computer assisted data-collection program. Continuous intravenous administra-
tion of proton pump inhibitors and gastric pH measurements are performed to maxi-
mally control acid suppression (Fig. 6.2). 

 Threshold values for elevated PCO 2  levels are gastric or jejunal PCO 2  > 12.0 kPa 
after breakfast or a bread meal, >13.6 kPa after dinner, or >10.6 kPa after ingestion 
of a compound solution. The criteria for a pathologic test result are [ 5 ,  28 ].

    1.    Elevated PCO 2  values after at least three meals or   
   2.    Combination of elevated PCO 2  after at least one meal and a median PCO 2  > 8.0 

kPa measured between meals    

     Test Meals 

 Patients are required to consume standardized meals during the test [ 5 ]. To mini-
mize the disturbing effects of meals on the intragastric PCO 2  measurements 
explained by buffering and dilution, standardized meals are developed to optimally 
control the gastric and jejunal environment. The CO 2 -producing and CO 2 -absorbing 
capacities of these meals are minimal. Nevertheless, they maximally challenge the 
mesenteric arterial blood fl ow due to the large metabolic oxygen demand [ 29 ]. 

 Meals consisting of a solution of carbohydrates, protein, and fat with a high 
caloric content and a low volume show the most signifi cant increase in the blood 
fl ow of the mesenteric arteries [ 29 ,  30 ]. With this in mind, compound solution meals 
are the ideal meals showing maximum peak in PCO 2  after ingestion. Consumption 
of carbonated liquids is prohibited during the test.   

  Fig. 6.2    Results of 24-hour 
tonometry in a patient with 
CMI. Abnormal postprandial 
increases in jejunal PCO 2  
values are seen with a close 
association with the onset of 
abdominal pain symptoms       
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   Diagnostic Value of Tonometry 

   Sensitivity and Specifi city 

 In two large cohort studies including patients suspected of CMI, the diagnostic effi cacy 
of GET was evaluated. With a sensitivity of 78–85 % and a specifi city of 82–92 % 
for the detection of CMI, GET appears to be a reliable diagnostic tool in the assess-
ment of CMI [ 4 ,  31 ]. The sensitivity and specifi city of 24-hour tonometry for the 
detection of CMI are similar to GET with a sensitivity and specifi city of 77–91 % 
and 94–100 %, respectively [ 5 ,  28 ]. The combination of clinical features with 
24-hour tonometry has a sensitivity of 88 %. Adding radiological imaging by means 
of CTA or MRA, this can raise up to 90–91 % [ 28 ,  32 ].  

   Tonometry After Intervention 

 Repeated GET showed normalization or improvement in 88–100 % of patients with 
sustained relief of symptoms after treatment [ 1 ]. In patients with persistent symp-
toms, repeated GET showed improved in only 29 % of the patients, whereas in 71 % 
unchanged or worsened results were observed [ 1 ]. This indicates an accurate cor-
relation between gastric mucosal ischemia and tonometry results.    

   Visible Light Spectroscopy 

   Background 

 Functional tests such as gastric exercise tonometry (GET) and 24-hour tonometry 
both seem to be accurate for detection of mesenteric ischemia [ 1 ,  5 ,  31 ,  32 ]. 
Unfortunately, the wider use of mesenteric tonometry is hampered by its cumber-
some and invasive nature; therefore, the need for a better, more patient-friendly test 
remained. This led to the development of visible light spectroscopy (VLS). VLS, also 
known as refl ectance spectrophotometry, enables direct measurement of the ade-
quacy of mucosal perfusion [ 7 ]. It is a relatively new technique that noninvasively 
measures capillary hemoglobin oxygen saturation using white light delivered by a 
fi beroptic probe during endoscopy. The marked difference in the absorption spectra 
of oxygenated and deoxygenated hemoglobin makes direct measurement of the per-
cent saturation of the mucosal hemoglobin possible. Using real-time signaling, arti-
facts as those caused by scattering can also be eliminated [ 7 ]. Connected to a device, 
continuous display of the mucosal oxygen saturation on a screen is possible [ 6 ,  7 ]. 
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 VLS has been used for evaluation of intensive care patients and assessment of 
anastomotic strength in esophageal and colorectal anastomoses and to determine 
microvascular perfusion during reconstructive surgery [ 33 – 35 ]. It can also increase 
endoscopic detection of mesenteric tumors [ 36 ]. 

 Furthermore, VLS appears to be of great value as a new and less invasive diag-
nostic tool in patients suspected of CMI [ 6 ]. Since the measured oxygen saturation 
measurements refl ect the adequacy of mucosal perfusion, events that decrease the 
delivery of oxygen to the mesenteric mucosa (i.e., mesenteric artery stenosis) will 
result in lower mucosal hemoglobin oxygen saturations [ 6 ]. VLS can easily be 
incorporated in diagnostic strategies as endoscopy is often performed early in the 
diagnostic work-up of these patients with abdominal pain.  

   Procedure 

 VLS is performed during upper endoscopy under conscious sedation [ 6 ,  7 ]. Patients 
are not allowed to drink or eat before the procedure. Butylscopalamine is admitted 
intravenously before the start of VLS measurements in order to prevent luminal 
spasms and optimize the readings. Peripheral oxygen saturation and heart rate are 
continuously monitored and to minimize the effect of confounding factors of con-
comitant cardiopulmonary diseases, peripheral saturation should be above 94 %. If 
necessary, oxygen (FiO 2  21 %) can be administered. 

 The VLS measurements are performed using a fi beroptic catheter-based oximeter 
that can be passed through the endoscope. After irrigation of the target area to remove 
bile remnants, point measurements of the oxygen saturation are performed at three 
locations: antrum of the stomach, duodenal bulb, and descending duodenum. The 
probe is positioned approximately 1–5 mm above the mucosa (Fig. 6.3). Once a stable 
reading is obtained with less than 5 % variation in readout as seen on the display, 
the actual measurement can be performed. Three repeated readings will be taken of 

  Fig. 6.3    Mucosal oxygen 
saturation using VLS. The 
probe is placed 1–5 mm 
directly above the mucosa of 
the stomach and duodenum       

 

J. Harki et al.



69

each location. The average of the three readings per location will be regarded as the 
most accurate refl ection of mucosal oxygen saturation of that specifi c location. 

 Based on the cutoff values determined in a large cohort study in CMI suspected 
patients, measurements are positive for ischemia when the measured saturation is:

 –    <63 % in the antrum and/or  
 –   <62 % in the duodenal bulb and/or  
 –   <58 % in the descending duodenum [ 6 ]     

   Diagnostic Value of VLS 

   Sensitivity and Specifi city 

 VLS is a validated diagnostic method to correctly detect CMI with a sensitivity and 
specifi city of 90 % and 60 %, respectively [ 6 ]. The high sensitivity and low specifi city 
are the consequence of the established cutoff values for each of the specifi c sites of 
the mesenteric tract as calculated by van Noord et al [ 6 ]. These cutoff values were 
based on a trainee data set of patients diagnosed with CMI using mesenteric tonom-
etry and were additionally validated in a confi rmation cohort. 

 With these cutoff values, the ability to distinguish patients with CMI from those without 
is the highest and no patients with CMI were missed, as earlier studies have shown that 
undiagnosed and untreated patients with ischemia have higher morbidity and mortality 
rates [ 10 ,  31 ]. However, the higher sensitivity results in a higher rate of false positives.  

   VLS After Intervention 

 After successful intervention, improved VLS measurements can be observed in 
patients with CMI [ 6 ]. Among the patients with relief of symptoms one year after 
intervention, 80 % showed improved or even normalization of the oxygen saturation 
measurements by VLS measurements. At the same time, in all patients with persis-
tent symptoms after intervention, no improvement in the oxygen saturation 
 measurements was observed [ 6 ]. Furthermore, selection for treatment based on 
standardized diagnostic work-up including radiological imaging and oxygen satura-
tion measurements by VLS accommodates for a sustained response in 70 % of the 
patients with the clinical suspicion of CMI [ 37 ].    

   Clinical Considerations 

   Comparison Tonometry Versus VLS 

 Both VLS as tonometry have a high diagnostic accuracy for correctly diagnosing 
CMI [ 4 ,  5 ,  28 ,  31 ,  32 ]. In the assessment of CMI, tonometry allows the clinician 
to differentiate patients with asymptomatic single- or multivessel stenosis of the 
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mesenteric arteries and patients in whom the abdominal symptoms are induced by 
mesenteric ischemia. The newly developed VLS has also shown its value and even 
appears to be slightly better in identifying patients with CMI [ 4 – 6 ,  28 ,  31 ].  

   Limitations of Tonometry 

 GET requires submaximal exercise to trigger mesenteric ischemia. However, many 
patients in this category are not able to perform suboptimal exercise for suffi cient 
period of time to assess CMI due to age or concomitant disease [ 16 ]. Also, despite 
frequent monitoring of serum lactate as a measure for exercise intensity, the level of 
exercise in patients is still diffi cult to control. 

 As the name indicates, 24-hour tonometry requires 24-h hospitalization. This is 
inconvenient and expensive. Furthermore, suboptimal gastric acid suppression and 
meal-related CO 2  production may affect the tonometry results leading to false- 
positive outcomes therefore requiring the use of continuous gastric acid suppression 
and standardized meals [ 39 ].  

   Limitations of VLS 

 The measures of performance of VLS are based on data from only one large cohort 
study and has not yet been conducted or reproduced by other research groups [ 6 ]. This 
study compared mucosal oxygen saturation measurements in patients with CMI with 
a control group of non-CMI patients. However, the latter consisted of patients with a 
clinical suspicion of CMI, which is not the ideal. A control group consisting of healthy 
volunteers is needed to avoid selection bias and to obtain normal values for mucosal 
oxygen saturation measurements in order to optimize the cutoff values. 

 With the current cutoff values and the high sensitivity of 90 %, no patient with 
CMI should be missed. However, the mean of mucosal saturation measurements in 
patients with CMI shows great variation and the range of measurements is large. 
Due to small changes in the position of the probe during the measurements, small 
variations in the oxygen saturation can occur with the possibility of not acquiring 
the actual mucosal oxygen saturation. Especially if the obtained value is around the 
specifi ed cutoff value, it can be diffi cult to classify the measurement as either posi-
tive or negative for mucosal ischemia. Therefore, the average of three repeated mea-
surements of each location is regarded as the most accurate refl ection of the mucosal 
oxygen saturation of that location [ 6 ]. 

 Another limitation of mucosal oxygen measurements using VLS is that the cur-
rent technique causes restrictions regarding the place and time of the measure-
ments. Mucosal ischemia might be patchy and because VLS is limited to point 
measurements could therefore be missed with VLS [ 6 ,  7 ].    Furthermore, there is a 
possibility that mucosal ischemia only occurs postprandially, in response to an 
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increased metabolic demand, or is exercise related indicating a time-dependent 
relation. VLS measurements are performed in a fasting state during endoscopy. In 
theory, patients with CMI with less impaired mesenteric blood fl ow could show 
low-normal or even normal mucosal saturation measurements in this fasting situ-
ation and can therefore be missed using VLS.  

   Conclusion 

 The choice for the functional test depends on the patient’s condition, presence of 
comorbidity, and clinical symptoms. For instance, patients with exercise-induced 
symptoms are far better detected with GET rather than with 24-hour tonometry or 
VLS [ 38 ,  39 ]. For patients with postprandial complaints, 24-hour tonometry or VLS 
would be the most suiting technique. Furthermore, the experience of the treating 
physician with the technique and equipment is important. 

 VLS is minimally invasive and can be performed in almost all patients [ 6 ,  8 ]. Patients 
with a clinical suspicion of CMI have to undergo endoscopy early in the work-up, during 
which measurements with VLS can be easily performed. It only requires an additional 
two minutes during endoscopy which, in contrast to 24-hour tonometry, can be per-
formed in the outpatient clinic. Therefore, it is also less expensive. 

 The diagnostic value of tonometry for the detection of CMI is more accurate than 
VLS. Reproducibility of tonometry has been shown in numerous studies, whereas 
these validations are lacking for VLS [ 4 ,  32 ,  37 ]. VLS is a promising diagnostic test 
for detection of CMI and shows excellent correlation with tonometry; however the 
established cutoff values need to be validated [ 37 ]. In conclusion, the strength of 
evidence for accurately detecting CMI is greater for tonometry than for VLS and is 
therefore the preferred method.   

   Best Practice 

 The current established approach for diagnosing CMI is based on three main com-
ponents. The fi rst includes assessment of medical history, clinical symptoms, and 
physical examination. The second component concerns radiological imaging of the 
mesenteric arteries and the third aims at detection of mucosal ischemia by means of 
a functional test [ 8 ,  10 ]. All patients and procedures are discussed in a dedicated 
multidisciplinary team consisting of a vascular surgeon, intervention radiologist, 
and gastroenterologist, all specialized in CMI, leading to a fi nal expert-based con-
sensus diagnosis [ 6 ,  8 ,  28 ]. 

 The diagnosis CMI is made if patient fulfi ls two of the three following criteria [ 6 ]:

    1.    Distinctive clinical presentation including presence of postprandial pain and oth-
erwise unexplained weight loss of >5 % of the normal body weight   
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   2.    Signifi cant stenosis of >70 % of at least one of the mesenteric arteries demon-
strated by radiological evaluation   

   3.    Mucosal ischemia detected by tonometry or visible light spectroscopy    

  A defi nitive diagnosis of CMI is made after persistent relief of symptoms on 
follow-up after treatment. This is not the ideal gold standard; however, it is currently 
the most reliable way to establish CMI.  

   Future Aspects 

 Despite the success of tonometry and VLS, there still exist areas for continued 
development and improvement. 

   Optimizing Tonometry 

 The current method for measuring luminal PCO 2  is air tonometry using a balloon- 
tipped catheter, placed in the stomach (and jejunum), and the modifi ed capnograph 
[ 19 ]. This allows for semi-automated PCO 2  measurements every ten minutes during 
which intraluminal CO 2  diffuses into the balloon. After a period of ten minutes, the air 
is then aspirated and measured ex vivo. As a result the maximum measurement fre-
quency is once every 10 min, which is a great limitation. Second, during the measure-
ment CO 2  is removed and O 2  is delivered which may infl uence the environment [ 40 ]. 

 This led to the development of a new sensor, enabling continuous CO 2  measure-
ment. However, in vivo tests show great temperature sensitivity, and therefore, it is 
too unstable for clinical use in current design [ 40 ].  

   Optimizing VLS 

   Sublingual VLS Measurements 

 Recently, the relationship between sublingual and intestinal microperfusion in criti-
cally ill patients has been investigated. This demonstrated a good correlation 
between sublingual microcirculatory perfusion and intestinal perfusion [ 41 – 43 ]. 
Against this background, a correlation with a decrease in sublingual oxygen satura-
tion using VLS can theoretically be possible in patients with CMI with decreased 
mucosal oxygen measurements or elevated PCO 2  measurements, indicating 
impaired intestinal perfusion. Up until now, sublingual VLS measurements are per-
formed in research setting [ 44 ]. However, they can be of great value in diagnosing 
patients with CMI. It is less invasive, more patient-friendly, and even less 
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time- consuming than endoscopic VLS. However, further research is required to 
illustrate and to validate this hypothesis.  

   Postprandial VLS Measurements 

 The possibility remains that mucosal ischemia occurs only postprandially, in 
response to an increased metabolic demand. Currently VLS measurements are per-
formed, while patients are in a fasting state. In theory, patients with CMI with less 
impaired mesenteric blood fl ow could show low-normal or even normal mucosal 
saturation measurements in this fasting situation and can therefore be missed. 
Postprandial mucosal saturation measurements using VLS may overcome the false 
negatives thus enhancing the specifi city of the test.   

   Functional Tests of the Small Bowel Mucosa 

 Since the mucosa of the small bowel and colon is particularly sensitive to ischemia, 
potential markers for intestinal mucosal injury in patients with CMI were investi-
gated like the sugar absorption test (SAT) consisting of an enzymatic measurement 
of mannitol, raffi nose, sucrose, and lactose [ 45 ,  46 ]. 

 The SAT has proven to be a sensitive measure of the small bowel function and thus 
the permeability of the mucosa as marked increases in the permeability are associated 
with intestinal diseases [ 47 ]. Assuming altered small bowel function in patients with 
CMI due to hypoperfusion by compromised blood fl ow, malabsorption of these sugars 
will occur causing unexplained diarrhea and weight loss [ 48 ]. However, it appears that 
the SAT can only be applied in acute cases of ischemia as it does not seem to be altered 
in patients with CMI. This can be explained by the reversible symptomatology of CMI 
and the fact that it is usually limited to certain provocating factors such as a meal or 
exercise [ 45 ]. Further research is needed to fi nd a pathognomonic marker for CMI.  

   Biomarkers 

 Finding biomarkers pathognomonic for CMI could be an easy and patient-friendly 
way to recognize patients with CMI in an early stage. In the past, possible early 
markers like lactate dehydrogenase (LDH), leukocyte counts, C-reactive protein 
(CRP), and D-dimer testing for acute ischemia have been investigated in patients 
clinically suspected for CMI [ 45 ,  49 – 51 ]. However, in contrast to acute ischemia, 
the value of these markers in CMI is limited. Also, citrulline and intestinal fatty acid 
binding protein (I-FABP) have been thoroughly investigated [ 45 ,  52 – 55 ]. However, 
also these markers did not differ between patients with and without CMI [ 45 ].  
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   Risk Stratifi cation by Single-Nucleotide Polymorphisms 

 Due to the population’s prolonged longevity, prevalence of cardiovascular diseases 
increases and is becoming a growing clinical problem. Several studies have been 
conducted to detect patients with genetic susceptibility for developing these dis-
eases using single-nucleotide polymorphisms [ 56 – 58 ]. It seems that an infl amma-
tory response is involved in the pathogenesis of ischemic diseases, with a prominent 
role for tumor necrosis factor-α (TNF-α) and tissue plasminogen activator (TPA) 
gene polymorphisms [ 57 ,  59 ]. Remarkably, given the high prevalence of cardiovas-
cular disease among the population, only a relatively small number of patients 
develop abdominal symptoms due to stenosis of the mesenteric arteries [ 60 ,  61 ]. A 
promising future research topic would be to determine which patients are at risk for 
developing CMI by evaluating gene polymorphisms possibly associated with CMI.      
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    Chapter 7   
 Noninvasive Arterial Imaging: Computed 
Tomography and Magnetic Resonance 
Angiography 

             Kirk     J.     Giesbrandt       and     Phillip     M.     Young     

         Mesenteric vascular disease can be challenging to diagnose as patients often present 
with relatively nonspecifi c clinical symptoms consistent with a number of intra- 
abdominal diseases including malignancy, infl ammatory bowel disease, and motil-
ity disorders. Cross-sectional imaging has advanced at a rapid pace in recent years, 
allowing high-resolution imaging of both the mesenteric arteries and veins and also 
the abdominal viscera. These advances, in turn, have led to an increasing role for CT 
and MR in evaluated suspected cases of mesenteric vascular disease. Regardless of 
whether MR or CT is employed, cross-sectional vascular imaging has become a 
cornerstone in the evaluation of suspected acute and chronic mesenteric ischemia 
and can be used to help plan open surgical or percutaneous intervention. 

   Rationale for Computed Tomography and Magnetic 
Resonance Imaging 

 Multiple imaging options are available for patients with symptoms potentially 
attributable to mesenteric ischemia. Radiographs of the abdomen are generally of 
limited value; fi ndings of early mesenteric ischemia are nonspecifi c and include 
either bowel dilatation or a paucity of bowel gas [ 1 ]. Radiographic fi ndings more 
specifi cally associated with mesenteric ischemia (such as pneumatosis, portal 
venous gas, or pneumoperitoneum) are only present late in the course of the disease 
and are easily visible on CT and often MR as well. 
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 Duplex mesenteric ultrasound is an excellent screening study to evaluate patients 
with symptoms of chronic mesenteric ischemia, but its role is limited as an initial 
imaging study in the diagnosis of acute mesenteric ischemia [ 2 ]. Diagnostic angiog-
raphy, covered in the following chapter, remains the gold standard for the diagnosis 
of acute and chronic mesenteric ischemia and allows for both diagnosis and treat-
ment in the same procedure. However, given the invasive nature of catheter-based 
angiography, and often nonspecifi c clinical symptoms, an initial noninvasive test 
that can diagnose mesenteric ischemia and exclude other causes of acute or chronic 
abdominal pain is usually preferred.  

   Computed Tomography 

 Older CT scanners were limited by slow acquisition speed and low resolution. 
Spiral CT offered an improvement in the ability to image the mesenteric vasculature 
along with the bowel; however, the sensitivity for mesenteric ischemia remained too 
low to be used as a fi rst-line diagnostic test [ 3 ]. In 2001, reports began to emerge in 
the literature about the use of multidetector CT (MDCT) scanners in the diagnosis 
of mesenteric ischemia [ 4 ,  5 ]. Shortly thereafter, the ability to use reformatted 
images permitted by MDCT was realized [ 6 ]. Current generation of MDCT scan-
ners permit rapid acquisition times of high-resolution volumetric datasets during 
arterial phase contrast opacifi cation (CT angiography) and delayed phase image 
allowing venous opacifi cation and some assessment of bowel wall perfusion. These 
datasets are acquired quickly enough to overcome limitations of bowel peristalsis 
and can be reconstructed and viewed in three dimensions, improving confi dence in 
diagnosis of mesenteric vascular disease [ 4 ]. These technological advances also aid 
in the diagnosis of other conditions which can mimic the clinical presentation of 
mesenteric ischemia, and the end result is increased sensitivity and specifi city com-
pared to earlier reports in the literature. 

 A meta-analysis of MDCT demonstrated a pooled sensitivity of 93 % and a specifi c-
ity of 96 % [ 7 ], and CTA is the initial diagnostic test of choice for the diagnosis of both 
acute and chronic mesenteric ischemia. The American College of Radiology appropri-
ateness criteria guide gives CTA a rating of 9, which is the highest possible rating for 
appropriateness in the imaging of acute and chronic mesenteric ischemia [ 2 ].  

   Clinical Role and Imaging Considerations for Computed 
Tomography Angiography (CTA) 

 Current generation CT scanners couple short acquisition times with the high resolu-
tion required to identify lesions in both main and branch mesenteric arteries and 
veins. Exact parameters vary between protocols and vendors, but with currently 
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available technology sub-millimeter slices can be acquired and reconstructed at 
subcentimeter intervals providing volumetric data for multiplanar reformatting and 
three-dimensional (3D) reconstructions [ 8 ]. CT images are derived from X-rays, and 
CT angiography requires injection of intravascular contrast material timed to opacify 
vascular lumen. Contrast material used for CTA is iodine based, which attenuates 
X-rays more than the soft tissues and causes the opacifi ed vasculature to appear 
bright and have higher Hounsfi eld units [ 9 ].    Ideal contrast agents are high in iodine 
concentration (350–370 mg I/mL), are nonionic, iso-osmolar compounds with low 
viscosity, and are injected at a high rate (4–6 mL/s for a total volume of 100–120 mL) 
[ 8 ,  9 ]. Because of the tight contrast bolus and small size of the vessels involved, the 
arterial and venous systems cannot be evaluated simultaneously, and dual-phase 
imaging is necessary. Usually, timing of the “arterial phase” involves either a test 
bolus or automated contrast tracking (“bolus triggering”) system [ 9 ] to ensure peak 
arterial opacifi cation during the scan acquisition. Following this, a “venous phase” is 
acquired, generally 70 s after the contrast injection. Typical CTA images are obtained 
from the diaphragm to the level of pubic symphysis in both the arterial and venous 
phases. A negative oral contrast agent may enhance visualization of the bowel wall 
and mucosa and permit easier 3D reconstructions without the need to subtract bowel 
contents or for positive contrast. One liter of water given to the patient 20 min prior 
to imaging serves as an adequate negative contrast source [ 8 ]. 

 Because of the complex nature of the mesenteric vasculature and its variable anat-
omy, 3D reconstructions are valuable for assessment of mesenteric ischemia. 
Multiple reconstruction algorithms are used to more accurately assess the location 
and severity of stenosis, thrombus, emboli, or occlusion. For example, sagittal or 
sagittal oblique reconstructions are used to best visualize the origin of the celiac or 
superior mesenteric arteries, while the coronal oblique or axial oblique planes better 
demonstrate the distal branches of the mesenteric arteries [ 8 ,  10 ]. Advanced recon-
structions such as volume rendering or maximum intensity projections further 
increase the sensitivity and specifi city of CTA. Some authors suggest that maximum 
intensity projections are crucial for visualizing the most distal branches and the vasa 
recta. Other studies have shown that without multiplanar reconstructions and volume 
rendering, up to 66 % of lesions can be missed if the axial data is used alone [ 11 ].  

   Magnetic Resonance Angiography (MRA): Clinical Role 
and Imaging Considerations 

 MRA is not recommended as fi rst-line imaging study for mesenteric vascular dis-
ease. The role of MRA in the diagnostic evaluation of these patients continues to 
evolve as new technologies emerge. MRA has a high sensitivity and specifi city 
(comparable to CTA) in the detection of proximal occlusive disease and chronic 
mesenteric ischemia [ 12 ]. Some limitations occur in the diagnosis of stenotic or 
occlusive disease in the smaller, more distal mesenteric vessels, and visualization of 
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the IMA has historically been diffi cult [ 13 ]. Logistical challenges also preclude the 
widespread use of MRA, as long scan times and the lack of MR availability can 
delay intervention in the acute setting. Much like CT, however, MR techniques con-
tinue to advance, and in addition to high-resolution MRA techniques which are 
increasingly available, complementary MRI techniques offer additional physiologic 
insights which can improve diagnostic confi dence. 

 For contrast-enhanced MRA, gadolinium (Gd) chelates are used as T1 shortening 
agents to allow visualization of the abdominal vasculature when paired with gradient 
echo sequences. Similar to CTA, coordination of the imaging and injection of the con-
trast bolus is required to get optimal opacifi cation of the mesenteric vasculature. Test 
bolus techniques and bolus tracking software exist, which work much in the same way 
as they do in CTA. The typical doses of most forms of Gd contrast is 10–20 mL (0.1–
0.2 mmol/kg), which are injected over several seconds followed by a saline bolus of 
20 mL [ 11 ,  14 ]. The sequences generate volumetric datasets, which can be reformatted 
into any plane or used to produce maximum intensity projections and volume rendered 
images, much like CT. Contrast-enhanced MRA can be performed in a single breath 
hold, optimally between 15 and 30 s in length. Each MRA examination involves a trade-
off between spatial resolution, resistance to artifacts, and imaging time, so patients who 
are unable to hold their breath well are much more diffi cult to evaluate with MRA. 

 Unlike CT, there are additional MR techniques which can be used to perform angio-
graphic type imaging without the use of IV contrast, avoiding potential complications in 
patients with renal insuffi ciency. Noncontrast MRA techniques are generally inferior to 
both CT and to contrast-enhanced MRA in terms of spatial resolution, acquisition time, 
and visualization of abdominal viscera, but can be useful given the frequency of con-
comitant vascular disease and renal insuffi ciency. Although these techniques can be 
used in select cases, intravenous gadolinium contrast for MR angiography is preferred 
as it increases the sensitivity and specifi city of the examination [ 13 ]. 

 A distinct advantage of MR imaging is the availability to discern physiologic as 
well as anatomic information in a noninvasive manner. The underlying principle is 
that when a normal person ingests calories, mesenteric blood fl ow is increased, and 
there is a compensatory increase in return of blood through the mesenteric veins to 
the liver. If a patient has limited mesenteric arterial fl ow reserve because of stenosis 
or occlusion, the decreased infl ow will result in a less than expected increase in 
mesenteric venous return after a meal challenge and in increased oxygen extraction 
from the limited blood supply. By supplementing the anatomic exam with special-
ized MR pulse sequences to detect this altered physiologic state, the sensitivity, 
specifi city, and diagnostic confi dence of the overall exam are increased. 

   Chronic Mesenteric Ischemia 

 In the workup of chronic mesenteric ischemia, confi dent elimination of other 
abdominal pathologies that can lead to chronic abdominal pain is required. Chronic 
mesenteric ischemia is almost universally the result of atherosclerosis, and CTA and 
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MRA typically demonstrate severe multivessel stenosis or occlusion of the proximal 
mesenteric arteries from calcifi ed and noncalcifi ed atherosclerotic plaques [ 8 ]. It is 
usually not until at least two of the three major mesenteric vessels (celiac artery, 
SMA, and IMA) are occluded that the patient becomes symptomatic, as collateral 
vascular supply of the intestines allows most patients to remain asymptomatic, even 
with severe stenosis of the mesenteric arteries. Due to the long time course over 
which chronic mesenteric ischemia develops, signifi cant arterial collateral vessels 
are typically present (Fig.  7.1 ). Although it can happen, it is uncommon for chronic 
mesenteric ischemia to occur in the setting of single-vessel disease. Given the fre-
quency of atherosclerotic disease in the general population (frequently incidentally 
visualized on CT), it is not uncommon to visualize greater than 50 % stenosis of a 
mesenteric artery in an asymptomatic patient [ 15 – 17 ], so pretest probability is an 
important consideration. Likewise, compression of the celiac axis by the median 
arcuate ligament is a frequent incidental anatomic fi nding, but frequently without 
associated clinical symptoms [ 8 ], so judicious use of the technology and clinical 
judgement are very important in interpreting exam results.

   Although CTA is generally considered fi rst-line imaging in cases of suspected 
chronic mesenteric ischemia, MRA is useful in equivocal cases or patients who 

  Fig. 7.1    CT angiographic images in a 78-year-old woman with chronic mesenteric ischemia. 
Sagittal oblique maximum intensity projection image ( a ) demonstrates occlusion of the celiac 
( solid arrow ) and superior mesenteric ( dashed arrow ) artery origins. Volume-rendered image ( b ) 
demonstrates a markedly enlarged marginal artery of Drummond ( arrowheads ) from the inferior 
mesenteric artery supplying the celiac and superior mesenteric circulation       

 

7 Noninvasive Arterial Imaging: Computed Tomography…



84

have contraindications to CT contrast. MRA utilizing either specifi c gadolinium 
contrast agents or noncontrast techniques can also be advantageous to avoid poten-
tial complications of allergic reaction or contrast-induced nephropathy. MRA with 
contrast is well suited for the visualization of the proximal mesenteric arteries with 
an accuracy that is comparable to CTA [ 13 ]. Some authors have suggested that 
given the higher spatial and temporal resolution of CTA versus MRA, the IMA and 
distal mesenteric vessels are better assessed on CTA [ 13 ]. In our experience, with 
state-of-the-art MR techniques, non-visualization of a patent IMA or major SMA 
branches for technical reasons is very rare (Fig.  7.2 ), but with older scanners and 
less experienced operators, this certainly could still be a problem in routine clinical 
practice. Limited evaluation of the distal mesenteric vasculature is also less of a 
hindrance in the evaluation of chronic than acute mesenteric vascular disease.

   In addition, MRA can be combined with functional physiologic data, which may 
additionally help to support or refute the diagnosis. Utilizing normal healthy volun-
teers, taking pre- and postprandial fl ow measurements, MR fl ow quantitation has 
demonstrated a postprandial increase in blood fl ow in the postprandial SMA and 
SMV due to the increased metabolic demands of the gut [ 14 ]. Studies have shown a 
correlation between the degree of SMA stenosis and the blunting of the normal 
postprandial blood fl ow increase in patients with varying degrees of SMA stenosis 
[ 16 ]. Other studies have shown a markedly decreased postprandial response in SMV 
fl ow in patients with chronic mesenteric ischemia versus healthy individuals [ 18 ]. 
Most commonly, fl ow in the SMV is measured prior to feeding and then at 15, 30, 
45, and 60 min following a meal challenge. Increased fl ow in the SMV less than 
50 % above baseline is considered abnormal and supportive of the diagnosis of 
chronic mesenteric ischemia [ 14 ,  16 ]. 

 MR oximetry measures differences in T2 relaxation time of oxy- and deoxyhemoglobin. 
In normal healthy individuals, blood fl ow to the gut is increased following a meal to meet 

  Fig. 7.2    A sagittal oblique MPR image ( a ) in a 40-year-old male with median arcuate ligament 
compression of the celiac axis ( arrow ) and an embolus lodged in the superior mesenteric artery 
( arrowheads ). Coronal delayed phase CT image ( b ) demonstrates evidence of bowel ischemia with 
dilated, poorly enhancing loops of jejunum in the left mid-abdomen ( arrowheads , contrasted with 
normal ileum in the right lower quadrant with a  dashed arrow ) and gas in portal venous tributaries 
( arrows ). Also evident is mesenteric venous fat stranding indicating infl ammation ( asterisk )       
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increased metabolic demands. In patients with stenosis or occlusions of the mesenteric 
arteries, blood fl ow cannot be increased, and therefore, oxygen extraction must be 
increased to attempt to meet the metabolic demand of the gut. Similar to fl ow quantita-
tion, oximetry is performed in the SMV in the preprandial state and following a meal 
challenge. Studies have shown that in normal individuals the oxygen saturation in the 
SMV increases by about 5 % following feedings. In symptomatic patients with angio-
graphically proven stenosis of two of the three mesenteric arteries, postprandial oxygen 
saturation decreases by about 9 % [ 14 ,  19 ].  

   Acute Mesenteric Ischemia 

 The major causes of acute mesenteric ischemia include embolus, mesenteric arterial 
thrombosis, mesenteric venous thrombosis, and nonocclusive mesenteric ischemia [ 8 , 
 13 ,  14 ]. Acute embolus to the SMA is the most common cause of acute mesenteric 
ischemia, occurring in 40–50 % of the cases [ 13 ]. Most emboli to the SMA tend to 
lodge a few centimeters from the origin, just distal to the middle colic artery ostium. 
Smaller emboli can lodge further distally in the smaller splanchnic branches [ 13 ]. 
Nonocclusive emboli are visible on CTA as low-density fi lling defects within the ves-
sel lumen, and occlusive emboli are visible as an abrupt termination of the vessel 
(Fig.  7.3 ). Given the acute nature of embolic phenomena, collateral vessels are fre-
quently absent. Acute mesenteric artery thrombosis is the second most common cause 
of acute mesenteric ischemia, accounting for 20–30 % of all cases [ 13 ]. Thrombosis 
occurs following the rupture of an unstable atherosclerotic plaque leading to the accu-
mulation of platelets and infl ammatory mediators. Given that the thrombosis usually 

  Fig. 7.3    Thin maximum intensity projection from a contrast-enhanced MR angiogram in a 
55-year-old woman with a prior superior mesenteric artery (SMA) dissection demonstrates clear 
visualization of normal-appearing SMA and multiple jejunal and ileal branches       
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occurs in the setting of preexisting atherosclerotic disease, the site of thrombosis is 
typically at the origin of the SMA or within the proximal 2 cm [ 8 ]. Many patients 
presenting with acute SMA thrombosis have long-standing atherosclerotic disease, 
and their bowel is subjected to chronic ischemia. This leads to the development of 
small arterial collateral vessels, which can be readily seen on CTA. The typical imag-
ing fi ndings in SMA thrombosis are the complete occlusion of the origin or proximal 
SMA with poor visualization of the distal branches. This is in distinction to emboli, 
which tend to affect more distal branches. Intraluminal fi lling defects are uncommon 
in acute thrombosis [ 8 ]. Nonocclusive mesenteric ischemia and venous thrombosis 
together account for approximately 30–40 % of cases of acute mesenteric [ 8 ].

   No matter the cause of the mesenteric ischemia, the sequela of bowel ischemia can 
be readily assessed with CTA. Hypoperfused bowel exhibits decreased peristalsis and 
retention of fl uid and secretions. This leads to small bowel dilation (>3 cm), colonic 
dilatation (>9 cm), or bowel obstruction, with geographically dilated bowel. Edema 
and poor perfusion within the bowel wall commonly cause low attenuation and cir-
cumferential thickening up to 1.5 cm [ 8 ]. This severe degree of bowel thickening is 
more commonly seen in venous thrombosis than in arterial infl ow causes, which tend 
to have bowel wall thickening of 8–9 mm [ 8 ] (Fig.  7.4 ). Occasionally, the bowel wall 
can be normal or even thinned. Although decreased contrast infl ow and mural edema 

  Fig. 7.4    Coronal oblique maximum intensity projection image from contrast-enhanced CT angi-
ography in a 79-year-old female patient with a two-week history of abdominal pain, nausea, and 
anorexia. The exam was performed for suspicion of mesenteric ischemia. The image demonstrates 
diffuse segmental ectasia and stenotic “beading” of the mesenteric and renal circulation, as well as 
a small segmental infarct in the upper pole left kidney ( arrow ) and a tiny intrarenal aneurysm on 
the right ( arrowhead ). The fi ndings are compatible with polyarteritis nodosa, and the patient’s 
symptoms resolved on steroid therapy       
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can give the appearance of low density and hypoenhancement; hemorrhage within the 
bowel wall or compensatory hyperemia may paradoxically cause bowel wall hyperat-
tenuation. Pneumatosis intestinalis is seen late in the course of ischemia, indicating 
transmural infarction with mucosal breakdown. This fi nding is commonly accompa-
nied by gas within the portomesenteric system and carries a poor prognosis.

   Cross-sectional imaging allows the evaluation of organs other than the bowel within the 
abdomen and pelvis, which aids in the differential diagnosis of conditions that can mimic 
acute mesenteric ischemia. Entities frequently seen on CTA in the absence of mesenteric 
ischemia include small bowel obstruction, cholecystitis, and diverticulitis [ 20 ,  21 ]. 

 In the absence of defi nitive vascular fi ndings, other fi ndings can be seen due to 
decreased blood fl ow within the bowel. Mesenteric fat stranding or congestion, 
 ascites or free abdominal fl uid, and free abdominal air are generalized signs of a 
number of abdominal processes that can also be seen in mesenteric ischemia. 
Unfortunately, many of these secondary fi ndings can be seen in a wide range of 
nonischemic conditions and lack specifi city. The most common fi ndings seen on CT 
in patients with acute mesenteric ischemia are mesenteric fat stranding, bowel wall 
thickening, bowel dilatation, and ascites [ 20 – 22 ]. These fi ndings are suggestive of 
acute mesenteric ischemia, although their specifi city ranges from 20 to 86 %. The 
most specifi c fi ndings were those of late complications, including pneumatosis 
intestinalis, solid organ infarctions, and portal venous gas with specifi cities of 
100 % reported in multiple studies [ 21 ,  22 ]. In an attempt to optimize the algorithm 
for diagnosis of acute mesenteric ischemia utilizing MDCT, one group diagnosed 
mesenteric ischemia with the single fi nding of pneumatosis intestinalis, portomes-
enteric venous gas, or visceral artery occlusion, or a combination of bowel wall 
thickening with portomesenteric venous thrombosis or solid organ infarction. This 
approach yielded a sensitivity of 93 %, specifi city of 100 %, positive predictive 
value of 100 %, and negative predictive value of 96 % [ 21 ]. 

 The use of MRA performed with intravenous contrast has a limited role in the 
diagnosis of acute mesenteric ischemia. MRA has a high accuracy in diagnosing 
arterial embolism or thrombosis of the proximal vasculature, but is usually more 
limited for evaluation of distal branches. Given the long acquisition times required 
for multiple sequences and the lack of widespread availability, the use of MRA may 
delay intervention in an acutely ill patient [ 14 ,  23 ]. In select cases, such as those 
patients with a severe iodine allergies or renal insuffi ciency, contrast-enhanced or 
noncontrast MRA may be a reasonable option.  

   Mesenteric Venous Thrombosis 

 Mesenteric venous thrombosis accounts for 5–15 % of cases of mesenteric ischemia 
[ 13 ]. The presentation can be variable and can occur as either an acute or a chronic dis-
order with patients clinically ranging from asymptomatic to critically ill, depending on 
the acuity and occlusiveness of the thrombosis [ 24 ]. The thrombus is seen as a fi lling 
defect at the site of venous obstruction, which can propagate peripherally. In cases 
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attributable to a hypercoagulable state, venous thrombus is often fi rst seen in the smaller 
branches as a low-density intraluminal fi lling defect and then spreads centrally towards 
the major venous trunks [ 24 ]. 3D reconstructions are especially useful for imaging the 
mesenteric venous system as these vessels can be easily identifi ed and followed on the 
coronal and coronal oblique projections [ 10 ]. The confl uence of the superior mesenteric 
vein and portal vein is a common site for venous thrombosis, and coronal reconstruc-
tions permit quick and accurate assessment of this area [ 8 ]. Several authors have found 
that other reconstructions, such as maximum intensity projections using thin slabs, are 
best used to display venous collaterals that occur in the presence of mesenteric venous 
thrombosis [ 8 ]. Due to the venous collateral system of the bowel, patients can be asymp-
tomatic, even with a large degree of venous thrombosis, and evidence of bowel ischemia 
on CT or MR may not be present in isolated thrombosis. In acute or complete thrombo-
sis, without robust venous collateral fl ow, severe venous hypertension results lead to 
engorgement of the veins with wall thickening and enhancement [ 13 ]. The bowel wall 
can be signifi cantly thickened and congested due to venous obstruction. Intramural 
hemorrhage can be seen within the bowel wall as increased density on CT. With long-
standing venous obstruction, transmural infarction can occur, which can cause complete 
lack of bowel wall enhancement [ 8 ]. This can lead to fi ndings of pneumatosis intestina-
lis or portomesenteric gas, which portend a poor prognosis [ 8 ,  13 ] (Fig.  7.4 ). The gener-
alized abdominal fi ndings of bowel dilatation or ascites fl uid are nonspecifi c and can be 
seen in venous thrombosis; however, hemorrhagic peritoneal fl uid appearing hyper-
dense on CT suggests early bowel infarction [ 25 ].  

   Nonocclusive Mesenteric Ischemia 

 Nonocclusive mesenteric ischemia accounts for approximately a quarter of the cases 
of acute mesenteric ischemia, although it carries a high mortality rate that approaches 
70 % [ 13 ,  26 ]. Nonocclusive ischemia is secondary to severe hypoperfusion of the 
bowel and is usually in association with cardiogenic shock or hypotension. 
Generalized fi ndings of hypovolemic shock, including a slit-like appearance of the 
IVC, typically accompany this disorder. No focal vascular obstruction is identifi ed, 
but rather global signs of hypoperfusion are present, including a “shock bowel” 
appearance. This term describes the segmentally dilated, commonly fl uid- fi lled, 
small bowel with diffuse hyperenhancement of the wall seen in the setting of hypo-
volemic shock. This is thought to be the result of autoregulation and vasoconstriction 
of the mesenteric vasculature, which slows perfusion and shunts blood to the critical 
organs [ 27 ]. This hypoperfusion leads to vasoconstriction of the small mesenteric 
arteries, which can cause the vessels to appear very small on CTA and cause delayed 
fi lling of the mesenteric veins with no opacifi cation during venous phase at 60–70 s 
after injection [ 13 ]. With prolonged vasoconstriction, intestinal mucosal permeability 
increases, allowing for entry of gas into the bowel wall and mesenteric vascular sys-
tem, apparent as pneumatosis and portomesenteric gas on cross-sectional imaging.  
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   Median Arcuate Ligament Syndrome 

 Median arcuate ligament syndrome is the result of the median arcuate ligament 
passing superior to the origin of the celiac trunk and compressing the vessel. This 
is best seen on the sagittal reconstructions as a smooth indentation along the 
superior margin of the proximal celiac artery. Both CTA and MRA images can be 
easily reconstructed in the sagittal format and can readily identify the median 
arcuate ligament and determine if there is any compression present. Compression 
of the proximal celiac artery is augmented on expiration with superior motion of 
the celiac trunk against the median arcuate ligament. It should be noted that iso-
lated compression of the celiac trunk during expiration is not a specifi c fi nding 
and may not be clinically signifi cant. Prior studies have shown that up to 50 % of 
asymptomatic patients exhibit some degree of compression of the celiac trunk 
during expiration [ 28 ]. More specifi c, but less commonly seen, fi ndings of severe 
stenosis include prominent poststenotic dilatation and celiac artery compression 
which persists during inspiration [ 28 ]. Inspiratory and expiratory angiography 
may be helpful in equivocal cases.  

   Mesenteric Artery Dissection or Aneurysm 

 CTA is an ideal choice for fi rst-line imaging in patients with isolated mesenteric 
artery aneurysms or dissections. Most commonly, celiac artery or superior mes-
enteric artery dissections are seen as an extension of an abdominal aortic dissec-
tion. The most common site of isolated mesenteric artery dissection is in the 
proximal few centimeters of the superior mesenteric artery [ 29 ]. As with dissec-
tions in other vessels, an intraluminal fl ap, thrombosis of the false lumen, and 
intramural hematoma are specifi c fi ndings than can often be seen. Mild enlarge-
ment of the affected artery and fat stranding of the adjacent mesentery are less 
specifi c fi ndings that may also be seen [ 30 ]. Isolated mesenteric artery aneu-
rysms are a rare entity, which can be found incidentally or with the patient in 
extremis following rupture. Focal dilatation of a mesenteric artery clinches the 
diagnosis when seen on cross-sectional imaging. In one study of 21 patients 
with SMA aneurysms, the mean nonruptured size was 2.2 cm [ 31 ]. In that same 
study about 80 % of patients had an isolated superior mesenteric artery aneu-
rysm, while about 20 % had multiple aneurysms. Both aneurysms and dissec-
tions may be also associated with either disorders of vascular connective tissue 
such as Ehlers-Danlos type IV or segmental arterial mediolysis or with a vascu-
litis such as polyarteritis nodosa (Fig.  7.5 ). Signs of aneurysm rupture on CTA 
include high-density peritoneal fl uid corresponding to hemorrhage within the 
peritoneal cavity and active extravasation from the ruptured artery.
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      CTA Limitations 

 Although CTA is currently recommended as fi rst-line imaging in the evaluation of 
mesenteric vascular disease, it does have limitations. CT uses ionizing radiation, 
with potential carcinogenic effects. The need for multiphase imaging in arterial and 
venous phases of enhancement increases the radiation exposure compared to a rou-
tine abdomen and pelvis CT for the evaluation of nonspecifi c abdominal pain. The 
American College of Radiology estimates the effective dose for an adult on the 
range of 1–10 mSv for CTA of the abdomen [ 2 ], and CTA for mesenteric ischemia 
can certainly double this. In most cases, the information obtained with CT is a ben-
efi t that outweighs the risk of radiation exposure. The potential adverse effects from 
radiation vary widely based on patient-based factors, particularly age, and the 
potential carcinogenesis is usually not a signifi cant concern given the typical age of 
patients with suspected mesenteric ischemia. Pediatric patients are at higher risk for 
adverse effects from radiation exposure due to higher organ sensitivity to radiation 
and longer life expectancy, which increases the risk due to the long latent period that 
appears to accompany the adverse health effects of radiation [ 2 ]. In the evaluation 
of the pediatric patient with mesenteric vascular disease, forethought should be 
given to the possibility that they may need multiple serial follow-up examinations 
throughout the course of their lifetime. MRA may be a better choice in these cases 
due to the fact that no radiation exposure is incurred. Another limitation of CTA is 

  Fig. 7.5    Axial contrast-enhanced CT venogram in a 25-year-old male who developed severe and 
worsening abdominal pain after an episode of dehydration and vomiting from a gastroenteritis. CT 
demonstrates a thrombus in the superior mesenteric vein ( arrow ) and markedly thickened, poorly 
enhancing jejunal loops ( arrowheads ) and abdominal ascites ( asterisk ) secondary to mesenteric 
venous congestion       
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the need for intravenous iodine-based contrast injection. In patients with allergies to 
iodinated contrast, premedication protocols exist to blunt the allergic response. In 
patients with anaphylaxis from prior contrast injection, clinicians may not feel com-
fortable administering contrast again, even with the use of premedication, so MRA 
would generally be a viable alternative. 

 There has been much discussion in the recent literature involving contrast- 
induced nephropathy, especially in those patients with mildly–moderately impaired 
renal function. The cause of contrast-induced nephropathy remains unclear, and it is 
common practice not to administer intravenous contrast material to patients with a 
GFR less than 45 mL/minute. Research published in 2013 suggests that  intravenous  
contrast-induced nephropathy is not nearly as common as once thought – or may not 
exist at all. A study involving over 53,000 patients showed that the rate of contrast- 
induced nephropathy was no different from contrast material-independent acute 
kidney injury, suggesting that contrast material may cause renal insuffi ciency fol-
lowing contrast injection [ 32 ]. A large meta-analysis performed by the same group 
reviewed nearly 1,500 independent studies and found similar incidence of acute 
kidney injury, need for dialysis, and death in patients who received intravenous 
contrast and noncontrast control groups [ 33 ].  

   MRA Limitations 

 MRA has less widespread availability than CTA, so logistically the use of MRA in 
acute settings is discouraged because this may delay diagnosis and intervention. In 
general, MRI has lower spatial resolution than CT, and in cases that require evalua-
tion of the small mesenteric branches, MRA may not be as useful. The acquisition 
of multiple sequences, some of which require breath holds for more than 20 s, create 
long imaging times compared to CTA, and the patient must remain still on the MRI 
table. This positioning and breath holding is challenging for some patients with 
multiple comorbidities. The nature of MR sequences make them more susceptible to 
motion artifact than CTA, and although glucagon can be given to inhibit peristalsis, 
bowel motion is a limiting factor when trying to evaluate the vasa recta or the 
 intestines for early signs of ischemia. Additional susceptibility artifact from metal, 
namely, metallic stents, limits the use of MRA in evaluating patients status post- 
intervention with angioplasty and stent placement. 

 Nephrogenic systemic fi brosis is a scleroderma-like disease that has been seen 
after the administration of Gd-based contrast, primarily in patients on hemodialysis. 
The etiology of this disorder remains unclear; however, it is almost never seen in 
patients who do not have severe renal insuffi ciency and has not clearly been associ-
ated with all gadolinium formulations. Current guidelines recommend avoidance of 
administration of Gd-based contrast agents in patients on hemodialysis or with GFR 
rates less than 30 mL/min [ 2 ] or acute renal injury. 

 Lastly, many non-MR compatible implanted medical devices, such as pacemakers 
and spine or deep brain stimulators, preclude any MRI examination.   
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   Future Directions 

 Cross-sectional imaging technology continues to advance rapidly, increasing the 
ability to provide accurate evaluation of the mesenteric vasculature and earlier diag-
nosis of mesenteric ischemia. Just as the development of MDCT revolutionized the 
diagnosis of mesenteric vascular disease with cross-sectional imaging, continued 
development of new technologies may change the way we diagnose and treat mes-
enteric vascular disease in the future. Dual-energy CT is an evolving technology 
that involves collecting helical CT data at two different energies, one low kVp and 
one high kVp. The differences of particular tissues at these various energies can 
then be exploited in many advantageous ways. For example, by utilizing post- 
processing software, calcium can be exclusively isolated and removed. This allows 
more accurate assessment of the true degree of stenosis occurring at the site of calci-
fi ed atherosclerotic plaques [ 34 ]. Using the same calcium isolation and removal 
process, bone subtraction algorithms for volume rendering on dual energy systems 
can be optimized. Advances in CT perfusion technology may also permit evaluation 
of bowel viability and help us to better triage patients prior to laparotomy. 

 MR advances in rapid imaging and tissue characterization also have the potential 
to impact mesenteric ischemia diagnosis. Recent studies using 3 T magnets and 
animal models have shown that using diffusion-weighted imaging (DWI) can iden-
tify early ischemic changes. The ischemic bowel appears hyperintense on DWI and 
hypointense on the corresponding ADC map as early as 30 min after induction of 
ischemia, mimicking either occlusive or nonocclusive causes [ 35 ]. In the future, the 
more widespread availability of MRI and additional advances in functional imaging 
may be able to provide the earliest assessment of mesenteric ischemia and super-
sede CTA as fi rst-line imaging.  

   Summary 

 Cross-sectional imaging, utilizing either CTA or MRA, is an ideal noninvasive 
method for the evaluation of patients with suspected mesenteric vascular disease. 
The high-resolution, widespread availability, and three-dimensional reconstructions 
afforded by the current generation of CTA yield a high sensitivity and specifi city for 
diagnosing various causes of mesenteric ischemia and should be considered a fi rst- 
line imaging study. CTA can also easily exclude other causes of acute or chronic 
abdominal pain and can provide detailed anatomic information, which can guide 
surgical or endovascular intervention. MRA has a lesser role than CTA for this indi-
cation, but given the lack of radiation, ability to image without intravenous contrast, 
and capacity to provide functional physiologic information, it can be useful as an 
alternative diagnostic tool. MRA is generally better suited for evaluating chronic 
mesenteric ischemia than acute mesenteric ischemia. Each imaging modality is with 
its own limitations, and the clinician should weigh the benefi ts and risks versus the 
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limitations of each imaging modality in individual cases. Future directions with 
further advances in imaging technology will likely lead to increased functional data 
and early identifi cation of patients at high risk for mesenteric vascular disease.     
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    Chapter 8   
 Diagnostic Angiography 

             Gustavo     S.     Oderich       and     Leonardo     Reis     de     Souza     

         Diagnostic catheter-based arteriography is considered the “gold-standard” 
 diagnostic study for evaluating mesenteric and visceral artery disease in patients 
with a variety of aneurysmal or occlusive mesenteric lesions [ 1 ]. During the last 
decade, its role as confi rmatory test and for planning revascularization diminished, 
in favor of the less invasive modalities. Since 2002, the usage of contrast arteriogra-
phy to plan mesenteric reconstructions for chronic mesenteric ischemia (CMI) has 
decreased from 97 to 57 % at the Mayo Clinic. This change occurred due to substan-
tial increase in use of computed tomography angiography (55–88 %) and magnetic 
resonance angiography (12–33 %) [ 2 ]. Mesenteric arteriography is rarely needed to 
confi rm the diagnosis, and it typically does not add anatomical detail to plan an 
intervention. More frequently, angiography is obtained in conjunction with a 
planned endovascular intervention. Exceptions are patients with suboptimal imaging 
studies and those with extensive calcifi cation, small vessels, or multiple prior stents 
causing metallic artifact [ 3 ]. 
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   Technique 

 Diagnostic mesenteric angiography can be performed using either femoral or bra-
chial approach. The later has higher risk of access-related complications and there-
fore should be avoided for purely diagnostic studies. Femoral approach is considered 
the fi rst choice for diagnostic angiography. However, if diagnostic angiography is 
obtained in conjunction with a planned intervention, brachial or radial approach is 
used more liberally depending on the technical diffi culty of the procedure and angle 
of origin from the aorta [ 4 ]. 

 Percutaneous femoral access is established using a micropuncture set under 
ultrasound guidance. The 0.018-in. access guidewire is exchanged for a 0.035-in. 
fl oppy wire and a 5 Fr sheath is positioned in the external iliac artery. Systemic 
anticoagulation with 40 units/kg of heparin is recommended prior to selective cath-
eterization; if intervention is anticipated, full heparinization (80 units/kg) is recom-
mended. If brachial access is used in conjunction with anticipated intervention, the 
author’s preference is to surgically expose the distal brachial artery at the elbow 
crease under local anesthesia, avoiding access-related complications. Other alterna-
tives are total percutaneous access and radial access, which has been increasingly 
utilized. After access is established, mesenteric angiography consists of abdominal 
and selective views. A 5 Fr diagnostic fl ush catheter (pigtail, straight, or other) is 
positioned at T12 level over a 0.035-in. Glidewire for abdominal aortography. 
A complete study requires at least an anteroposterior (Fig.  8.1 ) and lateral views 
(Fig.  8.2 ). The later is ideal to demonstrate the origin of the celiac axis and superior 
mesenteric artery (SMA). The optimal projection to display the origin of the inferior 
mesenteric artery (IMA) it is a 15° right lateral-oblique view (Fig.  8.3 ).

     Selective visceral artery angiography may be required to demonstrate anatomical 
detail and collateral patterns, to confi rm severity of the disease, and to identify tan-
dem lesions. Modest systemic anticoagulation (40 units/kg) is highly recommended 
prior to attempt selective catheterization. The choice of catheter shape is dependent 
upon access site, angle of origin, and individual preference (Table  8.1 ). For exam-
ple, a multipurpose catheter (MPA, Fig.  8.4 ) is ideal for approaching the mesenteric 
arteries from brachial approach, whereas a secondary curve catheter (e.g., SOS or 
Simmons) is needed when these arteries are accessed via the femoral access. Other 
catheter shapes or guide catheters (Fig.  8.5 ) are useful for approaching the mesen-
teric arteries via either approach and may provide better support to assist with stent 
placement or other intervention.

     Selective injection of the mesenteric arteries can be associated with abdominal 
discomfort, particularly in the patient with severe ischemia symptoms (Fig.  8.6 ). 
The use of a low-osmolar contrast agent (e.g., iodixanol) minimizes abdominal dis-
comfort, frequently described as pain or warmth/cold sensation, during selective 
injections [ 5 ]. Pressure gradients can be useful in the case of a questionable lesion 
and be obtained by pressure wire and “pull-back” or simultaneous pressure mea-
surement technique [ 6 ]. Intravascular ultrasound can also be useful in patients with 
lesions of questionable signifi cance or to assess technical result after intervention 
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  Fig. 8.1    Diagnostic aortography in a patient with chronic mesenteric ischemia. Note that both the 
celiac axis and superior mesenteric artery origin is not opacifi ed in anterolateral projection ( a ). The 
inferior mesenteric artery is patent and provides collateral fl ow into the SMA and celiac via arc of 
Riolan. Lateral ( b ) views demonstrate occluded SMA and celiac axis with diseased inferior mes-
enteric artery       

  Fig. 8.2    Lateral aortography     
in a patient with moderate to 
severe celiac and superior 
mesenteric artery stenosis       
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  Fig. 8.3    Right anterior- 
oblique view and selective 
angiography of the inferior 
mesenteric artery demonstrate 
collateral networks to the 
superior mesenteric artery via 
arc of Riolan       

   Table 8.1    Catheters and injection rates used for selective mesenteric artery catheterizations   

 Artery  Catheter shape 
 Injection 
(mL/s) 

 Total 
volume 

 Filming 
(fr/s) 

 Celiac  Femoral: SOS Omni, Simmons, Cobra-2  5–7  15–20  2–4 
 Brachial: MPA, MPB, Kumpe 

 Splenic  Femoral: Simmons, Cobra 2  5–7  15–20  2–4 
 Brachial: MPA, MPB, Kumpe 

 Hepatic  Femoral: Simmons, Cobra 2  4–5  10–15  2–4 
 Brachial: MPA, MPB, Kumpe 

 Left gastric  Femoral: Simmons, Cobra 2  3–4  10–15  2–4 
 Brachial: MPA, MPB, Kumpe 

 Gastroduodenal  Femoral: Simmons, Cobra 2  3–4  10–15  2–4 
 Brachial: MPA, MPB, Kumpe 

 SMA  Femoral: SOS, Simmons, Cobra 2  5–7  15–20  2–4 
 Brachial: MPA, MPB, Kumpe 

 SMA branches  Femoral: Simmons, Cobra 2  3–4  10–15  2–4 
 Brachial: MPA, MPB, Kumpe, 
micro-catheters 

 IMA  Femoral: SOS, Simmons, Cobra 2  3–5  10–15  2–4 
 Brachial: MPA, MPB, Kumpe 

   SMA  superior mesenteric artery,  IMA  inferior mesenteric artery  
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(Figs.  8.7 ,  8.8 , and  8.9 ). Review of pre-procedure computed tomography or mag-
netic resonance imaging is helpful to guide access and choice of catheter shape. In 
patients with arteries that have angulated origin from the aorta or high-grade stenosis 
or occlusion, technical challenge can be anticipated from the femoral approach. 
In these cases, use of guide catheters (Fig.  8.5 ) may be necessary to provide  adequate 
support and to facilitate exchanges if a stiffer system is needed for intervention.

  Fig. 8.4    Catheter shapes frequently utilized for diagnostic and selective visceral angiography       

  Fig. 8.5    Frequently utilized guide catheters for renal and mesenteric interventions       
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  Fig. 8.6    Selective 
angiography of the inferior 
mesenteric artery 
demonstrates collaterals to 
the SMA and celiac axis       

  Fig. 8.7    Computed tomography angiography in a patient with large descending thoracic thrombus 
( a ) which embolized to the SMA causing distal occlusion ( b )       
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  Fig. 8.8    Intravascular ultrasound was used to identify the location of the thrombus ( a ) to guide 
coverage by aortic stent graft ( b )       

  Fig. 8.9    Catheter-directed thrombolysis was used for treatment of the embolic lesion ( a ), with 
signifi cant luminal improvement ( b )       
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         Conclusion 

 Diagnostic angiography is still considered the gold-standard study for most visceral 
artery pathology, but its role has decreased in the investigation of these disorders. 
Meticulous technique is recommended to avoid complications associated with diag-
nostic angiography and mesenteric interventions.     
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    Chapter 9   
 Clinical Presentation, Etiology, 
and Diagnostic Considerations 

             Lars     Stangenberg      and     Marc     L.     Schermerhorn    

           Clinical Presentation 

 Chronic mesenteric ischemia (CMI) is a fairly uncommon disease that accounts for 
only 5 % of all cases of ischemic compromise of the gastrointestinal tract [ 1 ]. CMI 
poses thus a diagnostic challenge to the medical practitioner. There are numerous case 
reports of patients whose symptoms are vague and are treated for other causes than 
the actual underlying problem of CMI. Often they are diagnosed with colitis or other 
gastrointestinal diseases or even with depressive and eating disorders leading to poor 
oral intake and subsequently weight loss [ 2 ,  3 ]. This, however, refl ects the nonspecifi c 
symptom complex and high prevalence of the other diagnoses such as colitis in the 
differential. This is further complicated by the fact that many people with stenoses of 
the mesenteric vessels do not show symptoms of CMI. The surgeon typically sees 
only a small proportion of patients with postprandial pain; patients that were often-
times evaluated thoroughly by other specialists before presentation to a surgeon. 

 Part of the diffi culty results from the rare occurrence of CMI. The prevalence is 
estimated at 1 in 100,000 individuals [ 4 ,  5 ]. This is in stark contrast to the preva-
lence of some degree of stenosis of the mesenteric vessels. In a cohort study of 553 
participants aged 65 and older, Wilson et al found that 17.5 % of elderly patients had 
a critical stenosis of at least one vessel [ 6 ]. In another study researchers reviewed 
205 consecutive angiograms of patients with aneurysmal or occlusive disease in the 
Veterans Affairs system. They found asymptomatic stenosis of mesenteric vessels in 
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40 % of patients with abdominal aortic aneurysms, 29 % in patients with aortoiliac 
occlusive disease, and 25 % in patients with peripheral occlusive disease [ 7 ]. Despite 
this rather common fi nding, it seems rare that the pathophysiologic process pro-
gresses to clinically detectable disease. In an observational study including 980 
asymptomatic patients with at least 50 % stenosis of one of the visceral vessels, 
Thomas et al found only 4 patients that developed mesenteric ischemia. All patients 
had three-vessel involvement. The extensive collateralization between the three ves-
sels that occurs over time in affected patients contributes to the slow progression of 
clinical symptoms and the low prevalence. 

 The classic patient is female and 75 years old. A female to male ratio of 2:1 has 
been reported [ 8 ]. She presents with postprandial abdominal pain, weight loss, and 
“food fear” (sitophobia). This triad of symptoms is present in about 50–60 % of 
patients [ 9 ]. The pain is often described as dull and cramping and located in the 
midepigastric area. The time course is important as it can distinguish CMI from 
other processes causing abdominal pain. The pain starts 15–45 min after a meal and 
lasts variably up to 4 h [ 1 ]. The intensity can be modulated by the size and the type 
of the ingested food with large fatty meals resulting in the most severe pain [ 10 ]. 
The pain eventually progresses to constant discomfort. 

 Two theories have been proposed to explain the timing of symptoms. One focuses 
on a mismatch between splanchnic blood fl ow and intestinal metabolic demand. 
Under resting conditions the intestinal circulation receives 10–20 % of the cardiac 
output. This increases to up to 35 % of the cardiac output after a meal in response to 
the increased activity of the gastrointestinal tract [ 11 ]. The stenotic mesenteric ves-
sels cannot accommodate the doubling in fl ow and thus hypoperfusion ensues. The 
other theory suggests a shunting effect. Poole et al describe the use of tonometry to 
measure pH changes in stomach and small bowel of dogs [ 12 ]. They used ice cream 
to stimulate the tissues and cause hyperemia. They found that ice cream placed in 
the stomach causes a drop in pH in the small bowel indicative of a steel phenome-
non. Due to the recurrent pattern of postprandial pain, patients develop an aversion 
to food and subsequently reduce the oral intake. This leads to an average weight loss 
of 20–30 lb at the time of diagnosis [ 13 ]. The weight loss is thus a result of decreased 
caloric intake rather than malabsorption (Fig.  9.1 ).

   Other symptoms are vague and nonspecifi c. They include nausea and vomiting, 
fullness, and right upper quadrant discomfort. These symptoms are believed to be 
caused by hypoperfusion of the celiac artery (CA) territory rather than the superior 
mesenteric artery (SMA) territory leading to ischemic gastropathy. They occur in 
about 15 % of cases. Finally, changes in bowel habits can occur. Hematochezia and 
gastrointestinal bleeding due to CMI are rare. 

 Atherosclerosis is responsible for the majority of patients with CMI. Thus 
 classical risk factors for atherosclerosis can often be elicited from the patients. In 
fact, half of the patients have known atherosclerosis in other vascular beds such as 
peripheral or coronary arteries [ 10 ]. Another study found the following comorbidi-
ties and risk factors at the time of presentation: hypertension 91 %, peripheral vas-
cular disease 86 %, coronary artery disease 82 % with previous myocardial infarction 
46 %, diabetes mellitus 66 %, hypercholesterolemia 48 %, and heavy smoking of 
>25 pack years 53 %. 
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 The fi ndings on physical examination are rather nonspecifi c. Often patients are 
underweight, sometimes to the point of cachexia due to poor oral intake related to 
food fear. Occasionally one can auscultate a bruit over the origin of the mesenteric 
vessels in the epigastrium. The bowel sounds, however, are frequently hyperactive. 
On palpation of the abdomen, there is rarely tenderness. Signs of peritonitis such as 
guarding or rebound tenderness are rarely found and suggest the possibility of acute 
or acute-on-chronic mesenteric ischemia. Similar to the physical examination, labo-
ratory fi ndings are nonspecifi c and often normal. Markers for the nutritional state of 
the patient such as albumin and prealbumin for long-term and short-term caloric 
intake are the exception and are low in many cases.  

   Etiology 

 Chronic mesenteric ischemia is usually caused by atherosclerotic changes of the 
three mesenteric vessels. However, as mentioned earlier, most patients have involve-
ment of at least two vessels to cause clinically evident disease. According to some 
estimations, up to 95 % of cases of CMI are due to atherosclerosis [ 9 ]. The athero-
sclerotic changes occur at the ostium of the affected vessel. These changes are also 
found on the anterior aortic wall, and one might consider the ostial lesions of the 
mesenteric vessels as progressive aortic disease. This probably also explains the 
rare occurrence of isolated atherosclerosis-related disease of only one vessel. 

 Atherogenesis describes the multistep process of forming atheromatous plaques 
in arteries [ 14 ]. A brief synopsis of the involved steps is given below (Fig.  9.2 ). 
An early event in this process is the activation of endothelial cells (ECs). Usually 
resisting leukocyte attachment, ECs respond to irritants such as hypertension or 

  Fig. 9.1    Cachectic patient in 
right semilateral decubitus 
position in preparation to 
undergo retroperitoneal 
transaortic endarterectomy       
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dyslipidemia by upregulation of cell adhesion molecules. Changes in endothelial 
permeability also lead to increased deposition of cholesterol-containing low-density 
lipoprotein (LDL) particles. Together with other chemoattractants, this leads to 
eventual leukocyte adhesion and migration to deep layers of the arterial wall. There, 
blood monocytes become tissue-resident macrophages and take up LDL. On patho-
logical examination these macrophages have taken up such large amounts of lipid 
that they become foam cells. Foam cells and other cells of the immune system then 
further stimulate the process by releasing pro-infl ammatory cytokines such as 
interleukin-1β (IL-1β) and tumor-necrosis factor (TNF). Smooth muscle cells from 
the intima as well as the media proliferate in response to these stimuli and produce 
extracellular matrix proteins including collagen and elastin, which form a fi brous 
cap over the plaques. This cap covers viable as well as apoptotic foam cells and 
extracellular debris and lipids. Over time the plaque grows and causes clinical mani-
festations by producing fl ow-limiting stenoses or by thrombus formation with distal 
embolization.

   Beyond atherosclerotic changes causing mesenteric ischemia, there are a variety 
of systemic diseases that can affect the mesenteric vasculature. The prevalence of 
mesenteric compromise related to these diseases is diffi cult to estimate but certainly 
much lower than atherosclerosis as an etiology as mentioned above. Most available 
data are derived from case reports or small case series. A study from the Mayo 
Clinic seems to confi rm this notion [ 15 ]. Over a period of 24 years, they treated only 
15 patients (13 female and 2 male) for occlusive mesenteric vasculitis. Etiologies 
were Takayasu’s arteritis in 7, polyarteritis nodosa in 4, indeterminate in 3, and giant 
cell arteritis in 1. The majority of patients underwent open revascularization. A few 
interesting points can be extrapolated from this paper. Patients with vasculitis as the 
underlying etiology are signifi cantly younger than patients with mesenteric isch-
emia due to atherosclerosis. The mean age was 38 versus 65. These patients lack the 
classic cardiovascular risk factors of hypertension, hyperlipidemia, diabetes, and 
smoking. Finally, the Mayo experience confi rms the low prevalence of mesenteric 
vasculitis (15 patients with vasculitis versus 163 patients with atherosclerosis). 

 Takayasu’s arteritis was the most common form of vasculitis in this series. This 
fi nding is further supported by the majority of case reports on this subject [ 15 ]. Min 
et al, for example, report their experience with Takayasu’s disease in 25 patients 
[ 16 ]. Two of them had involvement of the mesenteric vessels and were treated with 
stenting. Similarly, Kalangos et al report on 10 pediatric patients of whom 4 under-
went endovascular or open repair of the SMA to treat ischemic symptoms [ 17 ]. 

 Thrombangiitis obliterans, also known as Buerger’s disease, is another infl am-
matory process that can lead to occlusion of the intestinal arteries over time. It is 
associated with smoking and usually affects the peripheral arterial beds [ 18 ]. It has 
long been known, though, that Buerger’s disease can affect the visceral arteries on 
rare occasions [ 19 ]. Data are limited to case reports. Pfi tzmann et al describe such a 
rare event. A patient with abdominal pain was found to have necrotic small bowel 
and hepatic hypoperfusion upon laparotomy [ 20 ]. Angiography eventually showed 
occlusion of celiac trunk and SMA. He was revascularized by SMA thrombectomy 
and vein bypass from SMA to hepatic artery. 
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 Giant cell arteritis can also cause mesenteric ischemia [ 21 ]. Evans et al found 
smooth narrowing of the SMA and confi rmed the diagnosis by temporal artery 
biopsy. The patient was started on steroids and improved slowly over a 6-month 
period. Other patients with giant cell arteritis can present more dramatically 
with intestinal infarction or perforation and subsequent mortality as high as 
30 % [ 22 ,  23 ]. 

 Other forms of vasculitis can cause mesenteric ischemia infrequently. Chubachi 
et al describe a patient with occlusive Behcet disease [ 24 ]. Churg-Strauss syndrome, 
Wegener’s granulomatosis, microscopic polyangiitis, and other small-vessel arte-
riopathies can also on occasion affect the mesenteric circulation [ 25 ]. 

 There are other unusual etiologies for mesenteric ischemia. Often there are only 
one or two patients described with a particular pathology. Krupski reviewed them 
in detail [ 26 ]. One patient suffered from an isolated spontaneous SMA dissection 
and presented with classic symptoms of CMI [ 27 ]. Resection of the intimal fl ap 
with vein patch angioplasty was performed with good result. Retroperitoneal 
fi brosis and neurofi bromatosis can also cause mechanical obstruction by external 
compression [ 28 ,  29 ]. Median arcuate ligament syndrome is similarly recognized 
as an external lesion leading to external mechanical obstruction of the celiac trunk 
with ensuing ischemic symptoms. The syndrome is discussed in detail elsewhere 
in this book.  

   Diagnostic Considerations 

 The diagnosis of CMI remains a formidable challenge to the medical practitioner. 
It requires careful history taking to suspect mesenteric ischemia in a patient with 
vague abdominal symptoms. It has been shown, however, that the establishment of 
a multidisciplinary splanchnic diseases workgroup can lead to increased detection 
of CMI [ 30 ]. This Dutch group was able to increase the rate of diagnosis from 7 to 
23 persons per million per year due to an increased degree of suspicion and an 
extensive investigation by several specialists. 

 Beyond a thorough history, the key to making a tentative diagnosis of CMI lies 
with various imaging modalities as well as physiologic testing. These imaging 
modalities include noninvasive techniques such as duplex ultrasonography (DUS), 
computed tomographic angiogram (CTA), and magnetic resonance angiography 
(MRA) and invasive techniques like conventional angiography, which served for a 
long time as the gold standard. Tonometry as a physiologic test has been employed 
to detect pH changes after stimulation. These tests can be used alone or in combina-
tion but even then a preoperative defi nitive diagnosis is impossible [ 9 ]. They can 
suggest a high confi dence of the correctness of the diagnosis, but only the improve-
ment of symptoms after a successful intervention, either open or endovascular, 
 confi rms the diagnosis defi nitively. 
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   Angiography 

 Biplanar selective angiography is the gold standard for detecting CMI against which 
all other modalities are tested (Fig.  9.3 ). It used to be the only test available to aid in 
diagnosis but has largely been replaced by newer technologies as outlined below. It 
is employed in therapeutic efforts, though, and in this capacity has gained impor-
tance due to the increase in endovascular treatment of CMI. If performed for diag-
nostic purposes, it is crucial to obtain several views of the ostia of mesenteric 
vessels. Plain anterior-posterior (AP) views do not allow for visualization of the 
vessel origins. Lateral views are better suited to assess this area of the vessel where 
most disease is located. Imaging should be performed early and late: early to visual-
ize the CA and SMA origin and late to evaluate the retrograde fl ow, delayed proxi-
mal visualization, and collateral pathways between CA, SMA, and inferior 
mesenteric artery (IMA) [ 31 ].

      Duplex Ultrasonography 

 Gene Strandness and colleagues at the University of Washington in Seattle demon-
strated 30 years ago the utility of duplex ultrasonography (DUS) to detect stenoses 
and occlusions of mesenteric vessels [ 32 ]. This group found elevated velocities of 

  Fig. 9.3    Lateral projection 
aortogram with proximal 
mesenteric vessels (CA and 
SMA). Note the signifi cant 
stenosis of the CA with 
post-stenotic dilation ( black 
arrow ) and the reduced 
intensity of contrast in SMA 
indicative of stenosis ( white 
arrow ). Further information 
can be obtained from 
selective cannulation of 
single vessels       
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CA and SMA in a patient with postprandial abdominal pain and weight loss. 
Angiography confi rmed the diagnosis. Since that time DUS has become the fore-
most screening tool to assess CMI due to its low cost, high speed, and general avail-
ability (Fig.  9.4 ). Starting in the early 1990s, several groups published retrospective 
reviews to establish velocity parameters and thresholds that would reliably predict 
critical stenoses of the mesenteric vessels. Moneta et al fi rst published duplex crite-
ria for diagnosis of SMA or CA stenosis in 1991 [ 33 ]. They used peak systolic 
velocities (PSV) and found that velocities >275 cm/s for the SMA and >200 cm/s 
for the CA predicted stenosis of at least 70 %. Sensitivity, specifi city, and positive 
predictive values were 89, 92, and 80 % for the SMA and 75, 89, and 85 % for the 
CA, respectively. In their hands end-diastolic velocities (EDV) or calculated veloc-
ity ratios did not add additional accuracy to the test. This is in contrast to the data 
from Dartmouth where the authors found EDV more accurate than PSV in the diag-
nosis of SMA stenosis [ 34 ]. They reported an EDV > 45 cm/s in the SMA to be the 
best indicator of severe stenosis (sensitivity 100 %; specifi city 92 %). In their hands, 
PSV > 300 cm/s was less sensitive (63 %) but highly specifi c (100 %) for severe 
SMA stenosis. They also reported issues with imaging the CA and correctly identi-
fying threshold values. This was attributed to increased collateral fl ow through the 
gastroduodenal artery that would reduce the velocities across a CA lesion. In a later 
publication, the authors proved this to be the case and reported reversal of fl ow in 
the common hepatic artery to predict severe CA stenosis or occlusion [ 35 ].

  Fig. 9.4    Duplex ultrasonography examination of patient with symptoms of abdominal pain, 
weight loss, and food fear. DUS shows laminar fl ow in the aorta and CA. There is, however, turbu-
lent fl ow at the SMA origin indicative of a stenosis, which was confi rmed by pulse waveform 
analysis of this area. This showed PSV of 440.9 cm/s, a signifi cantly elevated value       
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   Shortly after publishing the diagnostic threshold criteria using PSV, Moneta et al 
published a prospective study validating their initial results [ 36 ]. They studied 100 
patients who underwent routine aortography and subsequently had DUS. Sensitivity, 
specifi city, positive predictive value, negative predictive value, and overall accuracy 
for detection of a 70 % or greater SMA stenosis were 92, 96, 80, 99, and 96 % and for 
a 70 % or greater CA stenosis 87, 80, 63, 94, and 82 %, respectively. Similarly, Zwolak 
et al confi rmed the Dartmouth criteria using EDV to diagnose stenoses [ 37 ]. An EDV 
threshold of 45 cm/s had a sensitivity of 90 %, specifi city of 91 %, positive predictive 
value of 90 %, negative predictive value of 91 %, and overall accuracy of 91 % for 
detecting SMA lesions. For the CA, a threshold of 55 cm/s or no fl ow signal had best 
overall accuracy (95 %) with high sensitivity (93 %) and specifi city (100 %). They 
also confi rmed that a CA PSV > 200 cm/s or no signal has excellent accuracy (93 %), 
sensitivity (93 %), and specifi city (94 %). The PSV data for the SMA were less con-
vincing. It provided low overall accuracy (81 %), low sensitivity (60 %), but high 
specifi city (100 %). The parameters that were established by both groups have been 
used for the last 2 decades to screen for and diagnose critical lesions of the mesenteric 
vessels. Recently though, a study by AbuRahma et al questioned these thresholds 
[ 38 ]. They found PSV > 295 cm/s to provide the highest accuracy for detecting SMA 
stenosis > 50 % and PSV > 400 cm/s for SMA stenosis > 70 %. The sensitivity for a 
50 % stenosis was 87 %, specifi city was 89 %, and overall accuracy 88 %, and for 
detecting a 70 % stenosis, it was 72, 93, and 85 %, respectively. Finally, DUS is a 
dynamic examination that relies on operator expertise as well as patient factors such as 
respirations, body habitus, timing of last meal, bowel gas, and anatomic variations [ 39 ]. 

 The role for duplex extends beyond the initial diagnosis. Several studies show the 
utility of this powerful technology to follow patients after interventions. This allows for 
timely recognition of restenosis before it becomes clinically apparent and thus pro-
vides a window for a second intervention. There is, however, no clearly defi ned thresh-
old for re-intervention. Baker et al document their experience of pre- and postprocedural 
duplex on 23 patients [ 40 ]. The mean PSV before intervention was 464 cm/s while it 
dropped to 335 cm/s afterwards. This number is still higher than the threshold of 
275 cm/s used to diagnose the critical stenosis in the fi rst place. From these rather 
preliminary data, they concluded that a threshold of PSV > 500 cm/s inside the stent or 
a change from baseline PSV obtained at 1-month follow-up should be used to trigger a 
re-intervention. Schoch et al come to a similar conclusion in their review of 107 patients 
having undergone endovascular therapy [ 41 ]. Eighty-three percent of patients had 
recurrent stenosis on surveillance duplex but 53 % remained asymptomatic. Thus clini-
cal context and change from early baseline PSV values should trigger an intervention.  

   Computed Tomographic Angiography 

 Computed Tomographic Angiography (CTA) is a modern, fast, and accurate imag-
ing modality to visualize the mesenteric vessels and their pathology. Especially 
since the introduction of multi-row detector technology in the late 1990s, the quality 
of temporal and spatial resolution is excellent [ 42 ]. 

9 Clinical Presentation, Etiology, and Diagnostic Considerations



114

 Compared to conventional angiography, it allows for more complete assessment 
of the mesenteric vasculature [ 43 ]. It can be viewed in multiple planes and may 
include three-dimensional (3D) reconstructions (Fig.  9.5 ). CTA depicts vascular 
narrowing as well as the atherosclerotic plaque itself. A normal CTA virtually rules 
out CMI [ 44 ]. Finally, the CT part of the study enables evaluation of the bowel at 
the same time. Thickening of the bowel wall can indicate infl ammatory changes 
associated with ischemia. A late fi nding of severe ischemic is the presence of pneu-
matosis intestinalis, air within the bowel wall. This might not be as critical for CMI 
as for AMI but is certainly benefi cial and lends to a more thorough assessment. 
Similarly to conventional angiography, early and late phase images can be reac-
quired and thus provide more information. Late phase sequences examine the 
venous system including IMV, SMV, splenic vein, and portal vein.

   Other fi ndings include calcifi ed and noncalcifi ed atherosclerotic plaque, typi-
cally in the CA and SMA and less commonly in the IMA. The plaque is usually 
found in the proximal segment of the vessel within a few centimeters from its origin 
[ 45 ]. CTA is the superior modality to evaluate the plaque in detail as this has impli-
cations for treatment such as clamp placement and choice of infl ow and target. 
Through adjustments of the window and level, and comparison to non-contrast 
images, calcifi ed plaque can usually be distinguished from contrast. Changes in ves-
sels in the proximity of a stenosis can increase the certainty of the diagnosis. One 
can detect the presence of collateral pathways, e.g., prominent vessels around the 
head of the pancreas that should raise immediate suspicion of a hemodynamically 
signifi cant stenosis of the CA resulting in dilatation of the pancreaticoduodenal 
arteries [ 43 ]. This is somewhat similar to DUS, which can also assess the proximity 
of the stenotic vessel and detect ante- and retrograde fl ow in the hepatic artery. 
Detection of fl ow, however, is not possible with CTA, and only indirect fi ndings 
such as the development of collaterals can hint at changes in fl ow. 

 Several studies evaluated the sensitivity and specifi city of CTA compared with 
conventional angiography as gold standard. Cikrit et al performed a retrospective 
review of 32 patients, who had both angiography and CTA to evaluate stenoses of 
mesenteric arteries [ 46 ]. Spiral CTA had a sensitivity of 75 % and specifi city of 
100 % for detection of a 75 % celiac arterial stenosis. For detection of a similar 
stenosis in the SMA, sensitivity was 100 % and specifi city was 91 %. By means of 
the Pearson correlation coeffi cient, signifi cant correlation ( p  < 0.001) was confi rmed 
between spiral CT and arteriography for evaluation of stenosis of the SMA 
( r  = 0.8991) and celiac artery ( r  = 0.8260). 

 Stueckle and colleagues confi rmed this early experience and reported their 
results of 52 patients who underwent both CTA and angiography [ 47 ]. All  aneurysms, 
occlusions, stenoses, and calcifi cations were diagnosed correctly by CTA in axial 
and multiplanar projections (sensitivity 100 %; specifi city 100 %). The degree of 
stenosis was overestimated in three cases when using axial projections. Three- 
dimensional volume-rendered CTA showed a sensitivity of 91 % for aneurysms, 
82 % for stenoses, 75 % for occlusions, and 77 % for calcifi cations. The specifi city 
was 100 % in all cases. 
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  Fig. 9.5    ( a – c ) Axial and sagittal reconstructions of CTA. ( a ) The axial view is well suited to 
assess calcifi cations, stenoses, and occlusions at the origin of the mesenteric vessels as seen here    
( white arrow ). ( b ) The sagittal reformat is particularly helpful in assessing the length of a stenosis 
as it allows for depicting the vessel in a longitudinal section. ( c ) Finally, 3D reconstructions are 
possible from CTA raw data that permits complete assessment of the mesenteric vasculature. 
These images can be viewed in all planes and help in preparation of endovascular interventions, 
e.g., choice of ideal projection angles to see the stenosis during angiography       
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 The data generated from radiologic assessment of visceral vessels in setting of 
CMI is mirrored by data in the setting of AMI. A meta-analysis of six studies pub-
lished between 1996 and 2009 on the diagnostic accuracy of MDCT in AMI showed 
a pooled sensitivity of 93 % and specifi city of 96 % [ 48 ]. 

 Given its widespread availability, low interobserver variability, noninvasiveness, 
moderate cost, and excellent diagnostic properties, CTA should be the anatomic 
imaging modality of choice for patients with clinical suspicion of CMI. In our prac-
tice, CTA is employed after initial screening with DUS but before any intervention 
for suspected CMI. Disadvantages of CTA include the use of ionizing radiation and 
the need for a contrast agent with its risk of allergic reactions and nephrotoxicity. 

 To overcome some of these issues, we have developed an institutional protocol 
to prevent allergic reactions (prednisone 50 mg at 13, 7, and 1 h before CTA; diphen-
hydramine 25 mg at 7 and 1 h before CTA) in those at risk. There is ongoing research 
and currently confl icting data on interventions to reduce the occurrence of nephro-
toxicity. We employ simple hydration before and after the imaging study with iso-
tonic saline [ 49 ]. We do not use bicarbonate or acetylcysteine. We suggest the 
following algorithm for the patient with elevated creatinine who is at risk for both 
contrast-induced nephropathy as well as nephrogenic systemic fi brosis from gado-
linium (see MRA section below): hydrate and then perform CTA if the glomerular 
fi ltration rate is not prohibitively low (GFR < 30 cc/min). If this is the case, then we 
proceed straight to angiography based on a highly suggestive DUS and history. 
During angiography further techniques can be used to reduce the amount of contrast 
given such as only limited lateral views rather than both AP and lateral views. 
Furthermore, one can use carbon dioxide as a contrast agent and can add intravas-
cular ultrasound or pressure gradient measurements if needed.  

   Magnetic Resonance Angiography 

 Magnetic resonance angiography (MRA) offers a second modality for obtaining 
anatomic imaging of the visceral vessels aside from CTA (Fig.  9.6 ). There are, 
however, important differences. Benefi ts of this technology are the avoidance of 
ionizing radiation and iodinated contrast agents. On the other hand, disadvantages 
include the long time to perform a study (~10 min) and the reduced degree of spatial 
resolution compared to CTA. It also has reduced visualization of the IMA, periph-
eral mesenteric vessels, calcifi ed plaques, and previously placed stents [ 50 ]. Finally, 
MRA requires use of gadolinium-based contrast agents that are safer than iodinated 
agents used for CTA on a large scale. A rare but very severe adverse effect of gado-
linium-based contrast agents is nephrogenic systemic fi brosis, a potentially lethal 
complication [ 51 ].

   An early study by Wasser and colleagues proved the usefulness of this tool [ 52 ]. 
They performed conventional angiography on 24 patients and then performed 
cardiac- gated three-dimensional phase contrast MRA. They optimized the sequences 
and subsequently performed prospective studies on 10 patients with presumed 
CMI. Of six patients with stenoses on angiography, MRA identifi ed four correctly 
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which translates into a sensitivity of 66 %. Issues with their approach include the 
long acquisition time and susceptibility to motion artifact. 

 Another rather small study confi rmed the general appropriateness of MRA to 
assess CMI. Meaney et al evaluated 14 patients with correlative angiograms and 
found stenosis in 7 CAs, 6 SMAs, and 4 IMAs. In two cases, IMA stenosis was over-
graded. Overall sensitivity and specifi city of MRA was 100 % and 95 %, respectively 
[ 53 ]. Similarly, Ernst et al assessed the degree agreement between angiographic and 
MR fi ndings in a series of 24 patients by weighted kappa analysis [ 54 ]. Agreement 
was good or excellent for the hepatic artery ( κ  = 0.78), the superior mesenteric artery 
( κ  = 0.65), the splenic artery ( κ  = 0.70), the portal vein ( κ  = 1.0), the superior mesenteric 
vein ( κ  = 0.88), and the splenic vein ( κ  = 0.75). Carlos et al showed a low degree of 
interobserver variability for mesenteric MRA [ 55 ]. Interobserver agreement for grad-
ing proximal splanchnic stenosis was 0.90 for CA, 0.92 for SMA, and 0.48 for IMA. 
The study also confi rmed the rather poor imaging quality of MRA regarding the IMA. 

 MRA imaging can be combined with MRI and then yield functional information 
about splanchnic blood fl ow that is otherwise not attainable. Flow velocities and 
total fl ow volumes can be measured in the mesenteric vessels using two- dimensional 
cine phase contrast velocity mapping [ 9 ]. Flow volumes in both the SMA and the 
superior mesenteric vein (SMV) have been measured with MRI. Li and colleagues 
showed that postprandial fl ow augmentation in the SMA (exceeding 100 % in 
 normal volunteers) was signifi cantly reduced in a patient with high-grade stenosis 

  Fig. 9.6    3D reconstruction of aorta, mesenteric, and renal vessels from MRA raw data. Stenoses 
of the CA and SMA are clearly seen ( red arrows )       
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[ 56 ]. Burkhart et al performed a study of 10 volunteers and 10 patients to assess 
changes in SMV fl ow [ 57 ]. They showed that the difference between fasting and 
postprandial fl ows in the SMV was 245 ± 74 % in healthy volunteers. In four patients 
with angiographically proven stenosis of the mesenteric arteries, postprandial fl ow 
augmentation in the SMV was signifi cantly reduced to 64 ± 28 %. 

 MRI can also be employed to measure the oxygen saturation of hemoglobin. The 
principle behind MR oximetry is that deoxyhemoglobin in erythrocytes is paramag-
netic, but oxyhemoglobin (HbO2) is not. This allows for calculation of mesenteric 
oxygen extraction, which in turn is determined by the rate of mesenteric blood fl ow. 
As blood fl ow decreases, oxygen extraction will increase to maintain the level of 
oxygen uptake. Li et al measured the percentage of oxyhemoglobin (%HbO2) in the 
SMV before and after intake of a standard meal in a canine model [ 58 ]. Later they 
used this technology to assess patients with CMI. Normally, the %HbO2 in the 
SMV increases postprandially by 4.6 ± 0.6 %, but in six patients with CMI, the 
%HbO2 in the SMV decreased by 8.8 ± 0.7 % [ 59 ].  

   Tonometry 

 As described earlier, tonometry can be employed as a functional tool to assess mes-
enteric ischemia. The principle was initially reported in 1965 [ 60 ]. A tonometry 
catheter is inserted into the stomach or the intestine. This catheter includes a gas- 
permeable silicone balloon. Carbon dioxide freely equilibrates between the gastric 
mucosa, the lumen, and the content of the balloon. After equilibration the air is 
sampled from the balloon and analyzed. Theoretically, hypoperfusion below a criti-
cal level causes mucosal carbon dioxide accumulation. Since carbon dioxide dif-
fuses easily across membranes, the PCO 2  in the lumen of the gut also increases, 
leading to an increase in the gap between tonometrically measured luminal PCO 2  
and the conventionally measured PCO 2  in the peripheral blood. In the 1980s proof 
of principle studies were undertaken in dogs [ 61 ] as well as humans [ 62 ]. Since that 
time it has been advocated as a diagnostic tool without becoming a common modality 
[ 63 ]. The reason why it has not reached widespread routine use may lie with uncer-
tainties regarding physiologic background and methodology [ 64 ]. For example, 
the diagnostic value of postprandial gastric PCO 2  levels is questionable [ 65 ], but 
gastric PCO 2  exercise tonometry seems more promising as a diagnostic test for gas-
trointestinal ischemia [ 66 ,  67 ]. Finally, the methodology is not simple as one has to 
avoid food in the stomach, acid buffering, and CO 2  generation.  

   Diagnostic Approach at Our Institution 

 As a summary of the presented data, we would like to offer the diagnostic approach 
we take at our institution. After a thorough interview focusing on cardiovascular 
risk factors, classic as well as subtle symptoms of mesenteric ischemia and a 
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physical examination, we begin our diagnostic testing with duplex ultrasonography. It 
is cheap and readily available in our offi ce. It sometimes can be performed at the 
same time if the referred patient is still NPO. Using DUS as an initial screening test, 
we usually order a CTA to confi rm the putative diagnosis of CMI. It also serves 
other purposes such as evaluating the distal vessels that cannot be visualized during 
DUS, uncovering other potential vascular disease processes like aneurysms, and 
fi nally allowing for planning of an intervention. This can be an endovascular inter-
vention – our preferred approach for most patients – or an open operation. In this 
situation a CTA delineates the entire aorta and iliac system and thus shows suitable 
clamp sites for bypasses. For an endovascular procedure, we like to use CTA to 
measure the vessels and size stents accordingly rather than to rely on intraproce-
dural angiographic measurements. Finally, we take patients to the angio-suite for 
defi nitive diagnosis and treatment in the same procedure.      
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    Chapter 10   
 Non-atherosclerotic Causes of Mesenteric 
Arterial Disease 

             Mateus     P.     Correa       and     Gustavo     S.     Oderich     

         The most common cause of occlusive mesenteric artery disease is ostial 
 atherosclerosis. Non-atherosclerotic causes account for 5–10 % of all cases of 
chronic mesenteric ischemia (CMI). The vasculitides consist in a varied group of 
conditions characterized by an infl ammatory response of vessel wall, with or with-
out associated necrosis and granulomas, affecting 20 individuals per million a year. 
These diseases have different etiologies and pathogenic mechanisms, albeit most of 
them are not completely understood. Chronic infl ammation can weaken the media 
and thin the arterial wall leading to aneurysm, or it can cause thickening of the arte-
rial wall, resulting in stenosis and occlusions [ 1 – 4 ]. 

 Although mesenteric manifestations of vasculitides are considered rare, accounting 
for less than fi ve percent of all cases of mesenteric ischemia [ 1 ], reports have 
suggested that gastrointestinal (GI) manifestations of vasculitis are isolated and can 
be the fi rst manifestation of this group of diseases in up to 13–16 % of cases. In 
addition, the clinical manifestations may be fatal and require early diagnosis and 
immediate management [ 3 ,  4 ]. 

 This chapter presents the clinical features and approaches to diagnosis and treat-
ment of non-atherosclerotic causes of mesenteric ischemia, including mesenteric 
vasculitis (MV), neurofi bromatosis, and mid-aortic syndrome. Other causes such as 
median arcuate ligament compression syndrome are not discussed. Specifi c vascu-
litis disorder details such as American College of Rheumatology diagnostic criteria 
and treatment were not in our scope and will not be discussed. 
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   Anatomic Considerations 

 The bowel vasculature must be analyzed as a single functional unit. Whether 
 ischemia develops depends mainly on the amount of blood that fl ows into the 
 diseased segment from the other visceral arteritis. 

 The blood supply of the GI system has intramural and extramural components. 
The intramural vascular distribution is generally well developed with plexuses in 
the different layers of the bowel wall and with distinctive features in the liver, 
small intestine, and gastroesophageal junction that are adapted to their function. 
The extramural arterial supply for the esophagus is derived from thoracic aorta or 
its major braches. The blood supply to the abdominal organs is provided by three 
vessels, which arise from the anterior wall of the abdominal aorta, namely, the 
celiac axis (CA), superior mesenteric artery (SMA), and inferior mesenteric artery 
(IMA). CA supplies the distal esophagus to the second portion of the duodenum. 
The SMA provides blood supply to the third and forth segments of the duodenum, 
jejunum, ileum, and the large bowel to the splenic fl exure. Anastomosis between 
these two vessels includes the gastroduodenal arteries and the nonconstant Bühler 
arch. The IMA supplies the colon from the splenic fl exure to the rectum. Its anas-
tomosis with the SMA includes the marginal artery of Drummond along the inner 
border of the splenic fl exure. The collateral network of the IMA and distal aorta is 
formed by several connections to the lumbar arteries, the sacral artery, and internal 
iliac arteries. 

 The liver presents a double supply. The portal vein carries venous blood from the 
splenic and superior mesenteric veins, and the proper hepatic artery, which is a 
branch from the celiac axis, is the source of the arterial blood. The inferior mesen-
teric vein drains in the splenic vein. The superior and inferior mesenteric veins run 
parallel to their arteries draining the corresponding visceral territories.  

   Classifi cation of Vasculitis 

 The different vasculitides are classifi ed as primary or secondary (Table  10.1 ) [ 5 ]. 
Primary vasculitis was defi ned by the Chapel Hill International Consensus on the 
Nomenclature of Systemic Vasculitis [ 6 ]. Ten diseases were classifi ed according to 
the size and type of involved vessels and the presence or absence of associated 
fi broid necrosis and/or granulomas. Large-sized vessel vasculitis affects the aorta 
and the largest arterial branches from the extremities, medium-sized vessel vasculitis 
affects the main visceral arteries and their branches, and small-sized vessel vasculi-
tis affects arterioles, venules, and capillaries. They are also subclassifi ed according 
to the particular features of the specifi c pathology, for example, age, type of infl am-
mation, and serology.
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  Table 10.1    Classifi cation 
of vasculitis  

 Primary vasculitis 
  Large-sized vessel vasculitis  

 Takayasu’s arteritis 
 Giant cell (temporal) arteritis 

  Medium-sized vessel vasculitis  
 Polyarteritis nodosa 
 Kawasaki disease 
 Primary granulomatous central nervous system vasculitis 

  Small-sized vessel vasculitis  
 Antineutrophil cytoplasmic autoantibody 

 Wegener granulomatosis 
 Churg-Strauss syndrome 
 Microscopic polyangiitis 

 Immune complex small-sized vessel vasculitis 
 Henoch-Schönlein purpura 
 Cryoglobulinemic vasculitis 

 Secondary vasculitis 
  Connective tissue diseases  

 Systemic lupus erythematosus 
 Rheumatoid arthritis 
 Sjögren syndrome 
 Behçet syndrome 

  Infectious diseases  
 Bacteria 
 Virus 

  Drugs  
 Nonsteroidal anti-infl ammatory drugs 
 Anticancer drugs 
 Antibiotics 

  Paraneoplastic vasculitis  
 Carcinoma 
 Lymphoproliferative neoplasm 
 Myeloproliferative neoplasm 

      Clinical Features 

 The diagnosis of the several GI vasculitides is often built on the correlation of clinical 
manifestations, image and laboratory fi ndings, and histopathological features. As 
the clinical or image fi ndings may not be distinct from diseases that can mimic sys-
temic vasculitis (Table  10.2 ) and therefore may have limited value in making a 
specifi c diagnosis, a high suspicion rate is needed [ 7 ]. Nevertheless, the possibility 
of vasculitis must be considered whenever mesenteric ischemic changes develop in 
a young patient; are noted in atypical sites such as stomach, duodenum, or rectum; 
appear simultaneously in the large and small intestine; or are associated with 
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  Table 10.2    Diseases that can 
mimic systemic vasculitis  

  Systemic multisystem disease  
  Infection   Subacute bacterial endocarditis 

 Neisseria 
 Rickettsia 
 Metastatic carcinoma 

  Malignancy  
  Paraneoplastic  
  Other   Sweet syndrome 

 Scurvy 
 Cocaine abuse 

  Occlusive vasculopathy  
  Embolic   Cholesterol crystals 

 Atrial myxoma 
 Infection 

  Thrombotic   Antiphospholipid syndrome 
 Procoagulant states 
 Calciphylaxis 

  Others   Ergot 
 Radiation 
 Köhlmeier-Degos 

  Angiographic  
  Aneurysmal   Fibromuscular dysplasia 

 Neurofi bromatosis 
  Occlusion   Coarctation 

 Atherosclerosis 

genitourinary involvement [ 1 ,  2 ]. As suggested by Ha and colleagues, knowledge of 
systemic clinical manifestations in affected patients may suggest a specifi c diagno-
sis [ 8 ] (Table  10.3 ).

    The signs and symptoms of GI involvement in systemic vasculitis depend upon 
the size and location of the affected vessel. As a result, in the large-sized vessel 
diseases, abdominal manifestations may be indistinguishable from those of athero-
sclerotic or embolic mesenteric ischemia, except for evidences of systemic disease. 
In the medium-sized arteries, such as the CT and SMA, infl ammation can lead to 
aneurysm formation (Fig.  10.1 ), as noticed in polyarteritis nodosa (PAN). Rupture 
of aneurysms may cause intra-abdominal or GI hemorrhage. In small-artery involve-
ment, ulceration and stricture formation are common and can complicate with 
perforation.

   The GI symptoms demonstrate a wide spectrum, ranging from mild transient 
abdominal pain to life-threatening complications requiring emergency surgery, such 
as bowel perforation, peritonitis, or hypovolemic shock (Table  10.4 ).

   The GI tract may be involved in vasculitides in up to 50 % of the cases [ 9 ]. However, 
the majority of patients are asymptomatic. Rits and colleagues in a retrospective 
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  Table 10.3    Systemic 
manifestations of vasculitis  

 % 

 Fever  66 
 Peripheral nervous system involvement  61 
 Weight loss  60 
 Arthralgia  52 
 Cutaneous symptoms  44 
 Renal involvement  37 
 Myalgia  34 
 Hypertension  23 
 Lung involvement  19 
 Central nervous system involvement  13 
 Asthma  13 
 Ear, nose, and throat involvement  13 
 Cardiac involvement  10 
 Ophthalmologic involvement  10 
 Raynaud syndrome/digital ischemia   8 

  Fig. 10.1    Multiple intrahepatic aneurysms in a patient with polyarteritis nodosa who presented 
with ruptured intrahepatic artery aneurysm (By permission of Mayo Foundation for Medical 
Education and Research. All rights reserved)       
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review of the Mayo Clinic patients who underwent mesenteric revascularization due 
to mesenteric vasculitis evidenced 7,514 patients evaluated for vasculitis in a 24-year 
period, 102 (0.013 %) had symptoms of mesenteric ischemia, and only 15 underwent 
open or endovascular treatment for mesenteric vasculitis [ 1 ]. Pagnoux  et al.  reviewing 
344 patients with systemic vasculitides in a 21-year period have evidenced 62 (0.18 %) 
patients with associated GI symptoms [ 3 ]. 

 Abdominal pain is the most frequent and almost constant fi nding in these cases, 
occurring in 97 % of the patients. The intensity of the pain varies widely and usually 
does not lie in a specifi c location in the abdomen. Patients with GI vasculitis may 
also present chronic abdominal pain after eating, named intestinal angina, similar to 
patients with chronic atherosclerotic occlusion of the intestinal vessels. This symp-
tom generally is followed by weight loss and cachexia and may be misdiagnosed as 
cancer. The pain can also be similar to the fi ndings of acute mesenteric ischemia, 
which is out-of-proportion pain on the abdominal exam. However, a surgical abdo-
men was not systematically associated with intense abdominal pain or tenderness. 
Nausea and vomiting are present in one-third of the patients, and 27 % had diarrhea. 
Ischemic hepatitis, gastritis, esophagitis, pancreatitis, cholecystitis, and appendici-
tis were also reported in those patients [ 10 – 13 ]. Symptomatic patients may present 
with bleeding from gastrointestinal mucosal erosions or small aneurysms of the 
distal mesenteric or hepatic artery branches.  

  Table 10.4    Gastrointestinal 
manifestations and radiologic 
fi ndings  

 Abdominal fi ndings in mesenteric vasculitis 

 % 

 Abdominal pain  97 
 Nausea or vomiting  34 
 Diarrhea  27 
 Hematochezia or melena  16 
 Hematemesis   6 
 Esophageal ulcerations  11 
 Gastroduodenal ulcers  27 
 Colorectal ulcerations  10 
 Gastritis   6 
 Peritonitis  18 
 Bowel perforations  15 
 Intestinal occlusion   6 
 GI ischemia/infarction  16 
 Appendicitis  10 
 Cholecystitis   8 
 Acute pancreatitis   5 
 Abnormal angiography  67 
 Abnormal abdominal CT  75 
 Surgical abdomen  34 
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   Image Findings 

   Duplex Ultrasound 

 Duplex ultrasound is an accurate screening test for ostial arterial lesions. A peak 
systolic velocity greater than 275 cm/s and an end-diastolic velocity greater than 
45 cm/s seems to be highly specifi c for signifi cant superior mesenteric artery (SMA) 
stenosis [ 14 ]. Moreover, patients with Behçet syndrome and GI involvement had 
increased fl ow in both the superior and inferior mesenteric arteries. These fi ndings 
were not similar in patients with Behçet syndrome and no GI involvement. Altered 
pericolic fat may suggest presence of transmural necrosis [ 15 ,  16 ]. However, since 
the duplex scan has limitations, such as patients presenting with abdominal disten-
tion or intraperitoneal gas, and is operator-dependent, these fi ndings may not be 
always reliable, and a second study with axial images of the abdomen is often nec-
essary, in order to exclude other causes of pain and for analysis of the anatomy and 
planning of the procedure.  

   Endoscopy and Colonoscopy 

 Endoscopy and colonoscopy are useful exams in cases where symptoms of upper or 
lower GI involvement are suspected, proceeding with biopsy if ulceration is present. 
Despite the few reports on the subject, the combination of the tests and radiographic 
fi ndings facilitates the precise diagnosis of the vasculitis [ 17 ]. Ischemic enteritis 
may suggest Kawasaki’s disease, granulomatous enteritis can be present in Wegener 
granulomatosis, and mucosal edema and hemorrhage at the bowel may suggest sys-
temic lupus erythematous or Churg-Strauss disease. During these procedures, the 
manipulation of the endoscopic device, the bowel insuffl ation, and biopsies must be 
performed with extreme caution and fi nesse, in order to prevent bowel perforation.  

   Computed Tomography 

 Contrast-enhanced computed tomography (CT) may provide useful information on 
infl ammatory, neoplastic, and vascular diseases of the abdomen and have the advan-
tage of assessment of emergent abdominal vascular conditions, ischemic bowel dis-
ease, and its complications. Bowel wall thickening, a “target sign,” an increased 
attenuation of mesenteric fat, increased or delayed enhancement in the bowel wall 
due to hyperemia, or frank bowel infarction or perforation with  pneumatosis intes-
tinalis , portal venous air, or pneumoperitoneum are suggestive of acute ischemia. 

 Arterial-phase CT scans and particularly CT angiography (CTA) are of great value 
in the evaluation of mesenteric arteries. Arterial wall thickening is a characteristic 
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fi nding in patients with mesenteric vasculitis (Fig.  10.2 ). They help to identify site, 
level, and cause of bowel ischemia. In addition, venous phases may identify the mes-
enteric veins and the bowel wall itself, improving accuracy in the identifi cation of 
bowel perforation and abscess [ 2 ,  8 ]. Limitations of the study are dye allergy and 
renal failure.

      Angiography 

 Angiography remains the “gold standard” test for diagnosis of peripheral vessel 
splanchnic disease, particularly visceral aneurysms in polyarteritis nodosa and arte-
rial narrowing in Takayasu’s disease. Its role as confi rmatory test and for planning 
revascularization diminished, in favor of the noninvasive modalities previously dis-
cussed. More frequently, angiography is obtained in conjunction with a planned 
endovascular intervention. Exceptions are patients with suboptimal imaging studies 
and those with extensive calcifi cation, small vessels, or multiple prior stents causing 
metallic artifact.   

   Specifi c Disorders in Mesenteric Vasculitis 

 Although the ischemic symptoms and image fi ndings may be similar regardless of 
the systemic vasculitis, distinct outcomes may result; hence specifi c syndromes 
deserve mention. 

  Fig. 10.2    Computed tomography angiography in a patient with mesenteric vasculitis. Coronal 
view demonstrates thickening of the arterial wall ( a ) also noticed in 3-D reconstruction ( b ). 
Angiography shows smooth lesion ( c ) sparing the origin of the mesenteric vessels       
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   Takayasu’s Arteritis 

 Takayasu’s Arteritis (pulseless disease) is a large-sized vessel granulomatous vascu-
litis characterized by ocular disturbances and marked pulse weakening in the upper 
and lower extremities. It is related to fi brous thickening of the aortic arch with nar-
rowing or obliteration of the ostia of the great vessels in the arch. TA involves the 
aortic arch, and in 32 % of the cases, it affects the rest of the aorta and its branches. 
Generalized symptoms and signs include malaise, fever, night sweats, arthralgia, 
and weight loss. GI symptoms are mainly nonspecifi c, such as anorexia, nausea, 
vomiting, and loss of weight, and start during the pulseless phase of the disease. GI 
morbidity is due to arterial stenosis; however, organ ischemia is rare. Chronic mes-
enteric ischemia has already been reported and is manifested similar to atheroscle-
rotic presentation. Diagnosis is suspected by duplex scan and confi rmed by 
arteriography or CTA. The fi ndings consist in irregular thickening of the aortic wall 
with intimal wrinkling, stenosis, poststenotic dilatation, aneurysm formation, and 
occlusion with subsequent luxurious collateral circulation [ 2 ,  4 ,  8 ,  18 ].  

   Giant Cell Arteritis 

 Giant cell arteritis (GCA) is one of the most common vasculitides to present with 
occlusive mesenteric artery disease (Fig.  10.3 ). Giant cell arteritis is also known as 
temporal arteritis, cranial arteritis, or Horton disease. It most commonly involves 
large- and medium-sized arteries. Its original description affects branches of the 
external carotid artery and can lead to permanent blindness if not recognized and 
treated with corticosteroids. The name (giant cell arteritis) refl ects the type of 
infl ammatory cell involved and seen on a biopsy. The terms “giant cell arteritis” and 
“temporal arteritis” are sometimes used interchangeably, because of the frequent 
involvement of the temporal artery. However, it can involve other large vessels, such 
as the aorta (“giant cell aortitis”) and its branches.

      Polyarteritis Nodosa 

 Polyarteritis nodosa (PAN) is a fi brinoid necrotizing vasculitis that involves 
small- and medium-sized arteries. Multiple aneurysm formation (Fig.  10.1 ) is the 
characteristic fi nding of the disease and is present in 50–60 % of the patients [ 8 ]. 
The kidney is the most commonly involved organ (80–90 % of cases), followed 
by the gastrointestinal tract (50–70 %), liver (50–60 %), spleen (45 %), and 
 pancreas  (25–35 %). GI involvement increases mortality rates, due to the exten-
sive destruction of the mesenteric arteries. The small intestine is the most com-
monly affected territory of the GI tract, followed by the mesentery and colon. 
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Approximately two-thirds of patients have abdominal pain, nausea, and vomiting. 
Other gastrointestinal signs and symptoms include peritonitis, mesenteric infarc-
tion, acute cholecystitis, appendicitis, and duodenal ulcers. In association with 
organ damage due to ischemia and infarction, GI hemorrhage occurs in 6 % of 
cases, bowel perforation in 5 %, and bowel infarction in 1.4 % of the cases [ 1 ,  3 , 
 4 ,  7 ,  8 ,  19 ,  20 ]. 

 The diagnostic is suggested by normochromic anemia and leukocytosis in 
CBC, an elevated ESR. A positive antineutrophil cytoplasmic antibody (ANCA) is 
found in 20 % of the patients. Angiography is the diagnostic modality to reach the 
diagnosis. The angiographic fi ndings include multiple aneurysms up to 1 cm in 
diameter within the renal, mesenteric, and hepatic vasculature. Saccular aneu-
rysms are found in 94 % of the patients. A “string-of-beads” appearance of the 
arteries is also frequently found. Colonoscopy with biopsy is useful for the diag-
nosis. If the bowel wall appears ischemic in a suspected patient, the biopsy must 
be performed and the exam must be immediately terminated. If left untreated, the 
disease is fatal in most instances, commonly related to renal failure, GI complica-
tions, or cardiovascular causes. Early detection of this pathology is the pillar of the 
treatment [ 2 ,  17 ].  

  Fig. 10.3    Patient with long segment superior mesenteric narrowing and bilateral renal artery dis-
ease due to giant cell arteritis. Biopsy of arterial wall demonstrates giant cell (By permission of 
Mayo Foundation for Medical Education and Research. All rights reserved)       
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   Wegener Granulomatosis 

 Wegener granulomatosis (WG) is a characterized medium- and small-sized vessel 
granulomatous vasculitis of the upper and lower respiratory tract and kidneys, pro-
gressing with glomerulonephritis. WG may involve any part of the GI tract. 
Symptoms include odynophagia, abdominal pain, nausea and vomiting, and blood 
loss, occurring in 10–24 % of the WG patients. Typically, symptoms develop far 
from the disease onset. Clinical manifestations of severe intestinal disease are rare 
and may mimic infl ammatory bowel disease, such as Crohn’s disease and ulcerative 
colitis. Intestinal perforation, gangrenous gallbladder, and erosive esophagitis were 
also reported [ 2 ,  4 ,  8 ]. A positive ANCA is found in 90 % of patients with active 
WG. Granulomatous gastritis and colitis may be found [ 17 ].  

   Microscopic Polyangiitis 

 Microscopic polyangiitis (MP), also known as hypersensitivity vasculitis or leuko-
cytoclastic angiitis, is a necrotizing small-sized vessel vasculitis, identical to PAN, 
except for the presentation in smaller vessels. Necrotizing glomerulonephritis 
occurs in 90 % of the patients, and GI manifestations include hemoptysis, hematu-
ria, proteinuria, abdominal pain, or GI bleeding. When GI is involved, radiologic 
fi ndings do not differ from those seen in other types of vasculitis, and bowel infarct 
and perforation rarely occurs. Unlike PAN, angiographic fi ndings do not reveal 
microaneurysms and are usually normal [ 8 ].  

   Henoch-Schönlein Syndrome 

 Henoch-Schönlein syndrome (HSS) is a hypersensitivity-related acute small-sized 
vessel vasculitis. Many etiologies are demonstrated to start this vasculitis, but 
 Streptococcus  β-hemolytic from A group is the agent in 75 % of the cases. The GI 
manifestations are thought to be related to edema and intramural hemorrhage. When 
GI symptoms precede or predominate the appearance of skin lesions, the syndrome 
may mimic a number of acute abdominal diseases, resulting in unnecessary lapa-
rotomies. It may precede the typical rash in 36 % of the cases [ 2 ]. GI hemorrhage is 
mostly confi ned to the mucosa and submucosa, and full-thickness necrosis and 
bowel perforation is rare. Therefore, most GI manifestations are self-limited. Only 
3–5 % of patients develop bowel infarct, perforation, or irreducible intussusception 
[ 21 ]. There is not a characteristic radiologic fi nding, although multifocal bowel wall 
thickening with unaffected areas along with clinical fi ndings is important to estab-
lishing diagnosis [ 8 ]. The descending duodenum and terminal ileum are frequently 
involved with endoscopic fi ndings of diffused mucosal redness, petechiae, hemor-
rhagic erosions, and ulcers [ 17 ].  
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   Systemic Lupus Erythematous 

 Systemic lupus erythematous (SLE) is an autoimmune disorder that affects muscu-
loskeletal system, kidneys, GI tract, or skin. Small blood vessel infl ammation of 
the gut produces a variety of complications including intestinal ischemia, hemor-
rhage, ileus, ulceration, infarction, and perforation [ 12 ,  22 ,  23 ]. Lupus enteritis is 
a serious presentation of SLE. It may involve any part of GI tract from the esopha-
gus to the colon. However, the superior mesenteric artery (SMA) territory is the 
most affected. Clinical signs and symptoms range from pain and hemorrhage from 
gastritis, perforation, gastritis, diarrhea, bowel perforation and infarct, ileus with 
ileitis, colitis, and intussusception [ 24 ]. The endoscopic features are ischemic 
enterocolitis and “punched-out” ulcers. Although histopathological diagnosis of 
lupus enteritis can be obtained, most endoscopic superfi cial biopsies might not 
yield a defi nitive result because the affected vessels are usually located in inacces-
sible areas [ 17 ]. Common CT fi ndings include dilated bowel; focal or diffuse 
bowel wall thickening; most of the time multifocal, abnormal bowel wall enhance-
ment; engorged mesenteric vessels in a comblike arrangement; ascites; and lymph-
adenopathy [ 13 ]. Angiography is not useful since the disease occurs in the small 
vessels. Unfortunately, there are no radiographic or histological pathognomonic 
fi ndings suggestive of SLE [ 2 ].  

   Rheumatoid Vasculitis 

 Rheumatoid vasculitis (RV) is a classically leukocytoclastic lesion that predomi-
nantly involves the skin. Rarely, this disease can lead to life-threatening visceral 
infarction. RV occurs after long-standing rheumatoid arthritis (usually 15 years) in 
patients who exhibit advanced diseases with high titers of rheumatoid factor. 
Sometimes it may be diffi cult to determine whether the symptoms originate from 
the disease itself or from ongoing use of related medications [ 2 ,  4 ].  

   Behçet Syndrome 

 Behçet syndrome (BS) is a widely recognized necrotizing vasculitis involving mul-
tiple organ systems with well-known clinical manifestations. GI tract has been 
reported to be involved in 10–40 % of patients with BS. The usual stricked site is the 
terminal ileum and esophagus. BS manifests as large, deeply penetrating ulcerations 
of the submucosa, muscle layer, or entire intestinal wall. The ulcers can be localized 
in a specifi c territory or diffused throughout the visceral area. As a result, a consid-
erable prevalence of complications such as hemorrhage, perforation, fi stula, and 
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peritonitis has been reported. Barium examination may show a large ovoid or irreg-
ular ulcer with marked thickening of the surrounding intestinal wall at the sites of 
involvement. At CT scan, the involved bowel demonstrates concentric wall thicken-
ing or polypoid mass. The presence of severe perienteric or pericolic infi ltration 
raises the possibility of complications such as microperforation or localized perito-
nitis [ 2 – 4 ,  17 ,  25 ].  

   Thromboangiitis Obliterans 

 Thromboangiitis obliterans (TAO) or Buerger’s disease is a distinct disease charac-
terized by segmental, thrombosing, acute, or chronic infl ammation of small- and 
intermediate-sized arteries and veins. Although it is    not a classic vasculitis, the 
 disease is considered as one due to the intense infl ammatory response. GI tract 
manifestations are rare and preferentially involve the mesenteric vessels. The small 
intestine was more commonly affected than the colon [ 10 ,  11 ].   

   Differential Diagnosis 

 The diagnosis is based on a combination of clinical, laboratory, and histopathologi-
cal features. Clinical manifestations should not be used alone for the diagnosis, as a 
variety of other diseases can mimic systemic vasculitides and mesenteric ischemia 
(Tables  10.5 ,  10.6 , and  10.7 ). These other diseases can occur either with multiorgan 
features or similar fi ndings of vascular imaging. Therefore, biopsy of the affected 
skin or involved organs is important to identify vessel changes.

     Atherosclerosis is the most common cause of mesenteric ischemia due to occlu-
sive disease or thrombus or cholesterol crystal embolism. Age >60 years, tobacco 
use, and diabetes mellitus are risk factors. Mesenteric vasculitis should be enter-
tained in younger patients without other stigmata of arterial disease, such as calcifi -
cations. Fibromuscular dysplasia (FD) also occurs in young patients without 
calcifi cations, but less commonly affects mesenteric arteries, and a “string-of- 
beads” angiography appearance is typical. Although the disease can mimic 
Takayasu’s arteritis and PAN, it does not present acute infl ammatory response. 

 Calciphylaxis is a rare but potentially fatal disease. It occurs in patients with 
chronic renal failure and secondary hyperparathyroidism. Likewise in cardiac myx-
oma and infective endocarditis, it can be related to mesenteric and skin ischemia 
due to acute embolization. Chronic ergotism and cocaine abuse may develop mes-
enteric ischemia due to SMA vasoconstriction, and a careful history is required to 
establish their abuse. 

 Radiation vasculopathy depends on the territories included in the fi eld, the type, 
and the radiation dose. It may present with endothelial thrombosis within 5 years of 
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therapy, progressive sclerosis and stenosis of arterioles and arteries within 10 years, 
or progressive atherosclerosis with 20 years of latency. It is distinguished from MV 
by the history of radiation therapy and lack of acute phase response. 

 Segmental arterial mediolysis (SAM) is a rare non-atherosclerotic noninfl amma-
tory arthropathy that affects small and medium-sized arteries and commonly affects 
visceral arteries. It involves most commonly the CA, SMA, and IMA branches and 
was also reported in hepatic and splenic branches. It is mislabeled as vasculitis 

  Table 10.5    Differential 
diagnosis of mesenteric 
ischemia with arterial 
occlusion  

  Arterial occlusion  
 Thromboembolism 

  Left atrial origin  
  Aortic origin  
  Myxoma  
  Endocarditis  
  Cholesterol  

 Atherosclerosis 
 Arterial thrombosis 
 Arterial dissection 
 Aortic surgery 
 Stent placement 
 Therapeutic embolization 
 Antiphospholipid antibody syndrome 
 Systemic vasculitis 

  Takayasu’s arteritis  
  Giant cell arteritis  
  Polyarteritis nodosa  
  Systemic lupus erythematous  
  Henoch-Schönlein purpura  
  Wegener granulomatosis  
  Churg-Strauss syndrome  
  Thromboangiitis obliterans  
  Rheumatoid vasculitis  
  Behcet syndrome  

 Thrombotic thrombocytopenic purpura 
 Hemolytic-uremic syndrome 
 Fibromuscular dysplasia 
 Miscellaneous 

  Diabetes mellitus  
  Amyloidosis  
  Oxalosis  
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given its clinical features. The disease may present with abdominal pain associated 
with intra-abdominal bleeding. SAM leads to microaneurysm formation and a 
“string-of-beads” appearance in angiography, which can mimic PAN. Both can be 
diffi cult to distinguish without histological examination [ 13 ]. 

 Köhlmeier-Degos disease is also known as malignant atrophic papulosis. It is a 
rare and lethal condition, which involves skin, gut, and nervous system. The arterial 
lesion found in affected patients is luminal stenosis leading to bowel infarction, 
fever, and acute phase response. The diagnosis is based on skin biopsy and lesion 
appearance, which begins as erythematous, pink and red papules and which evolves 
into circular porcelain white scars with an atrophic depressed center. This disease 
can mimic vasculitis and there is no specifi c treatment. The usual cause of death is 
intestinal perforation [ 7 ].  

  Table 10.6    Differential 
diagnosis of mesenteric 
ischemia with venous 
occlusion  

  Venous occlusion  
 Venous thrombosis 

  Infi ltrative conditions  
  Neoplastic conditions  
  Infl ammatory conditions  
  Abdominal infectious conditions  

 Hypercoagulable conditions 
  Polycythemia vera  
  Sickle cell disease  
  Thrombocytosis  
  Thrombophilia  
  Carcinoma  
  Pregnancy  
  Drugs  

 Systemic vasculitis 
  Wegener granulomatosis  
  Systemic lupus erythematous  
  Behcet syndrome  

 Complicated bowel obstruction 
  Strangulated hernia  
  Strangulated closed loop obstruction  
  Volvulus  
  Intussusception  

 Intestinal overdistension 
 Enterocolic lymphocytic phlebitis 
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   Treatment 

   Medical Treatment 

 Since vasculitides are primarily infl ammatory processes, corticosteroids alone or 
combined with other immunosuppressants are the cornerstones of medical therapy 
[ 1 ]. Even in the presence of severe GI vasculitis, medical therapy must be initiated 
[ 3 ]. The medical regimen at Mayo Clinic is based on previous work published in our 
institution [ 26 ,  27 ]. The treatment includes a daily dose of 40–60 mg of prednisone, 
which is preferred over a lower dose or alternate day corticosteroid therapy, and 
aspirin. Prednisone is maintained at this dosage for approximately 4–6 weeks, after 
which is tapered by 10 % every 2–4 weeks, depending on absence of symptoms and 
level of infl ammatory markers. The addition of an antimetabolic or steroid-sparing 
agent may allow reduction of the prednisone dose, although these medications are 
reserved for patients without initial response to prednisone. The medical treatment 
resolved mesenteric symptoms in >87 % of our patients [ 1 ].  

  Table 10.7    Differential 
diagnosis of mesenteric 
ischemia from nonocclusive 
diseases  

  Nonocclusive disease  
 Narcotics 

  Cocaine  
  Heroin  

 Shock bowel 
 Familial dysautonomia 
 Pheochromocytoma 
 High-endurance athletes 
 Chronic renal failure 
 Trauma 
 Radiation 
 Corrosive injury 
 Prostaglandins antagonist 
 Iatrogenic 

  Immunotherapy  
  Chemotherapy  
 Vasoconstriction 

  Digitals  
  Ergotamine  
  Vasopressin  
  Epinephrine  

 Hypotension 
  Antihypertensive drugs  
  Diuretics  
  Antidepressants  
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   Surgical Approach 

 Patients who present signs or symptoms of acute mesenteric ischemia, with bowel 
necrosis, bowel perforation, or peritonitis, should be treated with bowel resection. 
Other surgical abdomen presentations, such as appendicitis, acute pancreatitis, and 
GI bleeding, also should be treated at once. Levine and colleagues reported a lower 
(23 %) overall mortality for surgical patients presenting with less severe GI involve-
ment. However, severe GI involvement has been associated with high mortality 
[ 20 ]. According to uni- and multivariate survival analysis of 62 patients that pre-
sented with GI vasculitides, the only high mortality predictors were peritonitis, 
bowel perforation, GI ischemia or infarction, and intestinal occlusion [ 3 ]. 

 Mesenteric revascularization is reserved for failure of medical therapy in the 
acute or chronic setting or because of severe side effects from immunosuppressive 
medications. The most commonly disorders implicated in this setting are the large- 
and media-sized vessel vasculitides: Takayasu’s arteritis due to aortic involvement 
proximal to or at the ostia of the mesenteric arteries, giant cell arteritis, and polyar-
teritis nodosa. 

 According to our experience in the management of occlusive lesions from 
Takayasu’s arteritis [ 28 ], we prefer open arterial reconstruction in most patients 
with vasculitis, independent of vascular territory. The best results    are achieved in 
patients who are operated on when arteritis is quiescent and preferably when are 
absent of steroids intake. Late outcomes are uncommon and the majority of patients 
remained asymptomatic after 41 months of follow-up. All patients remained alive. 
Freedom of mesenteric symptoms at 10 years was 83 % for patients with vasculitis, 
in comparison with 75 % in those where mesenteric reconstruction was due to ath-
erosclerotic disease [ 1 ]. 

 Mesenteric revascularization is performed just for symptomatic patients and 
selectively for those who effectively have three-vessel involvements, either with 
mesenteric trunk disease or aortic coarctation involving the origins of all the three 
arteries. We do not perform prophylactic reconstruction of visceral arteries, owing 
to diffi culties in reoperation to revascularize a visceral artery. 

 There are no guidelines for how to approach open mesenteric reconstruction in 
MV. The general principle is for the infl ow and outfl ow anastomoses to be done to 
noninfl amed arteries. Similar to patients with atherosclerotic mesenteric disease, 
we favor an antegrade bypass from the supra-celiac aorta, whenever it is possible. 
If the patient is older or has cardiac disease or a calcifi ed aorta, iliomesenteric ret-
rograde bypass with straight or C-shaped confi guration should be performed. Both 
celiac and SMA arteries are reconstructed, so late failure of one graft does not 
necessarily result in recurrent symptoms. Although concomitant renal or aortic 
reconstructions are avoided in atherosclerotic disease, these may not be the case in 
MV. Seven of 15 patients (47 %) with MV in our institution also had refractory 
renal hypertension and required associated renal bypass. None of our patients have 
died [ 1 ,  28 ,  29 ]. Late outcomes are not common, and 93 % patients remained 
asymptomatic.  
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   Endovascular Treatment 

 Endovascular treatment should be reserved for embolization of aneurysms and for 
focal and isolated lesions. The durability of angioplasty and stenting of mesenteric 
lesions has not matched the results obtained with open surgery. This should be con-
sidered an as important argument that favors to open surgery in young patients 
affected by MV and with normal life expectancy. Furthermore, long lesions are 
prone to recoil, which may lead to poor technical result; and angioplasty and stent 
placement contradicts the basic principle of avoiding the infl ammatory bed, espe-
cially in patients with active disease, acute infl ammation, or those with chronic 
disease still on corticosteroids [ 18 ,  20 ,  29 – 31 ].   

   Neurofi bromatosis and Other Causes of Mid-aortic Syndrome 

 Neurofi bromatosis type I (NF-I), or von Recklinghausen disease, is an autosomal 
dominant disorder affecting one in 3,000 individuals. Cardinal features of NF-I 
include multiple café au lait macules, benign neurofi bromas, and iris hamartomas 
(Fig.   10.4  ). Other common manifestations are learning disabilities, short stature, 
and skeletal abnormalities. Vascular lesions of medium- and large-sized arteries and 
veins are a well-recognized, albeit rare, feature. The term “ NF-I vasculopathy ” has 
been coined in the medical literature to describe aneurysms, stenoses, and arteriove-
nous malformations occurring in patients with NF-I. The pathogenesis, clinical 
spectrum, and natural history of these abnormalities are unknown.

   The majority of patients with NF-I vascular abnormalities are asymptomatic but 
have involvement of multiple vessels. Symptoms usually occur in childhood or 
early adulthood. The renal artery is the most frequent site of involvement and reno-
vascular hypertension is the most common presentation. Abdominal aortic coarcta-
tion, internal carotid artery aneurysms, and cervical vertebral arteriovenous 
malformations are other common manifestations. 

 Abdominal aortic coarctation or mid-aortic syndrome involving the visceral seg-
ment can be manifested by symptoms of mesenteric ischemia. The most common 
presentation is lower extremity claudication or diffi cult to control hypertension. 
Etiologies include Takayasu’s arteritis, giant cell arteritis, and neurofi bromatosis 
type I. Mesenteric artery stenosis is found in approximately one-third of the patients 
and can present with symptoms of CMI or require revascularization combined with 
aortic reconstruction in patients with critical lesions. 

 The aorta may be aneurysmal or stenotic. Aneurysms predominate in patients 
over age 50, whereas abdominal aortic coarctation occurs more often in younger 
patients. In our opinion, the indications for treatment in either circumstance should 
be the same as for patients without NF-I. In general, we offer repair of abdominal 
aortic aneurysms 5.5 cm in diameter or larger, and thoracoabdominal aneurysms of 
at least 6.0 cm, depending on the patient age and comorbidities. Although there are 
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no reports of endovascular repair for aneurysms associated with NF-I, this approach 
could be applied to select older patients. We noted no fragility of the aorta or 
abdominal branch arteries during open repair but had two patients with aneurysms, 
one jugular vein and the other subclavian artery, who had friable vessels. Therefore, 
some precautionary measures are appropriate. We recommend gentle, atraumatic, 
and delicate handling of tissues, careful placement of retractors, and use of soft, 
protected arterial clamps. We are unaware of any reports showing increased risk of 
complications with diagnostic angiography and other catheter-based procedures in 
NF-I patients. 

 Open reconstruction is offered to patients with abdominal aortic coarctation who 
have renovascular hypertension unresponsive to medical therapy, chronic mesen-
teric ischemia, disabling claudication, or combinations thereof (Figs.  10.5  and 
 10.6 ). The aorta is frequently narrowed in the para-visceral segment though we and 
others have reported distal thoracic involvement. Supra-celiac to infrarenal aortic 
bypass or patch aortoplasty are the treatment options. We favor a midline, transperi-
toneal approach with medial visceral rotation in most patients or a low left thora-
coabdominal approach if the distal thoracic aorta is involved. A supra-celiac to 
infrarenal aorta bypass with end-to-side anastomoses is preferred for patients with 
a long (>5–6 cm) narrowed aortic segment. This technique minimizes renal and 

  Fig. 10.4    Patient with neurofi bromatosis type I and long segment narrowing of the visceral aortic 
segment with symptoms of chronic mesenteric ischemia       
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mesenteric ischemia time and allows placement of a larger graft in children whose 
aorta will still “grow.” Additional grafts to the renal and mesenteric arteries are done 
as needed. Abdominal aortoplasty is reserved for patients with a focal narrowing of 
the aorta but may be used in conjunction with aortic bypass in cases of long segment 
stenosis.

  Fig. 10.5    Mid-aortic syndrome treated by aorto-aortic bypass and mesenteric bypass       

  Fig. 10.6    Illustration of aorto-aortic bypass with mesenteric graft as depicted in Fig.  10.5  (By 
permission of Mayo Foundation for Medical Education and Research. All rights reserved)       
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    Although endovascular treatment has been used in select patients, open recon-
struction remains the treatment of choice for most. Fibromuscular dysplasia can 
affect the mesenteric arteries and responds well to balloon angioplasty, similar to 
renal artery lesions.  

   Conclusion 

 Non-atherosclerotic causes account for 5–10 % of cases of chronic mesenteric isch-
emia. Mesenteric vasculitis is a rare manifestation of systemic vasculitis, and the 
involvement of other vascular territories is common. Clinical manifestations can 
range from mild discomfort, often mistaken as side effects from the underlying 
treatment, to potentially life-threatening bowel rupture. Hence it should    be sus-
pected when younger patients present with clinical features of mesenteric ischemia, 
and an early diagnose is paramount. Severe GI symptoms have major mortality rates 
and should be aggressively treated with corticosteroids and surgery. The choice of 
arterial reconstruction depends on the associated aortic infl ammation, but surgical 
reconstructions are durable and effective when needed.     
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    Chapter 11   
 Techniques of Open Mesenteric 
Reconstructions 

             Thomas     C.     Bower     

         Over the past decade, endovascular therapy has changed the role for open reconstructions 
to treat atherosclerotic mesenteric artery stenoses. While initially reserved for high-risk 
patients, endovascular therapy is now routinely used at most institutions to treat all patients 
with favorable lesions. However, there still is a role for open surgery. Patients with fl ush 
occlusions, thick calcifi ed lesions, those with long stenoses, and individuals who have 
failed angioplasty and stenting are best served with an open operation. Herein, the surgical 
exposures and techniques of antegrade and retrograde reconstructions will be reviewed. 

   Surgical Treatment 

 A number of techniques are used to reconstruct either single or multiple mesenteric 
arteries. The reconstructions can be done in an antegrade or retrograde fashion, 
though each has advantages and disadvantages. There are differing opinions as to 
how many visceral arteries require reconstruction, which artery is most important to 
revascularize, and how the graft limb(s) ought to be confi gured. 

   Exposure 

 Mesenteric artery bypass is done through an upper midline or bilateral subcostal inci-
sion when the origin of the graft is from the supraceliac aorta. A midline incision is 
used to isolate the infrarenal aorta or iliac arteries as infl ow for retrograde grafts. 
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 An upper midline incision provides excellent exposure of the supraceliac aorta in 
most patients, especially those with narrow costal margins. A bilateral subcostal inci-
sion is used in patients with wide costal fl ares and in the rare patient who requires a 
left medial visceral rotation to isolate the paravisceral aorta and mesenteric arteries 
for endarterectomy. Extension of the midline incision along the xiphoid process 
releases six muscular and aponeurotic attachments and is the lynchpin of the abdo-
men (Fig.  11.1 ). This maneuver allows better upward and lateral retraction of the 
abdominal wall and costal margin than what a standard incision provides and facili-
tates a near straight on view of the supraceliac area. A self-retaining retractor is help-
ful to maintain abdominal wall and visceral retraction. The aorta is isolated by taking 
down the left triangular ligament of the liver and gently retracting it to the right side 
of the patient. The lesser sac is entered and the crura of the diaphragm are divided. 
Care must be taken to avoid injury to the esophagus during the aortic exposure, and 
a nasogastric tube helps in this regard. Attachments with padded salts are used to 
gently retract the esophagus and stomach to the left side. Approximately 5–8 cm of 
the aorta is dissected free (Fig.  11.2 ). At times, the right or left pleura is inadvertently 

  Fig. 11.1    Schematic drawing 
of additional upward and 
lateral retraction of the 
abdominal wall obtained 
incising the sic 
musculoaponeurotic 
attachments along the site of 
the xiphoid process (By 
permission of Mayo 
Foundation for Medical 
Education and Research. All 
rights reserved)       
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opened and requires closure. Rarely, the supraceliac aorta is diseased and infl ow is 
best obtained from the lower descending thoracic aorta. Several centimeters of the 
thoracic aorta can be isolated after complete division of the crura of the diaphragm 
and cephalad retraction of the central tendon of the diaphragm. However, as a gen-
eral rule, it is always best to not work in a keyhole when sewing a graft to the aorta.

    The celiac artery is isolated fi rst when a two-vessel antegrade reconstruction is 
planned. The patient is placed in a gentle head up position (reverse Trendelenburg), 
and the viscera and pancreas are gently retracted caudally by retractor blades with 
pads beneath them. The artery can be isolated by fi rst exposing the common hepatic 
artery above the pancreas, then tracing it to the celiac bifurcation. Occasionally, 
there are a couple of periarterial veins which cause nuisance bleeding when dis-
rupted. The splenic artery then is isolated, which allows for circumferential dissec-
tion of the celiac to its origin. Periarterial ganglionic and fi brous tissue requires 
excision. One or more small branches may be present and are ligated and divided. 
The left gastric artery often is ligated and divided too, which helps facilitate a retro-
pancreatic tunnel for a superior mesenteric artery (SMA) graft limb. Complete iso-
lation of the celiac is needed when that trunk is the target for bypass, and it also 
allows placement of a hypogastric clamp across the lower supraceliac aorta from 
below (caudal) the celiac origin, if needed (see below under Technique). The celiac 
is not isolated if the target for bypass is the common hepatic artery. 

  Fig. 11.2    Transperitoneal exposure of the supraceliac aorta and the celiac artery. First, the left 
triangular ligament of the liver is divided so that the liver can be retracted toward the patient’s right 
side. With a nasogastric tube in place, the stomach and esophagus are gently retracted to the left 
side ( a ). The patient can be placed in a slight reverse Trendelenburg position and the pancreas and 
the viscera retracted caudally to achieve exposure of the celiac. The crural fi bers are divided lon-
gitudinally over the top of the aorta ( b ). As much as 5–8 cm of the supraceliac or lower descending 
thoracic aorta can be exposed through this approach (By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved)       
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 The superior mesenteric artery may be exposed above or below the pancreas, 
depending on patient anatomy and the extent of disease. If the artery is isolated above 
the pancreas, care must be taken not to disrupt the pancreatic capsule. This approach 
is reserved for rare patients whose disease is isolated to the origin of the artery. In 
most patients, it is safer to isolate the SMA near the base of the transverse mesocolon 
beyond the ligament of Treitz (Fig.  11.3 ). The transverse colon is retracted cephalad. 
The small bowel is retracted to the right side of the abdomen. The SMA can usually 
be palpated within the proximal mesentery. There are often lymphatic and fi bro-fatty 
tissues along the proximal SMA which require meticulous ligation and division. 
Within several centimeters of the SMA origin, there are a number of jejunal branches 
which can be isolated with Silastic loops. Care must be taken not to injure a replaced 
right hepatic artery during this dissection should one be present. A patient with 
extensive atherosclerosis in the proximal SMA needs dissection to be carried further 
distally in the mesentery until a softer artery is palpated. Rare patients, who have had 
abdominal radiation years earlier, can have calcifi cation of almost every branch 
artery. A retropancreatic tunnel is created between the supraceliac aorta and the infra-
colic SMA for patients having an antegrade two- vessel bypass. The tunnel is made 
by careful blunt dissection on top of the left renal vein and just along the left antero-
lateral aorta. The tunnel must be free of fi brous bands and of adequate size to accom-
modate the graft limb. Plasma tubing is placed through the tunnel.

   A midline incision is used to isolate the infrarenal aorta or iliac arteries when 
retrograde bypass is planned. Retrograde bypass from the iliac artery or infrarenal 

  Fig. 11.3    The superior 
mesenteric artery is exposed 
at the base of the transverse 
mesocolon in most patients. 
The surgeon can palpate the 
artery running along the base 
of the small bowel mesentery. 
Dissection should be carried 
directly to the artery, which 
requires ligation and division 
of some overlying fi bro-fatty 
tissues, lymphatics, and small 
veins. If there is extensive 
disease in the artery, the 
jejunal branches need to be 
isolated. There are some 
posterior branches which 
cause troublesome bleeding if 
injured (By permission of 
Mayo Foundation for 
Medical Education and 
Research. All rights reserved)       
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aorta may be preferable in patients with diseased supraceliac aortas, those with 
compromised cardiac or pulmonary function, and in older patients. The retroperito-
neal tissues are opened vertically to isolate the aorta and iliac arteries, similar to a 
transperitoneal infracolic exposure for open aortic aneurysm repair. 

 Transaortic visceral artery endarterectomy is an infrequent but a useful technique 
for good-risk patients with orifi cial disease, those who have concomitant symptom-
atic renal artery atherosclerotic stenoses, and in select patients with acute mesen-
teric ischemia who have peritoneal contamination. Midline, extended/bilateral 
subcostal, or thoraco-retroperitoneal incisions can be used to perform a medial vis-
ceral rotation for exposure of the paravisceral aorta and visceral arteries (Fig.  11.4 ). 
Choice of incision is based on body habitus, costal fl are, and the location of the 
mesenteric artery origins relative to the inferior extent of the xiphoid process on 
sagittal CT imaging. The left kidney is kept down. Care is taken to avoid injury to 
the spleen and pancreas. The aorta is isolated from the supraceliac to the juxtarenal 
segment in most patients, as the aortotomy must be made from above the celiac 
artery origin to below (caudal) the SMA origin. In patients with a short distance 
between the SMA and renal origins, the upper infrarenal aorta requires isolation. 
The left crus is divided as part of the exposure. Phrenic or other side branches are 
ligated and divided. An occasional patient has small aortic branches near the celiac 
origin which cause pesky bleeding if injured. The celiac and SMA are circumferen-
tially dissected free for 3 or 4 cm, a key step to allow for eversion endarterectomy.

  Fig. 11.4    A left medial 
visceral rotation is another 
approach to the celiac and 
superior mesenteric arteries, 
similar to the exposure used 
to treat patients with 
aneurysms which extend to 
the suprarenal level. This 
approach is useful for 
visceral artery 
endarterectomy and bypass in 
select patients. The left 
kidney is kept down. The 
crura of the diaphragm 
require division to gain 
access to the supraceliac 
aorta (By permission of 
Mayo Foundation for 
Medical Education and 
Research. All rights reserved)       
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      Technique 

 For antegrade reconstructions based on the supraceliac aorta, the patient is given 
intravenous heparin (50–100 units/kg) and 12.5 g of mannitol before aortic cross- 
clamping (Figs.  11.5  and  11.6 ). The aorta either can be fully or partially cross- 
clamped (Fig.  11.5 ). Complete aortic clamping may be needed in deep patients or 
those with plaque in the aorta. This is best facilitated with a straight or mildly angled 
aortic clamp for the proximal supraceliac aorta and a hypogastric clamp for the 
lower supraceliac aorta. In some patients, the latter clamp can be placed from behind 
the celiac artery origin. This is a useful maneuver for patients with a short length of 
supraceliac aorta below the hiatus. This two-clamp technique allows a good view of 
the aortic lumen after aortotomy is made and occludes backbleeding from the lum-
bar arteries. Although partial aortic occlusion is preferred when possible, adequate 
visualization of the aortic lumen is necessary to perform the proximal anastomosis. 
Since this anastomosis can be done within 15 min or less in most patients, the risk 
of renal and lower extremity ischemia is lower than the risk of an imperfect anasto-
mosis that requires revision. Moreover, the cardiac risk from increased afterload 
with complete aortic clamping should also be low with good anesthesia manage-
ment. The latter requires close communication between surgeon and anesthesiolo-
gist. For these reasons, I do not hesitate to fully occlude the aorta. The author prefers 
an all-purpose aortic clamp to partially occlude the aorta. This clamp has deeper 
blades than other such clamps. Once the aorta is clamped and provided the hemody-
namics remain stable, a slightly oblique aortotomy is made. A stay stitch can be 

  Fig. 11.5    A supraceliac- 
aortic based mesenteric 
bypass begins with making 
an elliptical aortotomy on the 
anterior wall of the aorta, 
often done obliquely ( a ). 
Some patients need double 
clamping of the aorta to 
perform the anastomosis as 
shown in  a  and  b . Partial 
occlusion clamping is 
possible as shown in  c , 
though the author prefers a 
deeper all-purpose clamp 
rather than the Satinsky 
clamp shown here (By 
permission of Mayo 
Foundation for Medical 
Education and Research. All 
rights reserved)       
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placed in the aortic wall if it affords better exposure of the lumen and does not 
interfere with sewing. For patients with aortas of 16 mm or greater diameter, remov-
ing a sliver of aortic wall aids the view of the lumen and obviates the need for a stay 
stitch. If there is debris or loose plaque in the aorta, this needs to be removed to 
avoid distal embolization into the kidneys and/or extremities. Bypass in most 
patients is done with a 12 × 7 mm, 14 × 7 mm, or a 16 × 8 mm knitted polyester graft. 

  Fig. 11.6    The steps of performing a supraceliac-based reconstruction to the celiac and superior 
mesenteric arteries are illustrated. Once the aortic anastomosis is completed, a limb either is sewn 
to the celiac artery end-to-side with ligation of the artery immediately proximal to the anastomosis 
to create a functional end-to-end anastomosis ( a ) or can be carried to the common hepatic artery 
for patients who have diffused atherosclerotic disease or occlusion of the celiac artery ( b ). Once 
blood fl ow has been restored through the celiac system, the superior mesenteric artery graft limb is 
passed through a retropancreatic tunnel to where the SMS has been exposed. The graft is    cut to 
length in an end-to-side anastomosis is completed ( c ). A schematic of the fi nal position of the 
bifurcated graft is shown in ( d ) (By permission of Mayo Foundation for Medical Education and 
Research. All rights reserved)       
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Graft size is chosen based on the diameters of the celiac artery and SMA. I believe 
the graft limbs should be larger than 6 mm, because of the early and late failures we 
have seen from intimal hyperplasia and pseudointima in this smaller-sized limb. An 
end-to-side anastomosis is done to the aorta with running polyproprolene suture. In 
some patients, a parachute technique helps. The anastomosis is tested by infusing 
saline into the graft with clamps still in place. Blood fl ow is restored slowly through 
the native aorta after backbleeding and fore-bleeding through the limbs has been 
done. The limbs of the graft are clamped at their origins. Acute kidney injury and 
distal embolization rarely occur when the supraceliac aorta is free of disease and the 
ischemia time is within the aforementioned range. Additional mannitol and Lasix 
can be given to stimulate urine output as needed after restoration of aortic blood 
fl ow or if the ischemia time exceeds 20 min. We prefer prosthetic over vein in this 
position, because the vein tends to be pulled into the aorta at the proximal anasto-
mosis, which leads to stenosis and eventual failure.

    The celiac artery anastomosis is done end-to-end or end-to-side with the native 
artery ligated immediately proximal to the heel of the graft to create a functional 
end-to-end anastomosis (Fig.  11.6a ). The challenge of dividing the celiac artery and 
performing an end-to-end anastomosis is twofold. First, the graft can be cut too long 
due to the caudal retraction of the pancreas and viscera. Once retraction is released, 
the limb will buckle and then has to be revised. Second, there is a tendency to tear 
the artery if the graft is not cut to an appropriate length, there is not some release of 
the retractors, and if attention is not paid to the direction of suture as it passes from 
the graft through the native artery. The celiac artery is fragile in some patients, so 
attention to this detail is critical. The end-to-side anastomosis to the celiac trunk 
eliminates worry about graft length. If the entire celiac artery trunk is occluded or 
diseased, the preferred target artery is the common hepatic (Fig.  11.6b ). This anas-
tomosis is end-to-side on the superior margin of the artery. Prior to completion of 
the distal anastomosis, backbleeding is allowed from the celiac artery branches or 
hepatic artery with the distal graft limb clamped or compressed immediately proxi-
mal to the heel to keep the graft limb clean. Fore-bleeding is allowed through the 
SMA graft limb; it is fl ushed with saline and any blood and fi brin within it removed 
with suction. The SMA limb is clamped at its origin, and blood fl ow is established 
into the celiac artery branches. 

 A ringed forceps is clamped to the plasma tubing that had been placed through 
the tunnel during the exposure (Fig.  11.6c ). With an assistant gently lifting up the 
transverse colon, the clamp is slowly guided to the supraceliac position by pulling 
on the plasma tubing with one hand and guiding the ringed forceps with the other 
hand. The SMA graft limb is placed into the forceps and passed through the tunnel 
to the infracolic position. The upper retractors on the liver and stomach are relaxed, 
and retraction is reset for exposure of the SMA anastomosis. This anastomosis is 
done in an end-to-side fashion with the arteriotomy often on the left lateral or 
anterolateral side of the artery. It is important to gently relax the small bowel to be 
certain the graft is cut to appropriate length. Patients with more extensive disease in 
the SMA trunk may require a focal endarterectomy and patch angioplasty before the 
distal anastomosis is done. 
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 Our group favors isolation of the common iliac arteries and less often the exter-
nal iliacs for origin of retrograde bypasses (Fig.  11.7 ). Generally, a 7-mm or 8-mm 
polyester graft is used for the bypass, though PTFE and good-quality saphenous 
vein can also be chosen. Most patients have this graft taken to the SMA, either 
directly or in a C-shape as espoused by the Oregon Health Sciences University sur-
gical group. Rarely, a two-vessel reconstruction is done to the SMA and common 
hepatic arteries. In this case, the graft is sewn side-to-side to the SMA, passed 
through either a retropancreatic tunnel or on top of the pancreas, gently curved, and 
then sewn end-to-side to the common hepatic artery. If the bypass is carried straight 
to the SMA, the iliac artery anastomosis is performed fi rst, with both anastomoses 
done end-to-side. If a C-confi guration is performed, either the proximal or distal 
anastomosis is done fi rst based on surgeon preference. Origin of the graft from the 
right iliac artery is preferable, though the left iliac artery can be used as an infl ow 
source if it is less diseased than the right one. The author’s preference is to sew the 
distal anastomosis end-to-side of the SMA fi rst, let the bowel relax, and then fi ll the 
graft with saline to properly position it in a C-shape. The graft is then cut to length, 
spatulated, and sewn end-to-side to the iliac artery. The advantage of the C-shape is 
that blood fl ow is antegrade vis-à-vis the SMA. If the infrarenal aorta is used for 
infl ow, the challenge is to avoid buckling or kinking of the graft. Figure  11.8  shows 

  Fig. 11.7    High-risk patients who would not tolerate aortic clamping, and those with extensive 
calcifi cation in a non-stenotic aorta, can be treated with a retrograde bypass from the iliac artery. 
Illustrated is a 3-D CT image of a high-risk patient with aortic calcifi cation who was treated with 
a retrograde bypass in a C-shape confi guration. The postoperative CT angiogram is shown on the 
right (By permission of Mayo Foundation for Medical Education and Research. All rights reserved)       
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a technique of placing a short infrarenal aorto-SMA bypass graft. This technique 
leaves a graft that is about 1.5–2-cm in length, like a short stovepipe hat. The advan-
tage with this confi guration is that it will not kink nor twist when the small bowel 
resumes its normal position.

    Transaortic visceral artery endarterectomy requires full aortic clamping 
(Fig.  11.9 ). After intravenous heparin and mannitol are administered, the celiac and 
SMA are occluded with atraumatic clamps or Silastic loops, lumbar arteries are 
controlled with loops or bulldog clamps, and aortic clamps are placed distally below 
the SMA or renal arteries and on the supraceliac aorta. A trapdoor or curvilinear 
incision is made from the anterior wall of the supraceliac aorta, carried along the left 
lateral side of the aorta, and then turned anteriorly caudal to the SMA origin. A freer 
or spatula is used to develop a plane between the aortic wall and the occlusive plaque, 
similar to a carotid endarterectomy. The intra-aortic plaque is freed circumferen-
tially around the orifi ces of the celiac and SMA. Eversion endarterectomy is done on 
each mesenteric artery. The aortotomy is closed with running 4–0 polypropylene 
suture. Backbleeding and fore-bleeding are allowed before restoration of blood fl ow. 
In the rare patient who needs concomitant endarterectomy of the renals and/or aortic 
reconstruction, the initial aortotomy is carried anteriorly below the SMA and renal 
arteries. Once the endarterectomy is completed and the aortotomy is closed below 
the renals, blood fl ow is reestablished. If aortic reconstruction is needed, a padded 
aortic clamp is placed across the aorta and suture line below the renals once the aor-
totomy is closed to that level. In any of these latter situations, diuresis is induced 
with a bolus of mannitol (12.5 g) and Lasix (20, 40, or 60 mg), with the Lasix dose 
based on ischemia time and the presence of chronic kidney disease. Some patients 

  Fig. 11.8    The challenge with originating a bypass to the superior mesenteric artery from the infra-
renal aorta is that the graft often is made too long, and it kinks or buckles when the small bowel is 
returned to its normal position. Illustrated is the technique of a short (stovepipe) bypass graft 
between the SMA and infrarenal aorta. The SMA anastomosis is done fi rst. The bowel is relaxed, 
and the graft is cut short, no more than 1.5–2 cm in length, and sewn end-to-side to the aorta. This 
reconstruction avoids the aforementioned problems with graft kinking (By permission of Mayo 
Foundation for Medical Education and Research. All rights reserved)       
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have a tongue of plaque that extends beyond the fi rst 2 cm of the SMA and cannot 
be easily removed. A completion endarterectomy of the SMA is done after the aorta 
is closed. This is accomplished via a transverse or longitudinal arteriotomy. Once the 
plaque is removed, the artery is closed primarily or with a patch.

   After completion of any mesenteric reconstruction, intraoperative duplex imag-
ing is used to be certain the arteries, graft, and anastomoses are widely patent and 
there are normal blood fl ow velocities. Imaging should be done with the bowel 
relaxed to alleviate any stretch on the celiac or SMA trunk. Any technical abnor-
malities are corrected in the operating room. It is important to assure the graft is 
covered to avoid contact with the bowel, and omentum works well.      

  Fig. 11.9    Transaortic visceral artery endarterectomy and completion superior mesenteric endar-
terectomy. Exposure is done via a left medial visceral rotation leaving the kidney down. This can 
be done through a midline or bilateral subcostal incision. The aorta and visceral arteries are 
clamped as shown in  a . In some patients, the renal arteries require temporary occlusion to perform 
the operation. A trapdoor incision is made, beginning above the celiac artery, carried along the 
anterolateral wall of the aorta to below the visceral artery origins, and then curved to the anterior 
aorta. Endarterectomy is done via an eversion technique. Patients with disease extending for 
2–3 cm into the SMA require completion endarterectomy and patch angioplasty as shown in  b  and 
 c  (By permission of Mayo Foundation for Medical Education and Research. All rights reserved)       
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    Chapter 12   
 Results of Open Mesenteric Reconstructions 

             Thomas     C.     Bower     

         Chronic mesenteric ischemia (CMI) is most often associated with atherosclerosis 
affecting at least two of the three mesenteric arteries. Rarer causes include vasculitis, 
fi bromuscular dysplasia, neurofi bromatosis, dissection, trauma, embolization, and 
distal thoracic or abdominal aortic coarctation. Treatment goals are to relieve symp-
toms, restore normal weight, and prevent bowel infarction. Mesenteric revascular-
ization is indicated for symptomatic patients and is rarely undertaken prophylactically, 
because the risk of bowel ischemia is low in the absence of symptoms. Mesenteric 
revascularization sometimes is necessary during concomitant aortic- based proce-
dures in patients with asymptomatic high-grade three-vessel mesenteric artery 
 disease [ 1 ,  2 ]. Symptomatic patients are best treated without much delay, since 43 % 
of patients who develop acute mesenteric ischemia have preexisting symptoms of 
chronic ischemia [ 3 ]. 

 Open revascularization has been the time-honored treatment and provides imme-
diate relief of symptoms in most patients. Mesenteric angioplasty and stenting fi rst 
emerged as an alternative to surgical bypass in the elderly or higher-risk patient. 
Now, endovascular therapy is the primary treatment modality in most patients with 
anatomically suitable lesions, independent of their surgical risk. Mesenteric bypass 
continues to have an important role in the treatment of CMI in the endovascular era. 
This chapter summarizes contemporary outcomes of open mesenteric revasculariza-
tion in patients treated for CMI caused by atherosclerosis. 
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   Outcomes 

 Patient outcome after open mesenteric artery reconstruction depends on anatomic 
factors, patient-specifi c risk, surgeon experience, and perioperative management. 
Anatomically, the key issues are the extent of disease in the native arteries, size of 
the target arteries, associated aneurysmal or symptomatic aortic disease, and source 
of infl ow. Age, cardiac, pulmonary, liver and renal function, and the physical and 
nutritional status of the patient affect the choice of operation and infl uence the 
 ability of the patient to tolerate the stress of surgery. Since these operations are 
infrequently performed compared to other open surgical procedures, operator expe-
rience matters. Most patients do well if the operation is planned and executed well. 
Some patients experience an infl ammatory response to revascularization and may 
have signifi cant fl uid shifts the fi rst 48 postoperative hours because of the loss of 
mesenteric arteriolar autoregulation. Meticulous care early after operation is critical 
to outcome, and close monitoring of the intravascular volume, cardiac function, and 
acid–base status is imperative [ 4 ]. 

 Important lessons have been learned over the last 20 years in the surgical man-
agement of these patients [ 1 – 20 ]. First, tailor the operation to what the anatomy and 
patient risk allow. Not every patient needs complete revascularization or a supra- 
celiac aortic-based bypass. While low mortality rates are achieved at high-volume 
centers, mortality as high as 13–20 % is reported in the community [ 4 ,  5 ,  20 ]. 
Second, avoid concomitant aortic reconstruction unless absolutely needed for 
infl ow. Operative mortality is reported as high as 8–10 % by experienced groups 
when the primary indication for operation is chronic mesenteric ischemia but when 
mesenteric revascularization is combined with aortic replacement [ 1 ,  2 ,  6 ]. In con-
trast to prior years, patients with diffuse aortoiliac disease precluding infl ow can 
now be offered hybrid retrograde mesenteric revascularization [ 7 ,  8 ]. Isolated open 
surgical bypass can be performed with low mortality in good-risk patients operated 
at institutions with a wealth of experience in these types of reconstructions, even 
with redo open procedures [ 6 ,  9 – 17 ]. The Mayo Clinic group used the SVS comor-
bidity scoring system in 229 patients treated for CMI with open and endovascular 
procedures to risk stratify patients. Outcomes were assessed by whether a patient 
was deemed high or low risk. The overall mortality was similar for the open (2.7 %) 
and endovascular (2.4 %) revascularization groups. Mortality was 1 % for low-risk 
and 6.7 % for high-risk patients treated by open bypass, with the highest mortality 
encountered in patients who had concomitant aortic reconstruction (8.9 %) [ 6 ]. 

 Even in experienced hands, the risk of perioperative complications can be high. 
Complication rates after open mesenteric revascularization average 20 % to 40 % 
[ 1 ,  2 ,  4 – 6 ,  9 – 17 ]. In the last report from the Mayo Clinic group, the incidence of any 
complication was 36 %. The most common problems were pulmonary (15 %), gas-
trointestinal (14 %), cardiac (10 %), and renal (4 %). Prolonged ileus occurs in 8 % 
of patients, and many are malnourished and/or have vitamin and trace element 
 defi ciencies. Perioperative nutritional support is often needed [ 6 ]. Meticulous 
wound closure is important because the risk of wound-related complications ranges 
between 4 % and 8 % [ 4 ]. Moreover, ascites is a risk early after operation because 
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the bowel weeps fl uid, which highlights the importance of meticulous abdominal 
wall closure. Rarely, compartment syndrome from severe ascites requires abdomi-
nal decompression, though this problem is more likely to occur in the patient with 
subacute on chronic mesenteric ischemia [ 4 ,  6 ]. High index of clinical suspicion 
is needed to detect early graft occlusion or intestinal ischemia. These latter two 
problems manifest with an increase in fl uid volume requirements and a drop in urine 
output, thrombocytopenia and/or leukocytosis, a narrowing of the A–aO2 gradient 
and/or pulse pressure, and metabolic acidosis which may be subtle at fi rst. Early 
graft thrombosis is uncommon (<2 %) and may lead to intestinal ischemia, infarc-
tion, or death of the patient. Early graft failure is usually due to a technical problem 
and can be minimized by completion intraoperative duplex imaging of the recon-
struction. The routine use of ultrasound imaging of the completed reconstruction 
has reduced our early graft failure rate to less than 1 % [ 21 ]. Other causes of early 
graft thrombosis include poor runoff or a hypercoagulable state [ 4 ,  6 ]. Open opera-
tions carry higher morbidity and longer hospital stays and recovery times compared 
to endovascular therapy based on single-center reports and a systematic review 
(Table  12.1 ) [ 19 ]. Morbidity and length of stay average 11 % and 3 days with 
 endovascular, compared to 33 % and 14 days with open surgery [ 19 ].

   Postoperative medical therapy should include smoking cessation and antiplate-
lets and cholesterol-lowering agents. Patients may develop diarrhea after surgery 
because the absorptive capacity of the gut changes, and for some individuals, the 
diarrhea lasts weeks and can be problematic. Surveillance imaging with duplex 
ultrasound is done every six months during the fi rst year and annually thereafter [ 4 ].  

   Symptom Relief, Recurrent Symptoms, and Re-intervention 

 Outcomes of mesenteric revascularization should include analysis of mortality, mor-
bidity, symptom relief, and freedom from restenosis, recurrence, and re- intervention. 
There needs to be reporting standards, stratifi cation of patient risk, and methods to 
compare anatomic severity of disease if comparisons of open and endovascular 
treatment are to have meaning. Currently, interpretation of data and comparison of 
outcomes between published reports is diffi cult for several reasons [ 6 ]. Studies often 
mix patients with acute and chronic presentations, including median arcuate liga-
ment syndrome, and cover a long period of time; reports vary in the defi nition of 
technical success; analyses lack time-dependent outcomes such as patency rates, 
symptom recurrence, restenosis, and re-intervention; patient follow up is limited; 
and there is no consistent objective determination of patency. 

 Open revascularization provides excellent symptom relief and better durability 
than endovascular treatment. In a systematic review, symptom improvement 
 averaged 93 % with open and 88 % with endovascular revascularization [ 18 ]. 
Most single-center reports and a systematic review suggest that bypass is associated 
with lower rates of restenosis, better patency, and higher freedom from recurrent 
 symptoms or re-interventions compared to mesenteric angioplasty and stenting. 
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Primary patency of open bypass averaged 89 % at 5 years in a recent review of the 
pooled literature (57 % to 92 %), with freedom from re-intervention in 93 % [ 20 ]. 
The systematic review by van Petersen et al. [ 19 ] showed open surgery to have bet-
ter primary (86 % versus 51 %) and secondary patency rates (87 % versus 83 %), 
lower restenosis (15 % versus 37 %), less symptom recurrence (13 % versus 30 %), 
and fewer re-interventions (9 % versus 20 %) than endovascular intervention., 
respectively. Nonetheless, endovascular therapy is now the fi rst option for treatment 
of atherosclerotic mesenteric artery stenoses at most centers, with stenting preferred 
because of its better patency. A contemporary report by Ryer and colleagues [ 15 ] 
indicated that open bypass is increasingly performed in patients with more comor-
bidities and worse anatomy than those treated with endovascular techniques. Despite 
this evolution toward more diffi cult reconstructions, open surgery had a respectable 
primary patency rate of 76 % at 5 years.  

   Reoperation for Failed Open Mesenteric Reconstructions 

 Redo open reconstruction may be needed in the patient who presents with chronic 
graft occlusions, recent graft occlusion with acute mesenteric ischemia, and in those 
who are not candidates for endovascular therapy to treat a failed or failing graft . In 
these patients, hybrid retrograde stenting or an iliac artery-based reconstruction 
should be considered [ 7 ,  8 ,  22 ,  23 ]. Reoperation is technically more challenging 
because of intra-abdominal and periarterial scar tissue and more extensive disease 
in the target artery which requires more distal isolation and because of the risk of 
damage to important collaterals during the operative dissection to isolate the artery. 
Giswold and associates [ 24 ] reported operative mortality of 6 % and primary 
patency at 4 years of 62 % among 22 patients who underwent redo mesenteric 
revascularization. In the rare patient with an inadequate source of infl ow from the 
abdominal aorta or iliac arteries, mesenteric bypass can be originated from the 
 thoracic or ascending aorta [ 22 ,  25 ,  26 ]. 

   Patient Survival 

 Poor prognostic indicators for long-term patient survival after mesenteric revascu-
larization include advanced age and severe cardiac, pulmonary, or renal disease [ 6 ]. 
The type of revascularization has not been shown to affect survival, but comparative 
analysis is limited by selection bias favoring open bypass for good-risk patients and 
endovascular revascularization for higher-risk ones. Tallarita and associates [ 27 ] 
reported long-term survival in a cohort of 343 patients treated for CMI, with nearly 
identical 5-year survival rates using propensity-matched scores for patients treated 
by open (57 %) or endovascular (60 %) techniques [ 27 ]. Five-year patient survival 
averaged 71 ± 4 % for low-risk, 49 ± 6 % for intermediate-risk, and 38 ± 7 % for 
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high-risk patients. Freedom from mesenteric-related death was 91 ± 2 % after open 
and 93 ± 4 % after endovascular revascularization at 5 years. Independent predictors 
for any cause mortality were age >80 years (OR 3.3, CI 1.03–1.06,  p  = <0.001), 
chronic kidney disease stage IV or V (OR 5.5, CI 1.4–16.6,  p  < 0.01), diabetes (OR 
1.7, CI 1.2–2.6,  p  < 0.01), and home oxygen therapy (OR 3.7, CI 1.2–9.1,  p  < 0.001). 
Stage IV or V chronic kidney disease (OR 3.4, CI 3.3–345,  p  = 0.003) and diabetes 
(OR 4.2, CI 1.7–10.5,  p  = 0.005) were independently associated with mesenteric- 
related death. In this study, the most common causes of late death in decreasing 
order of frequency were cardiac events, cancer, respiratory complications, and 
mesenteric- related complications. The combined rate of early and late mesenteric- 
related death was 8 % for patients treated by open reconstruction and 6 % for those 
who had endovascular revascularization [ 27 ].   

   Summary 

 Our management of patients with CMI has evolved over the years. Currently over 
70 % of the patients are treated with mesenteric angioplasty and stent placement. 
This option is preferred in the high-risk group and is also considered in low-risk 
patients with ideally suited lesions. Open mesenteric revascularization continues to 
have an important role in the endovascular era. Surgical bypass or, rarely, endarter-
ectomy may be required because of unfavorable anatomy (fl ush or extensive occlu-
sions, severe calcifi cation, tandem lesions, small-sized vessels, or occluded stents) 
and younger patients with non-atherosclerotic lesions. Recent reports have shown 
that mesenteric bypass can be done safely in the hands of experienced surgeons with 
mortality rates that compare favorably to endovascular treatment. Open revascular-
ization should focus on mesenteric artery revascularization as the primary goal and 
should avoid, if possible, extensive aortic or renal artery reconstruction. 
Anatomically, low-risk patients with fl ush or long-segment occlusions or stenosis, 
heavily calcifi ed lesions, or atheromatous debris may be better suited for open 
repair. Young patients or women with small vessels may also be better candidates 
for open repair. Our preference in these patients has been a supra-celiac aorta to 
celiac and SMA bypass.     
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    Chapter 13   
 Techniques of Endovascular Mesenteric 
Revascularization 

             Gustavo     S.     Oderich       and     Leonardo     Reis     de     Souza     

         The most common cause of chronic mesenteric ischemia (CMI) is atherosclerotic 
disease, accounting for over 90 % of cases in most series. Atherosclerotic lesions 
usually affect the origin or the proximal 2–3 cm of the mesenteric arteries, fre-
quently with associated plaque in the aorta and renal arteries. Because of the exten-
sive collateral network, the majority of patients with symptoms of CMI have 
signifi cant stenosis or occlusion of at least two of the three mesenteric arteries. 
However, contrary to what has been propagated in many surgical textbooks, this is 
not an absolute requirement [ 1 ,  2 ]. The clinical signifi cance of ischemia correlates 
not only to the extent of disease but also the adequacy of collateral pathways, acute-
ness of symptoms, and presence of arterial steal; approximately 2–10 % of patients 
with CMI have single-vessel disease, which affects primarily the SMA and patients 
with poorly developed collaterals or more acute presentation, as might be predicted 
from the postprandial hyperemic response [ 3 ]. 

 Despite the lack of prospective randomized comparisons between open surgery and 
endovascular treatment, mesenteric angioplasty and stenting has been widely adopted in 
most centers, resulting in a decline in the number of open surgical reconstructions. 
Currently, open surgery is relegated to patients who are not suitable candidates for endo-
vascular therapy or who failed treatment. Based on systematic reviews, endovascular 
revascularization has been associated with decreased morbidity, length of stay, and con-
valescence time. Mortality rates are similar with an average 30-day mortality of 6 % 
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(0–15 %) for open and 5 % (0–21 %) for endovascular revascularization [ 4 ]. Because the 
selection of type of treatment is dependent on physician’s preference and the patient’s 
comorbidities, results of the two techniques may not be comparable unless outcomes are 
analyzed using clinical risk stratifi cation. This chapter summarizes the indications and 
techniques of endovascular revascularization for chronic mesenteric disease. 

   Indications 

 There is no role for a conservative approach with chronic parenteral nutrition and 
non-interventional therapy in patients with symptomatic mesenteric artery disease. 
Excessive delays in proceeding with defi nitive revascularization or use of parenteral 
nutrition alone have been associated with clinical deterioration, bowel infarction, 
and risk of sepsis from catheter-related complications [ 5 ,  6 ]. 

 Revascularization is indicated in all patients with symptoms of symptoms of mes-
enteric artery occlusive disease, acute or chronic. Treatment goals are to relieve symp-
toms, restore normal weight, and prevent bowel infarction. The indication of 
prophylactic revascularization in patients with asymptomatic disease remains contro-
versial. Based on the report by Thomas and colleagues, there may be a role for pro-
phylactic revascularization in patients with severe three-vessel disease, particularly 
for those with diffi cult access to medical care who live in remote or underserved areas 
[ 7 ]. Our approach in these patients has been close surveillance and counseling regard-
ing symptoms of mesenteric ischemia, with a low threshold to proceed with revascu-
larization if any gastrointestinal symptoms (e.g., bloating, diarrhea, atypical pain) 
arise. Revascularization has been advised in asymptomatic patients with severe three-
vessel disease undergoing aortic reconstructions for other indication. 

   Choice of Open Versus Endovascular Revascularization 

 Treatment selection has evolved in most centers. The number of mesenteric revas-
cularizations has increased tenfold in the United States in the last decade, largely 
because of improved diagnosis and decreased morbidity of endovascular therapy 
(Fig.  13.1 ). In most centers, angioplasty and stenting surpassed open bypass as the 
fi rst option and is currently utilized in over 70–80 % of the patients treated for CMI 
[ 3 ,  8 ,  9 ]. These changes in treatment paradigm have occurred despite the lack of 
prospective randomized comparisons between the two techniques. Endovascular 
revascularization has been associated with decreased morbidity, length of stay, and 
convalescence time, but similar mortality compared to open repair [ 3 ,  4 ]. Mesenteric 
bypass offers improved patency, with lower rates of re-interventions and better free-
dom from recurrent symptoms [ 3 ,  4 ,  9 – 20 ].

   In most centers, including ours, mesenteric angioplasty and stenting is currently 
the fi rst choice of treatment in patients with CMI who have suitable lesions, independent 
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of their clinical risk. A careful review of pre-procedure CTA with attention to anatomi-
cal factors determines selection of open or endovascular approach. The SMA is the 
primary target for revascularization, and as such the anatomy of the SMA is the most 
important determinant of choice of therapy. The ideal lesion for angioplasty and stent-
ing is a short, focal stenosis or occlusion with minimal to moderate calcifi cation or 
thrombus (Fig.  13.2 ). For celiac axis (CA) lesions, angioplasty and stenting carries 
higher rates of restenosis [ 21 ], and should not be performed if there is active compres-
sion by the median arcuate ligament, unless this has been surgically released. We 
found no benefi t for two-vessel stenting [ 21 ]. The technical diffi culty of endovascular 
procedures is increased by presence of severe eccentric calcifi cation, fl ush occlusion, 
and in patients with longer lesions, small vessels, and tandem lesions affecting 
branches. Although these anatomical features do not contraindicate the use of stents, 
technical result is often not optimal with higher rates of arterial complications (e.g., 
distal embolization, dissection) and restenosis [ 22 ,  23 ]. Our preference in lower-risk 
group has been to offer open revascularization if the anatomy is unfavorable for angio-
plasty and stenting [ 24 ,  25 ]. Mesenteric bypass has also been increasingly performed 
in patients who have failed a percutaneous intervention or in those with multiple 
recurrences or other non-atherosclerotic lesions, such as vasculitides and neurofi bro-
matosis. Finally, for patients who are not good candidates for open repair because of 
severe comorbidities or cachexia, stenting can be used as a “bridge” to open surgical 
bypass, or endovascular recanalization can be attempted to treat complex lesions.

  Fig. 13.1    Treatment trends in patients with chronic mesenteric ischemia treated by open or endo-
vascular revascularization at the Mayo Clinic       
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      Pre-procedure Evaluation 

 Endovascular mesenteric revascularization carries defi nitive risk. The average 
30-day mortality in a recent systematic review was 6 % (0–21 %), surpassing the 
mortality reported for other types of endovascular interventions, including aortic, 
renal, and carotid procedures. Even though most interventions are done using local 
anesthesia, these patients typically undergo a comprehensive medical evaluation to 
identify and optimize cardiovascular risk factors and their nutritional status. Many 
of the comorbidities may require medical therapy to be started prior or after the 
intervention, depending on its severity. Revascularization should not be excessively 
delayed. Patients who present with deterioration of symptoms should be admitted, 
started on intravenous heparin, and treated urgently within 24–48 h. Patients with 
iodinated contrast allergy should be premedicated with steroid preparation. Those 
with chronic kidney disease who have serum creatinine level >1.5–2.0 mg/dL (133–
177 Mmol/L) undergo intravenous hydration with sodium bicarbonate and oral ace-
tylcysteine, starting the day prior to intervention. Review of pre-procedure imaging 
(CTA, MRA, or conventional angiography) is key to select the ideal approach based 

  Fig. 13.2    Computed tomography angiography is the most useful imaging study to plan revascu-
larization. Anatomical characteristics of the superior mesenteric artery (SMA) can be used to iden-
tify patients with focal disease where angioplasty and stenting is favored or patients with complex 
disease where endovascular therapy is technically more challenging. Lesions with unfavorable 
anatomy for stenting include heavily calcifi ed occlusions, long-segment occlusions, and long- 
segment stenosis involving multiple branches       
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on the angle of origin of the mesenteric vessels in relation to the aortic axis, the 
amount of calcium and thrombus load, and the presence of important collaterals or 
unusual anatomy (e.g., replaced hepatic) in proximity to the target lesion.  

   Selection of Access Site 

 The choice of ideal access is dependent on vessel anatomy, extent of occlusive 
disease, angle of origin from the aorta, and physician preference. The advantages of 
femoral approach include the frequent use and familiarity, ability to use shorter deliv-
ery system, and most importantly the exceedingly low rate of access site complica-
tions. However, because the CA and superior mesenteric artery (SMA) have acute 
angle of origin from the aorta, mesenteric interventions can be diffi cult to perform via 
the femoral approach. Excessive angulation often results in added time and radiation 
exposure, multiple guidewire exchanges, and in some cases, treatment failure. 

 Therefore, the ideal approach remains controversial. The author’s preference is 
to use the left brachial artery access with a small 1–2 cm incision to surgically 
expose the artery. This is done under local anesthesia. Brachial access is particularly 
benefi cial in the patient with diffi cult anatomy, such as those with fl ush occlusions, 
acute aortic angles, or long-segment lesions affected by very high-grade stenosis. 
Although the use of brachial access has been associated with higher rate of local 
complications when done totally percutaneously, it may reduce rate of severe mes-
enteric artery complications including dissections, vessel perforations, and emboli-
zation. Finally, we have increasingly utilized the radial artery access, but this is 
limited by need for longer delivery system and smaller profi le sheath and devices.  

   Diagnostic Mesenteric Angiography 

 Diagnostic angiography has been discussed in detail in Chap.   2     (Fig.  13.3 ). 
Diagnostic angiography is most often done immediately prior to a planned interven-
tion, either through the femoral or brachial approach. Access is established using 
ultrasound guidance and 0.035 in guidewire system. A 5 Fr sheath is positioned in 
the external iliac artery, and 5 Fr diagnostic fl ush catheter is advanced to T12 level 
over a 0.035 in guidewire. Modest intravenous heparinization (40 units/kg) is rec-
ommended prior to selective catheterization of the mesenteric arteries. Low- osmolar 
contrast agent (e.g., Visipaque®) minimizes abdominal discomfort during selective 
injections. Choice of catheter shape is dependent upon access site, angle of origin, 
and individual preference. MPA catheter is ideal for selective catheterization via 
brachial approach, whereas a secondary curve catheter (e.g., SOS or Simmons) or a 
catheter with more acute curve (e.g., Cobra 2) can be used for interventions done via 
femoral approach (Fig.  13.4 ). A complete study includes abdominal aortogram with 
anterior-posterior and lateral views to defi ne the location, severity, and extent of 
visceral artery involvement and to identify concomitant lesions in the aorta, renal, 
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or iliac arteries. The optimal projection to display the proximal CA and SMA is a 
lateral view, and for the origin of the IMA, it is a 15° right lateral-oblique view. 
Selective angiography is necessary to confi rm the severity of disease and to identify 
tandem lesions and collateral patterns. In patients with questionable lesions, pres-
sure gradients can be measured using pressure wire, “pull-back,” or simultaneous 
pressure measurement technique [ 26 ].

       Selective Catheterization 

 Selective catheterization requires systemic heparinization (80 mg/kg), which should 
be administered prior to catheter manipulations in order to achieve an activated clot-
ting time over 250 s. Using the brachial artery access, a 6 or 7 Fr 90 cm hydrophilic 
sheath is positioned in the descending thoracic aorta above the CA origin. A 5 Fr 
MPA catheter is ideal for selective catheterization of the mesenteric arteries using 
the brachial approach, whereas a SOS or VS1 catheter can be used from the femoral 
approach. The initial selective angiography should demonstrate the origin of the 
vessel from the aortic wall and the severity of the stenosis and should document the 
distal branches for comparison with post-intervention views. 

  Fig. 13.3    Abdominal aortogram with right anterior-oblique view demonstrates large patent inferior mes-
enteric artery (IMA). Selective IMA angiography confi rms collateralization to the superior mesenteric 
artery via arc of Riolan ( arrow ) and collateralization to the celiac axis via gastroduodenal artery ( arrow )       
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 The target lesion is initially crossed using a 0.035 in soft angled glidewire, which 
is exchanged for the interventional wire of choice after confi rmation of true lumen 
access. The authors’ preference is to use a small profi le (0.014 or 0.018 in) stiff 
guidewire for most interventions. The tip of the guidewire should be visualized and 
positioned within the main trunk of the SMA, rather than within small jejunal 
branches, which are prone to perforate or dissect.  

   Embolic Protection Devices 

 The use of embolic protection devices is highly controversial. The potential advan-
tage is limiting or preventing distal embolization, which has been described as a 
known intraprocedural complication and cause of death after mesenteric interven-
tions. Limitations include the added cost and the potential risk of arterial damage by 
the fi lter basket. In addition, there is limited information on which is the ideal fi lter 
device and where it should be placed within the mesenteric vessel. The Mayo Clinic 
group has reviewed the anatomy of the SMA to identify diameter and number of 
jejunal branches. Most patients have an average of 13 major jejunal branches, and 
>90 % of these branches originate >5 cm distal to the aortic origin of the SMA. The 

  Fig. 13.4    Catheter shapes frequently utilized for mesenteric interventions       
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average diameter of the SMA in this location is 5–6 mm. Therefore, the most 
frequently utilized fi lter device would be a 7-mm fi lter basket positioned approxi-
mately 5 cm distal to the SMA origin. 

 In our experience, embolic protection devices are used selectively. Patients with 
acute or subacute mesenteric ischemia have a component of fresh in situ thrombosis 
and may be more prone to distal embolization. Among patients with chronic lesions, 
we found higher embolization rates in those with occlusions, severe calcifi cation, 
and lesions longer than 30 mm. The author recommends use of embolic protection 
in these situations [ 22 ]. Our preference is to use a 320 cm working length 0.014 in 
fi lter wire (Spider RX, Covidien, Plymouth, MN; Fig.  13.5 ). Alternatively, Brown 
and associates described the use of temporary balloon occlusion and aspiration with 
GuardWire (Medtronic, Minneapolis, MN) [ 27 ]. If a 0.035 in stent is selected, a 
two-wire technique can be used by combining a 0.014 in fi lter wire with a 0.018 in 
“buddy wire.” The stent is introduced via both wires for better support and to facili-
tate subsequent retrieval of the embolic protection device.

      Choice of Stent 

 The vast majority of patients (>90 %) are treated using balloon-expandable stents. 
These have the advantages of wide range of length, precise deployment, and radial 
force. Because mesenteric lesions mimic renal artery lesions and are ostial and 

  Fig. 13.5    Angioplasty and stenting of a focal stenosis of the superior mesenteric artery (SMA) 
stenosis using brachial approach. After selective angiography, the lesion is crossed, and a 0.014 in 
Spider Rx fi lter wire (Covidien, Plymouth MN) is deployed in the main trunk of the SMA, avoiding 
jejunal branches. The entire lesion is treated by balloon-expandable stent, which is extended 1–2 mm 
into the aorta and fl ared proximally. Completion angiography demonstrates patency of the stent 
without embolization or dissection. Appearance of a fi lter basked with moderate amount of debris       
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highly calcifi ed, precise deployment and radial force are major advantages. 
Nonetheless, longer lesions affecting the bend of the SMA or those in tortuous seg-
ments may not be ideally suited for balloon-expandable stents. In these cases a short 
self-expandable stent may be used. If the lesion is long, it is not uncommon to com-
bine a balloon-expandable stent for the ostia of the lesion with a self-expandable 
stent distally. Finally, we have recently shifted our practice to use preferentially 
covered balloon-expandable stents, which are resistant to intimal hyperplasia and 
have higher patency rates compared to bare metal stents. Covered stents are avoided 
in segments with critical side branches, which need to be preserved.  

   Angioplasty and Stenting of Mesenteric Stenosis 

 The primary goal of percutaneous treatment is to restore antegrade fl ow into at least 
one of the three mesenteric arteries, preferentially the SMA. First reports described 
successful results with balloon angioplasty alone, but elastic recoil and restenosis 
have limited its utility when used for ostial lesions [ 18 ,  28 – 37 ]. Although there are 
no prospective comparisons between angioplasty alone and primary stenting, most 
agree that routine stenting is indicated given that mesenteric lesions resemble renal 
artery stenoses [ 21 ,  27 ,  38 – 51 ]. Although there are no randomized comparisons 
between SMA and celiac stent placement, retrospective studies suggest that celiac 
stenting is associated with more recurrences in the fi rst year after treatment [ 21 ]. In 
patients with compression of the CA by the median arcuate ligament, there is risk of 
stent fracture and compression. The role of two-vessel stenting remains controver-
sial. Two retrospective studies by the MGH group and by Silva and colleagues have 
shown a nonsignifi cant trend towards less recurrence with two-vessel stenting [ 43 , 
 46 ]. Malgor and colleagues from the Mayo Clinic reported nearly identical recur-
rence rates at 2 years in patients treated by SMA stents (78 %) compared to two- 
vessel stenting of the SMA and CA (60 %). Two-vessel mesenteric interventions 
may have a role in select patients with severe gastric ischemia and who do not have 
good collateral network between the CA and SMA. However, there is no proven 
benefi t that routine two-vessel stenting provides more durable relief, and a second 
intervention adds cost and potential risk of complications. 

 CA intervention may be considered in higher-risk patient who fails attempted 
recanalization of the SMA or in those where an SMA intervention is felt to have a low 
yield for success due to excessive calcifi cation or long-segment occlusion. In these 
patients, celiac stenting may be considered a “bridge” to open bypass or retrograde 
SMA stenting [ 52 ]. Angioplasty of the IMA in our experience carries a higher risk of 
rupture, dissection, or embolization, and is not advised with rare exceptions. 

 A brachial artery approach is preferred for patients with very angulated origin of 
the aorta and in those with occlusions or longer lesions. The author’s preference is 
to use brachial artery approach whenever possible (Fig.  13.5 ). This offers excellent 
support with small profi le system and precise stent deployment in patients with 
acute SMA angle. Although the risk of puncture-related complications is higher 
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using total percutaneous technique, one option is to use a small 1–2 cm incision 
under local anesthesia to expose and repair of the brachial artery; less frequently, 
radial approach has been used. 

 Percutaneous access is established with a 0.018 in micropuncture set using 
ultrasound guidance, after which the system is exchanged to 0.035 in. Full sys-
temic heparinization (80 mg/kg) is administered prior to catheter manipulations 
to achieve an activated clotting time of >250 s. A 6 or 7 Fr 90 cm hydrophilic 
sheath is positioned in the descending thoracic aorta above the CA origin. A 5 Fr 
MPA catheter is ideal for selective catheterization of the mesenteric arteries 
using the brachial approach, whereas a SOS or VS1 catheter can be used from the 
femoral approach. The initial selective angiography should demonstrate the ori-
gin of the vessel from the aortic wall and the severity of the stenosis and should 
document the distal branches for comparison with post-intervention views. The 
target lesion is initially crossed using a 0.035 in soft angled glidewire, which is 
exchanged for the interventional wire of choice after confi rmation of true lumen 
access. The author’s preference is to use a small profi le (0.014 or 0.018 in) stiff 
guidewire for most interventions. Most recently, our practice has changed to cov-
ered stents, based on a recent report which indicates superior patency rates com-
pared to bare metal stents [ 53 ]. The tip of the guidewire should be visualized and 
positioned within the main trunk of the SMA, rather than within small jejunal 
branches, which are prone to perforate or dissect (Fig.  13.6 ). Embolic protection 
may be useful in select patients with occlusions, long lesions (>30 mm length), 
severe calcifi cation, thrombus, and acute or subacute symptoms; the author’s 
preference is to use a 320 cm working length 0.014 in fi lter wire (Spider RX, 
Covidien, Plymouth MN). Alternatively, Brown and associates described the use 
of temporary balloon occlusion and aspiration with GuardWire (Medtronic, 
Minneapolis, MN) [ 27 ]. If a 0.035 in stent is selected, a two-wire technique can 
be used by combining a 0.014 in fi lter wire with a 0.018 in “buddy wire”; the 
stent is introduced via both wires for better support and to facilitate subsequent 
retrieval of the embolic protection device (Fig.  13.5 ). Pre- dilatation is recom-
mended for tight stenosis, occlusions, severe calcifi cation, and to size stents. A 
balloon-expandable stent with diameters ranging from 5 to 8 mm is used in 
>95 % of cases, allowing precise deployment and greater radial force. The stent 
is positioned under protection of the sheath, covering slightly more than the 
entire length of the lesion. Positioning the stent in the aortic lumen is critical to 
avoid missing the proximal portion of the lesion. It is important to position the 
stent 1–2 mm into the aortic lumen (Fig.  13.5 ). Ideally, the stent should be fl ared 
gently into the aorta, which prevents missing the ostia and facilitates re-catheter-
ization if needed. Occasionally a self-expandable stent is needed to treat a non-
ostial lesion or segments with excessive tortuosity, extending beyond the 
angulated portion of the SMA.
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       Specifi c Situations 

   Recanalization of Mesenteric Occlusions 

 The technique is slightly modifi ed in patients with diffi cult occlusions. In these 
cases it is of paramount importance to use the brachial approach and a stiff support 
system, which is accomplished by combining a 7 Fr sheath, 7 Fr MPA guide cath-
eter, and 5 Fr MPA catheter (Fig.  13.7 ). In the author’s opinion attempting a diffi cult 

  Fig. 13.6    An important technical point is to visualize the tip of the guidewire during the interven-
tion and to position the guidewire in the main trunk of the superior mesenteric artery ( curved black 
arrow ) as opposed to distal jejunal branches ( black straight arrow ) which are prone to perforation 
resulting in mesenteric hematoma ( white straight arrow ) (By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved)       
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recanalization from the femoral approach adds time, contrast, and catheter manipu-
lations and is fraught with exceedingly high failure rates. Ideally the tip of the MPA 
catheter is used to engage the stump of the occluded SMA (Fig.  13.8 ), and suffi cient 
support is provided by the combination of the sheath and guide catheter. The lesion 
is crossed using a straight tip, hydrophilic, soft 0.035 in glidewire but also using 
0.018 in or 0.014 in guidewires if needed. It is ideal to avoid the subintimal plane, 
which is best achieved by using straight tip guidewires. A Quick-Cross (Spectranetics, 
Colorado Springs CO) or an alternative support catheter or even a small coronary 
balloon may be needed to cross a tight lesion. Once the lesion is crossed, access into 
the true lumen should be confi rmed. Our preference has been to use embolic protec-
tion device (e.g., Spider RX, Covidien, Plymouth, MN) with two-wire technique 
routinely in cases of total occlusion.

    Following deployment and fl aring of the stent, the embolic protection device is 
retrieved with careful attention to avoid entrapment into the stent. The basket is 
examined for debris. A formal completion angiography should be obtained, includ-
ing a focal magnifi ed view of the stent with the sheath into the aorta to demonstrate 

  Fig. 13.7    Technique of recanalization and primary stenting of a total superior mesenteric artery 
(SMA) occlusion. In these cases, a stiff support system is build with combination of a 7 Fr 90 cm 
hydrophilic sheath, 7 Fr 100 cm MPA guide catheter and 5 Fr 125 cm MPA catheter. The stump of 
the occluded SMA is engaged by the sheath–catheter combination ( a ); the lesion is crossed using 
a straight glidewire. After true lumen access is confi rmed, a 0.014 in fi lter wire and a 0.018 in 
buddy wire are deployed into SMA via 0.035 in catheter ( b ); the lesion is pre-dilated ( c ) and 
stented using a balloon-expandable stent ( d ) (By permission of Mayo Foundation for Medical 
Education and Research. All rights reserved)       
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the vessel origin and a panoramic view of the entire SMA and its branches to rule 
out embolization or perforation. The stiff guidewire should be retracted, and nitro-
glycerin may be administered via the sheath to minimize spasm or kinks caused by 
the guidewire tip. It is particularly important to note the presence of distal emboliza-
tion, dissection, thrombus, or branch perforation. These complications occur in 
5–10 % of patients and remain a major source of morbidity and mortality if not 
immediately recognized [ 22 ].  

   Orbital Atherectomy 

 A number of adjunctive techniques can be used to optimize results of mesenteric 
stents in patients with complex lesions, but the author acknowledges that these tech-
niques are anecdotal or supported by a limited number of case reports. The presence 
of acute and subacute symptom presentation suggests fresh thrombus or compli-
cated plaque. In these cases local administration of t-PA into the diseased segment 
20–30 min prior to stent placement may improve technical success. For eccentric, 
calcifi ed lesions, percutaneous atherectomy (Fig.  13.9 ) has been carefully used in 
very select cases [ 54 ]. Orbital atherectomy is used as a debulking tool prior to stent 
placement (Figs.  13.10  and  13.11 ). It is critical to have an appreciation of the limita-
tions of this technique when applied as off-label use in the mesenteric arteries.

  Fig. 13.8    Recanalization of superior mesenteric artery (SMA) occlusion utilizing the technique 
described in Fig. 13.7. After the stump is engaged by the catheter, guide catheter, and sheath ( a , 
 black arrow ), the lesion was crossed ( b ) and stented using embolic protection ( d ). Note that the 
balloon is used to fl are the proximal part of the stent ( c ,  white arrow ). Completion angiography 
shows a fl ared widely patent SMA stent ( d )       
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  Fig. 13.9    Patient with severe eccentric calcifi cations and a replaced right hepatic artery (arrow)       

  Fig. 13.10    Technique of orbital atherectomy and bifurcated stent. After the calcifi ed lesion is 
crossed using a 0.014 in wire ( a ), orbital atherectomy is utilized for debulking ( b ). The wire is 
exchanged for a double-wire technique with embolic protection ( c ), followed by placement of 
balloon-expandable stent for the ostia and self-expandable stent for the distal SMA lesion ( d ). A 
cell of the stent is catheterized, ( e ) and a buddy 0.014 in wire is advanced to the replaced hepatic 
artery through the cell of the self-expandable stent ( f ). The replaced hepatic artery is stented with 
a balloon-expandable stent ( g ). The embolic protection device is retrieved ( h ) (By permission of 
Mayo Foundation for Medical Education and Research. All rights reserved)       
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        Bifurcated Stents 

 Patients with longer lesions affective bifurcations (celiac axis or replaced hepatic 
artery) may benefi t from bifurcated stent techniques (Fig.  13.12 ). These can be per-
formed by combining a self-expandable stent for the mesenteric lesion and a smaller 
balloon-expandable stent for the side branch (Figs.  13.13  and  13.14 ), which is 
deployed via the cell of the self-expandable stent.

        Retrograde Hybrid Revascularization 

 A hybrid approach using a midline laparotomy to expose the SMA and endovascular 
technique to place a retrograde SMA stent has been reported by Milner and colleagues 
from the University of Pennsylvania and Dartmouth Group [ 55 ,  56 ]. This option avoids 
the need for extensive dissection, vein harvesting, and use of a prosthetic graft. It may be 
selected in patients with extensive aortoiliac disease and no good source of infl ow or in 
those with acute mesenteric ischemia, bowel gangrene, and contamination (Fig.  13.15 ).

   The SMA is dissected below the pancreas as previously described. Several jejunal 
branches are controlled with silastic vessel loops and occluded prior to manipulation 
to avoid distal embolization. Retrograde SMA access is established using a micro-
puncture set with 0.018 in guidewire. This is exchanged for a 0.035 in guidewire 
 system and a 6 to 7 Fr sheath is advance to the SMA. Retrograde angiography is 
obtained, and the SMA occlusion or stenosis is crossed, pre-dilated, and stented with 

  Fig. 13.11    Note eccentric calcifi cations in the proximal SMA ( a ) treated by orbital atherectomy 
( b ) with signifi cant luminal improvement ( c )       
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a balloon-expandable stent. Prior to restoring antegrade fl ow to the SMA, the sheath 
is fl ushed to prevent distal embolization. The puncture site may be closed with inter-
rupted sutures or opened longitudinally and closed over a patch if severely diseased.  

  Fig. 13.12    Bifurcated stent technique (By permission of Mayo Foundation for Medical Education 
and Research. All rights reserved)       

  Fig. 13.13    A balloon-expandable stent is placed through the cell of a self-expandable stent       
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   In-Stent Stenosis 

 Multiple approaches have been used to treat in-stent stenosis. Innovative techniques to 
maintain an “endovascular fi rst approach” have included balloon angioplasty with cutting 
or cryoplasty balloons, redo stenting with bare metal or drug-eluting stents, and atherec-
tomy [ 54 ,  57 ]. The latter has been used either as primary therapy or as an adjunct to debulk 
areas of neointimal hyperplasia prior to angioplasty or stenting. To date, none of these 
approaches has been shown any benefi t as compared to standard angioplasty alone. 

 Despite the high rates of restenosis after mesenteric stenting, clinical data on 
outcomes of re-interventions is scarce. Tallarita and associates reported outcomes of 
30 patients treated for in-stent restenosis [ 23 ]. The type and location of restenosis 
were also analyzed using contrast angiography. Intimal hyperplasia within the 
stented segment accounted for 43 % of the 30 cases of restenosis, while 57 % of 
patients had restenosis affecting arterial segments proximal or distal to the stent 
edge. Importantly, in 43 % of the patients, the area of restenosis coincided with 
technical imperfections noted on review of the index completion angiography per-
formed at the time of the fi rst intervention. This fi nding emphasizes how critical it 
is to pay attention to detail at the time of the fi rst mesenteric intervention. 
Furthermore, some “restenosis” reported on post-intervention ultrasound imaging 
may actually represent incomplete or inadequate treatment, rather than progression 
of disease or development of neointimal hyperplasia. Technical imperfections 
include inadequate stent length or treatment segment or poor stent expansion due to 
unfavorable anatomy, such as with highly calcifi ed or eccentric lesions. Our prefer-
ence has been to treat restenosis with a covered balloon expandable stent (Fig.  13.16 ).

  Fig. 13.14    After placement of a self-expandable stent ( a ), the cell is catheterized and a balloon- 
expandable stent is placed in the replaced hepatic artery ( b ). Completion angiography revealed 
widely patent SMA and replaced hepatic artery ( c )       
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  Fig. 13.15    Hybrid revascularization with retrograde stenting of the superior mesenteric artery via midline 
laparotomy (By permission of Mayo Foundation for Medical Education and Research. All rights reserved)       

  Fig. 13.16    Treatment of in-stent restenosis with placement of covered balloon-expandable stent 
( a ). Pre-deployment angiography demonstrates a high-grade stenosis in the proximal aspect of the 
stent ( b ). After placement of a covered balloon expandable stent ( c ), there is no residual stenosis 
(By permission of Mayo Foundation for Medical Education and Research. All rights reserved)       
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       Complications 

 The most common causes of death after mesenteric stenting are cardiac events, 
gastrointestinal bleeding, and bowel ischemia. The latter is typically associated with 
intraprocedural complications such as distal embolization, thrombosis, or dissec-
tion. Distal embolization occurs in 8 % of patients treated by SMA stents without 
embolic protection, with higher rates among patients with subacute symptoms, 
occlusion, long lesions (>30 mm), and severe calcifi cation [ 24 ]. Therefore, there 
may be a role for selective use of embolic protection in these patients. The most 
commonly reported complications are access-related problems in 2–15 %, renal 
insuffi ciency in 5–12 %, acute bowel ischemia in 1–5 %, gastrointestinal bleeding 
in 1–4 %, cardiac events in 1–3 %, and respiratory complications in 3 %.  

   Post-procedure Management 

 The post-procedure care after mesenteric interventions is comparable to that of 
other peripheral endovascular procedures. All patients are admitted for observation 
overnight. Worsening abdominal pain after the procedure is unusual and warrants 
evaluation to rule out thrombosis, embolization, or a mesenteric hematoma from 
jejunal branch perforation (Fig.  13.6 ). Patients are allowed to resume a regular diet 
within six to eight hours. Antiplatelet therapy is typically started prior to the inter-
vention with acetylsalicylic acid and continued indefi nitely thereafter. Clopidogrel 
is started the day of the intervention with a loading dose of 300 mg and continued 
for six to eight weeks as a dual antiplatelet agent, after which patients are kept on 
acetylsalicylic acid alone. The author’s preference is to obtain a duplex ultrasound 
scan prior to discharge or within the fi rst few days after the procedure to serve as a 
baseline for future comparison. The presence of elevated velocity on duplex ultra-
sound may be due to inadequate stenting with missed lesion proximal or distal to the 
stent. Follow-up includes clinical examination and duplex ultrasound every 6 
months during the fi rst year and annually thereafter.  

   Conclusion 

 Endovascular revascularization has become the fi rst treatment option in most 
patients with occlusive mesenteric artery disease. Patient selection is critical to 
achieve good anatomical and clinical result. The most suited lesions are focal steno-
sis with limited amount of calcifi cation, but endovascular approaches have been 
widely applied to more challenging lesions.     
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    Chapter 14   
 Results of Endovascular Mesenteric 
Revascularization 

             Timur     P.     Sarac     

           History 

 The fi rst description of mesenteric vascular occlusion is attributed to Antonio 
Beniviene from Florence in the fi fteenth century [ 1 ]. The correlation of mesenteric 
artery occlusive disease with symptoms of postprandial abdominal pain did not 
occur until the late 1800s when councilman identifi ed a patient with abdominal pain 
and discovered mesenteric occlusive disease at autopsy [ 2 ]. This was soon corrobo-
rated by Schinzler, who in 1901 reported on a patient with a long history of abdominal 
pain and occlusive mesenteric thrombus of the superior mesenteric artery [ 1 ]. 
The fi nal proof came in 1936 when Dunphy [ 3 ] performed an autopsy of a patient 
with bowel infarction, abdominal pain, and weight loss and found all three mesen-
teric vessels were occluded. 

 It was 64 years later that someone fi rst took the leap to treat chronic mesenteric 
ischemia. In 1958 Shaw and Maynard [ 4 ] reported the fi rst open mesenteric revas-
cularization by transaortic endarterectomy. Shortly thereafter, in 1961 Morris [ 5 ] 
reported the fi rst bypass by doing a retrograde bypass using a Dacron graft. In 1972, 
Stoney and Wylie introduced transaortic visceral thromboendarterectomy and 
described their results with this and aortomesenteric bypass [ 6 ,  7 ]. 

 Soon after, minimally invasive techniques began to be explored to treat occluded 
blood vessels, and the technology began to take off in the latter half of the twentieth 
century. The German born cardiologist Andreas Gruentzig was the fi rst to perform 
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balloon angioplasty of an artery in 1977 in Zurich, Switzerland, when he opened a 
blocked coronary artery [ 8 ]. Three years later Furrer extended this technology to the 
mesenteric vessels, as he was the fi rst to report the fi rst percutaneous angioplasty of 
the superior mesenteric artery [ 9 ]. 

 Many investigators reported their results of celiac and sma angioplasty over the 
ensuing years, with variable outcomes in the pre-stent era. (Table  14.1 ) [ 10 – 14 ]. 
One initial report by Odurney had only 50 % clinical success and 30 % primary 
patency. Matsumoto reported on 19 patients who had percutaneous therapy. The 
immediate technical failure rate was 37 %, but of those that were successful, there 
was 83 % clinical improvement of symptoms. Allen et al. had good clinical success 
achieving 79 % symptom relief and 89 % patency, and Maspes reported similar 
results in 41 patients. Nevertheless, standardized documentation of technical suc-
cess, clinical success, objective patency, and morbidity and mortality was not con-
sistent and lacked uniformity.

      Early Mesenteric Stent Results 

 From what was reported, angioplasty alone did have some benefi t, but there was a 
real need for improvement in immediate- and longer-term results. In an effort to 
improve these, Ivancev’s group described the fi rst sma stent, which included not 
only stenting the sma but also recanalizing a chronic total occlusion (CTO) [ 15 ]. 
They reported continued patency 9 months after the intervention, which was docu-
mented by angiography. Since the time of early reports, balloon angioplasty and 
stenting of mesenteric occlusive disease were slow to be adopted. However, with 
refi nement in techniques, lower-profi le devices, and extended training of multiple 
subspecialties, soon many case series described the success of PTA and stenting of 
the visceral vessels [ 16 ] (Table  14.2 ). Sheeran et al. looked at their results of PTA 
and stent in 12 patients, 3 of whom were chronic total occlusions. Their initial tech-
nical success was 92 %, including 3 patients with chronic occlusions. One patient 
died within 30 days of the procedure (mortality 8.3 %) due to bowel infarction, 
despite a patent stent. Primary and primary-assisted patency was 74 % and 83 % 
respectively, and secondary patency was 83 %. All three patients with chronic 
occlusions had relief of clinical signs and symptoms at a mean follow-up of 22 
months. Chahid et al. reported their results after treating 14 patients [ 17 ]. 
Their technical success and initial clinical success was 100 %. Long-term relief of 

   Table 14.1    Angioplasty alone for mesenteric occlusive disease   

 Author  Year   N  
 Clinical 
success (%)  Patency (%) 

 30 day 
mortality 

 Complications 
(%) 

 Odurney  1988  10  50  30  NR  10 
 Matsumoto  1995  15  80  53  NR  16 
 Allen  1996  18  79  89  6 %   6 
 Maspes  1998  41  77  86  0   5 

   NR  not reported  
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symptoms was 79 %, and two patients underwent repeat angioplasty for an absolute 
patency rate 86. Two major complications were observed: one hematoma and one 
false aneurysm occurring at the brachial puncture site (14.3 %).

   Matsumoto reported one of the fi rst larger series of patients [ 18 ]. He reviewed 
their experience of PTA and stenting in a group of 33 patients. Twenty-one patients 
underwent PTA alone and 12 PTA and stenting. Technical success occurred in 81 % 
of patients with PTA and 100 % PTA and stent. The long-term clinical success was 
83.3 %, and assisted clinical success was 96.6 % as four patients underwent repeat 
angioplasty. Patency rates were not reported. The complication rate was 13 % and 
30 day mortality 0 %. Another large series was published by Sharrudin et al. [ 19 ] 
They evaluated their results of mesenteric stenting in 25 patients, 21 of whom were 
done for chronic mesenteric ischemia. Their reported technical success was 96 %, 
and clinical outcomes showed primary and primary-assisted clinical benefi ts at 11 
months of 85 % and 91 %. He also was the fi rst to report actuarial Kaplan Meier 
patencies, which were both 92 % at six months. Major complications occurred in 
three patients for a rate of 12 %.  

   Mesenteric Intervention vs. Open Surgery 

 As minimally invasive techniques started receiving a ground swell of enthusiasm, 
people soon began to compare the results to the gold standard open surgery 
(Table  14.3 ). Although mesenteric bypass’ results were improving, there was still 
signifi cant morbidity and mortality [ 20 ]. The fi rst large series reported was that 
from the Cleveland Clinic [ 21 ].  Kasirajan et al. compared outcomes of endovascu-
lar versus open surgery; outcomes were compared between 28 patients treated with 
PTA and stent and 85 patients who underwent open mesenteric revascularization. 
Of the patients who underwent PTA and stent, 18 % had angioplasty alone and 82 % 
angioplasty plus stent. Of the patients who had open surgery, 71 % had bypass, 
22 % transaortic endarterectomy, and 7 % local endarterectomy and patch angio-
plasty. Fewer vessels were revascularized per patient in the PTA and stent group 
(1.1) compared with the OS group (1.5). There was no difference noted in the early 
in-hospital complications (17.9 % vs. 32.9 %) or mortality rate (10.7 % vs. 8.2 %). 

    Table 14.2    Early PTA and stent results   

 Author  Year   N  
 Clinical 
success (%) 

 Primary 
patency 

 30 day 
mortality  Complications 

 Linblad  1996   1  100  100 % at 
9 months 

 0   0 

 Sheeran  1999  12   92  74 %  8.3 %  8.3 
 Chahid  2004  14   79  86 %  0  14.3 % 
 Matsumoto  2002  33   83.3     83.3 %  0  13 % 
 Sharruddin  2003  25   88  92 % at 6 

months 
 4 %  12 % 
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However, there was a trend towards reduced length of hospital stay in the PTA stent 
(5 days vs. 13 days). The 3-year cumulative recurrent stenosis rates also were not 
different (27 % vs. 24 %), but recurrent symptoms were signifi cantly higher in the 
PTA stent vs. open surgery (34 % vs. 13 %). The end result was that while PTA and 
stents were improving, they had not yet met the gold standard.

    Refi nement in techniques, improved devices, better patient selection, and patient 
preference continued to promote use of endovascular procedures. Atkins reported 
the Massachusetts General experience of 80 patients [ 22 ]. PTA and stent were per-
formed in 31 patients and open surgery in 49 patients. The open revascularization 
procedures consisted of bypass grafting in 63 %, transaortic endarterectomy in 
14 %, patch angioplasty in 8 %, or combined in 15 %. Mean follow-up was 
15 months in the PTA/stent group and 42 months in the open surgery cohort. The 
PTA/stent group had fewer vessels revascularized (1.5 vs. 1.8 vessels). Hospital 
length of stay was less for the PTA/stent group (5.6 vs. 16.7 days). No difference 
was noted in in-hospital major morbidity (13 % vs. 4 %) or mortality (1/31 vs. 
1/49). Two-year survival was similar between the groups (88 % PTA/stent vs. 74 % 
open), as was recurrent symptoms (23 % vs. 22 %) or radiographic recurrence (32 % 
vs. 37 %). Radiographic primary patency (58 % vs. 90 %) and primary-assisted 
patency (65 % vs. 96 %) at 1 year were lower in the PTA/stent group compared with 
open surgery. There was no difference in second procedures as 16 % PTA/stent 
patients compared with 22 % open repair. The end results still were not convincing 
in favor of PTA and stent, but the pendulum began to swing. 

 Soon thereafter, Oderich and colleagues from the Mayo Clinic compared their 
results of open surgery to PTA and stent for symptomatic mesenteric ischemia [ 23 ].  
They compared 229 consecutive patients treated for CMI with open surgery (146 
patients) or PTA/stent (83 patients). Those who underwent PTA/stent were signifi -
cantly older, had higher risk, and fewer vessels revascularized (1.3 vs. 1.8). There 
was no difference in mortality in the open group vs. PTA/stent (2.7 % vs. 2.4 %). 
Open repair had signifi cantly more complications (36 % vs. 18 %) and longer 
h ospitalization (12 vs. 3 days). At 5 years, open surgery had improved recurrence-
free survival (89 % vs. 51 %) and primary (88 % vs. 41 %) and secondary patency 
rates (97 % vs. 88 %). Symptom improvement was not different between open and 
PTA/stent (96%vs. 92 %). 

 The end results of all three studies found that mesenteric stenting has a high re- 
intervention rate but reduced length of stay and reduced morbidity and mortality  

   Contemporary Mesenteric Stent Results 

 The next generation of stents and catheters included smaller devices, and large- 
volume centers became more aggressive in treating more complex lesions. Sarac 
et al. described the Cleveland Clinic experience that included a cohort of patients 
who had chronic total occlusions (CTO) [ 24 ].  The fi rst report of recanalizing a CTO 
for mesenteric ischemia was in the 1996 by Linblad [ 14 ], but there was a general fear 
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of being too aggressive in treating CTOs as several reports indicated that these lesions 
were off limits for fear of dissection and distal embolization. However, this myth was 
demystifi ed as Sarac et al. from the Cleveland Clinic reported their results on 65 
patients treated by PTA and stent for chronic mesenteric ischemia (Table  14.4 ). 
Completely occluded vessels were treated in 28 %, and greater than 60 % stenosis 
was treated in 72 %. Cumulative 1-year results were primary patency 65 %, primary-
assisted patency 97 %, secondary patency 99 %, and survival 89 %. The endovascu-
lar treatment of visceral artery occlusion was not associated with diminished patency 
or survival, irrespective of stent size or number. One-year  primary patency was worse 
among patients who had femoral access. Re-intervention rates remained high. 

 Peck et al subsequently reported the Massachusetts General in results in 49 
patients [ 25 ]. Initial symptom relief was noted in 89.8 % with no change in 5 
patients. The 30-day mortality rate was 2.0 %, and major complications occurred in 
16.3 %. Restenosis on follow-up imaging occurred in 65 %, and 29 % developed 
recurrent symptoms with 13 requiring a re-intervention. Actuarial 36-month 
f reedom from symptomatic recurrence was 61 % %. Two-vessel treatment was pro-
tective against symptom recurrence and re-intervention. Primary patency at 36 
months was 64 %. 

 The next major report came from Turba et al. [ 26 ], who reported on 166 patients 
treated over 28 years. The technical success rate of stenting (99.4 %) was higher 
than for percutaneous transluminal angioplasty (86 %). Immediate clinical improve-
ment was seen in 146 out of 166 (88.2 %). Soon after, another longer-term study 
was published by Abu Rahma 2013 [ 27 ]. They reported on 83 patients and found a 
procedure related morbidity of only 2 % and 2 % mortality. The primary late clinical 
success rate was 59 %, and the late 70 % in-stent stenosis rate was 51 % at a mean 
follow-up of 31 months (range 1–124). Freedom from late recurrent symptoms at 1, 
2, 3, 4, and 5 years was 83, 77, 70, 70, and 65 %, respectively. Survival rates at the 
same intervals were 88, 82, 70, 64, and 51 %. Primary patency rates for the whole 
series were 69, 48, 39, 28, and 19 % at 1, 2, 3, 4, and 5 years, respectively. There 
was no difference in patency rates between celiac versus sma PTA and stent. 

 In an attempt to improve on the poor primary patency rates, Oderich and his 
 colleagues from Mayo Clinic looked at using ePTFE-covered balloon-expandable 
stents instead of bare metal stents [ 28 ]. They compared outcomes of mesenteric 
angioplasty and stenting using iCAST-covered stents to uncovered stents in 225 
patients. In the primary intervention group, patients treated by CS had higher free-
dom from restenosis (92 % vs. 53 %;  P  = .003), symptom recurrence (92 % vs. 
50 %), re-intervention (91 % vs. 56 %), and better primary patency at 3 years (92 % 
vs. 52 %) than for BMS. The re-intervention group had similar results.  

   Conclusions 

 The treatment of symptomatic mesenteric arterial occlusive disease has undergone 
dramatic changes over the past century. While the results of open surgery remain 
good, improvement in technique, devices, training, and patient preference have 
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lead to PTA and stenting to be the preferred treatment of choice for mesenteric 
a rterial occlusive disease. However, primary patency rates with bare metal stents 
are less than desirable, and covered stent grafts appear to have improved primary 
patency rates.     
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    Chapter 15   
 Clinical Presentation, Etiology, and Diagnostic 
Considerations 

             Ramoncito     A.     David      ,     Young     Erben      , and     Manju     Kalra     

           Introduction and History 

 Acute mesenteric ischemia (AMI) was fi rst described by Antonio Benivieni, a 
Florentine physician who is known for his work,  De Abditis Morborum Causis  
( The Hidden Causes of Disease ), which describes his discoveries as a pioneer in 
postmortem dissection. The fi rst successful treatment of AMI is attributed to Elliott, 
who successfully resected infarcted bowel from a patient with AMI in 1895. 
Following this, further progress in management leading to an improvement in out-
comes was extremely slow. The next breakthroughs did not occur until 1950 when 
Klass performed the fi rst superior mesenteric artery (SMA) embolectomy and 1980 
when Furrer performed the fi rst percutaneous angioplasty of the SMA.  Today, AMI 
continues to be an uncommon clinical problem, comprising 1–2 per 1,000 hospital 
admissions [ 1 ] and remains an extremely challenging clinical problem to diagnose. 
The mortality rate of AMI has declined very modestly from 80–90 % in the 1970s 
to 60–70 % in the 1980s and 1990s. This improvement in outcomes is likely attrib-
utable to a higher index of suspicion among clinicians, advances in radiographic 
diagnosis, and an aggressive surgical approach with better perioperative care [ 2 ,  3 ]. 
Over the last decade, endovascular surgery has been touted as the preferred treat-
ment for chronic and, to some extent, acute mesenteric ischemia due to the obvious 
advantages of a minimally invasive approach  [ 4 – 9 ]. The major drawback of relying 
solely on an endovascular strategy is the lack of widespread availability and a 
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potential delay in assessment of intestinal viability. Too often, AMI is suspected 
only when peritoneal signs are found in conjunction with leukocytosis and acidosis, 
leading to delayed diagnosis, septic shock, multisystem organ failure, death, or 
short gut syndrome secondary to extensive resection of infarcted bowel [ 10 ].  

   Etiology 

 Most patients present in their sixth or seventh decade of life and often have signifi -
cant predisposing factors and concomitant medical comorbidities. From most to 
least common, the causes of AMI include arterial embolism, arterial thrombosis, 
nonocclusive mesenteric ischemia (NOMI), and mesenteric venous thrombosis 
(MVT) [ 11 ]. The major risk factors and presentation of patients with AMI differ 
depending on the etiology of the patient’s ischemia (Table  15.1 ). Arterial embolism 
is often associated with arrhythmia (atrial fi brillation or atrial fl utter), recent myo-
cardial infarction, cardiomyopathy, congestive heart failure, ventricular aneurysm, 
rheumatic valve disease, thoracic aortic thrombus, and/or peripheral arterial embolic 
disease. Given the acute nature of an embolic occlusion, this will often present with 
abrupt onset of severe abdominal pain. In contrast, a history of postprandial abdom-
inal pain, anorexia, and weight loss over a period of months with insidious progres-
sion to severe abdominal pain is more suggestive of acute or chronic mesenteric 
arterial thrombosis. This slower progression of disease allows for more collateral 
vasculature to develop, which would explain the better prognosis for AMI patients 
with arterial thrombosis versus arterial embolism [ 12 ]. The highest mortality rates 

   Table 15.1    Major risk factors and presentation of AMI differ depending on etiology   

 Etiology  Presentation  Risk factors 

 Arterial embolism  Acute catastrophe  Arrhythmia 
 MI/cardiomyopathy 
 Ventricular aneurysm 
 Rheumatic valve disease 
 Thoracic aortic thrombus 

 Arterial thrombosis  Acute/insidious, 
progressive 

 Atherosclerosis 
 Prolonged hypotension 
 Hypovolemia 
 Hypercoagulable state 

 Nonocclusive mesenteric 
ischemia 

 Acute/subacute  Hypovolemia/hypotension 
 Low cardiac output state 
 Alpha-adrenergic agonists, digoxin 

 Mesenteric venous 
thrombosis 

 Subacute  Hypercoagulable state 
 Malignancy 
 Infl ammatory bowel disease 
 H/O DVT 
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in patients with AMI are seen in patients with NOMI. This entity is often seen in 
critically ill patients who have had recent episodes of severe hypotension causing 
ischemic insult to the bowel. Other risk factors include hypovolemia, hypotension, 
low cardiac output, and recent use of alpha-adrenergic agonists or digoxin. Patients 
at highest risk for NOMI include cardiac surgery and hemodialysis patients, a popu-
lation that is also at highest risk for multisystem organ failure. Lastly, MVT is a rare 
cause of AMI that is seen in patients with a hypercoagulable state, malignancy, or 
infl ammatory bowel disease. Smoking was also found to be a strong risk factor for 
MVT and is likely a risk factor for all forms of AMI [ 13 ]. These patients often pres-
ent with fever, abdominal pain, distention, nausea, vomiting, and bloody stools. An 
abnormal D-dimer level, while nonspecifi c, is almost always seen in patients 
with MVT.

      Clinical Presentation 

 The hallmark of clinical presentation of a patient with AMI is abrupt onset, severe, 
nonlocalized abdominal pain out of proportion to physical signs; however, a more 
subacute/chronic presentation may be seen in patients with atherosclerotic disease 
of the mesenteric vessels. In some patients, there may be a total lack of physical 
fi ndings in the early stages. Identifying risk factors and important clues in the clini-
cal history is extremely important and can help make a timely diagnosis. Postprandial 
pain, unintentional weight loss, and food fear are all symptoms of chronic mesen-
teric ischemia which can progress to acute on chronic mesenteric ischemia. Patients 
may also present with a recent history of gastrointestinal issues including treatment 
of a small bowel obstruction or persistent abdominal discomfort after undergoing a 
cholecystectomy within the past year. Other associated complications that should be 
considered include ileus, peritonitis, pancreatitis, and GI bleeding that may mask 
the underlying AMI. A delay in diagnosis and treatment will invariably lead to 
bowel ischemia which can then develop into irreversible bowel necrosis, multisys-
tem organ failure, and death.  

   Diagnostic Considerations and Imaging Studies 

 Once the diagnosis of AMI is suspected, it is often only confi rmed with radiographic 
or intraoperative fi ndings. Laboratory fi ndings are nonspecifi c in the early stages of 
AMI and are for the most part noncontributory in making the diagnosis. By the time 
a patient is found to have leukocytosis, metabolic acidosis, elevated amylase levels, 
elevated liver function tests, or elevated lactate levels, the patient will have already 
developed bowel ischemia with frank peritonitis manifested as rebound tenderness 
and abdominal guarding on exam. In an experimental rat model, it has been sug-
gested that the D-dimer level obtained two hours after an insult may correlate with 
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the presence of AMI [ 14 ]. Further, plasma and urine levels of intestinal fatty acid- 
binding protein (FABP) have also been linked to bowel infarction in humans and 
have been suggested as tools in the early diagnosis of AMI [ 15 – 18 ]. 

 Historically,  plain X-rays  of the abdomen were used to rule out other causes of 
acute abdomen, but in contemporary practice, these are of little use in making deci-
sions regarding the defi nitive management of AMI.  Computerized tomographic 
angiography (CTA)  with intravenous contrast is now widely available and has 
replaced mesenteric arteriography as the defi nitive diagnostic tool in contemporary 
practice [ 19 ,  20 ]. It is a fast, effective, and noninvasive way to rule out more com-
mon causes of acute abdomen, confi rm the diagnosis of AMI, and potentially iden-
tify the etiology [ 21 ]. In a patient that is stable, computerized tomographic 
angiography (CTA) has become the standard of care in diagnosing and guiding the 
treatment of AMI. 

  Mesenteric angiography  was previously considered the “gold standard” due to 
the possibility of being both diagnostic and therapeutic. Its role has diminished as 
less invasive tests such as duplex ultrasonography, magnetic resonance angiography 
(MRA), and CTA have continued to improve in quality and availability. Over the 
past decade, the use of mesenteric angiography in the management of acute mesen-
teric ischemia in our experience decreased from 97 to 53 % of cases. Concomitantly, 
there was a rise in the use of CTA and MRA from 55 to 88 % and 12 to 33 %, 
respectively [ 22 ]. A major disadvantage of mesenteric angiography is that it can 
cause a delay in heparinization and defi nitive treatment of a patient presenting with 
severe AMI. Angiography is now indicated mostly in the treatment of in situ mesen-
teric arterial thrombosis with angioplasty with or without stenting, injection of 
intra-arterial vasodilators, thrombolysis, and aspiration thrombectomy. As a diag-
nostic modality, it may still be useful in select patients with extensive calcifi cation, 
small vessels, or prior stents in place resulting in suboptimal imaging quality with 
noninvasive tests. 

  Duplex ultrasonography  is an effective screening test for patients presenting 
with symptoms of chronic mesenteric ischemia. For example, if a patient presenting 
with subacute postprandial abdominal pain has a good quality duplex study with 
negative fi ndings, the diagnosis of mesenteric ischemia can be ruled out. One study 
showed that duplex ultrasonography can be relatively reliable in identifying a 
greater than 50 % stenosis in the mesenteric vessels with a sensitivity, specifi city, 
and accuracy of 93, 100, and 95 %, respectively, for the celiac trunk and 90, 91, and 
91 %, respectively, for the SMA [ 23 ]. In order to obtain the most optimal images 
with duplex ultrasonography, patients are asked to undergo a 6–8-h fast prior to the 
test. Thus, in an acute setting, duplex is not often useful because abdominal tender-
ness and gaseous bowel distension impede the ultrasound technologist’s ability to 
visualize the mesenteric vessels. In addition to being heavily operator dependent, 
the patient’s body habitus can greatly affect the quality of the images obtained. 

  Gadolinium-enhanced magnetic resonance imaging (MRA)  is another option for 
imaging of the mesenteric vessels as well as the surrounding viscera. It was 
 previously the preferred mode of imaging for patients with chronic kidney disease; 
however, more recent reports of gadolinium-related systemic fi brosis have curtailed 
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its use in these patients. Nevertheless, it is a reliable imaging modality for identifying 
stenosis in the visceral vessels with a sensitivity of 92 %, specifi city of 84 %, PPV of 
65 %, NPV of 97 %, and accuracy of 86 % [ 24 ]. When compared with CTA, the main 
advantage of MRA is that the patient is not exposed to ionizing radiation. The draw-
backs of MRA include lower spatial resolution and potential artifacts from previ-
ously placed stents which can limit its ability to identify clinically relevant mesenteric 
vessel stenosis [ 25 ]. Furthermore, longer acquisition times and limited availability 
make MRA a less practical option for patients presenting acutely with mesenteric 
ischemia. 

  Computerized tomography angiography (CTA)  with intravenous iodinated con-
trast has many of the same advantages of the other noninvasive studies discussed but 
is a more effective test for ruling out other common causes of acute abdomen, con-
fi rming the diagnosis, and potentially identifying the etiology of AMI [ 26 ]. CTA has 
become more widely available and is now the standard of care as the defi nitive 
diagnostic tool in contemporary practice [ 27 ,  28 ]. In one study comparing duplex 
ultrasonography, CTA, and MRA to conventional angiography, CTA was found to 
have the highest mean image quality and concordance rate with fi ndings on digital 
subtraction angiography. Sensitivity, specifi city, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy for identifying a relevant stenosis in 
the celiac trunk (defi ned as greater than 50 % in this study) were highest for CTA 
with 100, 95, 86, 100, and 96 %, respectively [ 24 ]. In addition, CTA may also assist 
in identifying the etiology of mesenteric ischemia and in planning an appropriate 
intervention. With this in mind, a biphasic scan with arterial and venous phase 
would be the optimal study for discerning between mesenteric arterial occlusion 
and venous thrombosis. While the arterial phase may reveal arterial fl ow disruption 
secondary to thrombosis, embolus, dissection, or an aneurysm, the venous phase 
would be needed to show venous thrombosis. Regardless of fi ndings, all patients 
diagnosed with AMI on CTA should receive appropriate resuscitation with intrave-
nous fl uids and broad-spectrum antibiotics simultaneously. Further course of treat-
ment is guided by the etiology identifi ed and the acuity of presentation.  

   Overview of Management by Etiology 

 Critical patients with suspicion of acutely ischemic bowel or signs of peritonitis 
should be taken to the operating room directly for exploratory laparotomy regard-
less of the underlying etiology. Bowel viability is assessed at exploration, nonviable 
bowel is resected, equivocally viable bowel is preserved, and the causative pathol-
ogy of AMI is addressed. This is performed simultaneously with resuscitation with 
IV fl uids and antibiotics. 

 Noncritical patients with slower symptom progression and no peritoneal signs 
should be treated with initial mesenteric revascularization by endovascular means, 
surgical intervention, or systemic anticoagulation based on the etiology of AMI 
identifi ed. Subsequently the ischemic bowel can be addressed with close observa-
tion, laparoscopy, or laparotomy depending on outcome and progression. 
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   Arterial Embolism 

 Arterial embolism is the most common etiology of AMI and accounts for 40–50 % 
of patients with AMI. The thrombus usually originates in the heart of a patient with 
atrial fi brillation, recent myocardial infarction, congestive heart failure, left ven-
tricular aneurysm, or valvular heart disease and lodges in the superior mesenteric 
artery (SMA) a few centimeters distal to the orifi ce near the origin of the middle 
colic artery. On CTA the proximal SMA is often patent and without calcifi cation 
with a fi lling defect seen at the site of the embolus (Fig.  15.1 ). Thus, the affected 
area of bowel is often limited to the distribution of the occluded vessel with clear 
demarcation that will often spare the proximal jejunum. Bowel wall fi ndings on 
CTA may include increased thickening, dilatation, and attenuation. Pneumatosis 
intestinalis, portal venous air, mesenteric edema, and ascites are other CTA fi ndings 
associated with bowel ischemia. At exploratory laparotomy, the entire bowel is 
inspected carefully. Visual inspection of normal color and peristalsis alone is some-
times misleading and other modalities to assess bowel viability include palpable 
pulses in the mesentery, dopplerable arterial signals on the antimesenteric border of 
the bowel, bleeding from the cut ends, inspection for perfusion under a Wood’s 
lamp after fl uoroscein injection, surface oximetry, and laser tissue fl owmetry [ 29 ]. 
Balloon catheter thromboembolectomy is performed with removal of the thrombus 
from the SMA, and fl ow is restored to the bowel. Segments of obviously necrotic 
bowel are resected, and bowel continuity is restored only after revascularization is 

  Fig. 15.1    Three-dimensional 
reconstruction of a CT 
angiogram demonstrating 
an occlusive acute arterial 
embolus in the SMA       
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completed and vascularity of the ends has been determined to be satisfactory. In 
most instances, it is prudent to preserve all equivocal segments of bowel for reas-
sessment at a second look laparotomy in 24–48 h.

      Acute Arterial Thrombosis 

 Acute arterial thrombosis superimposed on preexisting severe atherosclerotic dis-
ease and preexisting mesenteric arterial stenoses is the second most common cause 
of AMI, accounting for 25–30 % of cases [ 30 ]. Prior symptoms of chronic mesen-
teric ischemia can be elicited in 25–50 % of patients. Patients frequently present 
with a slower progression of symptoms, and the acuity and severity of the situation 
depend on the extent of preexisting arterial stenoses and degree of collateralization. 
Bowel infarction is more insidious in onset because extensive collaterals are able to 
maintain viability until there is fi nal closure of a critically stenotic vessel or collat-
eral. In fact, the natural history of mesenteric artery stenosis in the general popula-
tion is benign, as described by Wilson et al. [ 31 ]. Asymptomatic mesenteric artery 
stenosis is not associated with either death or adverse cardiovascular events unless 
there is a history of prior bowel resection, which could result in loss of collaterals. 
As with arterial embolism, severely symptomatic patients with an acute abdomen 
should be taken directly to the operating room with the same strategy outlined 
above. Patients stable enough to undergo a CTA should have the study done; in 
acute mesenteric arterial thrombosis this will usually reveal ostial SMA occlusion 
in a calcifi ed artery. In this setting, there is no sparing of the proximal jejunum, 
because the thrombosis extends to the origin of the SMA and across the proximal 
jejunal branches (Fig.  15.2 ). In the patients presenting with subacute symptoms and 
well- developed collateral vessels on CTA, mesenteric arteriography with stenting of 
the SMA is a viable option with potentially lower morbidity and mortality [ 4 ]. This 
approach is less optimal in severely symptomatic AMI patients due to the unavoid-
able delay in assessment of the bowel for possible necrosis. Intraoperative mesen-
teric bypass or retrograde stenting of the SMA during laparotomy are viable options 
in this situation, the latter being easier and superior especially when bowel resection 
is necessary [ 32 ,  33 ].

      Nonocclusive Mesenteric Ischemia 

 Nonocclusive mesenteric ischemia (NOMI) is characterized by hypoperfusion of 
the mesenteric vessels without occlusion of the arteries, and it comprises 20–30 % 
of cases of AMI. NOMI is associated with the highest mortality rates due to associ-
ated comorbidities, incomplete understanding of the pathophysiology, and, com-
monly, a delay in diagnosis. Tolerance to ischemia of the intestine is limited and 
becomes critical after 3–6 h. In the early stage of NOMI, the intestinal mucosa is not 
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yet necrotic, so reperfusion is the primary therapeutic option. The most common 
causes of NOMI are cardiac disease, shock, septicemia, dehydration, and hypoten-
sion following dialysis and any other major surgery [ 34 ]. A high index of suspicion 
is essential to improve outcomes as no diagnostic evaluation can confi rm the diag-
nosis. At most, CTA can be used to rule out proximal SMA occlusion and other 
abdominal pathology [ 35 ]. When a low-fl ow state is suspected, the patient should be 
taken to angiography. Selective SMA arteriography will often reveal spasm and low 
fl ow with a “chain of sausages” appearance (Fig.  15.3 ). Treatment is with intra- 
arterial papaverine infusion until relief of symptoms or confi rmation of relief of 
spasm on repeat arteriography is seen. Avoidance of vasopressors and aggressive 
management of the underlying pathology is paramount in addressing all of the com-
plications from the low-fl ow state. Laparotomy and bowel assessment are recom-
mended if peritoneal signs develop and bowel viability is suspected.

      Mesenteric Venous Thrombosis 

 Mesenteric venous thrombosis (MVT) comprises 6–9 % of all cases of AMI. MVT 
still carries a signifi cant mortality and may be either primary or secondary to other 
conditions such as cancer, hypercoagulable states, abdominal trauma or surgery, 

  Fig. 15.2    ( a ) Mesenteric angiogram demonstrating occlusion of the SMA at its origin. ( b ) Sagittal 
cut of a CT angiogram showing acute arterial thrombosis at the origin of the SMA       
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polycythemia, trauma, pancreatitis, and infl ammatory bowel disease [ 36 ,  37 ]. 
Mesenteric venous thrombosis impairs venous return from the bowel, resulting in 
venous engorgement and ischemia. With abrupt occlusion of mesenteric veins, 
transmural bowel infarction may occur. The transition from normal to ischemic 
bowel is gradual, and arterial spasm secondary to venous engorgement may occur 
with resulting irreversible bowel ischemia. CTA fi ndings may include venous 
engorgement or a “target sign” in the superior mesenteric vein, which is described 
as a thrombus in the center of the lumen surrounded by contrast peripherally 
(Fig.  15.4 ). Systemic anticoagulation is the treatment of choice and leads to an 
improvement in the majority of patients. The goals of treatment are to prevent 
extension of the thrombus and intestinal infarction in the short term and to prevent 
recurrent of thrombosis in the long term. Anticoagulation in the form of heparin 
should be administered as soon as the diagnosis is made. Once improvement is 
noted and invasive procedures no longer likely, warfarin therapy is initiated. 
Surgery, endovenous treatment, thrombectomy, and thrombolysis have not proved 
to be advantageous when attempted [ 38 ]. The duration of anticoagulation is about 
six months for patients with known reversible conditions but lifelong in patients 
with prothrombotic states and without any identifi able etiology. Anticoagulation 
helps recanalize the thrombosed vein [ 39 ]. Laparotomy is performed in cases with 
suspected bowel infarction.

  Fig. 15.3    Mesenteric 
angiogram demonstrating 
“chain of sausages” 
appearance of nonocclusive 
mesenteric ischemia       
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    Chapter 16   
 Technique of Open Mesenteric Catheter 
Embolectomy 

             Young     Erben       and     Manju     Kalra     

         The arterial perfusion of the gastrointestinal tract is provided by the celiac, superior 
mesenteric, and the inferior mesenteric arteries. The celiac artery (CA) supplies 
arterial blood fl ow to the foregut, the spleen, and the hepatobiliary system. The 
superior mesenteric artery (SMA) supplies the jejunum, ileum, and ascending and 
transverse colon. The inferior mesenteric artery (IMA) supplies the hindgut from 
the transverse colon to the rectum. Robust collaterals between each vessel (superior 
and inferior pancreaticoduodenal arteries and arch of Riolan respectively) allow for 
stenosis and occlusion of one or even two of these main arteries without sequelae in 
the setting of chronic mesenteric ischemia (CMI), where the mesenteric vasculature 
has had the time to adapt to the reduced blood fl ow in the usual antegrade manner 
(Fig.  16.1 ). However, sudden occlusion of one of the mesenteric arteries without 
prior development of the collateral network leads to profound ischemia of the bowel. 
Acute mesenteric ischemia (AMI) is a surgical emergency with a well-documented 
high in-hospital mortality between 59 and 93 % [ 1 ]. The pathophysiology of the 
situation leading to compromise of the mesenteric circulation and development of 
AMI can be arterial embolism, arterial thrombosis, nonocclusive mesenteric ischemia 
(NOMI), and mesenteric venous thrombosis. The focus of this chapter will be the 
management of AMI secondary to arterial embolism.

    Arterial embolism  has been reported as the most common mechanism accounting 
for 40–50 % of cases of AMI; it accounted for >50 % of cases treated at our institu-
tion over the last two decades [ 2 ,  3 ]. The acute takeoff of the SMA from the aorta 
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makes it the most vulnerable vessel to embolization, most frequently an embolus 
arising upstream in the arterial circulation, typically the heart or the thoracic aorta. 
The majority of emboli originate from thrombi in the left atrium in the setting of 
atrial fi brillation, in the left ventricle secondary to hypokinesis/aneurysm following 
myocardial infarction or upon cardiac valvular lesions/synthetic valves. The typical 
patient may have an acute change in his/her cardiac status including an episode of 
atrial tachyarrhythmia, congestive heart failure, myocardial infarction, ventricular 
aneurysm, or failure to maintain a therapeutic anticoagulation status with a known 
chronic tachyarrhythmia [ 4 ,  5 ]. Aortic thromboembolism is a less frequent source of 
AMI, arising from thrombus atop ulcerative atherosclerotic plaques. It may occur 
spontaneously; however, the commonest predisposing factor is an endovascular 
procedure in the aorta (arteriography, intra-aortic balloon placement). It can also 
occur during open procedures with placement of a high aortic clamp on a diseased, 
shaggy aorta [ 6 – 11 ]. 

  Fig. 16.1    Anatomy of the mesenteric vessels with rich collateral network (By permission of 
Mayo Foundation for Medical Education and Research. All rights reserved)       
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   Diagnosis of Mesenteric Embolism 

   Patient Population 

 The hallmark of clinical presentation of a patient with AMI is abrupt onset, severe, 
nonlocalized “abdominal pain out of proportion to physical signs.” Identifying 
important clues and risk factors in the clinical history can often help make a timely 
diagnosis. These include: atrial fi brillation (AF), recent myocardial infarction, con-
gestive heart failure, and prior embolic events. Not infrequently anticoagulation is 
interrupted in an elderly patient with chronic AF for an invasive procedure or due to 
fall risk [ 12 ]. In addition, a history of symptoms suggestive of chronic mesenteric 
ischemia (postprandial pain, weight loss, “food fear”), previous venous thrombo-
embolic events, hypercoagulable states, and vasopressor therapy can point to a dif-
ferent etiology of the AMI.  

   Preoperative Testing 

 There is no laboratory study that confi rms the presence of mesenteric ischemia. 
Furthermore, laboratory fi ndings are often nonspecifi c and unaltered in the early 
stages, and delaying diagnostic imaging till results of laboratory tests are available 
in a suspected patient signifi cantly decreases survival [ 13 ]. In the later stages, there 
is evidence of hemoconcentration from sequestration of fl uid in the bowel wall 
including leukocytosis and elevated serum lactate and amylase. By the time these 
occur, there has usually already been compromise of bowel viability. Experimentally 
in a rat model, it has been suggested that the D-dimer level after two hours from 
insult may correlate with the presence of AMI [ 14 ]. Further, plasma and urine levels 
of intestinal fatty acid-binding protein (FABP) have been linked to bowel infarction 
and have been suggested as tools in the early diagnosis of AMI [ 15 – 17 ].  

   Preoperative Imaging 

  Computed tomography angiography (CTA)  with intravenous contrast is now widely 
available and has replaced mesenteric arteriography as the defi nitive diagnostic tool 
in contemporary practice [ 18 ,  19 ]. It is a fast, effective, and noninvasive way to rule 
out commoner causes of acute abdomen, confi rm the diagnosis of AMI, and poten-
tially identify the etiology [ 20 ]. In addition, CTA differentiates between  acute 
mesenteric thrombosis  when an ostial occlusion of a calcifi ed SMA is usually seen 
and  acute arterial embolism  when a more distal SMA occlusion of a noncalcifi ed 
SMA is demonstrated. Typically emboli lodge at a branch point in the vascular tree, 
usually 1–2 cm distal to the origin of the vessel, most often at the takeoff of the 
middle colic artery branch, which results in the typical sparing of the proximal 

16 Technique of Open Mesenteric Catheter Embolectomy



214

jejunum and distal transverse colon (Fig.  16.2 ). No one CTA fi nding is diagnostic of 
AMI; however, a combination of pneumatosis intestinalis, superior mesenteric 
artery occlusion, portomesenteric venous gas, or portomesenteric venous thrombo-
sis together yields a positive predictive value of 100 % and a negative predictive 
value of 96 %, respectively. CTA is considered today the gold standard in diagnosis 
of AMI and should be the one and only imaging study ordered [ 19 ,  21 ].

   The role of  mesenteric arteriography , long held as the “diagnostic gold stan-
dard” has evolved to therapeutic indications mostly in the treatment of in situ mes-
enteric arterial thrombosis with angioplasty with or without stenting [ 2 ,  22 ]. 
Additional applications include injection of intra-arterial vasodilators, thrombolysis, 
and aspiration thrombectomy [ 23 ,  24 ]. 

  Fig. 16.2    Diagrammatic representation of typical location of embolic ( a ) and thrombotic ( b ) 
occlusion of the SMA with corresponding pattern of extent of bowel ischemia. ( a ) Embolic occlu-
sion of the SMA at the branching point of the middle colic artery ( mca ). ( b ) In situ thrombosis of 
the SMA starting at the ostium (By permission of Mayo Foundation for Medical Education and 
Research. All rights reserved)       
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 Additional noninvasive imaging modalities traditionally useful in the elective 
setting do not have a signifi cant role to play in the diagnosis of AMI, where time is 
of the essence.  Plain abdominal radiography  is usually nondiagnostic; it only dem-
onstrates signs of mesenteric ischemia when the process is very advanced, such as 
pneumatosis intestinalis and portal venous gas (Fig.  16.3 ) that herald a very poor 
prognosis in this setting [ 25 ].

    Duplex ultrasonography  is a very useful screening tool to identify stenosis of the 
mesenteric vessels in the elective setting [ 26 ,  27 ]. However, it is virtually useless in 
the acute setting due to poor visualization of the mesenteric vessels as a result of 
bowel gas from distention combined with signifi cant patient discomfort. Similarly, 
 magnetic resonance angiography (MRA)  is theoretically appealing because of lack 
of the potential nephrotoxicity and allergic reaction associated with intravenous 
iodinated contrast for CTA; however, it is too uncomfortable and time consuming 
for a patient with signifi cant abdominal pain to provide meaningful visualization of 
the mesenteric vasculature [ 28 ].   

   Preoperative Considerations 

 Prompt operative intervention is necessary for the treatment of acute mesenteric isch-
emia. Ideally, however, resuscitative efforts should be started as soon as the diagno-
sis is suspected and continued in the operating room. The initial management is 

  Fig. 16.3    Plain abdominal 
radiograph with evidence of 
portal venous gas and 
pneumatosis intestinalis 
( arrow )       
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threefold, including optimization of oxygen delivery with  supplemental oxygen, 
intubation and mechanical ventilation, and transfusion of red blood cells to achieve a 
hematocrit of 30 %. Secondly, preservation of intestinal blood fl ow in the form of 
dynamic goal-directed fl uid resuscitation, systemic heparinization titrated to a partial 
thromboplastin time of 60–80s and the use of selective vasoactive and inotropic 
agents to improve cardiac output. Lastly, initiation of    treatment of sepsis by adminis-
tering broad-spectrum antibiotics to treat bacterial translocation [ 29 ]. Further, at the 
time of induction of anesthesia, the patient should undergo adjunctive invasive moni-
toring including arterial line, central venous line, and Foley catheter placement [ 4 ].  

   Surgical Treatment 

 Once a diagnosis of AMI has been made, occlusion of the SMA has been con-
fi rmed, and the etiology of this occlusion determined, urgent bowel evaluation 
needs to be undertaken. All patients with suspicion of threatened bowel require 
prompt abdominal exploration. With the advent of minimally invasive techniques, 
one might suggest laparoscopy as an option. However, this has been only success-
fully demonstrated in a porcine model [ 30 ]. Sauerland et al. in 2006 clearly delin-
eated that laparoscopy in the setting of an acute abdomen resulting from AMI 
offers very limited therapeutic benefi t. Further, a limited view of the entire abdo-
men does not guarantee adequate recognition of ischemia [ 31 ]. Prior to midline 
laparotomy, the surgeon should be prepared for multiple modes of treatment of 
SMA occlusion, including: SMA thromboembolectomy, bypass, or retrograde 
stenting depending upon the fi nal assessment. The patient should be prepped for 
possible great saphenous vein harvest (GSV) for an interposition graft/patch angio-
plasty. During laparotomy, the entire small and large bowel should be evaluated for 
signs of ischemia, by direct observation and peristalsis, assessment of pulses in the 
bowel mesentery by Doppler, and/or the use of fl uorescein and ultraviolet light 
(Fig.  16.4 ) [ 32 ]. The latter technique has been reported to have a sensitivity of 
96 % and a specifi city of 95 % in the recognition of small bowel compromise [ 33 ]. 
It is recommended that revascularization be achieved prior to any bowel resection 
unless perforation causes signifi cant spillage of enteric contents. Further, any 
necessitated small bowel resection should be limited to only necrotic segments. All 
segments with ischemic changes and equivocal viability should be preserved 
because once revascularization is achieved, these “questionable” bowel segments 
may recover. In the rare event that the entire small bowel demonstrates necrotic 
changes as a result of profound ischemia, neither further exploration nor revascu-
larization should be undertaken as complete necrosis of the small bowel is not 
compatible with meaningful life. The abdomen should be closed and comfort care 
measures instituted.
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     Embolectomy of the Superior Mesenteric Artery 

 Once the bowel has been appropriately addressed, SMA revascularization is under-
taken. The SMA can be exposed from an anterior and/or a lateral approach, both 
being equally effective. The  anterior approach  (Fig.  16.5a ) ideally suited for embo-
lectomy is performed through the base of the transverse mesocolon at the root of the 
mesentery without mobilization of the ligament of Treitz. To expose the main trunk 
of the SMA, the transverse colon is retracted cephalad and the small bowel caudad, 
which will allow for palpation of the vessel at the root of the mesentery, along the 
inferior margin of the pancreas especially if pulsatile or calcifi ed. The peritoneum 
overlying it is next incised at the base of the transverse mesocolon, and careful 

  Fig. 16.4    Evaluation of small bowel during abdominal exploration. ( a ) Direct visualization and 
exploration facilitates the assessment of viability of the small bowel; note the sparing of the proxi-
mal jejunum. ( b ) Same patient as in (a). Assessment of the small bowel using fl uorescein and 
ultraviolet light (Wood’s lamp)       

  Fig. 16.5    Exposure of the superior mesenteric artery. ( a ) Anterior exposure of superior mesenteric 
artery. ( b ) Lateral exposure of superior mesenteric artery (By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved)       

 

 

16 Technique of Open Mesenteric Catheter Embolectomy



218

dissection is carried down to the artery. It can often be diffi cult to expose due to the 
lack of pulsatility and signifi cant mesenteric edema. It lies to the left of the superior 
mesenteric vein, and multiple small venous tributaries crossing the SMA may require 
ligation and division to facilitate exposure. The middle colic artery can also serve as 
a landmark to identify the SMA. It can be identifi ed easily in the transverse mesoco-
lon and traced proximally to its origin from the superior mesenteric artery. Careful 
dissection is necessary to not damage lymphatics, autonomic nerve fi bers, the pan-
creas superiorly, and the delicate proximal jejunal branches coming off the SMA. If 
more proximal exposure of this vessel is necessary, this can be judiciously performed 
by carefully retracting the inferior pancreatic border cephalad. The  lateral approach  
(Fig.  16.5b ) to the SMA involves taking down the ligament of Treitz and mobilizing 
the entire small bowel to the right side of the abdomen. This provides access to an 
adequate length of the main trunk of the artery for direct revascularization without 
easy access for embolectomy of the distal branches. It is ideally suited for revascu-
larization of the SMA with antegrade bypass from the supraceliac aorta or retrograde 
bypass from the infrarenal aorta or either iliac artery to treat in situ thrombosis.

   Once the SMA and its branches have been isolated, therapeutic heparinization is 
confi rmed, and proximal and distal control of this vessel is obtained. A transverse 
arteriotomy is performed in the infra-pancreatic segment of the artery. Rarely a 
longitudinal arteriotomy and closure with a patch are necessary, only if the artery is 
very small in caliber or diseased/stenotic. Following arteriotomy, the thrombus is 
extracted with 3–4 mm Fogarty balloons. Thromboembolectomy is performed by 
passage of the balloon catheter proximally as well as distally down the main trunk 
and into the branches if necessary, with special care not to force the catheter or 
overdistend the balloon and disrupt the delicate branches. Rupture of these branches 
that are relatively unsupported in the mesentery can result in an impressive hema-
toma, potentially further compromising bowel blood supply. This process is repeated 
until a clean pass of the balloon catheter is achieved (Fig.  16.6 ). After all thrombus 
has been removed, appropriate forward and backward bleeding followed by careful 
fl ushing with heparinized saline (10 units of heparin per mL) is performed. The 
arteriotomy is then closed primarily with interrupted 6–0 Prolene sutures, or with a 
GSV/bovine pericardium patch, and fl ow is restored (Fig.  16.7 ). At this point, reas-
sessment of the bowel is recommended using a handheld Doppler, checking signals 
along the mesenteric and anti-mesenteric border of the bowel. Once SMA revascu-
larization has been achieved and confi rmed, obviously necrotic areas of bowel are 
resected but bowel continuity is not restored at this stage. Again, all equivocally 
viable bowel is preserved for reassessment at a later stage, and temporary abdomi-
nal closure is performed.

       Embolectomy of the Celiac Artery 

 The CA and its branches are exposed through the lesser sac by opening the gastro-
hepatic ligament and exposing the area over the aorta just inferior to segments 2 and 
3 of the liver (Fig.  16.8 ). Exposure and embolectomy of the CA is rarely required 
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and has only been reported in the literature as case reports [ 34 ]. Luther and 
colleagues described a case of AMI in whom they noted persistently ischemic liver 
and stomach following initial embolectomy of the SMA and successful revascular-
ization of the small bowel. The CA was exposed and signifi cant thrombus was noted 
to be present in all three branches of the artery. Flow to the liver and stomach was 
reestablished by thrombectomy of the hepatic and left gastric arteries, with only 
partial thrombectomy of the splenic artery.

  Fig. 16.6    ( a – c ) Balloon catheter embolectomy of the SMA, proximal and distal (By permission 
of Mayo Foundation for Medical Education and Research. All rights reserved)       

  Fig. 16.7    ( a  and  b ) Arteriotomy closure, either primary or using a patch (By permission of Mayo 
Foundation for Medical Education and Research. All rights reserved)       
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      Embolectomy of the Inferior Mesenteric Artery 

 The inferior mesenteric artery is located along the anterolateral area of the infrare-
nal aorta at the base of the left colon mesentery (Fig.  16.9 ). No data is available in 
the literature about the utility of an embolectomy of the inferior mesenteric artery 
for treatment of AMI. Usually the collateral network with the branches of the 
internal iliac and the superior mesenteric arteries is robust enough to sustain acute 
occlusion of this vessel. In addition, the small caliber of this artery makes thrombo-
embolectomy very challenging.

       Role of Second Look Laparotomy 

 The benefi ts of a temporary abdominal closure in an acute situation were initially 
validated in the trauma literature and subsequently extended for use in the setting of 
vascular catastrophes [ 35 – 37 ]. These benefi ts include ability to reassess the small 
bowel with or without resection after allowing time for hemodynamic resuscitation 
subsequent to the revascularization. The expeditious “closure” of the abdominal 
cavity allows for further resuscitation and support of the patient in the intensive care 
unit with the plan to reanastomose segments of bowel on a different day, as well as 
the ability to reassess bowel anastomoses in tenuous tissues prior to fi nal abdominal 
closure. In our experience, the use of this technique has increased in the most recent 
decade (2000–2010) from 48 to 80 % with concomitant decrease in overall mortality 
from 27 to 17 % from the previous decade (1990–1999) [ 2 ].  

  Fig. 16.8    Diagrammatic representation of celiac artery exposure (By permission of Mayo 
Foundation for Medical Education and Research. All rights reserved)       
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   Other Surgical Options 

 Recently, alternative treatment of SMA embolus has been described by using percu-
taneous mechanic-chemical thrombectomy (AngioJet®) and thrombolysis. 
Ballehaninna and colleagues demonstrated that this noninvasive technique was 
effective and successful in the treatment of an embolic event in the setting of atrial 
fi brillation [ 38 ]. Initial removal of the thrombus by mechanical thrombectomy 
(Angiojet®) was complimented with subsequent thrombolysis to treat residual 
thrombus identifi ed by a fi lling defect on the angiogram. Complete clearance of this 
was confi rmed on angiogram 24 h later with wide patency of the SMA and no 
residual stenosis. The obvious advantages of this minimally invasive technique 
include a lack of a general anesthetic and laparotomy. However, the latter may be a 
drawback as well in patients with more advanced ischemia as a lack of early bowel 
assessment could negatively impact outcome. It may be reasonable to defer evalua-
tion of the bowel in patients with more subacute presentation in the setting of AMI 
secondary to mesenteric thrombosis, however, is almost mandatory in patients with 
SMA embolism due to the high likelihood of bowel compromise in the absence of 
preformed collaterals. The technique may be applicable in the setting of SMA 
embolism in very selective patients with early ischemia and signifi cant medical 
comorbidities precluding laparotomy.  

  Fig. 16.9    Typical location of inferior mesenteric artery (By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved)       
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   Surgical Outcomes: Short and Long Term 

 Overall, morbidity and mortality in the setting of AMI remain high (30–65 %) [ 39 ]. 
Although advances in endovascular techniques have offered a wide variety of poten-
tial intervention options that could help improve these high rates of negative out-
comes, both morbidity and mortality remain similar between the open and 
endovascular era. In a retrospective review of our experience with surgically treated 
AMI secondary to arterial embolism and thrombosis over the last two decades [ 2 , 
 3 ], a trend towards improved mortality from 27 to 17 % and morbidity from 73 to 
63 % was observed. All patients with SMA embolism underwent laparotomy and 
thrombectomy in both decades with endovascular intervention being performed 
only for SMA thrombosis. The one factor that changed between the decades com-
pared was the number of second-look operations (from 48 to 80 %), which aided in 
the diagnosis of additional 28 % of patients with necrotic bowel requiring further 
resection. On univariate analysis, factors predicting early mortality were SVS clini-
cal score, serum creatinine, residing in a nursing home, and congestive heart failure. 
In contrast, having chronic mesenteric ischemia was protective against mortality. 
Our contemporary results compare favorably with other reports of large tertiary care 
centers. Three recent series of open revascularization for AMI from large volume 
centers reported mortality rates of 31–62 % [ 40 – 42 ]. A common theme among these 
reports, as well as ours, is that advanced age and visceral ischemia are predictors of 
poor outcome, especially in the older, sicker patients with SMA embolism who 
continue to be a challenge. The Cleveland Clinic reported their experience with 
treatment of AMI [ 43 ]. Although they adopted an endovascular fi rst approach to 
patients with SMA thrombosis with signifi cantly lower mortality (36 %) compared 
to open interventions (50 %), no such benefi t was demonstrated in patients with 
SMA embolism who were mostly treated with laparotomy and thromboembolec-
tomy. Similarly, Schermerhorn and colleagues reported on results of treatment for 
acute and chronic mesenteric ischemia from the Nationwide Inpatient Sample. The 
incidence of open surgery in the setting of acute ischemia remained unchanged over 
a decade (1995–2006) with the number endovascular interventions performed for 
mesenteric thrombosis gradually increasing. This rise was, however, very modest 
compared to the explosion in endovascular intervention in the setting of chronic 
mesenteric ischemia over the same period. The incidence of embolectomy in the 
setting of open surgery was 49 %, and mortality in these patients was also the high-
est at 49 %, proportional to the higher incidence of bowel resection (37 %) [ 44 ]. 

 AMI with an embolic etiology continues to be a challenging problem. The 
patients presenting with this problem continue to get older with signifi cant cardiac 
comorbidities. Regardless, a high index of suspicion, prompt diagnosis, and appro-
priate expeditious treatment with early assessment of bowel viability regardless of 
revascularization modality selected remain the keys to improving outcomes of this 
grave problem. The importance of liberal use of second-look laparotomy cannot be 
overemphasized.     
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    Chapter 17   
 Techniques of Open and Hybrid Mesenteric 
Revascularization for Acute Mesenteric 
Ischemia 

             Jason     R.     Moore      ,     Sadaf     Sadie     Ahanchi      , and     Jean     M.     Panneton     

         Despite many advances in technology and treatment of vascular disease over the last 
decade, acute mesenteric ischemia (AMI) continues to carry signifi cant morbidity 
and mortality [ 1 ]. Over the last two decades there has been a signifi cant increase in 
the use of endovascular therapy for the treatment of AMI [ 2 ]. However, the 2005 
and 2011 combined American College of Cardiology/American Heart Association 
guidelines recommend open surgery (class I, level of evidence B ) as treatment for 
AMI, relative to endovascular therapy which was given a class IIb recommendation 
(level of evidence C) [ 3 ]. Thus, while endovascular therapy is increasingly utilized 
for AMI at major centers, open surgical revascularization remains the predominant 
treatment across the United States [ 2 ]. 

   Diagnosis 

 Long-term outcomes for patients with AMI strongly depend on the timeliness of 
diagnosis and treatment, the etiology of the underlying lesion, and their associated 
cardiovascular status. Survival is worst (20 % at 5 years) in patients with mesenteric 
arterial thrombosis, and survival is best in patients with emboli or nonocclusive 
ischemia (about 70 % at 5 years) [ 4 ]. Any diagnosis requires prompt recognition 
and treatment as delay in diagnosis dramatically increases morbidity and mortality, 
emphasizing the importance of a timely diagnosis. 
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 The classic manifestation is a patient with acute, severe abdominal pain that is 
out of proportion to their physical fi ndings. However, this fi nding may be present in 
as little as 35 % of patients with AMI [ 5 ]. Peritonitis may initially be absent, but may 
develop as the disease progresses. Vomiting and diarrhea may also be present, and 
occult gastric or rectal bleeding may be identifi ed in as many as 25 % of patients [ 6 ]. 

 CT angiography is considered the gold standard for diagnosing AMI with a sen-
sitivity of 96 % and a specifi city of 94 % [ 7 ]. The use of CTA along with history, 
physical exam, and serum markers can all clarify a diagnosis.  

   Initial Treatment and Resuscitation 

 If there is clinical suspicion of AMI, treatment and resuscitation should begin 
immediately. Patients who present with evidence of toxicity and high clinical suspi-
cion of AMI need to be resuscitated expeditiously, and surgical intervention should 
not be delayed. Initial treatment of AMI includes volume resuscitation, correction 
of acidosis, administration of appropriate antibiotics, and surgical correction. 
Aggressive fl uid resuscitation of a patient with AMI should begin with isotonic 
crystalloid solution and continue with blood, if necessary. Adequate fl uid resuscita-
tion is essential in the management of AMI secondary to the fl uid shifts that occur 
with bowel ischemia. Electrolyte imbalances, particularly hyperkalemia, should be 
monitored and corrected aggressively. Invasive monitoring needs to be started early 
to ensure optimization before intravenous contrast administration or operative 
exploration. Broad-spectrum antibiotics should be administered to guard against 
translocated bacteria and sepsis. If there are no contraindications, therapeutic anti-
coagulation with intravenous heparin should also be started. A nasogastric tube also 
can be placed to decrease the chance of aspiration. Once it is determined that sur-
gery is indicated, there should be no hesitation, and the patient should proceed 
immediately to the operating room.  

   Considerations 

 There are several considerations when planning for surgical intervention. The pri-
mary goals of any open and/or hybrid surgical procedure for AMI are to reestablish 
pulsatile infl ow, to ensure adequate perfusion to viable bowel, and to resect nonvi-
able bowel. In the case of an open surgical intervention, the patient should be placed 
supine on the operating table. The abdomen and both legs are prepared and draped, 
for possible need of vein conduit. During abdominal exploration, intestinal viability 
and the status of mesenteric blood fl ow should be evaluated to determine the appro-
priate management. Be ready and able to complete both revascularization and bowel 
resection. 
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 The intraoperative appearance of bowel can be misleading. Bowel that is 
approaching irreversible ischemia and necrosis can appear normal; conversely, 
bowel that looks gray and fl abby without peristalsis or has other ischemic changes 
may in fact be viable after revascularization. Thus, in most cases it is best to pro-
ceed with revascularization before resection of any intestine, unless faced with 
frank necrosis or perforation and peritoneal contamination. In those cases, the 
affected bowel should be resected without reanastomosis and the spilled content 
contained rapidly, before revascularization. Revascularization may be withheld at 
surgeon’s discretion in extreme cases when the patient is in extremis and has 
 diffusely necrotic bowel. 

 The distribution of ischemic changes provides valuable information about the 
cause of the ischemia. SMA thrombosis often results in ischemia to the entire 
small bowel, with the stomach, the duodenum, and the distal colon spared; in 
severe cases, however, the entire foregut may be ischemic [ 8 ]. Some patients with 
prolonged intestinal ischemia may have diffuse bowel necrosis. In this situation, 
revascularization usually proves to be futile, and this situation almost always 
proves fatal; therefore attempts at revascularization are not warranted. In compari-
son, embolization to the SMA generally spares the stomach, the duodenum, and 
the proximal jejunum because the emboli tend to lodge more distally at the level of 
the middle colic artery rather than at the origin of the SMA [ 9 ]. The choice of 
operation for revascularizing the bowel depends on the underlying causative con-
dition and the status of the bowel and the patient. Thromboendarterectomy, retro-
grade open mesenteric stenting, and mesenteric bypass are indicated for thrombotic 
occlusion. 

   Exposure of SMA 

 Open and hybrid procedures will typically begin with the same exposure and initial 
evaluation of the peritoneal contents. A local thromboendarterectomy will be per-
formed if possible, and then the decision to end the procedure or proceed with 
bypass or retrograde stenting must be made. 

 Start with a midline laparotomy and abdominal exploration. Elevate the tem-
perature in the operating room. Keep the bowel warm and moist to minimize heat 
loss and vasoconstriction. Expose the SMA by dividing the ligament of Treitz at 
the base of the transverse colon mesentery. Retract the duodenum and the small 
bowel to the patient’s right. Follow this by incising the visceral peritoneum above 
the ligament of Treitz, superior to the third portion of the duodenum. The SMA 
should now be palpable as it traverses over the duodenum. Continue the dissec-
tion until proximal and distal control of the SMA is obtained (Fig.  17.1 ). 
Administer a systematic weight-based heparin bolus, and clamp the vessel proxi-
mally and distally.
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      Exposure and Control of the Supraceliac Aorta 

 In some cases it may be necessary to obtain some level of proximal control at the 
level of the supraceliac aorta. This should generally be avoided if possible, but when 
necessary it should be performed through a midline laparotomy and transperitoneal 
approach to allow for evaluation of the bowel at the same time. First, pack the 
abdominal contents inferiorly, and retract the left lobe of the liver superiorly and to 
the patient’s right. To increase exposure it might be helpful to divide the left trian-
gular ligament. Next, enter the lesser sac by incising the gastrohepatic ligament to 
the right of the esophagus. When extending this incision, be aware that a replaced 
or accessory left hepatic artery may be present, and care should be taken to avoid 
injury to this vessel. The esophagus and stomach are then retracted to the left to 
expose the right crus of the diaphragm. Incise the posterior peritoneum, and sepa-
rate the right crus to expose the anterior supraceliac aorta. Clear the walls of both 
sides of the aorta with blunt fi nger dissection. To complete the exposure perform a 
vertical incision extending cephalad into the thoracic cavity, through the median 
arcuate ligament and the right crus, anterior to the anterior aorta. Once there is 
adequate clearance both medially and laterally, a curved aortic clamp can be placed.  

   Thromboendarterectomy 

 After proximal and distal control is gained, a longitudinal arteriotomy is made on 
the anterior wall of the SMA. The endarterectomy is begun with a plaque elevator. 
The optimal endarterectomy plane is that between the inner and outer medial layers. 

  Fig. 17.1    Superior mesenteric artery exposed with proximal and distal control (By permission of 
Mayo Foundation for Medical Education and Research. All rights reserved)       
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The proximal endpoint is obtained by endarterectomy of the plaque as close to the 
origin of the SMA as possible. In most cases, atherosclerotic disease involves the 
ostia, and it can be very diffi cult if not impossible to adequately perform an endar-
terectomy of the origin from this location. This needs to be considered if an endar-
terectomy is intended to be the sole procedure as it will be prone to failure and 
should include either retrograde stenting or bypass if the origin has signifi cant 
involvement. 

 The plaque is then elevated under full vision while the endarterectomy is contin-
ued distally. When branches of the SMA are encountered, eversion endarterectomy 
of those branches is performed. At the distal arteriotomy, the plaque is either feath-
ered so that a smooth taper is achieved in transition to normal distal intima or 
sharply transitioned and tacked down with Prolene suture. After completion of the 
endarterectomy, all residual debris and medial fi bers are excised because of their 
potential contribution to embolization or hyperplastic restenosis. The endarterec-
tomy surface is irrigated with heparinized saline to facilitate visualization and 
removal of all debris. 

 The management of acute SMA thrombosis caused by underlying atherosclerotic 
lesions with simple surgical thrombectomy is unlikely to be durable [ 10 ]; however, 
in some selected high-risk patients that would not tolerate a long revascularization 
procedure, it may be the best option. 

 If no bypass is planned, the arteriotomy should be closed with a patch. The patch 
may be constructed from a piece of vein or synthetic material. If there is signifi cant 
peritoneal soilage, a vein patch is preferred. The patch should be cut to the appropri-
ate size. The ends should be rounded, to avoid narrowing. Next a double-armed, 
nonabsorbable monofi lament suture is used for the repair. The needle is passed from 
inside of the artery to outside, through all layers of the wall, to avoid creating an 
intimal fl ap. Starting at one end, pass one needle through the patch and through the 
artery and secure with a knot on the outside of the artery. Suturing is continued 
around the artery, starting at the far wall, with the needle passing outside-in on the 
graft and inside-out on the artery. Use an assistant to follow, making sure to keep 
appropriate tension on the suture line. Handle the artery with care, especially the 
intima. This reduces the risk of late thrombosis. When halfway around with each 
needle, repeat the process at the opposite apex with another double-ended suture, 
meeting in the middle. Before closing the arteriotomy, infl ow and outfl ow are 
released to remove any clot, and the artery is fl ushed with heparinized saline. The 
sutures are then tied on the sides of the repair.  

   Superior Mesenteric Artery Bypass 

 Patients with SMA thrombosis will typically have severe atherosclerotic plaque at 
the orifi ce of the SMA. Those patients who are identifi ed early and have no or lim-
ited intestinal necrosis may undergo SMA bypass grafting with a prosthetic conduit. 
Some of these patients may have fl uid within the peritoneal cavity. This fi nding is 
not necessarily a contraindication to the use of a prosthetic graft. However, if the 
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patient has perforation with signifi cant spillage, use of autologous vein as conduit is 
preferred. A good-quality vein is mandatory; if the saphenous vein is inadequate, 
the femoral vein may be used instead [ 11 ]. 

 These patients are often critically ill, so it is imperative to perform the operation 
rapidly and effi ciently. In the acute setting, bypass to the SMA alone (single-vessel 
bypass) is strongly preferred [ 12 ,  13 ]. Infl ow for mesenteric bypass grafts may be 
derived either above or below the renal arteries. The graft is antegrade if it originates 
cephalad to the celiac artery. The graft is retrograde if it originates from the infrare-
nal aorta or a common iliac artery. An antegrade bypass has defi nite advantages, 
mainly improved hemodynamics, and also a straighter graft confi guration that mini-
mizes graft kinking. Typically, there is also reduced atherosclerotic calcifi cation in 
the supraceliac aorta [ 14 ]. One of the main disadvantages of an antegrade bypass is 
the need to clamp the supraceliac aorta for the proximal anastomosis. Use of side- 
biting clamps may be possible but not always practical. Clamping the supraceliac 
aorta carries an increased risk of cardiac events, embolization, and ischemia. It is 
essential to ensure that the supraceliac aorta can safely be clamped, prior to pro-
ceeding with an antegrade bypass. It should be acknowledged that reoperation and 
attempts to reexpose the supraceliac aorta are much more diffi cult the second time 
around and generally riskier. 

   Antegrade Mesenteric Bypass 

 Supraceliac aorta–superior mesenteric artery bypass is performed through a midline 
incision and transperitoneal approach. Begin the dissection by dividing the gastro-
hepatic ligament and retracting of the left lobe of the liver to the right. This is fol-
lowed by incision of the diaphragmatic crus and exposure of the anterior aspect of 
the aorta. For more details see section on Exposure and Control of the Supraceliac 
Aorta. In most cases Dacron grafts or reinforced expanded polytetrafl uoroethylene 
(ePTFE) is preferred. If the use of a prosthetic graft is combined with resection of 
necrotic bowel, Dacron should be used, and it should be soaked in rifampin. Soak 
the graft for 15 min in a 1 mg/ml saline solution of rifampin at 37 °C [ 15 ] prior to 
implantation. After implantation the graft should be excluded with the omentum 
prior to performing enterectomy [ 5 ]. Autologous vein grafts are usually reserved for 
severely contaminated cases. The femoral vein is an excellent conduit for mesen-
teric arterial bypass [ 11 ]. The SMA is typically the mesenteric vessel involved; 
however, if the celiac artery needs to be revascularized, consider an end-to-side 
anastomosis to the aorta, followed by an end-to-side distal anastomosis to the com-
mon hepatic artery. When revascularizing the SMA, it is usually necessary to tunnel 
the graft behind the pancreas. Use caution when creating the retropancreatic tunnel. 
If the area appears narrow or is scarred from previous pancreatic infl ammation, 
consider a tunnel anterior to the pancreas to ensure that it is not compressed and to 
avoid causing bleeding from disrupted pancreatic veins [ 16 ]. When an anterior tun-
nel is needed, consider using vein conduit because the graft will lie posterior to the 
stomach. After creation of the tunnel, either anterior or posterior, perform an end-
to- side anastomosis to the SMA at that level.  
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   Retrograde Mesenteric Bypass 

 There are several combinations of graft orientation that may be used for a retrograde 
bypass, and there are several types of conduit to choose from. The choice of orienta-
tion and conduit is largely infl uenced by the adequacy of the potential infl ow vessels 
and by the presence or absence of peritoneal soilage. Foley et al. have reported the 
use of the distal infrarenal aorta or the infrarenal aorta–right common iliac artery 
junction as the preferred sites for the infl ow anastomosis. There does not appear to 
be a signifi cant difference in long-term patency between antegrade and retrograde 
bypasses (primary patency of 93 % and 95 % at 36 months, respectively) [ 17 ]. An 
advantage to the retrograde bypass is that most surgeons are more comfortable with 
the approach to the infrarenal aorta. Another advantage is that dissection and clamp-
ing of the infrarenal aorta carries less physiologic risk than dissection and clamping 
of the supraceliac aorta. The main disadvantage is the potential for graft kinking. 
Kinking is less likely to occur if Dacron or reinforced ePTFE is used and if the right 
common iliac is used as the site for distal anastomosis. The key to avoiding graft 
elongation, angulation, or kinking of the graft is to cut it to length with the SMA in 
a nearly anatomic position [ 13 ]. 

 Our preference for retrograde graft orientation is the “reverse C-loop” confi gura-
tion, with its origin from the right common iliac artery (Fig.  17.2 ). This way aortic 
clamping is avoided. It also provides a good lie for the graft and theoretically 
decreases the chance of it kinking. Similar C-loop grafts can be used for other 
infl ow sources, such as the left iliac or distal infrarenal aorta if the right common 
iliac artery is not adequate. The lie of C-loop grafts tends to be improved by slightly 
increasing graft length and by performing an end-to-end anastomosis with the 
SMA. If none of those infl ow vessels are suitable for bypass, a very short retrograde 

  Fig. 17.2    Superior 
mesenteric artery bypass 
with a synthetic graft 
in a “reverse C-loop” 
confi guration       
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bypass using a larger diameter graft (8–10 mm) can be performed from the proximal 
infrarenal aorta. Keep in mind that there is a higher potential for graft kinking with 
shorter grafts.

   The SMA and distal aorta are dissected out and isolated in a similar manner to 
the techniques described earlier. In addition, the fourth portion of the duodenum 
needs to be fully mobilized for a more lateral approach to the SMA to facilitate the 
retrograde bypass. The retroperitoneum is divided distally along the aorta to a point 
just beyond the level of the aortic bifurcation. Assess both the distal aorta and com-
mon iliac arteries to determine the optimal infl ow vessel for the proximal anastomo-
sis. Typically, grafts made of Dacron or of ringed, reinforced ePTFE are the preferred 
conduits. The use of autologous vein has the potential to cause kinking when the 
viscera are replaced. However, if there is signifi cant peritoneal contamination, con-
sideration must be made to their use. When a retrograde vein bypass is performed, 
the graft may be brought straight up from the right iliac artery so that it lies between 
the aorta and the duodenum and then anastomosed to the posteromedial wall of the 
SMA. This is done to decrease the chance of kinking. Care must then be taken to 
check for kinking after the viscera have been repositioned. 

 The junction of the aorta with the right common iliac artery is the preferred site 
for the proximal anastomosis. Grafts originating from the midportion of the infrare-
nal aorta are prone to kinking when the viscera are returned to their normal position. 
The graft to the SMA is passed cephalad, turned anteriorly and inferiorly 180°, and 
anastomosed to the anterior wall of the SMA just beyond the inferior border of the 
pancreas [ 16 ]. If performed correctly, a gentle “C-loop” should be formed by the 
graft, and this will decrease the chance the graft will kink when the viscera are 
restored to their anatomic position after retractor removal. The ligament of Treitz 
and peritoneum are closed over the graft to exclude it from the peritoneal cavity.   

   Hybrid Technique: Retrograde Open Mesenteric 
Stenting (ROMS) 

 Milner et al. [ 18 ] reported the fi rst technically successful ROMS, a hybrid approach 
for the treatment of acute atherosclerotic SMA thrombosis that involves a less inva-
sive mesenteric revascularization without compromising important general surgical 
principles. They experienced no ROMS-related complications or morbidity. Wyers 
[ 19 ] and coauthors from Dartmouth reported similar fi ndings in their report on 6 
patients. In a well-stocked operating suite, with readily available fl uoroscopy, 
ROMS should take less time than a saphenous vein harvest and bypass procedure 
and is probably quicker than synthetic bypass as well. It maintains sound surgical 
principles of thorough abdominal exploration while minimizing physiologic stress 
and may prevent a prosthetic graft infection in the face of bowel perforation or 
resection. In addition, a patient with mesenteric ischemia likely has aortoiliac dis-
ease compromising infl ow into the bypass graft. Cross-clamping of an aorta that is 
heavily diseased and suturing to a heavily diseased graft donor vessel expose the 
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hypotensive and acidotic patient to hazardous changes in hemodynamics and poten-
tial injury to atherosclerotic and calcifi ed vessels. All of these potential problems 
with mesenteric bypass are avoided with ROMS. If the endovascular procedure 
proves diffi cult or impossible, converting to a bypass operation is easy with the 
exposure being half complete. 

 Our technique and early experience were previously reported by our group in 
2010 [ 20 ]. After exposing the SMA, the infrapancreatic SMA is isolated and punc-
tured with either a micropuncture needle or an 18-gauge needle. Then, over a wire, a 
6 or 7-French sheath is placed. A local thromboendarterectomy through a longitudi-
nal arteriotomy and placement of a patch angioplasty, as previously described, may 
be necessary prior to placement of wire and sheath. In some instances a transverse 
arteriotomy and embolectomy with an embolectomy catheter (4 Fr proximally and 
3 Fr distally) may be needed to thrombectomize the proximal SMA prior to place-
ment of a wire and sheath. After placement of a wire and sheath, a retrograde angio-
gram is performed to confi rm the SMA occlusion proximally (Fig.  17.3 ). Appropriate 
wire and catheter selection is important when attempting to cross these lesions. 
We prefer a Berenstein catheter (Cordis, Inc, Warren, NJ) and soft-angled glidewire 
(Terumo Interventional Systems, Somerset, NJ) to maneuver through the occlusion. 
Once wire and catheter have crossed the lesion, an aortogram is performed 
(Fig.  17.4 ). If there is any question as to appropriate sizing for the mesenteric vessel, 
intravascular ultrasound is a valuable tool. The wire is then exchanged for a lower 
profi le 0.018- or 0.014-in. platform. The lesion, if necessary, can then be predilated 
with a 3- or 4-mm angioplasty balloon. A 6–8-mm balloon expandable stent should 
be deployed partially into the aorta and fl ared (Fig.  17.5 ). More than one stent may 
be required to cross the entire length of the lesion. Completion angiography in the 

  Fig. 17.3    Retrograde angiogram performed through SMA arteriotomy to visualize occlusion 
(By permission of Mayo Foundation for Medical Education and Research. All rights reserved)       
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anteroposterior and lateral projections with or without pressure measurements is 
performed across the lesion to confi rm patency. The arteriotomy is closed with a 
patch angioplasty with nonabsorbable monofi lament sutures (Fig.  17.6 ). Small 
bowel viability is reassessed at the end of the operation.

  Fig. 17.4    Wire and catheter crossing the SMA lesion (By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved)       

  Fig. 17.5    Balloon expandable stent being deployed in SMA and partially into the aorta and fl ared 
(By permission of Mayo Foundation for Medical Education and Research. All rights reserved)       
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      Recurrent stenosis after ROMS is a possibility, as mesenteric artery in-stent 
restenosis occurs frequently [ 21 – 23 ] after mesenteric interventions. It is recom-
mended to perform duplex surveillance for the fi rst month and every 6 months 
thereafter. Most patients with recurrent stenosis can be re-treated with a percutane-
ous approach as outpatients. Many of these patients remain poor operative candi-
dates and have limited life expectancies because of severe comorbidities [ 24 ]. In 
this situation, repeated SMA dilatations are a viable, safe option. For patients who 
make a good recovery and are nutritionally sound, a more durable operative bypass 
may be considered [ 25 ].  

   SMA Reimplantation 

 In the case of bowel necrosis and severe peritoneal contamination, SMA reimplan-
tation can avoid the use of prosthetic graft. In 1990, Kieny et al. [ 26 ] reported on 
their success of SMA reimplantation to the juxtarenal aorta. Only seven of their 90 
patients were for AMI, and their long-term follow up was limited. This procedure 
may be useful in patients who would not do well with prosthetic graft and do not 
have a suitable vein. Care should be taken when considering this as a possibility 
because this procedure is only possible in patients with very proximal disease and 
short focal occlusion of the diseased artery. 

 Following medial visceral rotation, the SMA is identifi ed above the renal vein. 
Proximal and distal control is obtained. The SMA is transected. It is imperative to 
ensure adequate dissection of the SMA from the mesentery to allow for suffi cient 
length for reimplantation. The proximal stump is sutured close with a nonabsorb-
able monofi lament suture in two layers. The aorta is then clamped. Aortic clamping 

  Fig. 17.6    Arteriotomy closed with patch angioplasty and nonabsorbable monofi lament suture (By 
permission of Mayo Foundation for Medical Education and Research. All rights reserved)       
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can be supraceliac or infrarenal. Side-biting clamps may be helpful in this situation. 
A longitudinal arteriotomy is performed on the anterior wall of the infrarenal aorta 
with an 11 blade, usually about 1.5 times greater than the diameter of the SMA. The 
SMA is cut to match the length of the arteriotomy. The heel and toe of the SMA are 
cut in a beveled fashion so that these ends are blunt/wider to avoid narrowing the 
ends of the anastomosis. An aortic punch (~4–6 mm) can also be used to complete 
the arteriotomy, if preferred. The SMA is then reimplanted to the aorta in an end-to- 
side anastomosis. Again a double-armed, nonabsorbable monofi lament suture is 
preferred. Starting at the heel of the SMA, the needle is passed from inside of the 
artery to outside, through all layers of the wall, to avoid creating an intimal fl ap; do 
the same through the aorta. Secure with a knot on the outside. Suturing is continued 
around the artery, starting at the far wall, the needle passing outside-in on the aorta 
and inside-out on the SMA. Take the suture down the far side around the toe to 
halfway down the front wall. Complete the anastomosis by running the second 
armed needle from the heel down the front wall. Before the clamps are removed and 
the suture is tied, the proximal and distal ends are fl ushed.  

   Bowel Viability 

 When fl ow is restored, the bowel is re-inspected for persistent regions of ischemia 
[ 27 ]. If possible, 20–30 min of reperfusion should be permitted while retractors are 
being repositioned before making a decision about viability [ 28 ]. Segments that 
previously demonstrated equivocal viability may improve with revascularization, 
and resection may be avoided; lengths of bowel that are obviously nonviable must 
be removed. Initial clinical evaluation of the bowel consists of assessment of pulses 
in the mesentery, appearance and color of the serosa, any bleeding from cut sur-
faces, and peristalsis. These are subjective fi ndings and are therefore prone to inac-
curacy. Using clinical evaluation alone, bowel viability can be determined with a 
sensitivity of only 82 % and a specifi city of 91 % [ 29 ]. 

 The absence of pulsatile signals on the antimesenteric border of the intestine 
when using continuous wave Doppler implies a nonviable segment [ 30 ]. Use of this 
technique in conjunction with surgical judgment has been demonstrated in multiple 
studies [ 28 ,  31 ,  32 ]. However, continuous wave form Doppler ultrasound alone 
should not be used for determining bowel viability [ 33 ]. The use of fl uorescein and 
a Wood’s lamp is another adjunct to consider when evaluating bowel for ischemia. 
The ultraviolet light from the Wood’s lamp shows a fi ne reticular vascular pattern in 
the viable bowel and has been shown to be sensitive in determining irreversible 
bowel ischemia when used with clinical judgment [ 29 ]. 

 Ultimately, accurate determination of intestinal viability is the product of clinical 
judgment, adjunct diagnostic techniques, and timely reevaluation. The need to pre-
serve bowel length should deter the surgeon from being overly aggressive in resecting 
any questionably viable bowel. Bowel continuity can be restored primarily, or stomas 
may be exteriorized if the patient is unstable. In most instances, a “second- look” 
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operation should be performed within 24–36 h to reassess the bowel and the effect of 
reperfusion [ 34 ]. Planning for re-exploration allows the surgeon to minimize the 
bowel resected primarily and to ensure that bowel anastomoses are performed with 
viable bowel.   

   Complications 

 Complications occur frequently (~68 %) in these patients [ 5 ]. Major complications 
such as death, repeat bowel ischemia, stroke, acute renal failure requiring hemodi-
alysis, MI, cardiac arrest, and respiratory failure requiring tracheostomy occur in 
~47 % of patients. The most frequent complications are respiratory failure and 
 multisystem organ failure [ 24 ].  

   Postoperative Care 

 Therefore, it is extremely important to continue care in the intensive care unit in the 
immediate perioperative and postoperative period in order to optimize the patient’s 
cardiac and respiratory status. It is not uncommon to see a signifi cant decrease in 
hepatic function postoperatively with transaminases rising 90- to 100-fold [ 35 ]. 

 Hepatic impairment and associated coagulopathy are usually temporary, returning 
to normal within 7–10 days. Total parenteral nutrition should be considered and started 
early in the postoperative period in patients who underwent signifi cant bowel resection, 
and it may need to be continued for months in patients with short gut syndromes.  

   Outcomes 

 Though patency rates remain high regardless of operation performed, more recent 
studies still tend to report poor overall patient outcomes in AMI. Perioperative mor-
tality for arterial thrombosis remains high, at 39 % [ 5 ]. The mortality remains rela-
tively high when compared to chronic mesenteric ischemia in part because of 
delayed diagnosis, the extensive nature of the bowel ischemia, and the need for 
complex surgical revascularization. Long-term survival for this patient population 
remains abysmal at 32 % at 3 years [ 24 ]. 

 In some of these small series published on the less invasive approach of ROMS 
[ 18 – 20 ], the technical success rate can be as high as 100 %, and mortality ranges 
from 0 to 17 %. This suggests that retrograde open mesenteric stenting for acute 
mesenteric ischemia is a viable alternative to bypass surgery. More data will be 
needed before any conclusions about superiority can be made, but this hybrid strat-
egy of combining open surgery with endorevascularization may become the sur-
geon’s go-to procedure for revascularization in the setting of AMI.     
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    Chapter 18   
 Techniques of Endovascular Revascularization 
for Acute Mesenteric Ischemia 

             Timur     P.     Sarac     

           History for AMI 

 Litten gave the fi rst description of acute mesenteric ischemia (AMI) in 1875 [ 1 ]. 
Since that time the condition of AMI has been viewed as one of the most serious 
surgical emergencies with signifi cant morbidity and mortality. The true incidence of 
acute mesenteric ischemia (AMI) is unknown, as most reports quote the classic study 
from Stoney in 1993 [ 2 ]. The most recent report was from Malmo, Sweden, where 
AMI is reported to occur 12.9 per 100,000 person years over a 10-year period [ 3 ]. 
The etiology is most commonly attributed to in situ thrombosis in 60 % of patients, 
embolism from atrial fi brillation in 30 %, and nonocclusive mesenteric ischemia in 
10 % [ 4 ]. The diagnosis of acute mesenteric ischemia is based on both physical 
examination and diagnostic imaging. The symptoms will include progressive abdom-
inal pain, which is classically described as “pain out of proportion to physical fi nd-
ings.” Additionally, the patients usually have a signifi cant history of tobacco abuse 
and other peripheral vascular disease. Once other etiologies of abdominal pain have 
been excluded, most patients will have a computerized tomographic scan (CT), 
which will delineate the mesenteric vessel anatomy. Traditional treatment has been 
open surgical revascularization, which includes embolectomy, bypass, and endarter-
ectomy [ 5 – 7 ]. However, the morbidity and mortality for open surgical revasculariza-
tion remain unacceptably high, with rates reported as high as 70 %. 

 In an effort to improve on the poor results of open mesenteric revascularization 
for AMI, many clinicians began to explore other alternative therapies, most notably 
endovascular surgery [ 8 ,  9 ]. With improvement in training, newer devices, and less 
morbidity, endovascular treatment of acute mesenteric ischemia is now the fi rst 
 initial therapeutic choice of treatment if clinical conditions allow it.  
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   Endovascular Techniques 

 Several endovascular treatment options exist to treat acute mesenteric ischemia. The 
decision of which option to use depends on the patient’s immediate clinical condi-
tion. The patient’s symptoms can be misleading, as they usually have signifi cant 
abdominal pain, but an acute abdomen only happens when there is bowel perfora-
tion. If the patient has an acute abdomen or pneumatosis intestinalis is seen on the 
CT scan, the traditional approach has been combined open bowel resection and 
mesenteric revascularization. However, contemporary treatment has evolved, and 
an acute abdomen no longer precludes angioplasty and stenting, as surgical inter-
vention can be done in a hybrid operating room, where both abdominal explorations 
can be performed either through exploratory celiotomy or laparoscopy in addition 
to angioplasty and stenting. 

 If the patient’s lactate and liver function tests are normal and there is no evidence 
of an acute abdominal emergency or bowel infarction, our fi rst treatment consists of 
diagnostic imaging in addition to the CT scan. In the setting of acute mesenteric 
ischemia, the most commonly involved vessel is acute occlusion of the superior 
mesenteric artery (SMA). In this circumstance, there is insuffi cient time to develop 
collaterals, and acute occlusion of the SMA can lead to bowel infarction. AMI is 
seen less commonly with acute celiac or inferior mesenteric artery (IMA) occlusion. 
Most patients will have undergone a CT angiogram delineating the anatomy 
(Fig.  18.1 ). This can give a good image of both orifi ce lesions and the distal extent 
of thrombosis. We then get both an anterior-posterior (AP) and lateral angiogram to 
determine the patency of all vessels (Fig.  18.2a, b ), and it is not uncommon to see a 
large meandering mesenteric artery in the AP views (Fig.  18.3 ).

  Fig. 18.1    ( a ) CT scan and ( b ) diagnostic angiogram of acute SMA occlusion       
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  Fig. 18.2    ( a  and  b ) AP and lateral angiogram depicting visceral vessels       

  Fig. 18.3    Meandering 
mesenteric artery       
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     If the patient has complete occlusion of the superior mesenteric artery and their 
clinical condition will allow, we will attempt thrombolysis. Some contraindications 
to thrombolysis include severe hypertension, gastrointestinal bleeding, and embo-
lism from atrial fi brillation. There are specifi c technical considerations to consider. 
The fi rst step involves recanalizing and/or crossing the lesion. We usually use left 
brachial access as our initial approach as the angle makes it much easier to cross the 
lesion antegrade (Fig.  18.4 ). A long 5 F sheath (70–90 cm) usually is suffi cient to 
provide adequate stability for tracking, as the fi nal intervention will need to move to 
a 0.014 in wire. We usually use an MPA catheter and bury it into the stub of the 
occluded vessel, as it easily adapts to the curve of the aorta. Next I “drill” a 0.035 in 
stiff glide wire through the lesion, and then if possible pass the MPA catheter or a 
quick cross catheter through the lesion (Fig.  18.5 ). Once we have crossed the lesion, 
it is imperative to get an angiogram to confi rm you are in the true lumen. If you have 
not reentered the true lumen, the catheter will need to be withdrawn and a new 
attempt should be made. If there is thrombus distal to the orifi ce and we have reen-
tered and are not in a dissection plane, we will attempt thrombolysis with a short tip 
infusion catheter and/or wire [ 10 ]. The patient is then bolused with 2 mg of tissue 
plasminogen activator (TPA), and an infusion is started at 1 mg/h. We    also keep the 
patient on a slightly higher dose of heparin that lower extremity ischemia, maintain-
ing the activated partial thromboplastin time (APTT) near 40 s. If the patient’s 
fi brinogen drops below 150 mg/dl, we then decrease the infusion rate to 0.5 mg/h. 

  Fig. 18.4    MPA catheter with 
antegrade approach to the 
SMA       
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If the fi brinogen drops to 100 mg/dl, then we will either give cryoprecipitate or 
suspend the infusion depending on the patient’s clinical condition. If the patient 
demonstrates any signs of increasing abdominal discomfort, rising lactic acidosis, 
or clinical deterioration, we then stop and prepare for open surgery. Repeat angio-
graph is performed every 12 h. Once the distal clot clears, we then proceed to defi ni-
tive angioplasty and stenting. If there is spasm, we will use either 30–60 mg of 
papaverine or 200–400 μg of nitroglycerine. If the clot has not cleared within 
36–48 h, we will attempt mechanical thrombectomy with the Possis mechanical 
thrombectomy catheter [ 11 ]. A 0.014 in wire is needed for 5 F and 0.035 in wire for 
6 F. Additionally, I prefer to use an embolic protection fi lter to prevent emboliza-
tion, as this has been reported as high as 19 % for peripheral pharmacomechanical 
thrombolysis [ 12 ].

    The typical culprit lesion from in situ thrombosis usually occurs from extension 
of an orifi ce lesion. However, it is not uncommon for lesions of the superior mesen-
teric artery to extend further. If there is not distal thrombus, immediate revascular-
ization with balloon angioplasty and stenting is warranted. For orifi ce lesions of the 
celiac, SMA, and IMA, we use a balloon expandable stent (Fig.  18.6 ), and for more 
distal lesions we will use a self-expanding stent to adapt to curves (Fig.  18.7 ). 
Occasionally, we will have to use a combination of a self-expanding stent distally 
and of a balloon expandable stent proximally. Recent data from the Mayo Clinic 
[ 13 ] now supports the use of an ePTFE-covered stent graft for chronic mesenteric 
ischemia, and we have extended this to AMI for thrombosis in situ. For patients 
with AMI from embolism, we will attempt percutaneous mechanical thrombolysis 
with the Possis thrombectomy catheter. If their clinical condition will allow it, we 
will get a transesophageal echocardiogram, and if there is no clot in the atrium, we 
will also offer them thrombolysis. If this is unsuccessful or there is suspected per-
sistent atrial thrombus, we will either attempt stenting with a covered stent or pro-
ceed with open embolectomy.

  Fig. 18.5    Sheath and wire 
across occluded SMA       
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  Fig. 18.6    Balloon 
expandable stent in orifi ce of 
the SMA       

  Fig. 18.7    ( a ) Selective SMA angiogram with disease beyond the orifi ce. ( b ) Self-expanding stent 
adapting to the curve       
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    In circumstances where the patient’s condition warrants emergent or urgent 
 laparotomy, recent efforts have focused on a hybrid open surgery/stenting procedure 
[ 14 ,  15 ]. The technical details of this consist of performing the procedure in a hybrid 
operating suite and immediate exploration for control of sepsis and enteric spillage. 
We have been more inclined to use the brachial approach rather than the direct SMA 
cutdown if possible, as it allows more rapid revascularization. Nevertheless, there 
are advantages of the direct SMA cutdown as it will allow embolectomy. The pro-
cedure begins with dissecting the SMA out at the inferior margin of the pancreas or 
base of the transverse mesocolon. The artery is cannulated with a micropuncture 
needle, wire, and catheter, and then retrograde angiogram is performed. A 0.035 in 
wire is then used to exchange out for a 5 F sheath, and diagnostic imaging is per-
formed. The lesion is crossed and the wire and a longer sheath are advanced into the 
aorta. Balloon angioplasty is frequently necessary before passing the sheath, and 
this usually requires exchanging out to a 0.014 in system. Retrograde stenting is 
done in the same fashion as antegrade which was previously described. It is not 
uncommon to have to perform a concomitant embolectomy, which can also be done 
with an over-the-wire balloon embolectomy catheter. On completion, the vessel is 
closed with either a vein or bovine pericardial patch angioplasty. 

 Less common etiologies of acute mesenteric ischemia include thoracoabdominal 
aortic dissection (TAAD), mesenteric venous thrombosis, and nonocclusive mesen-
teric ischemia. Acute mesenteric ischemia occurs in between 15 and 42 % of patients 
who suffer from TAAD [ 16 ]. Patient’s symptoms include not only those severe of 
mid-thoracic back and chest pain but also abdominal pain. The diagnosis of AMI is 
entertained based on symptoms but also CT scan evidence of obstruction of the 
visceral vessels from the dissection fl ap (Fig.  18.8 ). Additionally, it is not uncom-
mon in these circumstances for multiple visceral branch vessels to be involved. 

  Fig. 18.8    CT scan depicting 
dissection fl ap in SMA       

 

18 Techniques of Endovascular Revascularization for Acute Mesenteric Ischemia



248

Symptoms can also be classifi ed as subacute with waxing and waning of symptoms 
due to dynamic movement of the dissection fl ap. The morbidity and mortality with 
open surgical therapy have been previously described and remain as high as 50 % 
[ 16 ]. In 1999, Dake fi rst described treatment for TAAD with a thoracic aortic stent 
graft [ 17 ]. Since that time there have been numerous studies documenting the suc-
cess of endovascular therapy in treating malperfusion from TAAD [ 18 – 20 ]. 
Treatment in these circumstances consists of expansion of the true lumen with a 
thoracic stent graft, and occasionally an adjunctive self-expanding stent will need to 
be placed in the individual branch vessel. There are a number of technical details 
necessary to accomplish this, starting with preparation for bilateral femoral artery 
access, and be prepared to do an iliac conduit. Additionally, it is essential to have 
left brachial artery access, so the arterial line for blood pressure monitoring should 
be placed on the patient’s right side. Intravascular ultrasound is a necessary adjunct. 
We usually perform a right femoral artery cutdown and obtain left brachial artery 
access from the start. The fi rst step is to confi rm you are in the true lumen, and here 
intravascular ultrasound is essential (Fig.  18.8 ). We then obtain an arch aortogram 
(Fig.  18.9 ) and exchange out for a 0.035 in stiff Lunderquist wire. A pigtail catheter 
is then placed from the left brachial artery into the aortic arch, which not only takes 
angiograms but also marks the subclavian artery. Often in an emergent setting, it 
is necessary to cover the origin of the left subclavian artery to cover the entry tear. 

  Fig. 18.9    Arch aortogram 
showing dissection at left 
subclavian artery       
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A subsequent emergent carotid subclavian bypass is necessary if there is not a 
normal size contralateral vertebral artery or if the patient is known to have an incom-
plete circle of Willis. Once the stent graft is placed, a distal angiogram is taken to 
confi rm expansion of the aortic true lumen and evaluate the patency and fl ow of 
the visceral vessels. Occasionally, the dissection fl ap will necessitate the need to 
place a self- expanding stent into the branch vessel if fl ow remains compromised 
(Fig.  18.10 ).

     Mesenteric venous thrombosis is another unusual cause of acute mesenteric isch-
emia, and the etiology usually is from a hypercoagulable state [ 21 ]. The mainstay of 
treatment usually consists of conservative management with systemic hepariniza-
tion and conversion to oral anticoagulation, as long as there are no signs of an acute 
abdomen. However, if the patient’s clinical condition deteriorates, several authors 
have reported success in improving symptoms by using intra-arterial thrombolysis 
through the SMA, and others have reported transhepatic venous success similar 
to TIPS [ 22 ]. Finally, nonocclusive mesenteric ischemia typically occurs from 
“low- fl ow states,” such as cardiogenic or septic shock. The initial treatment involves 
supportive care for correcting the underlying condition. However, if the patient has 
persistent lactic acidosis, selective intra-arterial SMA perfusion with papaverine 
can correct the vasospasm (Fig.  18.11a and b ).

  Fig. 18.10    Self-expanding 
stent in s = dissection       
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      Results of Endovascular Therapy for Acute Mesenteric 
Ischemia 

 When analyzing new therapies, it is important to fully evaluate and compare the 
results to the traditional approach, here being open surgical revascularization for 
acute mesenteric ischemia. One recent series reporting the results of open surgical 
intervention came from Kougias et al. They evaluated 72 patients and found that 
the perioperative morbidity and mortality were 39 and 31 %, respectively [ 23 ]. 
As endovascular interventions became more popular, several authors reported their 
results. Arthurs et al. reported the Cleveland Clinic experience from 70 patients over 
9 years [ 24 ]. Similar to almost all other studies, 65 % of the occlusions were throm-
botic and 35 % embolic occlusions. Successful endovascular treatment resulted in a 
mortality rate of 36 % compared with 50 % with traditional open surgical therapy. 
Soon after Ryer et al. reported the Mayo Clinic experience over two decades [ 25 ]. 
They reported on 93 patients with AMI, 45 of who were treated during the 1990s 
and 48 during the 2000s. The majority of patients were treated with open revascu-
larization. Endovascular therapy alone or as a hybrid procedure was used in 11 total 
patients, eight of which were treated in the last 10 years. Thirty-day mortality was 
27 % in the 1990s and 17 % during the 2000s. Major adverse events occurred in 

  Fig. 18.11    Catheter in SMA 
infusing papaverine into a 
vessel with spasm       
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47 % of patients with no difference between decades and no signifi cant difference 
in outcomes between open and endovascular revascularization. 

 Two separate reports evaluated and compared open to endovascular therapy 
using the National Inpatient Data Sampling during similar periods, with similar 
results. Beaulieu et al. [ 26 ] evaluated 23,744 patients presenting with AMI, 4665 
underwent interventional treatment from 2005 through 2009, 679 patients under-
went vascular intervention, 75.7 % underwent open surgery, and 24.3 % underwent 
endovascular treatment overall during the study period. The proportion of patients 
undergoing endovascular repair increased from 11.9 % of patients in 2005 to 30.0 % 
in 2009. Mortality was signifi cantly more commonly associated with open revascu-
larization compared with endovascular intervention (39.3 % vs 24.9 %); length of 
stay was also signifi cantly longer in the patient group undergoing open revascular-
ization (12.9 vs 17.1 days). They identifi ed 6683 patients of which majority had an 
endovascular procedure (62.7 % vs 37.3) with an overall in-hospital mortality rate 
(IHM) of 17.4 %. Despite endovascular therapy having signifi cantly lower in-hospital 
mortality (IHM) rates (15.3 % vs 21.2 %), over the 8-year period of study, there was 
no difference between open surgery and endovascular therapy.  

   Conclusions 

 Acute mesenteric ischemia has high mortality rates. However, with the incorporation 
of minimally invasive endovascular therapies, the rates have decreased. Prompt 
diagnosis and early treatment remains the mainstay of therapy.     
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    Chapter 19   
 Second-Look Laparotomy, the Open 
Abdomen, and Temporary Abdominal Closure 
in Acute Mesenteric Ischemia 

             Rishi     Kundi       and     Todd     E.     Rasmussen     

         Planned, repeat laparotomy, also referred to as “second-look” laparotomy, is a 
 recognized principle in the management of acute mesenteric ischemia. Re-exploration 
of the abdomen in the hours or days following the initial operation for acute mesen-
teric ischemia allows confi rmation of patency of revascularization and viability of 
remaining bowel. In some scenarios, multiple, repeat laparotomies may be per-
formed over a period of days to assure the surgeon that bowel perfusion is adequate 
and that any nonviable segments of the tract have been removed. Despite the impor-
tance of second-look procedures as part of the management of this challenging 
clinical scenario, inherent challenges and considerations must be understood in 
order to optimize its effi cacy and reduce complications. The objective of this chap-
ter is to review the reasoning and indications of second-look operations in the 
setting of acute mesenteric ischemia and describe techniques of the procedure. 
The compatibility of the second look with the open abdomen in the patient with 
acute mesenteric ischemia is also reviewed, and a summary of techniques used for 
temporary and defi nitive abdominal closure is provided. 
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   Rationale 

 Second-look surgery after exploratory laparotomy for acute mesenteric ischemia 
(AMI) was fi rst described by Shaw et al. in 1965 [ 1 ]. Reexamination of the bowel 
24–48 h after both restoration of perfusion and the initiation of resuscitation was 
promoted as a way of distinguishing between viable and nonviable bowel after 
correction of the inciting insult, a notoriously challenging prospect when attempted 
at the fi rst surgery. On return to the operating room, Shaw reasoned, bowel that 
was irreversibly ischemic at the time of revascularization would have proven itself 
so and that which was merely stunned would be apparently vital. This strategy 
thus avoids both bowel necrosis and unnecessarily zealous resection leading to 
short gut syndrome. 

 This intuitive strategy is, in fact, supported by the pathophysiological mecha-
nisms of the several etiologies of AMI. Acute embolic occlusion of mesenteric 
 arteries causes, after several hours, a refl ex vasoconstriction of neighboring patent 
arterioles with subsequent reduction in perfusion. This vasoconstriction of 
adjacent vasculature persists even once the embolus is removed and may, after suf-
fi cient ischemia, be irreversible [ 2 ]. In patients with a mixed, acute-on-chronic 
 arterial mesenteric ischemia, the unpredictable anatomy and importance of collat-
eral c irculation make the ischemic consequences of segmental bowel resection 
equally unpredictable, and this uncertainty may make a second-look procedure 
 necessary. Management of acute mesenteric venous thrombosis rarely involves lap-
arotomy, but upon exploration, the edema of venous congestion, the diffuse pattern 
of occlusion, and the attendant arterial spasm make prediction of necrosis at the 
time of initial laparotomy challenging [ 3 ,  4 ]. Nonocclusive mesenteric ischemia is 
similarly diffuse in nature, and, given the variable response to the intra-arterial 
vasodilators that constitute the primary therapy of NOMI, it is unsurprising that in 
a series described by Ward et al., more than three quarters of patients with NOMI 
who    underwent exploration were taken back for second look, and half of those 
underwent additional bowel resection [ 5 ]. 

 The yield of second-look laparotomy as related by Ward et al. is consistent with 
published series, which report rates of positive relaparotomy ranging from 7 to 
72 % (Table  19.1 ). This degree of variability is likely due to equally variable criteria 
for performing a second-look procedure. While tradition holds that the decision to 
take a patient back for a second look should be made at the fi rst operation, the vast 
majority of literature is composed of retrospective, single-institution, multi-surgeon 
studies with undocumented criteria regarding that decision. Few studies have 
directly examined the role and technique of second-look laparotomy (Table  19.2 ). 
Of these, the positive yield has ranged from 14.6 to 50 % [ 6 – 8 ]. A single nonran-
domized case–control study of planned versus clinically indicated relaparotomy 
demonstrated equivalent mortality despite a signifi cantly higher rate of anastomotic 
leak and sepsis in the planned laparotomy group [ 9 ]. Few clear conclusions can 
be drawn from this single study, but relaparotomy, as any surgical procedure, has 
attendant risks that compel careful consideration of its technical aspects.
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       Timing 

 The timing of the second-look laparotomy has traditionally been advocated as 
between 24 and 48 h after the initial surgery, a period advocated from the fi rst 
description of the procedure [ 1 ]. Whatever the length, the goal of this interval is to 
allow the second look to be performed when the overall physiology of the patient 
has been optimized. This will ensure that any stunned bowel has been reperfused to 
the extent that it no longer exhibits ambiguous vitality, in addition to increasing the 
likelihood of anastomotic healing and decreasing the chance of fi stula formation. 
Moreover, adequate resuscitation and physiological support increase the patient’s 
tolerance of the second procedure. 

 Evidence supports the assertion that the 1- to 2-day intermission is suffi cient to 
allow this optimization. In animal models, both serum and histopathological  markers 

   Table 19.2    Second-look operation versus no second look: differences in mortality   

 Author  Year 
 Number 
of patients 

 Number of 
second-Look 
procedures 

 Mortality 
after second 
look (%) 

 Number of 
non- second 
look 

 Mortality after 
non-second 
look (%) 

 Kaminsky [ 8 ]  2005  41  15  80  26  57.7 
 Anadol [ 6 ]  2004  54  23  34.8  31  48.4 
 Bjorck [ 7 ]  2002  60  41  51.2  19  52.6 

  Adapted from Meng Meng X, Liu L, Jiang H. Indications and procedures for second-look 
surgery in acute mesenteric ischemia .  Surg Today. 2010;40(8):700–5, with permission of Springer 
Science + Business Media  

   Table 19.1    Published studies on second-look operations for acute mesenteric ischemia   

 Author  Year 
 Number 
of patients 

 Number of second-
look procedures 

 Number of positive fi ndings 
from second-look procedure 

 Kaminsky [ 8 ]  2005  41  15  6 
 Yanar [ 15 ]  2007  71  14  1 
 Anadol [ 6 ]  2004  77  46  9 
 Bjorck [ 7 ]  2002  60  41  19 
 Park [ 39 ]  2002  58  23  11 
 Kougias [ 40 ]  2007  72  38  15 
 Freeman [ 41 ]  2005  20  12  7 
 Wadman [ 42 ]  2000  74  24  16 
 Edwards [ 43 ]  2003  76  34  17 
 Luther [ 44 ]  2002  64  29  21 
 Denecke [ 45 ]  1990  115  36  10 

  Adapted from Meng Meng X, Liu L, Jiang H. Indications    and procedures for second-look surgery 
in acute mesenteric ischemia .  Surg Today. 2010;40(8):700–5, with permission of Springer 
Science + Business Media  
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of intestinal ischemic injury are well past their peak by 24 h after perfusion is 
re established; by 48 h, they have returned to baseline [ 10 ]. This timeline is, of 
course, a guideline, and the clinical status of the patient should otherwise determine 
the schedule of treatment. After initiation of treatment and the primary laparotomy, 
an improvement in clinical parameters indicates progress toward optimization and 
resolution of any reperfusion injury. A lack of improvement or deteriorating clinical 
status, however, may indicate a missed bowel injury or the evolution of metaboli-
cally signifi cant bowel necrosis and should compel re-exploration regardless of the 
length of time since the original surgery.  

   Technique 

 The technique of second-look laparotomy in AMI is entirely concerned with the 
inspection of the bowel. While ultrasonography, fl uorescein, and angiography all 
have roles in the diagnosis of acute ischemia, their reliability in the prediction of 
intestinal viability is unacceptably low [ 11 ]. Clinical signs, such as absence of peri-
stalsis, bowel wall edema, mucosal hemorrhage, and a lack of bleeding at cut bowel 
edges, are similarly poor predictors if employed at the time of the initial laparotomy. 
With    a correction of the underlying vascular defi cit, the patient’s physiological 
parameters and time for ischemia–reperfusion damage to declare itself; however, 
the utility of these clinical indicators is reasonable in determining the need for 
 additional resection. 

 In recent years, the advent of minimally invasive techniques in general surgery 
has prompted consideration of laparoscopy in place of second-look laparotomy. 
Its applicability in this context has yet to be defi ned, but the authors believe that 
laparoscopy is inadvisable for several reasons [ 6 ,  12 – 15 ]. The benefi t of laparos-
copy over second-look laparotomy is minimal. The patient already bears a midline 
incision and is not spared another. The procedure requires both general anesthesia 
and paralysis to a degree indistinguishable from that required for laparotomy. 
The limitations of laparoscopy over laparotomy are signifi cant. Laparoscopy pro-
vides only visual assessment of the bowel and does not allow any tactile examina-
tion of signs of viability. That visual assessment is itself limited to the small fi eld 
of vision of the laparoscope. Running the bowel laparoscopy is a technically chal-
lenging procedure that, in the best of cases, cannot visualize more than a few 
centimeters of bowel at any time. 

 The most compelling reason to avoid laparoscopy, however, is that the pneumo-
peritoneum that is the sine qua non of laparoscopy is physiologically inadvisable in 
the context of poor visceral perfusion. Physiological intra-abdominal pressure in the 
human being is approximately 10 mmHg. If this pressure is the context for acute 
mesenteric ischemia, raising it by 150–200 % cannot reasonably be expected to 
benefi t the patient. Pneumoperitoneum requires intra-abdominal pressures that have 
been shown to impair visceral blood fl ow. In a rat model, pneumoperitoneum at 
pressures required for laparoscopy results in decreased intestinal perfusion and 
 bacterial translocation [ 16 ]. Avoidance of intra-abdominal hypertension, in fact, 
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not only makes second-look laparoscopy inadvisable but makes a planned open- 
abdomen strategy preferable. 

 The physiological effects of increased intra-abdominal pressure are well 
d ocumented. The term intra-abdominal hypertension (IAH) is used to denote pres-
sures higher than 10 mmHg [ 17 ]. In a dog model, IAH was shown to decrease 
splanchnic perfusion by a factor of 2 at intra-abdominal pressures of only 20 mmHg 
[ 18 ]. An identical pressure increase in a pig model resulted in a drop in intestinal 
perfusion of almost 40 % [ 19 ]. A pressure increase to only 15 mmHg – less than 
standard pneumoperitoneum, far less than would be required for the diagnosis of 
abdominal compartment syndrome, and only 5 mmHg above healthy controls – 
caused a drop in bowel tissue oxygenation of more than a quarter. A pressure of 
25 mmHg, still less than generally regarded as abdominal compartment syndrome, 
dropped oxygenation to 50 % of the normal. In a rat model, a moderate degree of 
IAH caused not only a drop in mesenteric and intestinal perfusion but also resulted 
in bacterial translocation [ 20 ]. Increasing intra-abdominal pressure was directly 
related to markers of gut ischemia [ 19 ]. These fi ndings of decreased perfusion, intes-
tinal  ischemia, and bacterial translocation occurred in the context of normal cardiac 
output and mean arterial pressure. The patient with acute mesenteric ischemia, 
already at a physiological disadvantage, is particularly vulnerable to the  deleterious 
effects of increased abdominal pressure. The burgeoning ischemia of IAH, when 
relieved with second-look laparotomy, could lead to another cycle of ischemia–
reperfusion injury that will not complete manifestation until 24–48 h after the relapa-
rotomy, decreasing the utility of the second look and worsening bowel injury. 

 The AMI patient is not only particularly vulnerable to IAH but is particularly 
likely to develop the condition as is any patient undergoing emergency abdominal 
surgery – a third of whom will end up with the formal diagnosis of abdominal com-
partment syndrome [ 21 ]. The high prevalence of abdominal compartment syndrome 
(ACS) among acute care surgical patients is likely a consequence of the frequent 
need for fl uid resuscitation in this population. Crystalloid volumes of 10 L or greater, 
rates of 250 mL/kg, or the administration of more than 6 L in 6 h have all been asso-
ciated with a high risk of abdominal compartment syndrome [ 17 ]. In examining 
resuscitation to supranormal oxygen delivery parameters, Balogh et al. demonstrated 
a prevalence of either IAH or ACS of 58 % as well as an increase in visceral ischemia 
[ 22 ]. While the diagnosis of bowel ischemia predisposes the patient to IAH, intra-
abdominal hypertension in the surgical patient has been associated with bowel 
necrosis at laparotomy [ 21 ,  23 ]. 

 The clear benefi ts of second-look laparotomy, combined with the hazards posed 
by the development of intra-abdominal hypertension and the likelihood that such 
hypertension will develop, mandate careful consideration of maintenance of an 
open abdomen after laparotomy for acute mesenteric ischemia. Closure of the 
abdomen after laparotomy for AMI will increase the likelihood of intra-abdominal 
hypertension and worsened gut perfusion and possibly increase the subsequent 
necessity of additional bowel resection at second-look laparotomy. Delay of fas-
cial closure until completion of the second-look laparotomy minimizes the proba-
bility of IAH-related gut ischemia, allows a more liberal resuscitation protocol, and 
facilitates second-look surgery. 
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 The maintenance of an open abdomen after initial laparotomy for AMI is almost 
universally advantageous. Though the benefi ts of this strategy may be clear, the 
maintenance of the open abdomen and the eventual fi nal closure are its attendant 
challenges. Despite the nomenclature, the open abdomen requires some method of 
temporary closure in the interval between the initial and fi nal laparotomies, however 
separate in time those operations must be. Such temporary closure must accomplish 
several goals. First, it must provide coverage and protection of the viscera. 
Desiccation of the intra-abdominal contents must be prevented, particularly within 
the threatened bowel and anastomotic or staple lines. The obverse of this priority is 
the need to minimize insensible losses in the patient whose volume status is critical. 
Second, the temporary closure must allow for the maintenance of domain within the 
abdomen and prevent retraction of the fascial envelope. The preservation of domain 
as well as of the fascial edges is vital to eventual fi nal closure. Retraction of fascial 
edges occurs rapidly. Without the use of fascial bridging, the chances of successful 
primary closure fall to zero after only 96 h [ 24 ]. 

 Management of intra-abdominal fl uid collection and stagnation with an eye to 
contamination control is an additional requirement and must be balanced with 
the need to avoid desiccation of the viscera. Finally, the temporary abdominal 
closure must avoid intra-abdominal hypertension and abdominal compartment 
syndrome. Though this risk seems obviated entirely by an open abdominal strat-
egy, it is not [ 22 ].  

   Temporary and Permanent Abdominal Wall Closure 

 In the initial damage control experience, simple skin approximation was used for 
temporary abdominal closure; the resulting incidence of ACS led to the abandon-
ment of this practice [ 25 ]. Aside from this, skin approximation is a suboptimal 
method of interval closure for other reasons. It does not prevent fascial retraction, 
nor does it avoid early loss of domain. Its watertight nature, in addition to enabling 
the development of ACS, does not allow control or drainage of contaminated intra- 
abdominal fl uid and increases the risk of evisceration and skin necrosis. The com-
plication rate of skin closure, no matter what the method, can be as high as 36 %, 
and so this technique is generally no longer used [ 25 ]. Skin interposition methods, 
such as the mesh silo and the Bogota bag, are not watertight and thus avoid the 
problems associated with fl uid accumulation and stagnation such as ACS and infec-
tion. As these methods involve the sewing of an interposition material to the skin, 
and not the fascia, they do not prevent the latter from retracting. As such, rates of 
successful primary closure are generally poor. 

 The principle of interposition, however, may be applied to fascial apposition 
with signifi cantly better results than found with skin closure as regards successful 
primary closure. The suturing of a mesh to the fascial edges will allow for relief of 
abdominal pressure while preventing fascial retraction. While each material used 
for interposition is accompanied by its own advantages and disadvantages, several 
characteristics are fundamental to the technique. Because the intra-abdominal 
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v olume will increase in the days after the initial laparotomy, the interposition mesh 
should initially be signifi cantly redundant, allowing for expansion. As bowel edema 
resolves, the redundancy can be reduced with plication or, in the case of a Wittmann 
Patch, reclosed, as discussed below. Fascial separation can be addressed every 1–2 
days until primary closure can be achieved. If multiple relaparotomies are per-
formed, care must be taken to minimize trauma to the fascial edges, as weakening 
or fraying will make closure more diffi cult. With this in mind, relaparotomy is best 
performed by incision and subsequent reclosure of the mesh, rather than detachment 
and reattachment of the mesh to the fascia. 

 Initial mesh utilization was not to allow eventual primary closure but to encour-
age granulation over the viscera with eventual skin grafting. The massive ventral 
hernia was an accepted consequence of the method, which employed bioabsorbable 
mesh of either polyglactic or polyglycolic acid. These meshes were naturally very 
adherent to the adjacent bowel, and rates of enterocutaneous fi stula with absorbable 
mesh have been reported as high as 26 % [ 26 ]. The use of polypropylene, a 
 nonabsorbable mesh, improved the rate of primary closure but, being abrasive and 
adherent to visceral contents, failed to eliminate the formation of enterocutaneous 
fi stula [ 27 ]. The use of these adherent meshes for temporary closure mandates 
 interposition of the omentum between the mesh and the serosa, but this barrier does 
not eliminate the risk of either adherence or fi stula [ 28 ]. Expanded polytetrafl uoro-
ethylene is relatively nonadherent and therefore allows repeat laparotomy and 
exploration, but has unacceptably high rates of infection when not immediately 
covered with tissue and is not advocated in this context [ 28 ]. 

 The Wittmann Patch is a fascial interposition device that comes in two leaves 
with a “hook-and-loop” interface between the two. This allows both ease of 
re- exploration as well as ease of retightening, as the leaves come apart and readhere 
to each other easily. The Wittmann Patch is otherwise prone to the same complica-
tions as other interposition meshes, though with a substantially lower rate of fi stula 
formation [ 29 – 33 ]. 

 The creation of a vacuum pack dressing allows for control of intra-abdominal 
fl uid while preventing bowel adherence and is intended to be a temporary mea-
sure to allow primary fascial closure. The vacuum pack, as originally described 
by Brock et al., involves a plastic sheet with vents cut into it that is positioned 
across the entire visceral block, from paracolic gutter to paracolic gutter laterally 
[ 34 ]. Above this plastic is placed a layer of porous material, whether composed 
of laparotomy pads, operative towels, or gauze dressing. Within this layer are 
drains that will apply suction to the entire dressing. Over the porous layer is an 
outer, bioocclusive dressing that is secured to the skin of the fl anks, chest, and 
pelvis. The drains are placed to continuous low suction. This dressing achieves a 
temporary closure of the abdomen that controls and drains fl uid, allows for 
expansion, and protects the viscera. Adherence is prevented by the deepest plas-
tic layer. The dressing can be rapidly removed and placed for re-exploration. 
Two years after fi rst describing the negative- pressure closure, Smith et al. exam-
ined their four-year employment of the technique and found less than a 5 % 
incidence of fi stula formation and abscess formation with a primary closure rate 
of almost 70 % [ 35 ]. 

19 Second-Look Laparotomy, the Open Abdomen, and Temporary…



260

 The success of the negative-pressure method has spurred development of 
 commercial abdominal dressings. These combine the components of the created 
dressing in fewer components, but fundamentally retain the three layers of nonad-
herent plastic barrier with a porous suction layer and an occlusive top layer. These 
systems have thus far demonstrated a successful primary closure rate of about 65 %, 
with a fi stula rate of less than 3 % [ 36 ]. The best primary closure rates have been 
achieved with the use of fascial retention sutures. While the negative pressure has 
some purported ability to resist fascial retraction, there is no physical component of 
the dressing that actively opposes the process. The use of wide, low-tension reten-
tion sutures between fascial edges and above the deep plastic and porous layers but 
below the occlusive dressing compensates for this lack. 

 Once defi nitive surgical management of the intra-abdominal pathology has been 
accomplished, closure of the abdomen assumes primacy. The abdominal wall should 
be assessed at every dressing change for resolution of bowel edema and the ease 
with which the fascial edges may be approximated. The longer that an open  abdomen 
is maintained, the less likely it is that primary closure will be achieved. At least half 
of all open abdomens will be able to be closed primarily with either one-stage or 
serial closures; the remainder will require a planned ventral hernia [ 37 ]. 

 With rapid resolution of bowel edema, the ability to immediately close the 
abdomen may be possible. More often, serial closure must be pursued with 
delayed primary closure. This strategy involves stepwise approximation of fascial 
edges with sequential replacement of the initial mesh prosthesis with smaller 
bridges and eventual closure. Alternatively, as described above, the interposition 
mesh may be incised and reclosed in order to avoid repeat traumatization of the 
fascial edges. Excision and replacement of the mesh, however, possesses some 
advantages. With frequent removal and replacement, the adherence of the mesh to 
the underlying visceral block may be reduced. The short interval between exci-
sion and replacement negates the increased infection risk of expanded polytetra-
fl uoroethylene, a mesh with excellent resistance to adhesion. The hook-and-loop 
design of the Wittmann Patch is specifi cally designed to enable frequent decreases 
in the size of the interposition graft without any trauma to the fascia. If a negative-
pressure dressing is used with fascial retention sutures, any dressing change will 
require the removal of those sutures, which can be replaced in a manner that draws 
the fascial edges together in a serial manner. Finally, commercial systems employ-
ing “dynamic fascial closure” are available. These employ principles identical to 
serially replaced fascial retention sutures, but allow for redundancy to be elimi-
nated without repeated trauma to fascial edges. If a negative-pressure dressing is 
used without any fascial retention technique, the options for delayed primary clo-
sure are limited. 

 If neither primary closure nor delayed primary closure is possible, closure with a 
planned ventral hernia is a strategy that allows rapid resolution of the open abdo-
men. An interposition mesh of suitable size is used as a base for granulation, and 
when a suitable granulation bed is achieved, split-thickness skin grafting is per-
formed. A negative-pressure dressing can be used atop the mesh in order to speed 
granulation, as may wet-to-dry dressings with frequent dressing changes. Patients 
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may be maintained with the intentional ventral hernia while they recover from the 
effects of the inciting abdominal pathology. Critical illness is, of course, inherently 
detrimental to nutritional status, and the catabolic response may persist for up to 
2 years afterwards [ 38 ]. The nature of acute mesenteric ischemia and its treatment 
further predispose the patient to malnutrition. Repair of the ventral hernia, then, 
should be deferred until the patient is nutritionally robust in order to maximize the 
chances of success. 

 An alternative to delayed closure with planned ventral hernia is component sepa-
ration in order to achieve delayed primary closure. This procedure allows for imme-
diate fascial closure without the use of foreign material, reducing both the chance of 
infection and fi stula. It is a more complex and involved operation than planned 
ventral hernia, but its advantages are signifi cant. The operation involves raising sub-
cutaneous fl aps laterally and sagittal division of the external oblique fascia immedi-
ately lateral to the rectus sheath, after which the external oblique is dissected free of 
the underlying internal oblique as far laterally as possible. This allows for additional 
circumference, but if signifi cant tension still exists cranial to the arcuate line, the 
posterior rectus sheath may be incised in a similar manner, and the rectus dissected 
away from it. Component separation can yield up to 20 cm of additional circumfer-
ence and will often allow primary closure.  

   Conclusion 

 Despite signifi cant advances in diagnostic methods and technology, acute mesenteric 
ischemia remains an unpredictable disease process with devastating consequences 
for missed progression. No greater method for determination of threatened or non-
viable bowel and maximal preservation of bowel length has been found than 
 second-look laparotomy. Taken together with the incidence and sequelae of intra- 
abdominal hypertension and abdominal compartment syndrome, the pursuit of an 
open-abdomen strategy in the management of acute mesenteric ischemia demon-
strates signifi cant utility. With careful use of temporary closure techniques, primary 
closure or delayed primary closure is possible in a majority of patients, and alterna-
tive methods enable closure in the remainder.     
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    Chapter 20   
 Results of Open and Endovascular 
Revascularization for Acute Mesenteric 
Ischemia 

                Ramoncito     A.     David       and     Manju     Kalra     

         Acute mesenteric ischemia (AMI) accounts for only 1–2 per 1,000 hospital admissions 
but continues to be a highly complex clinical problem with a relatively high mortality 
rate [ 1 ]. In a population-based autopsy study, the incidence of thromboembolic occlu-
sion of the superior mesenteric artery with intestinal gangrene was 6.0 per 1,000 
deaths, with the diagnosis carrying a mortality of 93 % [ 2 ]. The problem was suspected 
antemortem in only one-third of patients. The mortality rate from AMI has declined 
only very moderately from 80–90 % in the 1970s to 60–70 % in the 1980s. This was 
largely attributed to a higher index of suspicion among clinicians, advances in radio-
graphic diagnosis, and an aggressive surgical approach with better perioperative care. 
However, following this, traditional treatment yielded no further improvement in 
mortality over the previous two decades [ 3 ,  4 ]. In order to further impact the grave 
outcome of AMI, an endovascular fi rst treatment paradigm has been championed over 
the last decade. Indeed, endovascular treatment does offer some defi nite advantages 
and has been utilized very effectively in the more elective treatment of chronic mesen-
teric ischemia (CMI). While it is being increasingly used for revascularization in AMI, 
the main drawback is that it does not allow for immediate assessment of intestinal 
viability, limiting its applicability to select patients in whom immediate laparotomy is 
not indicated [ 5 – 7 ]. In addition, personnel with advanced endovascular skills and an 
extensive inventory of endovascular devices and equipment may not be readily avail-
able in many facilities. It is, therefore, more ideally suited for patients presenting 
somewhat subacutely and without peritoneal signs. 
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   Contemporary Results of Open and Endovascular 
Revascularization 

 There are no randomized clinical trials of the treatment modalities for AMI, making 
it diffi cult to make valid comparisons. Because of the multiple confounding vari-
ables in the etiology, mode, and acuity of presentation and patient comorbidities, a 
systematic assessment of outcomes is not feasible. However, certain conclusions 
and treatment guidelines can be drawn from large single-center series as well as 
population-based registries in the literature. 

   Results from the US Nationwide Inpatient Sample 

 Based upon the data from the National Inpatient Sample (NIS) over the past decade, 
revascularization by endovascular means has surpassed open surgical bypass as the 
most frequently utilized method to treat CMI, while AMI continues to be treated 
with an open approach in most cases [ 8 ] (Fig.  20.1 ). In this study, Schermerhorn and 
associates reported a sevenfold increase in the number of mesenteric interventions 

  Fig. 20.1    Procedures performed for AMI from 1988 to 2006. Results from the US Nationwide 
Inpatient Sample (From Schermerhorn et al. [ 8 ], with permission)       
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since 1988 and a remarkable reduction in mortality from 13 % with open bypass to 
4 % with endovascular treatment for CMI and 28 % to 16 % for AMI respectively 
(Fig.  20.2 ). However, the signifi cant shortcomings of this analysis include the 
inability to characterize patients with subacute vs AMI and primary vs secondary 
interventions. Overall the incidence of open surgery in the setting of acute ischemia 
remained unchanged during the time period from 1995 to 2006 while the number of 
endovascular procedures continued to increase gradually, further attesting to the 
fact that these additional patients undergoing endovascular treatment may have pre-
sented subacutely.

    Among the patients undergoing open surgery, the incidence of embolectomy was 
49 %, and the mortality rate was also highest in this group at 49 %. Mortality in the 
bypass patients was slightly lower at 44 % [ 8 ] (Fig.  20.3 ). The 37 % incidence of 
bowel resection in the open group was higher than the 28 % in the endovascular 
group. Since overall mortality was proportionate to the need for bowel resection, it 
is not surprising that mortality was lower in the endovascular group; however, this 
lower need for bowel resection may also be an indicator of the less acute/severe 
AMI in the endovascular group. In spite of the obvious benefi ts and equivalent clini-
cal effi cacy attributable to the minimally invasive approach, the longer experience 
with treatment of atherosclerotic CMI has revealed that endovascular treatment is 

  Fig. 20.2    Mortality rates by method of revascularization from 1988 to 2006. Results from the US 
Nationwide Inpatient Sample (From Schermerhorn et al. [ 8 ], with permission)       

 

20 Results of Open and Endovascular Revascularization for Acute Mesenteric Ischemia



268

associated with similar mortality and more frequent restenoses, symptom recur-
rences, and re-interventions over time compared to open bypass, with up to one 
third of patients needing subsequent bypass [ 8 – 12 ].

      Mayo Clinic Experience 

 Our experience at the Mayo Clinic over the last two decades (1990–2010) with 
treatment of acute mesenteric ischemia is comprised of 111 patients, 20 of whom 
were treated by endovascular means [ 13 ,  14 ]. Clinical presentation, treatment, and 
outcomes were compared over the two decades. A prior history of symptoms of 
CMI was obtained in ~40 % of patients presenting with AMI, unchanged over the 
two decades. The relative incidence of arterial embolism and thrombosis also 
remained unchanged over the two decades (Fig.  20.4 ). A greater proportion (26 %) 
of patients underwent endovascular intervention in the latter decade. Embolectomy 
of the SMA remained the commonest operative procedure in the open group (>50 %) 
followed by mesenteric bypass (40–45 %). In the endovascular group, 22 mesen-
teric vessels were treated: 18 superior mesenteric arteries (SMA) and 4 celiac 

  Fig. 20.3    Mortality rates by method of revascularization from 1988 to 2006. Results from the US 
Nationwide Inpatient Sample (From Schermerhorn et al. [ 8 ], with permission)       
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arteries (CA), 18 with percutaneous angioplasty and stenting (PTA/S) and 4 with 
thrombolysis alone. Mechanical thrombectomy/thrombolysis was performed in 
four patients prior to PTA/S of the SMA. Femoral access was used in eight patients, 
brachial access in nine, and retrograde SMA access during laparotomy in three 
patients. As a testimony to the severity of AMI even in the endovascular group, 15 
of 20 patients underwent concomitant or subsequent exploratory laparotomy, with 
bowel resection in 14. In two patients, this was delayed for 48–72 h after percutane-
ous SMA revascularization when peritoneal signs developed. Seven patients under-
went a second-look laparotomy with further bowel resection in 29 % [ 13 ] (Fig.  20.5 ). 
The incidence of bowel resection was 41 % in the open group, with further resection 
at the second-look laparotomy in 22 %.

    Our overall 30-day mortality rate from treatment of AMI over the last two 
decades improved slightly from 27 % in the 1990s to 17 % during the 2000s. 
Mortality following endovascular treatment was 25 % overall, 23 % in the recent 
decade, and 33 % in the preceding 10 years. This is not signifi cantly different from 
an overall 20 % mortality in the 91 patients undergoing open revascularization over 
the same time period: 15 % in the 2000s and 26 % in the 1990s (Fig.  20.6 ). We 
hypothesize that the decrease in 30-day mortality is, at least in part, related to an 
increased use of second-look laparotomy. Comparing the two decades spanning this 
study, the number of patients undergoing a second-look operation has signifi cantly 
increased from 48 to 80 % ( P  = 0.003) in the contemporary cohort with ~28 % hav-
ing necrotic bowel requiring resection at second look. This is in contrast to nation-
wide trends that show the number of patients undergoing a second-look operation 
has remained the same or has decreased, with only a fraction of patients operated on 
for AMI undergoing a second-look procedure [ 15 ,  16 ]. We feel strongly that the vast 

  Fig. 20.4    Trends in the presentation, diagnosis, and treatment of AMI through the 1990s and 
2000s. Mayo Clinic experience (From Ryer et al. [ 13 ], with permission)       
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majority of patients should undergo a second-look laparotomy because assessment 
of the full extent of visceral ischemia is unreliable at the initial surgery, even when 
intraoperative Doppler ultrasonography and intravenous fl uorescein are utilized (in 
this series both were utilized in ~28 % of cases). This is likely due to the fact that in 
AMI the serosa often appears viable despite infarction of the underlying intestinal 

  Fig. 20.5    Rates of laparotomy and bowel resection in open versus endovascular revascularization 
for AMI. Mayo Clinic experience (From Ryer et al.,[ 13 ], with permission)       

  Fig. 20.6    Morbidity and mortality following revascularization for AMI. Mayo Clinic experience 
(From Ryer et al.,[ 13 ], with permission)       
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mucosa [ 16 ]. Therefore, a second-look exploration is the only way to establish the 
full extent of nonviable bowel. Despite this small improvement in mortality, AMI-
associated morbidity and length of hospitalization continued to be substantial. A 
major postoperative complication occurred in 47 % of patients, and average length 
of stay exceeded 20 days (mean 24 ± 17 days) with no signifi cant improvement in 
either of these parameters throughout the 20-year period.

      Contemporary Single-Center Series 

 Our contemporary results compare favorably with other reports from large tertiary 
care centers. For example, a recent report from Kougias et al. evaluated 72 patients 
who underwent open arterial revascularization by a variety of techniques. The 
30-day mortality rate was 31 % and advanced age was predictive of mortality on 
multivariate analysis [ 17 ]. Similarly, Edwards et al. reviewed 41 patients with AMI 
undergoing traditional revascularization and two patients being treated with visceral 
angioplasty and stenting. They reported a 62 % perioperative mortality [ 18 ]. Lastly, 
Endean et al. [ 19 ] [ 17 ] reported on 43 patients with arterial AMI. All patients under-
went traditional open revascularization with a reported 60 % perioperative mortality 
rate [ 20 ]. A common theme among these reports, as well as ours, is that advanced 
age and visceral ischemia with need for bowel resection are predictors of poor out-
come. The lack of signifi cant superiority of endovascular treatment in severe AMI 
is probably due to the often delayed presentation of these patients to tertiary referral 
centers with more prolonged ischemia time. The need for urgent assessment of 
intestinal viability and resection often renders endoluminal therapy alone less fea-
sible. Undoubtedly, the number of endovascular interventions for AMI will continue 
to increase in the future. This fact is highlighted by a recent publication from Arthurs 
et al. in which 56 AMI patients underwent endovascular treatment with a high suc-
cess rate (47/56) and a lower in-hospital mortality compared to open revasculariza-
tion (36 % vs 50 %,  P  < 0.05), although overall mortality remained considerable [ 6 ]. 
This is explained by the high laparotomy rate following endovascular intervention, 
virtually identical to our rate of 71 %, attesting to the truly acute and not subacute 
presentation of patients in this series (Table  20.1 ).

      Population-Based Registry Results 

 While the transition to a more endovascular-based approach to AMI has been 
slower to supplant open bypass as the standard of care in North America, studies 
based on the Swedvasc registry have shown a relatively positive experience. Block 
et al. identifi ed all the patients from this registry who underwent SMA revascular-
ization between 1999 and 2006 and found that at 28 hospitals, 121 open and 42 
endovascular procedures were performed [ 19 ]. Overall, the trend has swayed 
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toward more endovascular revascularizations with a sixfold increase in the endo-
vascular approach by the end of the study. When comparing the two groups of 
patients, it was noted that the endovascular group had a higher incidence of throm-
botic occlusion ( P  < .001) and abdominal angina ( P  = .042), and the open group a 
higher incidence of atrial fi brillation ( P  = .031) and presumably embolic occlusion. 
As with the NIS study from the USA, the authors were not able to reliably differen-
tiate between subacute and AMI and in fact noted that patients with symptoms of 
CMI were included if they presented with more acute onset of abdominal pain. 
Outcomes were better for the endovascular group with 30-day and 1-year mortality 
rates of 42 % versus 28 % ( P  = .03) and 58 % versus 39 % ( P  = .02) for open versus 
endovascular revascularization. Furthermore, rates of bowel resection ( P  < .001) 
and short bowel syndrome ( P  = .009; hazard ratio 2.6) were lower for the endovas-
cular group compared with the open group, confi rming the decreased severity of 
initial illness in the former [ 21 ]. For patients presenting with embolic SMA occlu-
sion, the 30-day mortality rates after endovascular versus open revascularization 
were similar, 33 % versus 37 % respectively. On the contrary, for patients with 
thrombotic SMA occlusion, mortality was signifi cantly lower following endovas-
cular revascularization versus open surgery, 23 % versus 56 %. These results are 
likely a consequence of patient selection bias dependent upon differences in the 
severity of ischemia at the time of presentation as evidenced by the signifi cantly 
lower rate of laparotomy (55 % vs 100%,  P  < 0.001) and bowel resection (19 % vs 
63 %,  P  < 0.001) in the endovascular group overall. No doubt patients with severe 
ischemia and suspicion of bowel compromise underwent immediate laparotomy, 
while the ones with a more insidious presentation underwent endovascular inter-
vention and selective laparotomy. As evidence to this fact, the same authors noted 
in an earlier communication that patients with embolic occlusion were intervened 
upon at a mean of 30 h from the onset of symptoms compared to 97 h in patients 
with SMA thrombosis [ 22 ].   

   Table 20.1    Contemporary results for open and endovascular repair of AMI   

 No. of patients  Mortality % ( p  value) 

 Author (year)  Open  Endo  Open  Endo 

 Arthurs et al. (2011)   14  56  50  36 ( p  < 0.05) 
 Ryer et al. (2011)   49  17  15  23 ( p  > .05) 
 Block et al. (2010)  121  42  42  28 ( p  < .02) 
 Wyers et al. (2007)    5  8 (6 hybrid)  80  100 (percutaneous) 

 17 (hybrid) 
 Kougias et al. (2007)   72   0  31  – 
 Edwards et al. (2003)   41   2  62  – 
 Endean et al. (2001)   43   0  60  – 
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   Results of Newer Techniques 

   Thrombolysis for SMA Occlusion 

 Acosta et al. again reporting from the Swedvasc registry have demonstrated that 
thrombolysis can be an effective form of treatment in select patients with acute 
occlusion of the SMA. Between 1987 and 2009, 34 patients underwent thromboly-
sis of the mesenteric vessels. Out of these patients, none had presented with acute 
peritonitis, and most ( n  = 32, 94 %) were diagnosed radiographically with a CT 
angiogram. Successful recanalization of the mesenteric vessels was achieved in 30 
patients (88 %). Complications included bleeding in 6 patients, none of which 
required blood transfusions, cessation of thrombolysis, or surgical intervention. 
Ultimately, 13 exploratory laparotomies needed to be performed with 10 repeat 
laparotomies and 8 bowel resections. In-hospital mortality rate was 26 % ( n  = 9). Of 
note, embolic occlusion made up the majority of the patients included in this study, 
accounting for 28 of the 34 patients (82 %) [ 23 ]. Though these results may not be 
applicable to all patients with AMI, patients with thrombotic SMA occlusion and 
those diagnosed early with acute embolic occlusion may be good candidates for 
thrombolysis especially if they would not tolerate an open procedure well [ 24 ].  

   Hybrid Mesenteric Revascularization 

 Finally, in patients with severe AMI requiring immediate revascularization and 
potential resection of nonviable bowel, a hybrid procedure with retrograde SMA 
intervention through the artery distal to the occlusion during laparotomy is an ideal 
approach. First reported by Wyers et al., it has the advantage of expeditious SMA 
stenting with technically much easier in-line retrograde access and no delay in attend-
ing to the bowel [ 25 ]. Some small series have published on this approach and reported 
up to 100 % technical success rates and mortality rates as low as 0–17 % [ 25 – 27 ]. It 
has become our preferred method of mesenteric revascularization in patients requir-
ing immediate laparotomy, reserving the percutaneous approach for patients in whom 
a laparotomy can potentially be avoided. In order to validate this, we recently com-
piled a multicenter US experience with this treatment modality in 54 patients over 13 
years and reported a technical success rate of 98 % and mortality of 41 % [ 28 ].   

   Long-Term Outcome 

 There is no doubt that in these patients with this grave problem and signifi cant 
comorbidities, further mortality beyond 30 days is not insignifi cant. Long-term sur-
vival in our initial series was low at 43 % and 32 % at 1 and 3 years respectively 
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with further attrition due to short bowel syndrome early on [ 14 ]. This did show 
improvement in the subsequent decade to 51 % but did not reach statistical signifi -
cance [ 13 ] (Fig.  20.7 ). Although there were 36 late deaths among 111 patients over 
a mean follow-up of 2.6 ± 3.4 years, the mean age at death was 70.9 ± 13 years and 
occurred 2.6 ± 2.4 years following their presentation with AMI. The exact cause of 
death could not be determined in two-thirds patients, but only one patient was 
known to have abdominal complaints at the time of death. In the Swedvasc registry, 
mid-term survival at 1 year after endovascular treatment was better than after open 
surgery (62 % vs 41 %; log rank,  P  = 0.02).

      Conclusion 

 In summary, morbidity and mortality from acute mesenteric ischemia remain high. 
There has been a modest improvement in survival over the last two decades despite 
an aging patient population, likely due to the more liberal use of second-look lapa-
rotomy. Embolic etiology, bowel infarction at presentation, and markers of general-
ized atherosclerosis are predictors of poor outcome, while a history of chronic 
mesenteric ischemia is associated with better outcome. Revascularization by endo-
vascular means has increased in the last decade and is promising, with further 
improvement anticipated with advances in technology, availability of a wider array 
of smaller profi le devices with ability for rapid exchange, as well as embolic 

  Fig. 20.7    Long-term survival following revascularization for AMI. Mayo Clinic experience 
(From Ryer et al. [ 13 ], with permission)       
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protection devices. Careful patient selection, procedure planning, and meticulous 
technique, as well as the liberal use of the hybrid technique with retrograde approach 
will likely lead to further improvements in the results of endovascular treatment of 
AMI. The key points for improving overall outcomes in the future are maintaining 
a high index of suspicion, prompt diagnosis and treatment by appropriate means, be 
this open or endovascular, and early and repeated assessment of the bowel.     
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    Chapter 21   
 Medical Management of Short Bowel 
Syndrome and Nutritional Support 

             Jithinraj     Edakkanambeth Varayil      and     Ryan     T.     Hurt     

         Acute mesenteric ischemia is a complex and diffi cult disease process. The results of 
ischemia are related to the presence of intestinal infarction and underlying causes of 
vascular compromise. Overall survival has not signifi cantly changed in the past three 
decades with perioperative mortality being approximately 50 % [ 1 ]. In patients sur-
viving multiple intestinal resections following the initial ischemic event, patients 
may develop short bowel syndrome (SBS). SBS can result in severe fl uid, electro-
lyte, and vitamin defi ciencies [ 2 ]. The most important factor in the care of patients 
with mesenteric ischemia and the resulting SBS is the management of their underly-
ing comorbidities and nutritional defi ciencies. Currently in the United States, the 
incidence of severe SBS is estimated to be 1–2 per 100,000 inhabitants per year [ 3 , 
 4 ]. There is still some confusion about the long-term outcomes and management of 
SBS. Over the past few decades, several advances have been made in the fi eld of total 
parenteral nutrition (TPN) and home parenteral nutrition (HPN) to improve the out-
comes of these patients and improve their quality of life. The purpose of this chapter 
is to describe short bowel syndrome and discuss the medical management of SBS. 

   Defi nition of Short Bowel Syndrome 

 There is no consensus in the literature for the defi nition of SBS. The average length 
of the adult human small intestine is approximately 600 cm, as calculated from 
studies performed on cadavers [ 5 ]. SBS can be defi ned as a global malabsorption 
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syndrome due to insuffi cient absorptive capacity and/or disturbed gastrointestinal 
regulation resulting from extensive small bowel resections [ 5 – 7 ]. SBS may occur 
after resection of more than 50 % and is obligatory after resection of 70 % of the 
small intestine or if less than 100 cm of small bowel remains [ 8 ]. SBS is character-
ized by the inability to maintain protein-energy, fl uid, electrolyte, or micronutrient 
balances when on a conventionally accepted, normal diet. SBS is not uniformly tied 
to a specifi c length of bowel, and the survival depends on the adaptability of the 
remaining small intestine [ 7 ,  9 ]. The successful clinical management of SBS 
requires a fi rm understanding of the pathophysiology of SBS. For example, the 
absolute length does not always correlate with the clinical scenario, and the amount 
of functional bowel might be much lower than the documented length.  

   Signs and Symptoms 

 Symptoms of SBS are mainly dependent on the anatomical site of the bowel resec-
tion. Irrespective of that, diarrhea and steatorrhea predominate in the early phase of 
SBS. Other possible symptoms may include weight loss, fatigue, edema (usually of 
the feet and legs), cramping, and bloating. Chronic diarrhea may result in dehydra-
tion which may present as light-headedness or dizziness, dry mouth, fatigue, dark- 
colored urine, and low blood pressure. Loss of the duodenum is associated with 
malabsorption of various macro- and micronutrients [ 10 ]. Proximal bowel is also 
the site of specifi c gastrointestinal hormone production such as gastrin, cholecysto-
kinin (CCK), secretin, and motilin [ 11 ]. Secretin and CCK production have been 
shown to be decreased in severe cases of SBS further diminishing absorption. 
Diarrhea results from a reduction in the absorptive surface area, decreased transit 
time, increased osmolality, bacterial overgrowth, and fl uid hypersecretion from the 
stomach and small and large intestine [ 6 ].  

   Types of Short Bowel Syndrome 

 In an average adult, the duodenum measures approximately 20 cm, jejunum 300 cm, 
and ileum is about 400 cm. The ileum has a functional length almost twice as that 
of the jejunum. Various diverse symptoms are produced when different areas are 
affected. Based on the location of ischemia and the length of the remaining bowel, 
SBS can be divided into three types:  type I  (end-jejunostomy),  type II  (jejunocolic 
anastomosis), and  type III  (jejunoileal anastomosis). The management of SBS 
depends on the type of SBS and the overall length of remaining small intestine. 
Compared with type I SBS, type II SBS anatomy is equivalent to approximately 
30 cm of additional small intestine, and the type III anatomy is equivalent to having 
an additional 60 cm of small intestine (Fig.  21.1 ) [ 5 ]. Different types of SBS 
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produce different symptoms and thus distinct consequences. Removal of the duode-
num and jejunum causes defects in macronutrient and electrolyte absorption. This 
further reduces the secretion of mucosal hormones and results in pancreatic insuf-
fi ciency. Removal of a signifi cant part of the ileum affects bile acid absorption and 
leads to biliary diarrhea and also causes steatorrhea .  The ileal resection affects 
absorption of various vitamins and macronutrients. Furthermore, ileal resection also 
shortens intestinal transit times, magnifying the absorptive defect. A combined 
resection of the small intestine and colon usually causes severe dehydration and 
sodium and potassium depletion because of decrease water absorption.    Furthermore, 
colonic salvage, where bacterial fermentation of carbohydrate fi ber produces short- 
chain fatty acids, can be helpful in the absorption properties of the remaining colon 
gaining up to 500 additional calories per day. Preservation of at least 50 % of the 
colon reduces morbidity and mortality after massive small intestinal resection.

   Intestinal adaptation depends on multiple factors, including the extent and site of 
intestinal loss or dysfunction, the function of the remaining small bowel and associ-
ated digestive organs, the presence of the ICV and thus terminal ileum and colon, 
and the amount of time that has elapsed since resection. The adaptive process begins 
within 12–24 h after resection and continues for 1–2 years [ 5 ,  12 ,  13 ]. The process 
of adaptation involves the lengthening, dilation, growth of villi, deepening of the 
crypts, and enterocyte hyperplasia [ 14 ]. The combined effect of all of these mecha-
nisms increases the surface area and enhances the absorption of nutrients and elec-
trolytes (Fig.  21.2 ). Loss of the duodenum or the terminal ileum, in particular the 
ileocecal valve, impairs absorption much more than loss of other parts of the small 
bowel. Both the duodenum and the ileocecal region possess specifi c absorptive 

  Fig. 21.1    The three types of SBS after surgical resection: type I (end-jejunostomy), type II 
(jejunocolonic anastomosis), and type III (ileocolonic anastomosis)       
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functions and play a crucial role in the regulation and integration of postprandial 
gastrointestinal motility and secretion. The ileum better compensates for jejunal 
loss; the jejunum in contrast is less adaptable to the loss of the ileum [ 9 – 11 ,  15 ]. 
However, any adaptive mechanism can be overwhelming, and adaptation can be 
inadequate if too much small bowel is lost. Although length alone is not the only 
determining factor of complications related to small bowel resection, resection of 
up to 70 % of the small bowel is usually well tolerated if the terminal ileum and 
ileocecal valve are preserved.

      Phases of Short Bowel Syndrome 

 The clinical phase of SBS can be divided into three phases: early phase, interme-
diate phase, and late phase. The early phase (fi rst few days after the resection) is 
mainly characterized by watery diarrhea resulting in dehydration, hyponatremia, 
hypokalemia, hypocalcemia, and hypomagnesemia. An intermediate phase occurs 
from 1 week to approximately 1 year during which intestinal adaptation occurs. 
During the late phase, after maximal intestinal adaptation has been achieved, 
weight often stabilizes. After surgery, fl uid losses may exceed 5 L/day, especially 
with concomitant colectomy [ 16 ,  17 ]. Gastric hypersecretion evokes intestinal 
mucosal damage, impaired micelle formation, and inhibition of pancreatic 
enzyme function.  

  Fig. 21.2    This fi gure shows the lengthening, dilation, growth of villi, deepening of the crypts, and 
enterocyte hyperplasia during intestinal adaptation. The left side of the fi gure shows an intestinal 
epithelium before adaptation; the right side shows an intestinal epithelium after adaptation       
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   Treatment of Short Bowel Syndrome 

    The management of SBS is different in the three phases. The management in the 
early phase involves intensive postoperative care and revolves around control and 
treatment of sepsis, maintenance of fl uid and electrolytes, and nutritional support. 
The management in the intermediate phase is to initiate nutritional support (enteral, 
parenteral, and oral) with the goal of maximizing intestinal adaptation. During the 
late phase, no further improvement in nutrition can be achieved, and this time the 
goal is to provide adequate nutrition and prevent complications. The summary of 
management of SBS in all three phases is given in Table  21.1 .

     Nutritional Strategies 

 Optimizing and maintaining nutritional status is important for adaptation subsequent 
to surgery, and it is central to long-term survival. Most patients in the early phase 
require total parenteral nutrition (TPN). TPN and home parenteral nutrition (HPN) 
might be required in the intermediate and late phases too. Prior to the introduction of 
PN in the early 1970s, most patients with SBS died of severe malnutrition, dehydra-
tion, and weight loss. The 1- and 5-year survival of patients on TPN ranges from 
91 % to 97 % in adults. Nutritional strategies include dietary modifi cation, optimiz-
ing TPN and initiating enteral nutrition, and oral feeding when possible. 

   Table 21.1    Management strategies         

 Early phase 
 Treat postoperative complications 
 Diet modifi cation to limit the output, diarrhea 
 ORS 
 Document the remaining bowel length 
 Assess the need for TPN/HPN 

 Intermediate phase 
 Pharmacotherapy (choice depends on the type of SBS) 
 Diet modifi cation, ORS 
 Train for long-term TPN, set goals for weaning HPN 
 Assess bowel adaptation 

 Late phase 
 Monitor for QOL on HPN 
 Prevent complications on HPN 
 Other treatment options 
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   Dietary Modifi cations 

 The proximal small bowel receives approximately nine liters of water and electro-
lytes daily from various sources, of which 90 % are reabsorbed. This reabsorption 
is signifi cantly impaired in SBS patients. Thus, a substantial dietary modifi cation is 
necessary in these patients to prevent diarrhea and dehydration [ 18 ]. It is a general 
opinion that polyphagia is required to meet the excess output from the gastrointes-
tinal tract, but the authors propose that it is more important to choose the right type 
of food with low osmolarity to decrease the output. For most patients suffering from 
SBS, dietary strategies include small portions of frequent meals consisting of com-
plex carbohydrates (40–60 % of the total energy requirement) and protein (20–30 % 
of the total energy requirement) while limiting simple sugars. In SBS patients, 
drinking regular water, juice, or sports drinks will also worsen the diarrhea. Liquids 
that have a high concentration of sugar and salt will cause osmotic fl uid shift to the 
intestinal lumen. The additional fl uid in the lumen will exacerbate the diarrhea and 
worsen the dehydration [ 6 ]. A list of food items and drinks that are recommended to 
be avoided by SBS patients is presented in Table  21.2 . Proper guidance and recom-
mendations should be provided to all patients with SBS to decrease diarrhea and 
improve symptoms. When a particular drink cannot be completely avoided, often 
diluting it with water can be recommended. For example, dilution of one cup of 
cranberry juice or regular soda with two cups of water can decrease the concentra-
tion of the drink considerably and provide a favorable osmolarity profi le. Water, tea, 
coffee, and diet soda pop are considered as “free water” and should also be avoided 
by SBS patients. Because these fl uids have small amounts of sodium, the sodium 
from the bloodstream moves into the intestinal lumen causing water to follow wors-
ening diarrhea [ 6 ]. The diet requirements and recommendations may also vary with 
different types of SBS. SBS type II and type III patients with intact colon can be fed 
higher proportions of complex carbohydrates and medium-chain triglycerides. 
Oxalate restriction is also advised in these patients [ 19 ,  20 ]. SBS type I patients with 
the colon removed do not require an oxalate restriction and can be fed long-chain 
triglycerides and complex carbohydrates.

   Table 21.2    List of common fl uids that might exacerbate the fl uid output in SBS patients   

 Fruit juices 
 Regular soda pop 
 Nutritional supplements such as Boost™, Boost Plus™, Boost Breeze™, Carnation Instant 
Breakfast™ (including sugar-free Carnation Instant Breakfast™) in powder form, Enlive™, 
Ensure™, Ensure Plus™, Glucerna Shake™, Resource™, Resource™ Fruit Beverage, 
Sportshake™ 
 Fruit drinks such as Hi-C™, SunnyD™, Tang™ 
 Sports drinks such as Gatorade™ or Powerade™ 
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      Oral Rehydration Solution 

 Oral rehydration solution (ORS) is a scientifi cally formulated blend of carbohy-
drates, salts, and water developed to treat dehydration. ORS works by effectively 
controlling the primary water absorption through osmosis. The effectiveness of 
ORS improved when the polymers of glucose in the ORS were replaced by various 
forms of simple glucose. Rice powder/rice syrup has been shown to effectively 
replace the standard glucose in ORS [ 6 ]. This change decreased the osmolarity of 
the ORS and increased the ratio of glucose to sodium. In the authors’ clinical prac-
tice, ORS plays an integral part in the treatment of high stomal outputs of patients 
with SBS. Over the years, it has been realized that with adequate dietary strategies 
and improved ORS use, it is possible to avoid turning to parenteral solutions to 
maintain fl uid. The details of the WHO recommended formula for preparing ORS 
is presented in Table  21.3 . Electrolyte details and osmolarity of some of the com-
mercially available ORS preparation are presented in Table  21.4 . Despite these oral 
restrictions and recommendations, patients with severe SBS often still require par-
enteral rehydration with daily runs of intravenous saline.

       Home Parenteral Nutrition 

 Total parenteral nutrition (TPN) is vital in the early phase of SBS treatment. TPN is 
also required in many SBS patients during the intermediate and late phases. If 
required during the intermediate and late SBS phases, patients can go home on PN 
[ 21 ]. It is essential that the home parenteral nutrition (HPN) is administered by a 
multidisciplinary team of nutrition experts. HPN aims both to prevent and restore 
nutritional defi cits while minimizing the complications related to the therapy itself. 

   Table 21.3    Various electrolyte contents, sugar contents, and osmolarity of commercial ORS 
solution   

 Solution 
 Type 
of sugar 

 Carbo-
hydrates 
(g/L) 

 Sodium 
(mEq/L) 

 Potassium 
(mEq/L) 

 Magnesium 
(mEq/L) 

 Osmolarity 
(mOsm) 

 WHO ORS  Glucose  20  90  20   0  330 
 Pedialyte®  Dextrose, 

acesulfame 
 25  45  20   0  250 

 CeraLyte 
75® 

 Rice syrup 
solids, rice 
syrup 

 40  75  20   0  <250 

 CeraLyte 
90® 

 Rice syrup 
solids, rice 
syrup 

 40  90  20   0  <275 

 DripDrop®  Sucrose, 
fructose, 
sucralose 

 33  60  20  13.7  235 
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When sending a patient on HPN, it is essential to ensure that the benefi ts will 
 outweigh the associated risks [ 21 ]. In addition, it is important to identify small 
intestine adaptation (e.g., less fl uid and calorie requirements) and make necessary 
changes in the HPN infusate. One of the most important decisions with initiation of 
HPN is to determine duration of the intended therapy and taking necessary steps to 
reach this goal. This will guide the HPN team and patients in realistic expectations 
for a time frame for weaning off HPN. Furthermore, this can serve as a guide for 
providing proper training techniques and choice of central venous access devices. 
For short- term (6 weeks) TPN and eventually HPN, a peripherally inserted central 
catheter (PICC) can be used. Usually, when the HPN is required for more than 6 
weeks, a single lumen Hickman® or implanted port is more ideal. PICC lines carry 
a greater risk of thrombosis and catheter-related blood stream infection probably 
due to multiple lumens, smaller diameter, and greater overall length. Some advan-
tages of a port are minimal alteration in body image, no concern for accidental pull-
ing or cutting of the device, and ability to swim in lakes. However, when removal is 
needed, ports have to be surgically removed. It is for this reason that many of the 
specialized centers managing HPN use single lumen Hickman® catheter. 

 Complicated cases of SBS that were previously thought to be terminal because 
of the extremely short bowel are now manageable with HPN. With the introduction 
of small portable pumps equipped with infusion rate monitors, it is now possible to 
administer HPN at night over shorter periods of time (12 h instead of 24 h), giving 
patients the freedom from being connected for 24 h. This has led to more indepen-
dence with the ability to maintain employment, travel, and live at home instead of 
skilled nursing facilities. There is some diffi culty in capturing and defi ning QOL in 
HPN patients. This is because it is diffi cult to determine the impact on QOL from 
symptoms related to the primary disease vs HPN. Although there are numerous 
complications of HPN (e.g., infection, thrombosis, liver disease, and metabolic 
bone disease), for many SBS patients it is lifesaving.   

   Pharmacologic Treatments 

 One of the main complaints in patients with SBS is diarrhea due to rapid transit. 
Pharmacological agents can be used in SBS patients to slow down the small intes-
tine’s transit time. These agents can be divided into subgroups based on their 

   Table 21.4    Modifi ed WHO ORS recipe   

 Baking soda (sodium bicarbonate) – ½ teaspoon 
 Salt substitute (potassium chloride) – ¼ teaspoon 
 Table salt (sodium chloride) – ½ teaspoon 
 Sugar (sucrose) – 2 tablespoons 
 Tap water – add enough to make 1 l 
  Tip : patients can be recommended to fl avor it with sugar-free drink mixes and artifi cial sweeteners 
to improve the taste 
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mechanisms of action including antidiarrheals, antisecretory, and growth factors. A 
combination of these three general classes may be needed to achieve optimal results 
in SBS patients. A list of common drugs used in SBS patients, their recommended 
dosage, and common side effects is presented in Table  21.5 .

     Antidiarrheal Medications 

   Loperamide 

 Loperamide decreases rapid transit through reduction of circular and longitudinal 
muscle activity by activation of opioid receptors [ 22 ]. In addition, loperamide may 
decrease pancreatic and gastric acid secretions which might potentially reduce the 
intestinal fl uid volume. Loperamide is normally absorbed through the enterohepatic 
circulation. Because the enterohepatic circulation can be altered in SBS, higher 
doses are often required to achieve the same effects compared to patients with nor-
mal gastrointestinal function [ 23 ]. SBS patients can take up to 4 capsules before 
meals and at bedtime (16 capsules = 32 mg). One strategy is to open the capsules 
and mix them with sugar-free applesauce 30 min prior to meals and at bedtime. The 
main side effect of loperamide in higher doses is nausea. Because of the low inci-
dence of side effects, loperamide is typically the fi rst medicine used to slow down 
the increased transit time in SBS.  

   Diphenoxylate-Atropine 

 Like loperamide, diphenoxylate-atropine is an antidiarrheal agent that decreases 
intestinal transit time through opioid receptors in the small bowel [ 24 ]. 
Diphenoxylate-atropine is commonly used alone or in combination with other 

   Table 21.5    Various drugs, recommended maximum dosage, and adverse effects   

 Drug 
 Maximum recom-
mended dosage  Adverse effects 

 Loperamide  32 mg/day  Nausea, toxic megacolon, angioedema 
 Diphenoxylate- 
atropine  

 30 mg/day  Confusion, dry mouth, lethargy, dizziness, 
drug dependence 

 Tincture of opium  0.24 ml/day  Dizziness, seizure, painful urination, nausea 
 Octreotide  1,500 mcg/day  Cholelithiasis, ascending cholangitis, 

pancreatitis, syncope 
 Clonidine  0.2–0.4 mg/day  Orthostatic hypotension, arrhythmias, 

angioedema, syncope, bradycardia 
 Glutamine  5 g, six times daily  Hepatotoxicity, nephrolithiasis, edema, 

nausea, insomnia 
 Teduglutide  0.05 mg/kg/day  Bowel obstruction, pancreatitis, nausea, 

headache, potential growth of existing 
neoplasms 
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medications (such as loperamide and tincture of opium) to help decrease stool 
output and thus transit time. The typically dosing for SBS patients is one to two 
tablets to be taken before meals and at bedtime with a maximum dose of 30 mg/day. 
Like loperamide, it is recommend that patients crush the tablets and mix them with 
applesauce 30 min prior to meals and at bedtime. This opening of capsules and 
crushing of tablets enhance the absorption of the medications. The main limiting 
factor with diphenoxylate-atropine is the anticholinergic central nervous side 
effects. These include but are not limited to confusion, dry mouth, lethargy, and diz-
ziness. In addition to the central side effects, there is increased risk of dependence 
and overdose [ 25 ]. If diphenoxylate-atropine is abruptly stopped, some patients 
may experience symptoms of withdrawal. After SBS patients obtain maximum 
doses of loperamide (4 capsules 4 times a day = 32 mg), diphenoxylate-atropine 
may be added and titrated for effect.  

   Opioids 

 Opioids are the most potent antidiarrheal medications used in the treatment of SBS 
patients. Like other antidiarrheal medications, opioids will decrease gastrointestinal 
transit time. Examples of opioid-based narcotics used in SBS patients include par-
egoric, tincture of opium, and codeine phosphate [ 26 ]. The dosing of tincture of 
opium is 0.6 ml four times a day. Because of the poor taste, it can be mixed with 
orange juice. Codeine phosphate may be given as 30 mg tablets (1–2 tablets q 6 h as 
needed) [ 27 ]. Once SBS patients have reached maximum doses of loperamide and 
diphenoxylate-atropine, opioids can be added. There has been a synergistic effect 
reported between opioids and other antidiarrheals such as loperamide and 
diphenoxylate- atropine. The main side effects of these medications are central 
including nausea, dizziness, and drowsiness. The side effects of slowed transit time 
and constipation are how these medications offer a benefi t in SBS patients [ 28 ]. 
These are controlled agents and there is risk of dependence and overdose. Ordering 
providers must be cautious and decrease doses as bowel adaptation and enhanced 
absorption occurs in SBS patients as small intestinal obstruction can occur.   

   Antisecretory Medications 

   Octreotide 

 Octreotide is a somatostatin analog which will inhibit serotonin, vasoactive inhibi-
tory polypeptide (VIP), and gastrin to decrease stool output [ 29 ]. Use of octreotide 
in SBS patients reduces fl uid and electrolyte output. Octreotide can be given sub-
cutaneously or intravenously with the dosing being as high as 1,500 mcg/day (500 
mcg TID) [ 30 ]. The main side effects of octreotide are cholelithiasis, ascending 
cholangitis, pancreatitis, and syncope [ 31 ]. These severe side effects in addition to 
the high cost have limited the use of octreotide in SBS. If it is used after 
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antidiarrheal strategies have been maxed (loperamide, diphenoxylate-atropine, and 
tincture of opium), a short trial of octreotide (48 h) can be performed. If there is no 
additional benefi t, then it can be discontinued as it is unlikely to be effective.  

   Clonidine 

 Clonidine, an alpha-adrenergic agonist, is commonly used as an antihypertensive 
agent. It has been shown to have antidiarrheal properties through the alpha-2 stimu-
lation of the receptors on the enterocytes which promotes fl uid and electrolyte 
absorption [ 32 ]. This can lead to reduced intestinal fl uid loss by stimulating small 
bowel fl uid absorption and inhibiting anion secretion. A dosing of 0.1–0.2 mg orally 
twice a day has been shown to decrease fl uid loss in high output SBS patients. There 
is a transdermal form which has its advantages in SBS patients who have poor oral 
absorption of medications. The main side effects of clonidine are severe orthostatic 
hypotension (in patients already prone to dehydration), arrhythmias, angioedema, 
syncope, and bradycardia [ 33 ]. Caution should be observed when discontinuing 
clonidine as abrupt cessation can lead to withdrawal symptoms. The side effects 
have limited the use of clonidine in SBS patients.   

   Growth Factors 

   Glutamine and Growth Hormone 

 Glutamine and growth hormone were the fi rst two growth factors studied in SBS 
patients. Glutamine is a primary energy source for the small bowel enterocyte and 
in surgical and trauma patients may aid in mucosal healing and increasing wound 
healing. In SBS patients, recombinant human growth hormone (rhGH) increases 
insulin-like growth factor (IGF-1), body weight, and free-fat mass [ 34 ]. There have 
been a number of clinical studies evaluating rhGH and GH in SBS with the results 
being variable. The combination of rhGH, glutamine, and high-carbohydrate, low- 
fat diet in SBS patients signifi cantly increased protein absorption and decreased 
stool output [ 35 ]. Side effects of oral glutamine include hepatotoxicity, nephroli-
thiasis, edema, nausea, and insomnia. Side effects of rhGH include fatigue, lethargy, 
joint pain, and increased risk of diabetes [ 34 ]. Because of the lack of strong evi-
dence in SBS patients, glutamine and rhGH is not routinely used.  

   Teduglutide 

 Teduglutide was recently FDA approved for use in SBS patients who are dependent 
on HPN and have failed other medical therapies. It is an analog of glucagon-like 
peptide 2 (GLP-2), which may be important in stimulating intestinal adaptation 
[ 36 – 38 ]. A decrease in fecal wet weight and fecal energy excretion while increasing 
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villus height and crypt depth has been shown with the use of teduglutide. In a recent 
study, teduglutide has shown a signifi cant reduction in HPN volume with teduglu-
tide compared to placebo during 24 weeks of therapy [ 39 ]. In a subsequent trial of 
52 subjects, teduglutide resulted in a ≥20 % decrease in volume of HPN and a 
reduction in one or more days of PN dependency in 68 % of subjects [ 40 ]. The 
conclusion from these trials was that the optimal dose of teduglutide in SBS patients 
is 0.05 mg/kg/day delivered subcutaneously. Some side effects include bowel 
obstruction, pancreatitis, nausea, and headache. Furthermore, because of the tro-
phic effect on the intestinal mucosa, ileostomy stoma sites can increase dramati-
cally in size. Since teduglutide promotes growth of intestinal epithelial cells in the 
GI tract, it could potentially promote growth of existing neoplasms and aggressive 
screening must be done for colorectal cancer. Despite these benefi ts of teduglutide, 
it is an extremely expensive medication (estimated >$200,000/year), and it is not 
clear if the adaptation is persistent or disappears with cessation of the medication. 
Like other medications there is a potential of enhanced absorption of other con-
comitant oral medications while on teduglutide, and reduction of doses should be 
made as needed.    

   Intestinal Transplantation/Small Bowel Transplantation 

 Small bowel transplantation (SBT) may become necessary in SBS patients who fail 
to achieve intestinal adaptation during the intermediate and late phases of treatment 
[ 41 ]. The Centers for Medicare and Medicaid Services (CMMS) recommends SBT 
as a standard of care for patients with irreversible intestinal failure who cannot be 
maintained on HPN [ 42 ]. SBT may be considered as a possible option in the fol-
lowing scenarios: failure of HPN, increased risk of mortality due to underlying 
disease, and intestinal failure with high morbidity and unwillingness to accept 
HPN. Patients who have signifi cant fl uid losses and frequent bouts of severe 
dehydration despite appropriate medical management may also be candidates for 
SBT. There are mainly three types of SBT: isolated intestinal transplantation, intes-
tine and liver transplantation, and multivisceral transplantation. Each type has spe-
cifi c indications and associated risks. SBT poses a substantial immunologic 
challenge because the immune cells in the donor intestine are repopulated with 
recipient cells [ 43 ]. Despite improvement in patient and graft survival rates, it is 
associated with signifi cant mortality and morbidity. Sepsis is the leading cause of 
death in 51.3 % patients [ 44 ], followed by graft rejection in 10.4 % SBT patients 
[ 44 ,  45 ]. Even though SBT can prolong the life of few patients with irreversible 
intestinal failure who can no longer be managed on HPN, the outcomes of SBT are 
inferior to those of HPN. Evidence suggests that SBT should only be used when 
HPN is no longer feasible.      
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    Chapter 22   
 Clinical Presentation, Etiology, and Diagnostic 
Considerations 

             Michael     G.     Sarr      ,     Shaun     M.     Gifford      , and     Patrick     S.     Kamath     

         When one thinks of mesenteric ischemia (and thus intestinal ischemia—the dreaded 
outcome), of course the focus becomes arterial compromise from infl ow occlusion 
secondary to atherosclerosis, embolus, or other much less common causes such as 
arteritis (e.g., polyarteritis nodosa, Takayasu’s disease, aortic dissection, etc.). But 
intestine ischemia can also occur from venous outfl ow occlusion. Indeed, mesen-
teric venous thrombosis (MVT) accounts for about 10 % of all cases of mesenteric- 
derived intestine ischemia. 

 When compared to arterial mesenteric ischemia, MVT represents a much differ-
ent clinical picture, presentation, etiopathogenesis, and treatment. Indeed, arterial 
ischemia requires treatment primarily by the vascular surgeon and often/usually 
requires an emergent intervention (operative or endovascular). In contrast, MVT 
more commonly falls under the realm of the gastroenterologist/gastrointestinal sur-
geon and can usually (hopefully) be managed nonoperatively; indeed, the ultimate 
goal is to arrest the propagation of the thrombotic process, avoid irreversible intes-
tinal ischemia, and then prevent further episodes in the future. As with arterial mes-
enteric ischemia, MVT can present as an acute or chronic event as well as what 
some have called a subacute event. 

 This chapter will deal with the etiopathogenesis of MVT and, more specifi -
cally, with the clinical presentation and diagnosis while also acknowledging much 
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of the underlying coagulopathy/thrombophilia that serves as the underlying 
 etiology of MVT. This chapter will focus on the clinical presentation and diagnosis 
of MVT for the clinician. 

   Mesenteric Venous Anatomy 

 A brief review of the pertinent mesenteric venous anatomy is prudent. Mesenteric 
venous drainage of the gut in many respects follows the mesenteric arterial infl ow 
but differs in several respects. First, unlike the three levels of arterial infl ow (celiac, 
superior mesenteric, and inferior mesenteric arteries), the venous drainage relevant 
in MVT has three different venous systems: superior mesenteric, inferior mesen-
teric, and splenic systems (Fig.  22.1 ). Although they all drain eventually into the 
portal system (portal vein), these three systems behave differently in the category of 
MVT. The superior mesenteric system drains the distal duodenum, all the small 
bowel, and the right and transverse colon. The inferior mesenteric system drains the 
descending and sigmoid colon as well as the proximal rectum. The splenic vein 
drains primarily the spleen and the body/tail of the pancreas. While these three sys-
tems have collateral connections between them that can develop over time, acute 

  Fig. 22.1    Venous anatomy of MVT.  1  and  2  represent the portal and superior mesenteric veins 
involved predominately in portomesenteric venous thrombosis—usually acute and subacute MVT. 
 3  represents the splenic vein in the chronic MVT presentation of sinistral portal hypertension.  4  is 
the inferior mesenteric vein and is usually not involved in MVT. Chronic MVT can involve  1 ,  2 , 
and  3  as extrahepatic venous occlusion leading to extrahepatic portal hypertension. Isolated throm-
bosis of  1  alone is usually not in the spectrum of MVT (By permission of Mayo Foundation for 
Medical Education and Research. All rights reserved)       
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occlusions in any one system usually cannot be well compensated for acutely by 
these venous collateral “anastomoses”; in this regard, this concept is quite similar to 
the arterial system. Over time, however, these collaterals can dilate, become collat-
eral varicosities, and help to decompress in part a chronically developing obstruc-
tion—as, for instance, with portal hypertension, where the short gastric veins, the 
cardiac veins (right gastric vein), and the intramural gastric and esophageal veins 
dilate to become varices; similarly but less dramatically, the middle hemorrhoidal 
venous system helps to decompress, in part, the extrahepatic portal venous pressure 
as well. This venous decompression/collateral drainage (albeit partial) is possible, 
because, unlike in the systemic venous system, the mesenteric venous system has no 
venous valves; thus, patients with portal hypertension from primary liver parenchy-
mal disease can develop quite bothersome anorectal hemorrhoids as well as the 
much more common and dangerous esophageal varices.

   Interestingly, the majority of cases of acute and subacute MVT secondary to an 
underlying coagulopathy (see below) involve primarily the superior mesenteric 
venous system, less so the splenic venous system, and even less so the inferior 
mesenteric venous system. Indeed (and surprisingly), a syndrome of isolated infe-
rior MVT is not apparent clinically. In contrast, the splenic venous system is more 
often involved secondary to local extravenous infl ammatory effects (pancreatitis) 
or neoplastic etiologies (pancreatic cancers) that compress/occlude the splenic 
vein. Isolated portal venous, intrahepatic portal venous, or hepatic venous throm-
bosis is largely a different process and is usually not included under the clinical 
umbrella of MVT. 

 Similar in anatomic distribution to the small vessel arteriopathies of arterial mes-
enteric ischemia (vasculitis, etc.), MVT can start in the small veins (vena rectae) of 
the venous drainage arcades of the small intestine and propagate proximally to 
involve the larger, more central veins. Similarly, the thrombotic process can start 
more centrally (superior mesenteric vein or large primary tributary) and propagate 
distally. As will be seen below and in Chap.   24       , the primary focus of treatment of 
MVT is not to relieve the obstruction with a thrombectomy or venous “bypass” as 
with arterial mesenteric ischemia, but rather to  prevent  any further propagation of 
the thrombotic process.  

   Etiopathogenesis 

   Pathogenesis 

 As    with most disorders of the vasculature, the origin of the disorder arises from 
either presumed changes in blood fl ow within the lumen, extrinsic effects from local 
infl ammation, pressure, etc., or the most common cause—some form of “injury” to 
the endothelium (either local or “global”) (Table  22.1 ).
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   Table 22.1    Etiologies 
of MVT  

 Intraluminal effects (changes in blood fl ow) 
 Stasis 

  Cirrhosis with intrahepatic venous obstructions 
 Congestive heart failure—advanced 

 Extraluminal effects 
  Gastrointestinal infl ammatory conditions (local or distant) 

 Acute/chronic pancreatitis 
 Diverticulitis 
 Infl ammatory bowel disease 
 Appendicitis 
 Peritonitis 

 Trauma 
 Gastrointestinal surgery 

 Splenectomy 
 Laparoscopic surgery 
 Infl ammatory bowel disease 

 Blunt mesenteric trauma 
 Neoplasms—extrinsic obstruction 

 Pancreatic cancer most common 
 Thrombophilic states a  

 Acquired 
 Non-hematologic 

 Oral contraceptives 
 Pregnancy 
 Nephrotic syndrome 
  Systemic malignancy (especially pancreatic) 
 Hyperhomocysteinemia 

 Hematologic 
 Polycythemia vera 
 Myelofi brosis 
 Thrombocythemia 
 Antiphospholipid antibodies 
 Paroxysmal nocturnal hemoglobinuria 
 JAK 2 gene sequence variation b  

 Inherited disorders 
 Protein S defi ciency 
 Protein C defi ciency 
 Antithrombin III defi ciency 
 Factor V Leiden defi ciency—homozygous c  
  Methylenetetrahydrofolate reductase gene 
sequence variation 

  Adapted from Singal et al. [ 6 ] and Kumar et al. [ 7 ], with 
 permission 
  a See Chap.   24     for in-depth discussion of thrombophilia 
  b Janus Kinase gene (JAK2V617F)—a diagnostic criterion of a 
latent myeloproliferative neoplasm 
  c The heterozygous state not considered high risk for throm-
bophilia  
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   Another approach to considering the etiopathogenesis is to think of either 
  primary   (so-called idiopathic) MVT when an underlying cause is not evident and 
 secondary  when the cause is evident (Table  22.1 ). The idiopathic category/ 
classifi cation shrinks each year as our understanding of the different forms of coag-
ulopathies and thrombophilias expand. 

   Intraluminal Causes: Changes in Flow Characteristics 

 Changes in the dynamics of fl ow can lead to venous thrombosis—evident, for 
instance, in arteriovenous grafts, where turbulence predisposes to in situ thrombo-
sis. In MVT, cirrhosis with portal hypertension, reversal of fl ow (hepatofugal fl ow), 
and relative stasis all appear to predispose to MVT. Indeed, the presence of portal 
hypertension is a not uncommon clinical disorder in patients presenting with 
MVT. These local, intraluminal disturbances in blood fl ow with the associated tur-
bulence appear to alter the endothelial microenvironment, acting functionally as a 
form of endothelial injury/dysfunction [ 1 ]; this dysfunction then sets up a thrombo-
philic microenvironment within the vein and especially at the endothelium that can 
progress to venous thrombosis. This process is much less well understood than for 
disorders in arterial fl ow dynamics. Congestive heart failure can lead to a functional, 
posthepatic portal hypertension, again associated with presumed portal stasis and 
disruption of normal fl ow dynamics.  

   Extraluminal Effects 

 Changes in the surrounding environment of the mesenteric veins can lead to in situ 
thrombosis. Probably the most common causes in this regard are local infl ammatory 
conditions. While not common when considering a patient with MVT, one should 
always at least entertain the possibility of appendicitis, diverticulitis, and peritonitis 
when MVT involves the superior mesenteric venous system. Other noninfective 
infl ammatory conditions affecting the superior mesenteric system may be related to 
blunt mesenteric trauma, operative trauma (especially laparoscopic) [ 2 ], or infl am-
matory bowel disease, which has an as yet unexplained pathogenesis of MVT; 
indeed, MVT is a well-known, albeit uncommon, complication of surgery for 
infl ammatory bowel disease [ 3 ]. Probably the most common etiologies are acute 
and chronic pancreatitis, but these infl ammatory conditions affect primarily the 
splenic vein to cause splenic vein thrombosis. Because the splenic vein is so inti-
mately associated with the posterior pancreas, effects of the local acute infl amma-
tion or the chronic cicatricial, fi brotic occlusion of the splenic vein alters the luminal 
microenvironment of the endothelium or actually occludes the vessel leading to 
local thrombosis.  
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   Thrombophilic Etiologies 

 Probably the most common causes of MVT are the thrombophilic disorders—some 
of which are “acquired” (both non-hematologic and hematologic) and others are 
“inherited” genomic abnormalities in the germ line. These will be discussed in 
depth in Chap.   24    . For the purposes of this chapter for the clinician, we at least need 
to consider these possibilities in patients without an obvious etiology. 

 The  acquired,  non-hematologic thrombophilic states include use of birth control 
pills, the nephrotic syndrome, certain malignancies with a systemic state of throm-
bophilia (especially pancreatic and gastric cancers), and states of hyperhomocyste-
inemia. These coagulopathies are potentially reversible. The acquired hematologic 
thrombophilias are more serious and include polycythemia vera (PCV), myelofi bro-
sis, certain states of thrombocythemia, antiphospholipid antibodies, and paroxys-
mal nocturnal hemoglobinuria (PNH) (JAK 2 mutation is a diagnostic marker for 
PCV and thrombocythemia). 

 The  inherited  disorders of thrombophilia are hematologic and genomic in origin. 
These more commonly appreciated disorders of coagulation include defi ciencies in 
protein S, protein C, antithrombin III (the current appropriate terminology is “anti-
thrombin”), and factor V Leiden mutations; the heterozygote state of factor V 
Leiden is relatively common, and most hematologists do not consider the heterozy-
gote state alone as a meaningful thrombophilic state, but the homozygote state is 
clinically relevant. Other less common variants will be entertained in Chap.   24    .    

   Clinical Presentation 

 The clinical presentation of MVT takes three rather distinct forms: acute MVT, 
subacute MVT, and chronic MVT. 

   Acute MVT 

 These patients present with acute, central abdominal pain, presumably from a recent 
in situ thrombosis with clinically relevant distal venous obstruction. The pain is usu-
ally constant, mostly periumbilical, and often somewhat colicky, but not like the 
classic colic of a small bowel obstruction [ 4 ]. The duration of the pain is usually 
>24 h and some patients may often present several days after the onset of symp-
toms. Associated symptoms include anorexia, nausea, vomiting, hematochezia, or 
rarely melena; occult hematochezia when looked for will be present in about half 
the patients and should heighten your suspicion for MVT. 

 Patients with acute MVT usually look acutely ill. Physical examination, like in 
arterial mesenteric ischemia, may be rather unimpressive if there is no severe gut 
ischemia. This state of pain out of proportion to the physical fi ndings requires an 
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open-minded index of suspicion to the possibility of MVT, especially when risk 
factors are present. With advanced states with established ischemia or transmural 
infarction, frank peritonitis may be present, and an emergent operation is indicated, 
but many, perhaps most cases of acute MVT, will not require immediate operative 
intervention, and most, if treated appropriately and in a timely manner, will not 
progress to irreversible venous ischemia of the gut requiring exploration; indeed, 
the therapeutic goal is to prevent further propagation of the thrombosis with the 
development of ischemic necrosis. Fever at an early stage may be indicative of pyle-
phlebitis, but the presence of infected thrombus is exceedingly unusual unless asso-
ciated with active diverticulitis or appendicitis, the symptoms of which will dominate 
the clinical picture—the MVT will be noted “incidentally.” As with any acute infl am-
matory condition involving the gut, dehydration may be prominent due to third spac-
ing, acute development of ascites, and volume loss (vomiting, diarrhea). Hemodynamic 
instability at presentation is less common (~5–30%) and, of course, heightens the 
worry of intestinal infarction; when combined with fever and peritoneal signs, the 
presence of infarction should be assumed and aggressive resuscitation for emergent 
operation planned.  

   Subacute MVT 

 The clinical spectrum for subacute MVT involves a much more gradual onset, less 
severe, nagging, persistent pain than with acute MVT, often being present for sev-
eral days or even several weeks. Although the subacute form may progress to trans-
mural infarction with the patient then presenting with severe acute or chronic pain, 
this scenario is much less common. More    likely is the story of a progressive dull, 
nonspecifi c, generalized, mid-abdominal pain with some anorexia, nausea, and 
occasionally vomiting. Diarrhea may be a prominent complaint, but overt hemato-
chezia is less common. Some ascites may be present depending on the extent and 
duration of the process, but ascites is not a prominent fi nding. A high index of sus-
picion is necessary to entertain the diagnosis unless there are obvious known pre-
disposing factors (Table  22.2 ). In some cases, the patients have been seen before 
with no diagnosis arrived at. Indeed, these patients may look more chronically ill 
than acutely ill.

      Chronic MVT 

 Unlike acute and subacute MVT, chronic MVT does not present with a history of 
abdominal pain, but rather with the signs and symptoms of portal hypertension, 
selective mesenteric venous hypertension, or splenic venous hypertension (so-called 
left-sided or sinistral portal hypertension). Here the history of abdominal pain, vom-
iting, and diarrhea is usually absent, and the fi ndings of a more central, chronic 
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venous thrombosis is often unexpected. Physical fi ndings when present are those of 
extrahepatic portal hypertension with esophagogastric or gastric varices, spleno-
megaly, and sometimes ascites.   

   Diagnosis 

 The most important point concerning the  diagnosis  of all forms of MVT is the 
need for a high index of suspicion for the possibility of MVT. Indeed, most cases 
are only diagnosed after obtaining a cross-sectional imaging procedure or, for 
acute MVT, actually in the operating room. Realistic suspicion of MVT by the 
astute clinician may be stimulated in patients presenting with abdominal pain who 
have known coagulopathies or known thrombophilia, but otherwise the diagnosis 
is usually a surprise. The following discussion will address each of the three forms 
of MVT separately. 

   Acute MVT 

 After the history and physical examination, the differential diagnosis is that of an 
intra-abdominal infl ammatory process or an acute intra-abdominal catastrophe. 
When diffuse peritonitis is present, the differential is broad and includes many 
abdominal catastrophes, the most common being ruptured appendicitis, perforated 
duodenal ulcer, acute perforated diverticulitis, acute pancreatitis, acute arterial mes-
enteric ischemia, and other causes of bowel ischemia/infarction. The lack of initial 
localizing signs that progress to generalized abdominal pain, such as right lower 
quadrant pain (acute appendicitis) and left lower quadrant pain (acute diverticulitis), 

   Table 22.2    Differential diagnosis of MVT   

 No peritonitis  Peritonitis 

 Acute MVT  Arterial intestinal ischemia a   Ruptured appendicitis 
 Embolus  Perforated peptic ulcer 
 Thrombosis  Perforated acute diverticulitis 
 Aortic dissection  Acute pancreatitis 
 Aortic aneurysm  Vascular catastrophe 
 Perforated viscous—elderly patient on steroids  Acute arterial ischemia 
 MVT  Embolus 

 Aortic dissection 
 Cocaine abuse 
 MVT 

   a Must be the fi rst consideration in an acutely ill-appearing patient with unimpressive abdominal 
examination  
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can often exclude certain diagnoses, while the relatively acute nature of onset of the 
symptoms of mid-abdominal pain should lead the clinician to consider a different 
diagnostic spectrum. The presence of peritonitis requires an attempt to exclude any 
causes that would  prevent  the need for abdominal exploration, such as acute pancre-
atitis; otherwise, abdominal exploration (regardless of the cause) will be required. 
The presence of ascites, while usually not obvious on physical examination, would 
change the clinical focus of possible causes and should increase one’s suspicion of 
acute MVT. 

 In contrast, in acute MVT without transmural bowel infarction, when peritonitis 
is absent, the differential diagnosis is quite different, and the ultimate diagnosis is 
more diffi cult. The absence of impressive physical fi ndings on abdominal examina-
tion in the patient who otherwise looks acutely ill should immediately initiate the 
possibility of some vascular catastrophe, such as acute arterial (superior mesenteric 
artery) mesenteric ischemia (embolus, acute atherosclerotic occlusion, aortic dis-
section), ruptured abdominal aortic aneurysm, and fi nally MVT. In this setting, i.e., 
unimpressive physical fi ndings in the presence of diffuse abdominal pain in a patient 
who looks sick, MVT should at least be entertained and, just as with acute arterial 
mesenteric ischemia, timely diagnosis is crucial. 

 The patient’s history can be of considerable help in differentiating arterial from 
venous mesenteric ischemia. The presence of cardiac abnormalities, such as atrial 
fi brillation, recent acute myocardial infarction, prosthetic cardiac valves, a very 
recent coronary angiography, or cocaine abuse, should steer the clinician toward an 
arterial etiology. In contrast, in patients with a known personal or family history of 
a coagulopathy or history of peripheral deep vein thrombosis (present in about one 
third of patients), the suspicion of thrombophilia steers the diagnosis a bit away 
from arterial ischemia [ 5 ]. But, arterial ischemia must be excluded defi nitively, 
because its treatment is so different than for MVT and timely intervention is crucial 
(see Chap.   15    ). 

   Laboratory Investigation 

 Routine laboratory tests are usually not helpful. Changes in hemoglobin are nonspe-
cifi c unless the hemoglobin is greater than normal values which would suggest 
PCV. A markedly increased platelet count >10 6  may be indicative of a predisposing 
thrombocytosis. The white blood cell count (WBC) again is nonspecifi c and will be 
increased in most abdominal disorders being considered. When peritonitis is not 
present in acute MVT, the WBC should not be markedly increased (>15,000), and 
there should not be left shift. In contrast, when peritonitis is present, an increased 
WBC with a shift to the left is unhelpful when considering the differential diagno-
sis. The more sophisticated tests of a coagulopathy would probably not be enter-
tained at this time, and the more routine tests (international ratio [INR] or partial 
thromboplastin time) would not be helpful. The other routine screening tests, such 
as electrolytes, liver function tests, etc., are of no discriminative value.  
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   Imaging 

 The hallmark of the diagnosis of acute MVT is cross-sectional imaging—computed 
tomography (CT) or magnetic resonance imaging (MRI). Plain abdominal radio-
graphs may help the astute clinician to suspect MVT by showing thickened small 
bowel with a nonspecifi c bowel pattern of early ileus with mildly dilated loops of 
small bowel. The classic signs of “thumb printing” from mucosal edema are rarely 
present (<5 %), however, and diffi cult to see. The presence of ascites is not recog-
nized readily on plain fi lm, and other signs of intestinal infarction, such as pneuma-
tosis intestinalis, portal venous gas, or rarely free air, only serve to support a 
diagnosis of intestinal infarction from any cause. Therefore, cross-sectional imag-
ing becomes the key to diagnosis.  

   Contrast-Enhanced Computed Tomography 

 CT is the most common diagnostic test and the test of choice when MVT is suspected. 
Its accuracy is >90 % but varies with the site of thrombosis—the larger the vein(s), the 
greater the accuracy. Typical features of MVT on CT include a central lucency within 
the vein with a sharply defi ned wall and dilation of the vessel. Findings of MVT on 
CT also include bowel wall thickening of >3 mm associated with local mesenteric 
thickening/infl ammation, indistinct margins of adjacent bowel loops, and, when pres-
ent, ascites. While these fi ndings are suggestive but not diagnostic, the presence of 
thrombosis in the mesenteric vein(s) clinches the diagnosis. When the thrombotic 
process is limited to the small vena rectae in the more peripheral mesentery, recogni-
tion of the thrombosed veins may be less obvious, but when the process propagates 
into major branches off the superior mesenteric vein or more proximally, the CT 
becomes diagnostic. As will be seen in Chap.   23    , this fi nding should initiate immedi-
ate anticoagulation to prevent propagation of the venous thrombosis.  

   Magnetic Resonance Imaging 

 Although there is much less experience with MRI than with CT, the fi ndings are 
similar. MRI will clearly demonstrate central venous thrombosis, but thromboses in 
the smaller vena rectae are diffi cult to see. Ascites and bowel wall and mesenteric 
thickening (edema) are well visualized with MRI.  

   Other Cross-Sectional Imaging 

 Transabdominal ultrasonography is an excellent test to detect ascites, but bowel gas 
usually prevents adequate imaging of the bowel and/or the mesentery. Doppler 
ultrasonography may be able to show abnormal venous fl ow in the large central 
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veins but is severely limited in visualizing the smaller vena rectae of the mesentery. 
Nuclear scintigraphy is of little use due to its nonspecifi c resolution. Mesenteric 
angiography, though usually diagnostic, is seldom needed when the patient has had 
a prior CT; one might imagine a role for mesenteric angiography in a patient in 
whom an arterial ischemic process cannot be excluded.   

   Subacute MVT 

 Unlike acute MVT, the clinical presentation of subacute MVT is less dramatic and 
the diagnosis even less obvious. These patients usually have a history of a nagging 
central abdominal pain for days to several weeks. Because acute bowel ischemia or 
infarction is not present, the pain is usually less severe and not cramping. There may 
be a history of diarrhea, on occasion bloody, but ascites is usually not obvious or 
advanced. The physical examination is usually unhelpful with fi ndings of general-
ized abdominal discomfort. Unlike the patient with acute MVT, these patients do 
not look acutely ill and are usually not dehydrated. Indeed, the patient may not have 
been investigated by CT or MRI, and the diagnosis is often delayed and may require 
several visits to the physician or emergency room setting before a cross-sectional 
imaging procedure is ordered or the clinician thinks of MVT. 

   Laboratory Evaluation 

 Routine laboratory values, except possibly the increased hemoglobin of PCV and a 
severe thrombocytosis (>10 6 ), are of little diagnostic benefi t. See Chap.   23     for more 
specifi c hematologic tests of thrombophilia.  

   Imaging 

 Findings on plain abdominal radiography are not helpful. CT is the procedure of 
choice and, unless there is a known coagulopathy or family history of such, the 
diagnosis is usually a surprise. With chronic MVT, the bowel wall thickening, 
though present, may not be as extreme as with acute MVT due to the formation of 
collateral drainage. But the thrombotic process should be more obvious on the 
contrast- enhanced views, because the thrombosis often has extended more proxi-
mally. As with acute MVT, the presence of this mesenteric venous thrombosis 
should initiate immediate systemic heparinization. Because of a more central 
venous thrombosis, Doppler ultrasonography may show changes in mesenteric 
venous fl ow, but the diagnosis and etiology may not be obvious, and the subsequent 
diagnosis is usually made by CT or MRI.   
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   Chronic MVT 

 The diagnosis of the various forms of chronic MVT is made solely on cross- sectional 
imaging. Symptoms are those of complications of an otherwise asymptomatic, 
chronic portomesenteric or splenic venous hypertension. Variceal hemorrhage 
(esophageal, gastric, or much less commonly intestinal or hemorrhoidal) or fi ndings 
of a watermelon stomach (portal hypertensive gastropathy) on gastroscopy in a 
patient without a history of hepatopathy usually initiate the imaging procedure. 
A prior history of severe acute pancreatitis, chronic pancreatitis, or symptoms of 
pancreatic cancer associated with prominent gastric varices and splenomegaly may 
heighten the suspicion of splenic vein thrombosis with resultant sinistral portal 
hypertension. Ascites is usually absent due to the chronic nature of the extrahepatic 
portal hypertension with an otherwise normal liver, but splenomegaly is present. 

   Laboratory Evaluation 

 This evaluation is consistent with extrahepatic portal hypertension usually with 
some extent of thrombocytopenia due to the splenomegaly. Myeloproliferative dis-
orders may be missed, because in the presence of hypersplenism, the platelet count 
and hemoglobin are often decreased. The absence of abnormalities in the liver func-
tion tests points one away from the diagnosis of cirrhosis.  

   Imaging 

 Other than splenomegaly, plain abdominal radiographs are not helpful. CT or MRI 
makes the diagnosis and shows clearly the central venous clot(s) as well as the 
resultant varices throughout the stomach and small bowel mesentery. Doppler ultra-
sonography will show marked changes in venous fl ow, but may be of little actual 
help in diagnosis, management, and treatment.    

   Conclusions 

 The diagnosis of MVT is often overlooked and delayed either until operative explo-
ration for intestinal ischemia or until a cross-sectional imaging procedure is per-
formed. One key to the diagnosis of MVT is clinical suspicion, but CT and MRI are 
the primary diagnostic modalities. A prior history or family history of a coagulopa-
thy should heighten clinical suspicion. The key to treatment is a rapid diagnosis and 
systemic anticoagulation to prevent further propagation of the thrombosis.     
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    Chapter 23   
 Thrombophilia Testing in Splanchnic 
Vein Thrombosis 

                Robert     D.     McBane     II       and     Waldemar     E.     Wysokinski     

         The splanchnic venous system is comprised of confl uent venous segments including 
the superior and inferior mesenteric veins and the splenic vein which together empty 
into the portal venous system to supply the liver [ 1 ]. The hepatic veins drain the 
liver into the inferior vena cava just caudal to the right atrium (Fig.  23.1 ). When 
considering the splanchnic venous circulation, it is important to recognize the many 
unique physiologic features beyond mere anatomy compared to venous segments 
elsewhere in the body. These differences may impact the thrombotic process and are 
therefore worthy of contemplation [ 2 – 4 ]. First, mesenteric venous blood is rich in 
both nutrients and intestinal elements such as microbial fl ora and both senescent 
and damaged cells. Second, marked variations in mesenteric blood fl ow and viscos-
ity occur depending on the time of day, nutrition intake, physical activity, emotional 
stress, diarrheal illness, and dehydration. Third, the splanchnic circulation is richly 
innervated by the sympathetic nervous system and responds to a variety of vasoac-
tive stimuli including epinephrine, norepinephrine, angiotensin II, and vasopressin. 
Furthermore, this circulation is subject to a number of blood-borne gastrointestinal 
peptides such as glucagon, VIP, and cholecystokinin which may further impact hemo-
stasis and blood fl ow [ 3 ]. Fourth, the splanchnic circulation serves as an important 
blood reservoir containing approximately 80 % of the blood volume and is thus desig-
nated a “capacitance venous system.” As such, there is tremendous variation in blood 
stasis within this system [ 3 ]. Fifth, the splanchnic venous circulation is not known 
to contain venous valves, at least not in the larger channels [ 2 ]. Valves have been 
 identifi ed in smaller venous tributaries of the stomach and colon but only in infants. 
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This is important whereby venous thrombi occurring in the deep veins of the leg are 
thought to originate in the valve pockets. Sixth, venous blood within this system 
may be enriched with infl ammatory cells, such as dendritic cells, monocytes, and 
macrophages, and various antibodies. The splenic vein, in particular, serves as an 
important element of the reticuloendothelial system. Seventh, each organ within the 
splanchnic circulation may be impacted by a variety of malignant, infectious, and 
infl ammatory processes. For example, the spleen can be a site for metastatic dis-
eases in addition to lymphoproliferative, myeloproliferative, or hematologic malig-
nancies. The liver is a common and important site of metastatic disease. Finally, the 
complexity and interrelationship of the splanchnic circulation is such that thrombo-
sis of one venous segment alters blood fl ow within the entire system. Altered blood 
fl ow within the local prothrombotic milieu increased the propensity for thrombus 
propagation into other adjoining venous segments, common to this disease. For these 
combined reasons, the splanchnic venous circulation is entirely unique. Thrombosis 
occurring within this system should therefore be considered as a distinctive entity 
requiring special consideration and evaluation beyond simply an event occurring in 
an unusual venous location.

   Splanchnic venous thrombosis is an uncommon disease with an incidence of 
2.7–4.5 per 100,000 person-years [ 5 ,  6 ]. This disease may result in considerable 
morbidity and mortality [ 1 ]. Determining the underlying cause of thrombosis can 
help guide management including the duration of anticoagulant therapy [ 1 ,  7 ]. For 
most patients with splanchnic vein thrombosis, the underlying mechanism is readily 
apparent. In contrast to typical deep vein thrombosis or pulmonary embolism, 
splanchnic vein thrombosis generally results from organ pathology of the venous 

  Fig. 23.1    Splanchnic veins 
(By permission of Mayo 
Foundation for Medical 
Education and Research. 
All rights reserved)       
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segment involved. For some patients, however, the underlying cause may not be 
clear. For these individuals, a thorough assessment of underlying congenital or 
acquired thrombotic propensity should be considered. 

 The intent of this chapter is to review the acquired and congenital causes of 
thrombosis within the splanchnic venous circulation and to provide a framework 
useful for the evaluation of thrombotic mechanisms in patients with this disorder. 
This framework will help to discern which patients are most likely to benefi t from 
thrombophilia testing, defi ne an appropriate thrombophilia test panel, and discuss 
how test results might impact management. 

   Acquired Provoking Factors for Splanchnic Vein Thrombosis 

 Identifying causal factors underlying splanchnic vein thrombosis is central to the 
clinical assessment. These factors may be broadly categorized into those which are 
inherited and therefore intrinsically permanent and those which are acquired. The 
acquired conditions may be categorized as transient, correctable, or permanent. 
Examples of transient acquired factors include oral contraception, pregnancy, 
 surgery, and trauma. In general, provoked thromboembolic events attributed to tran-
sient or correctable acquired risk factors have a suffi ciently low risk of recurrence 
such that prolonged anticoagulant therapy is neither necessary nor advisable [ 8 ]. 
For unprovoked thrombotic events or for those with acquired and non-correctable 
risk factors, the risk of recurrence is deemed suffi ciently high as to warrant pro-
longed secondary prevention with anticoagulants assuming the risk of major bleed-
ing is mild to moderate. This distinction can be particularly important for splanchnic 
vein thrombosis where portal and mesenteric venous hypertension are associated 
with varix formation, which can greatly augment the bleeding risk [ 1 ,  7 ,  8 ]. 

 Thrombosis involving the splanchnic veins results predominantly from acquired 
pathology of the organ drained by the involved venous segment or by infl ammation 
and injury of adjacent organs. As part of the initial evaluation, it is therefore impor-
tant to scrutinize the history, physical examination, cross-sectional imaging, and 
laboratory data for clues to organ pathology as a potential acquired cause for the 
splanchnic vein thrombosis. If identifi ed, the laboratory assessment for an acquired or 
congenital thrombophilia is not likely warranted [ 8 ,  9 ]. A number of acquired condi-
tions contributing to splanchnic vein thrombosis have been identifi ed including a 
prevalence estimate from published cohorts (Table  23.1 ) [ 10 – 14 ]. In a series of 832 
patients with splanchnic vein thrombosis, the most common underlying pathology 
was malignancy, present in 43 % of the cohort [ 14 ]. These cancers included solid 
tumors (27 %), hematologic malignancies (5 %), and myeloproliferative neoplasms 
(11 %). The three most common solid tumors were pancreatic (38 %), hepatobiliary 
(32 %), and gastrointestinal (19 %). When multiple splanchnic venous segments are 
involved, cancer was present in nearly half of patients. Moreover, cancer was associ-
ated with a higher prevalence of thrombosis in specifi c venous segments. For exam-
ple, nearly half of patients with either splenic or portal vein thrombosis had an 
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underlying malignancy. By comparison, hepatic vein  thrombosis was associated 
with a solid tumor in 13 % of patients and a myeloproliferative neoplasm in 22 %. 
These high percentages mandate a thorough search for an underlying malignancy in 
all patients with documented splanchnic vein thrombosis.

   A recent meta-analysis reported that the prevalence of myeloproliferative 
 neoplasms may account for one third of patients with splanchnic vein thrombosis [ 15 ]. 
This compares to only 1 % for patients with conventional venous thromboembo-
lism. In fact splanchnic vein thrombosis may be the initial clinical manifestation of 
myeloproliferative neoplasms in some patients. Myeloproliferative neoplasms, 
including polycythemia vera, essential thrombocythemia, and primary myelofi bro-
sis, are an important consideration in the search for underlying mechanism of 
splanchnic vein thrombosis [ 1 ,  10 ,  14 ,  16 – 18 ]. These disorders represent a stem 
cell-derived clonal myeloproliferation [ 16 – 19 ]. Polycythemia vera results in an 
increased number of red cells, white cells, and platelets with limited bone marrow 
fi brosis. Essential thrombocythemia involves primarily platelet expansion. Primary 
myelofi brosis may be primary or refl ect transformation of the polycythemia vera 
and essential thrombocythemia and is characterized by progressive fi brosis of the 
bone marrow. Although the most dramatic outcome is transformation to myeloid 
leukemia, the most common clinical manifestation and cause of death is thrombosis 
related [ 18 ]. These disorders result from an acquired mutation within JAK2, a mem-
ber of the Janus kinase family of cytoplasmic tyrosine kinases associated with 
growth factor receptors [ 17 ]. This mutation involves a replacement of valine for 
phenylalanine in position 617 (V617F) of the JAK2 protein resulting in growth 
factor-independent proliferation of various cell lines [ 20 ]. This mutation may 
explain 90 % of cases of polycythemia vera and up to 50 % of cases of essential 
thrombocythemia. Screening for this mutation is therefore appropriate in the initial 
evaluation of patients suspected of having these disorders [ 20 ]. In a large series 
of patients with splanchnic vein thrombosis, myeloproliferative disorders were a 
prominent cause of both hepatic vein thrombosis (22 %) and multisegmental 
splanchnic vein thrombosis (17 %) [ 14 ]. In other series, investigators performed 
bone marrow biopsies on 128 patients with splanchnic vein thrombosis [ 21 ,  22 ]. 
Of these, 4 % carried a diagnosis of MPD prior to development of splanchnic vein 
thrombosis. An additional 33 % met criteria based on the bone marrow biopsy results. 

 Acute pancreatitis was also an important cause of splanchnic vein thrombosis 
accounting for 7–13 % of cases [ 10 ,  11 ,  14 ]. In one series, acute pancreatitis explained 
nearly half of all patients with splenic vein thrombosis [ 14 ]. This diagnosis should be 
relatively straight forward to confi rm or exclude based on the acute presentation, clinical 
risk factors, examination, imaging, and commonly available laboratory testing. Cirrhosis 
is an important association, present in 16–24 % of cases. In particular, cirrhosis may 
account for up to one third of cases of portal vein thrombosis. This is an important diag-
nosis to confi rm given the complexity of anticoagulant management in such patients. 
Recent abdominal surgery may explain 10–28 % of cases, particularly procedures 
involving splenectomy or liver transplantation [ 14 ]. Other important associations 
include sepsis of intra-abdominal origin (8–11 %), infl ammatory bowel disease (1–8 %), 
and connective tissue diseases (up to 6 %). 
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 Paroxysmal nocturnal hemoglobinuria is a rare but serious disorder involving 
clonal expansion of hematopoietic stem cells which lack the glycosylphosphati-
dylinositol membrane protein which anchors important proteins to the cell surface 
[ 22 ,  23 ]. Of these, complement-inhibiting proteins, CD55 and CD59, are particu-
larly important for inhibition of complement fi xation and mediated cellular lysis. 
Clinical manifestations of this disease include hemolytic anemia and both venous 
and arterial thromboembolism. Patients with this disease have been reported to 
 suffer splanchnic vein thrombosis. Indeed, up to 10 % of patients with hepatic vein 
thrombosis may have this disease as an underlying mechanism. In large series, the 
prevalence of PNH in splanchnic vein thrombosis may account for 1–2 % of under-
lying causes [ 9 ,  14 ]. This disorder can be readily detected using fl ow cytometry and 
antibodies against CD55 and CD59 surface antigens. 

 Acquired risk factors for splanchnic vein thrombosis can be further stratifi ed 
by thrombus location, which may be helpful to address the risk for specifi c cases 
(Table  23.2 ) [ 14 ]. Although splanchnic vein thrombosis can be viewed as a compos-
ite of venous segments, thrombosis within each individual venous segment contains 
unique features in terms of underlying etiology, risk of recurrence, and long-term 
prognosis [ 14 ]. Cancer is a prominent cause of thrombosis in each of the splanchnic 
venous segments and particularly when multiple venous segments are involved. 
Beyond cancer, hepatic vein thrombosis, for example, affects primarily younger 
women and has myeloproliferative disorder, cirrhosis, and oral contraception as 
prominent causes. Portal vein thrombosis, the most common within the splanchnic 
territory, has poor survival because of the relatively high incidence of cirrhosis. 
Isolated splenic vein thrombosis is uncommon, mainly occurs in middle-aged males 

   Table 23.2    Demographic characteristics and underlying etiology   

 Variable (%) 
 Total 
( n  = 832) 

 Hepatic 
( n  = 45) 

 Portal 
( n  = 329) 

 Mesenteric 
( n  = 76) 

 Splenic 
( n  = 62) 

 Multiple 
( n  = 320) 

 Age (Mn ± SD)  53 ± 17  45 ± 17  54 ± 18  59 ± 16  56 ± 16  51 ± 17 
 Female (%)  42  67  38  37  29  45 
 Idiopathic  15  9  16  22  5  15 
 Cancer  27  13  31  20  36  24 
 Cirrhosis  24  16  34  8  10  22 
 Pancreatitis  13  4  9  12  45  13 
 Myeloproliferative  11  22  5  5  5  17 
 Surgery  10  11  9  12  5  11 
 Infection  10  7  13  18  5  7 
 Infl ammatory bowel 
disease 

 6  11  8  3  2  6 

 OCP/HRT  6  13  4  7  5  8 
 Connective tissue disease  6  9  5  5  2  8 
 Leukemia/ lymphoma  5  0  6  4  2  5 

  Adapted from Thatipelli et al. [ 14 ], with permission 
  OCP  oral contraception pill,  HRT  hormone replacement therapy  
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with pancreatitis, and has a strong association with pancreatitis. Infection and recent 
abdominal surgery are common among patients with mesenteric vein thrombosis. 
For mesenteric vein thrombosis, a relatively high percentage of patients without an 
identifi able underlying etiology was evident.

   In summary, the effective evaluation of patients with splanchnic vein thrombosis 
must begin with a thorough history and physical examination supported by appro-
priate laboratory testing and cross-sectional imaging. This evaluation should focus 
on the exclusion of underlying cancers including solid tumors, myeloproliferative 
neoplasms, and hematologic malignancies as well as other abdominal pathologies. 
This search will help to determine which patients are most likely to benefi t from 
thrombophilia testing.  

   Thrombophilia Testing 

 When considering thrombophilia testing, it is important to discern which patients to 
test, when to perform the testing, and what tests to include in the panel. Identifying 
those patients most likely to benefi t from thrombophilia testing is an important fi rst 
step for several reasons. First, indiscriminate thrombophilia testing in unselected 
patients with incident venous thrombosis is neither indicated nor cost-effective [ 9 ]. 
Second, thrombophilia test results have been shown to neither infl uence the initia-
tion nor the intensity of anticoagulant therapy. Both the initiation and intensity of 
anticoagulation are the same irrespective of thrombophilia status. For example, 
heparin therapy in patients with antithrombin defi ciency results in a therapeutic 
failure in only a small minority of patients [ 24 ]. Warfarin skin necrosis is very rare 
even in those patients with protein C or protein S defi ciencies [ 25 ,  26 ]. High- 
intensity warfarin (INR 3.1–4.0) has not been shown to be superior to standard 
warfarin (INR goal 2.0–3.0) in patients with antiphospholipid antibodies and previ-
ous thrombosis [ 27 ]. Third, thrombophilia testing in unselected patients has not 
been shown to reduce thrombosis recurrence [ 28 – 30 ]. In a case-control study of 
patients from the MEGA cohort, the odds ratio for venous thrombosis recurrence 
was similar for those patients undergoing thrombophilia testing compared to those 
who were not tested [ 28 ]. In a separate cohort of 570 otherwise unselected patients 
with fi rst objectively proven venous thrombosis, testing for thrombophilia did not 
aid in the prediction of venous thrombosis recurrence at 2 years [ 29 ]. Similar results 
were noted in a prospective study of 474 consecutive patients from the Leiden 
Thrombophilia Study [ 30 ]. Whereas the majority of patients with splanchnic vein 
thrombosis have clearly identifi ed provoking factors, the role of thrombophilia test-
ing should therefore be pursued with constraint [ 23 ]. Within large cohorts of patients 
with splanchnic vein thrombosis, only between 15 and 20 % lacked an identifi able 
provoking cause [ 9 ,  12 ,  13 ]. This percentage of unprovoked venous thrombosis is 
lower than has been observed for leg DVT/PE which has been reported at 26 % [ 13 ]. 
It is therefore our practice to reserve thrombophilia testing for patients with idio-
pathic or unprovoked venous thromboembolism. 

23 Thrombophilia Testing in Splanchnic Vein Thrombosis



316

 When pursued, the thrombophilia test panel should be comprehensive and should 
include testing for both congenital and acquired thrombotic diatheses (Table  23.3 ) 
[ 23 ]. This ensures that specifi c thrombotic variables are not overlooked including 
the rare instance of combined abnormalities. While factor V Leiden and prothrom-
bin G20210A mutations are the most common thrombophilias, it is our practice to 
include testing for all of the known congenital and acquired thrombophilias. 
Although rare, entities such as protein C, protein S, and antithrombin defi ciency 
carry high thrombotic propensity, impact anticoagulant management, and therefore 
are important not to overlook. In addition to the conventional panel, heparin platelet 
factor 4 testing (for diagnosing heparin-induced thrombocytopenia) and red cell 
fl ow cytometry measures of GPI (glycosylphosphatidylinositol)-linked proteins (for 
diagnosing paroxysmal nocturnal hemoglobinuria) can be considered in selected 
patients [ 31 ,  32 ]. When feasible, this test panel ought to be performed once the 
patient has recovered from the acute thrombotic event, anticoagulation therapy has 
been discontinued, and hepatic dysfunction (if present) has resolved [ 23 ]. This last 
recommendation has both practical and economic implications. It can be diffi cult to 
interpret thrombophilia test results in the setting of anticoagulation therapy. For 
example, direct factor inhibitors and warfarin may lead to falsely positive lupus 
anticoagulant. Heparin therapy excludes lupus anticoagulant testing by the aPTT 
methodology thus decreasing test panel sensitivity and accuracy for this disorder. 
Acquired antithrombin defi ciency is a common fi nding when drawn during heparin 
therapy. Warfarin is a well-known cause of both acquired protein C and protein S 
defi ciencies. The oral direct thrombin inhibitor, dabigatran, is known to overestimate 

  Table 23.3    Thrombophilia 
risk factors for mesenteric 
venous thrombosis  

 Inherited thrombophilias 
 Activated protein C resistance and 
factor V Leiden mutation 
 Antithrombin defi ciency 

 Elevated factor VIII 
 Protein C defi ciency 
 Protein S defi ciency 
 Prothrombin G20210A mutation 
 Hyperhomocysteinemia 

 Acquired or secondary thrombophilias 
 Disseminated intravascular 
coagulation (DIC) 
 Heparin-induced thrombocytopenia a  
 Lupus anticoagulant and 
antiphospholipid antibody syndrome 
 Paroxysmal nocturnal 
hemoglobinuria a  

   a Indicates testing reserved for selective 
patients  

R.D. McBane II and W.E. Wysokinski



317

protein C and S levels and reduce the sensitivity of activated protein C resistant ratio 
testing [ 33 ]. The oral direct factor Xa inhibitor, rivaroxaban, can have variable 
effects on clot-based assays depending on the reagents and instruments used [ 34 ]. 
Hormonal therapy may result in an acquired protein S defi ciency. Lastly, this testing 
is expensive and the requirement for repeat testing is not cost-effective. Therefore, 
the timing of test requisition is important. For these reasons, it is prudent to delay 
test acquisition until anticoagulants have been discontinued, the impact of the acute 
thrombotic event has resolved, and the organs (especially the liver) have recovered 
from the injury.

   To date, thrombophilia testing in this clinical entity has been assessed by several 
authors with confl icting results. This may stem from differences in recruitment and 
ethnicity of cohorts [ 5 ,  9 – 12 ]. The prevalence of thrombophilia was assessed in 
1,238 patients with venous thromboembolism including 119 with splanchnic vein 
thrombosis [ 35 ]. Of those patients with splanchnic vein thrombosis, factor V Leiden 
was present in 5 % which was not different relative to a sample of 1,304 individuals 
from the general population (4.6 %). The prothrombin G20210A mutation (8.4 % vs. 
4.3 %) and compound heterozygous mutations (3.4 % vs. 0.1 %) were more preva-
lent in patients with splanchnic vein thrombosis compared to the general population 
sample. Of the protein defi ciencies, only protein C defi ciency was noted in splanch-
nic vein thrombosis patients (3.4 %). In the series from Mayo Clinic, 341 cases of 
splanchnic vein thrombosis, thrombophilia prevalence was compared to 3,621 con-
trol patients with leg DVT [ 12 ]. Thrombophilia prevalence was assessed by throm-
botic location (Table  23.4 ). As in other series, factor V Leiden mutation was the most 
common thrombophilia for splanchnic vein thrombosis. Yet, only a small percentage 
carries the homozygous mutation. Within the splanchnic circulation, factor V Leiden 
may be more common in one venous segment compared to others. In the Mayo 
Clinic series, this mutation was most common in those with splenic and mesenteric 
vein thrombosis [ 12 ]. Antiphospholipid antibody syndrome was the second most 
prevalent thrombophilia and was most frequent in patients with hepatic vein throm-
bosis. The prothrombin G20210A mutation was seen less frequently in most series 
accounting for approximately 5 % of cases particularly for patients with splenic and 
mesenteric vein thrombosis. In general, protein C, protein S, and antithrombin defi -
ciencies were infrequent and account for 10 % of thrombophilias in total.

   In a study comparing thrombophilia prevalence in patients with splanchnic vein 
thrombosis compared to lower extremity deep vein thrombosis, the prevalence of 
“strong thrombophilia” defi ned as defi ciency of either antithrombin, protein C, 
or protein S, antiphospholipid antibody syndrome, homozygous factor V Leiden or 
prothrombin G20210A mutations, or compound heterozygous mutations of factor V 
Leiden and prothrombin G20210A [ 12 ] were more common in patients with 
splanchnic vein thrombosis (Table  23.5 ). This high prevalence was notably observed 
for patients with hepatic and mesenteric vein thrombosis. Whereas the fi nding of 
“strong” thrombophilia usually mandates long-term secondary anticoagulation 
 prophylaxis, this fi nding is of practical importance.
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      Management 

 The role of anticoagulant therapy for patients with splanchnic vein thrombosis is to 
inhibit thrombus propagation and promote venous recanalization and collateral for-
mation in order to limit organ damage related to venous congestion such as acute 
mesenteric ischemia, portal hypertension, fulminant hepatic failure, and splenic 
infarction. Contrary to leg vein thrombosis, there is no direct risk of pulmonary 
embolism with the exception of hepatic vein thrombosis. Anticoagulation in this 
setting has been poorly studied with no randomized controlled trials to guide man-
agement. It is generally accepted that patients with splanchnic vein thrombosis 
should receive anticoagulant therapy in the absence of major contraindications [ 8 ]. 
Optimal duration of anticoagulation however has not been established and remains 
a topic of debate. This decision-making requires a balancing of the risk of recurrent 
venous thrombosis against the risk of major hemorrhage. Rates of major hemor-
rhage and recurrent venous thrombosis have been evaluated in several cohorts of 
patients with splanchnic vein thrombosis. In a large single-center cohort, the venous 
thromboembolism recurrence rate was 3.5/100 patient-years of follow-up [ 13 ]. The 
10-year recurrence rate was lowest in those with splenic vein thrombosis (3 %) and 
highest in those with mesenteric vein thrombosis (40 %). Recurrence rates were 
higher in those patients with multisegment involvement (36 %) compared to those 
with isolated venous thrombosis (20 %). Of the recurrent events, only 34 % occurred 
within the splanchnic circulation. Recurrence rates were not infl uenced by antico-
agulation strategy; however, the retrospective nature of these reports precludes 
inferences on anticoagulation effi cacy. These recurrence rates are similar to those 
reported by other investigators [ 36 ]. Rates of major hemorrhage have varied from 
6.9/100 patient-years to 12.5/100 patient-years [ 13 ,  36 ]. Gastroesophageal varices 
(HR 2.63, 95 % CI 1.72–4.03;  p  < .001) and warfarin therapy (HR 1.91, 95 % 
CI 1.25–2.92; p = 0.003) have been identifi ed as independent predictors of major 
 hemorrhages [ 13 ]. In a multicenter consortium, treatment outcomes were assessed 
in 77 patients followed for a median of 36 months [ 37 ]. All patients received antico-
agulant therapy. Recurrent venous thromboembolism occurred at a rate of 2.3/100 
patient-years. Of these, fi ve occurred after oral anticoagulants had been discontin-
ued and two recurred despite continued warfarin. Bleeding events were uncommon 
occurring in only two patients. 

 Current anticoagulation guidelines for venous thromboembolism management 
defi ne the treatment period as the initial 3 months of therapy. Thereafter, continued 
anticoagulation is termed “secondary prophylaxis” [ 23 ]. Expert opinion on the dura-
tion of anticoagulation varies between 3 and 6 months for reversible etiologies [ 7 ,  23 , 
 24 ]. Prolonged secondary prophylaxis is generally recommended for patients with 
persistent “strong” prothrombotic conditions or events occurring without identifi able 
causes. Underlying malignancy, strong thrombophilias, and abnormal postthrom-
botic venous physiology augment the risk of recurrent thrombosis. Current guide-
lines recommend balancing the risk of recurrent thrombosis with the risk of major 
bleeding in this decision-making process [ 8 ].    Since gastrointestinal varices, hepatic 
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synthetic dysfunction, and thrombocytopenia increase the potential for bleeding 
complications, prolonged secondary prophylaxis is generally not warranted for 
patients with these conditions [ 7 ,  23 ]. For those patients for whom prolonged antico-
agulation secondary prophylaxis is contemplated, endoscopic surveillance and treat-
ment of gastroesophageal varices may help guide anticoagulation decision-making 
and management [ 24 ]. In the absence of major bleeding complication, it has been our 
practice to provide patients with splanchnic thrombosis 6 months of anticoagulation 
therapy. For those patients with malignancy or a strong thrombophilia, we would 
provide continued secondary prophylaxis therapy as long as management has not 
been complicated by major bleeding.  

   Summary 

 Splanchnic vein thrombosis should be considered as a thrombotic entity unique 
from venous thrombosis involving the lower extremity veins or pulmonary emboli. 
This disease largely stems from organ pathology to injury within the splanchnic 
circulation. Clinical assessment should begin with a thorough evaluation to exclude 
such pathology. For approximately 20 % of individuals, a provoking risk factor will 
not be evident. For these individuals, thrombophilia testing for both inherited and 
acquired thrombotic variables is warranted. The timing of thrombophilia testing is 
also important to consider. Many clot-based thrombophilia assays will be infl u-
enced by the thrombotic process, anticoagulant therapy, or hepatic injury associated 
with the event. Delaying test acquisition until these variables are no longer present 
will maximize test performance and resource utilization. Although not specifi cally 
established by randomized controlled trials, the results of this testing can infl uence 
anticoagulant duration if a strong thrombophilia can be identifi ed.     
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    Chapter 24   
 Treatment of Mesenteric Venous Thrombosis 

             Shaun     M.     Gifford      ,     Michael     G.     Sarr      , and     Patrick     S.     Kamath     

         The treatment of mesenteric vein thrombosis (MVT) is driven largely by whether the 
MVT is acute, subacute, or chronic, as well as the chronicity of the symptoms, 
the extent of confi rmed venous thrombosis, and the presumed or confi rmed status of 
the bowel involved. The prior Chap.   22        went into great detail concerning the clinical 
symptoms associated with MVT, as well as the diagnostic modalities available for 
differentiating true MVT from other etiologies of abdominal pain, the most likely 
presenting symptom. Once the diagnosis is presumed or confi rmed, MVT has been 
managed in a variety of ways. For both acute and subacute MVT, anticoagulation to 
prevent further extension of the thrombosis is the hallmark of initial therapy with the 
ultimate goal directed at preventing progression of the thrombosis to avoid mesenteric 
ischemia. Various open surgical and endovascular options exist in lessening thrombus 
burden in the mesenteric venous system, but these aggressive maneuvers of throm-
bectomy are utilized less often in acute/subacute MVT and supported only by small 
case series. For chronic MVT, treatment depends on symptoms and complications of 
the chronic thrombosis—extrahepatic, mesenteric, splenic, and portal hypertension. 

 As discussed in the previous chapter and outlined in previous literature reviews, 
the clinical presentation of MVT is categorized into acute, subacute, or chronic, and 
although the presence of thrombus in the mesenteric and/or portal system is present 
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in all, the clinical presentation and management varies [ 1 ]. This chapter will review 
treatment options for MVT, with a focus on directing therapy according to the 
 presentation: acute, subacute, or chronic. 

   Acute Mesenteric Vein Thrombosis 

 As described in the previous chapter, clinical history determines the chronicity of 
the problem and categorizes the patient as having an acute event. Acute onset of 
severe abdominal pain is often fi rst evaluated by the general surgeon or gastrointes-
tinal specialist. Need for abdominal exploration based on the patient’s status and 
physical examination is made quickly and usually by the presence of an obvious 
intra-abdominal catastrophe or frank peritonitis. Abdominal exploration may be 
undertaken in the absence of any cross-sectional imaging (computed tomography 
(CT), magnetic resonance imaging (MRI), even ultrasonography). In today’s envi-
ronment of high-speed, high-resolution CT capabilities in many emergency depart-
ments, most patients with severe enough acute abdominal pain undergo CT early in 
the evaluation, often prior to the patient even being seen by a surgeon (Fig.  24.1 ). 
The radiologist can evaluate bowel status and infl ammatory changes, as well as the 
arterial and venous system. This information, in conjunction with the patient’s 

  Fig. 24.1    CT showing thrombus in the superior mesenteric vein       
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clinical presentation and status, dictates operative intervention or conservative 
 management in the patient with acute MVT. If the bowel is compromised and/or the 
patient has peritonitis, emergent exploration without further investigation is war-
ranted and is recommended in various algorithms [ 2 ,  3 ]. Using the patient’s clinical 
history, imaging, and laboratory and diagnostic studies, an etiology for the current 
problem should be sought actively. Several etiologies leading to secondary MVT 
are described in previous chapters. If these are present, the diagnosis of MVT is 
more likely, intervention can be individualized, and aggressive anticoagulation will 
be necessary.

   From a strictly historic standpoint, interventions to “debulk” the thrombus, 
relieve the venous obstruction, and decrease venous hypertension have been 
described. Mergenthaler and Harris reported in 1967 a successful case of venous 
thrombectomy of an acutely thrombosed SMV during a planned pancreatoduode-
nectomy [ 4 ]. Inahara further reported on planned, open, surgical thrombectomy in 
1971 and reviewed both clinical and experimental aspects of the treatment of MVT 
understood at the time. In his review, anticoagulation after intervention was required, 
and all patients with suspected diagnosis underwent an operation [ 5 ]. If bowel was 
compromised, the involved bowel was resected based on the clinician’s judgment 
with the sole intent of preserving as much viable intestine as possible. Second-look 
operations were often warranted; however, single resection procedures have been 
successful with comparable mortality when the demarcation of viable and nonvia-
ble bowel is obvious and when anticoagulation was timely. Prior to our better under-
standing of the diagnosis and treatment of acute MVT, mortality early on was 
exceedingly high, ranging from 40 to 70 % in some reports. 

 As our knowledge of the etiopathogenesis of MVT has matured, further evidence 
supported the use of immediate anticoagulation in the pre- and perioperative period 
to improve bowel salvage and decrease mortality. If the diagnosis of MVT has been 
made in a patient with acute onset abdominal pain, full anticoagulation should be 
started immediately (preferably preoperatively but if not, intraoperatively) to pre-
vent further extension of thrombosis; no attempt should be made to delay full anti-
coagulation until after the abdomen is closed because further extension of the 
thrombosis can occur during the perioperative period of relative hypercoagulability 
(Fig.  24.2 ). This aggressive anticoagulation has been shown in several studies both 
to prevent progression and to improve survival [ 2 ,  6 ,  7 ]. Many of these reports uti-
lize and recommend surgical exploration and resection of compromised bowel with 
or without a second-look operation. Mortality remained high (10–40 %) but has 
improved with this aggressive strategy of immediate anticoagulation.

   Clinical experience of attempts at nonoperative management led to a retrospec-
tive assessment of clinical outcomes in two published series. These reports chal-
lenged the use of routine operative intervention in conjunction with anticoagulation. 
In the fi rst study, Brunaud and colleagues evaluated their 12-year single-center 
experience [ 8 ]. They found that of the 26 patients treated, the overall morbidity was 
35 % and mortality was 19 %. With further comparative analysis, the early group 
with treatment based on operative intervention ( n  = 14) and late treatment group of 
anticoagulation ( n  = 12) showed no difference in mortality between groups; indeed, 
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nonoperative management was at least as good as open intervention. In review of 
the pathology reports of bowel resected in the operative group, these investigators 
found that 10 of 12 patients had only mucosal necrosis, begging the question of 
whether operative intervention and intestinal resection could have been avoided [ 8 ]. 

 In a similar study, Zhang and colleagues were able to show a benefi t of nonopera-
tive management in many patients with acute MVT [ 9 ]. In their report, 41 patients 
were treated for acute MVT over a 25-year period. Again, a change in management 
occurred based on the observation that a nonoperative approach of anticoagulation 
and close observation could be successful. They found a 39 % mortality in the group 
undergoing early operation (13 patients) versus the results in the 28 patients treated 
initially by a nonoperative approach with anticoagulation fi rst; 32 % of these 
patients treated with close observation eventually underwent operation because of 
progression of symptoms [ 9 ]. Clearly, in the absence of peritonitis or clinical insta-
bility, a trial of nonoperative management with anticoagulation is warranted in most 
patients without peritonitis. 

 Systemic anticoagulation with the addition of targeted thrombolytic strategies 
has also been tried, albeit with various success and complications. Systemic throm-
bolytic therapy has been shown to be of little benefi t and is accompanied by an 
extensive list of contraindications, making its usefulness prohibitive. In contrast, 
local directed delivery of thrombolytics into the superior mesenteric artery or into 
the venous segment directly or from a transjugular approach has been shown to 
improve venous fl ow in selected cases [ 10 ]. Although several case reports suggest 
some success, concern remains about the overall usefulness and practicality of 
these interventional approaches in the setting of a condition often diffi cult to diag-
nose that is often delayed several days and can progress to the need for operative 

  Fig. 24.2    CT showing thrombus extending up into the portal vein       
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intervention because of compromised bowel. Opponents of thrombolytic therapy 
suggest that when providing lytic therapy directly into the superior mesenteric 
artery, there is no way to guarantee delivery to the segment of venous thrombosis, 
because the lytic agents may just sidestep through collaterals. In this setting, there 
is no benefi t and only increased risk of bleeding. Contrary to the indirect route of 
lytic infusion, percutaneous access to the extrahepatic portal and mesenteric venous 
system is possible and may offer a more benefi cial approach to the retrograde deliv-
ery of the lytic agents directly at the site of thrombus. 

 With advances in endovascular techniques, minimally invasive efforts to debulk 
venous thrombus or perform thrombectomy have been attempted in several reports 
[ 11 – 13 ]. Unlike peripheral venous thrombosis, percutaneous access to the superior 
mesenteric and portal venous system can be problematic but can usually be obtained 
through the liver (transhepatically or via a transjugular approach) in a fashion simi-
lar to that for transjugular intrahepatic portosystemic shunt (TIPS) procedures. 
Once access is established, directed lytic therapy or mechanical thrombectomy can 
be attempted. Wasselius et al. expanded this concept with an aggressive combined 
approach via the superior mesenteric artery, portal vein (partial), and proximal 
intrahepatic branches [ 13 ]. Simultaneous access of the common femoral artery and 
transjugular intrahepatic access to the portal venous system allowed a mechanical 
venous thrombectomy combined with intra-arterial and intravenous delivery of tis-
sue plasminogen activator (TPA) at a dose of 1 mg/h. This aggressive approach led 
to thrombolysis of a main branch of the superior mesenteric vein with venous 
decompression of the bowel. Their patient avoided operation, resumed eating in 3 
days, and was kept on low-molecular-weight heparin with no bleeding events or 
other complications [ 13 ]. 

 Obviously, with these more aggressive scenarios, the patient must be assessed 
repeatedly for worsening of their clinical condition or development of peritonitis. 
Such deterioration demands immediate exploration and resection of compromised, 
irreversibly ischemic bowel. In the setting of partial systemic thrombolytic treatment, 
an increased risk of bleeding is present. In a report from Hollingshead and colleagues 
of transcatheter thrombolytic therapy of acute MVT, although 75 % of patients had 
improvement in their clot burden and 85 % had resolution of their MVT, 60 % expe-
rienced a major complication of which bleeding was the most  common [ 14 ]. 

 The proposed duration of anticoagulation is variable across reports and depends 
heavily on the underlying etiology, resolution of symptoms, and the risk of continued 
anticoagulation. In the absence of a hereditary or acquired thrombotic disorder, anti-
coagulation is recommended for 6–12 months. During systemic anticoagulation, the 
risk of bleeding is low, but recurrence is quite high and occurs most frequently in the 
fi rst 30 days after operation and in the area of bowel resection or thrombosis [ 15 ,  16 ]. 
A large, single-series report from Rhee et al. demonstrated recurrence in 36 % of 
patients despite aggressive anticoagulation; three-quarters of the recurrences devel-
oped during the same hospitalization or within 30 days, highlighting the need for 
close postoperative follow-up, even after discharge, at least for the fi rst month or two 
[ 2 ]. Residual thrombus in the mesenteric venous system acts as a nidus and may 
propagate into larger veins. Complete resection of involved bowel and prevention of 
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propagation by maintaining the international ratio (INR) on warfarin therapy in the 
range of 2.0–3.0 appears to be the best course to limit recurrence. Both unfraction-
ated and low-molecular-weight heparin have been used successfully to bridge to 
warfarin. The newer direct thrombin inhibitors, like Pradaxa and Xarelto, have not 
been evaluated in the setting of MVT and, therefore, cannot be recommended at this 
time until studied formally for this type of thrombosis. With all of these approaches 
to prevent propagation of thrombus and limit thrombus burden in the mesenteric 
venous system, currently mortality rates have decreased to 0–23 % [ 3 ]. An algorithm 
for management of acute MVT is proposed in Fig.  24.3 .

      Subacute Mesenteric Vein Thrombosis 

 Patients who have had symptoms present for days to weeks and thrombus in the 
mesenteric venous system are categorized as having subacute MVT. Some reports 
have combined the patients meeting these criteria with those patients with chronic 

  Fig. 24.3    Algorithm for the management of chronic mesenteric venous thrombosis.  TIPS  tran-
sjugular intrahepatic portosystemic shunt       
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MVT [ 2 ]. Mostly likely, these patients had a mild, less acutely symptomatic MVT 
that extended to involve more venous drainage beds leading to exacerbation of pain 
and other symptoms. Because of the diffi culty in diagnosis of subacute MVT, a 
strong history of clotting disorders both personal or within close family members 
should raise suspicion. Patients with subacute MVT often have had an extensive 
work-up with multiple studies and subspecialists involved. Ideally, once the diagno-
sis is made, anticoagulation should be initiated immediately to limit further exten-
sion of the thrombus. 

 As with acute MVT, the goal in treating subacute MVT is also to prevent exten-
sion of the thrombosis with systemic anticoagulation. Due to the nagging nature and 
progression of symptoms, it is unlikely that bowel is irreversibly ischemic, thus 
requiring resection. Often, these patients have not developed extensive collateral 
drainage or development of varices. This lack of effective collateral venous drainage 
is both good and bad—good in the sense that the sequelae of variceal bleeding 
are unlikely but bad in the sense that propagation of thrombus can lead to an acute 
change in status such that the bowel becomes ischemic due to lack of collateral fl ow. 
Once the presence of MVT is identifi ed, these patients should be anticoagulated 
immediately. Hopefully, early recognition and initiation of systemic anticoagulation 
will prevent progression of the thrombosis and eventual innate thrombolysis. 
Although one might consider more aggressive endovascular interventions in this 
 setting to prevent venous progression, such an aggressive approach is usually not 
necessary, and the most appropriate treatment consists primarily of anticoagulation.  

   Chronic Mesenteric Vein Thrombosis 

 Chronic MVT is usually recognized incidentally on imaging for another indication 
or secondary to the sequelae of chronically occluded veins (i.e., esophageal or gas-
tric variceal hemorrhage, splenomegaly, or rarely ascites). Imaging may demon-
strate various degrees of vein thrombosis, ranging from segmental branches to more 
commonly the larger veins. Collateral veins are present usually and are the reason 
for the lack of symptomatology (Fig.  24.4 ). The lack of abdominal pain suggests the 
occlusion occurred gradually over several months, with slow enlargement of col-
lateral beds compensating for the venous hypertension resulting from the venous 
occlusion.

   Management of chronic MVT is different and requires an in-depth discussion 
with the patient concerning any abdominal symptoms, predisposition for  thrombosis 
in their personal or family history, and possible determination of when the thrombo-
sis occurred. In the absence of any symptoms or underlying hypercoagulable state, it 
appears to be unnecessary to institute anticoagulation; indeed, anticoagulation would 
increase complication rates in the setting of variceal bleeding. The literature sug-
gests that recanalization of the larger veins can occur in 50–80 % but is often of little 
importance because of the development of collateral drainage [ 17 ,  18 ]. Thrombectomy 
or venous bypass is usually futile, because these vessels are often scarred, the throm-
bus is well organized, and access through the engorged, thin-walled collateral beds 
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is prohibitive. The potential bleeding from gastroesophageal varices is usually the 
focus of treatment and prevention of further hemorrhage in this group of patients. 
Prophylaxis with propranolol, endoscopic therapeutic interventions, and portosys-
temic shunts are all possibilities for managing variceal bleeding [ 1 ], but conservative 
noninterventional measures are utilized fi rst. Consideration for a portacaval shunt 
can be entertained, but only after in-depth discussion with patient about risks and 
adverse events associated with this procedure. If bleeding occurs, the treatment 
approach is that for the management of portal hypertension and is governed by 
patency of the extrahepatic venous anatomy. An algorithm for management of 
chronic MVT is shown in Fig.  24.5 .

  Fig. 24.4    CT of the progression of splenic vein thrombosis. ( a ) Thrombosis/obstruction of the 
mid-aspect of splenic vein. Note splenomegaly. ( b ) Extensive venous collaterals 18 months later       

  Fig. 24.5    Algorithm for the 
management of acute 
mesenteric venous 
thrombosis.  SMV  superior 
mesenteric vein       
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      Special Situations 

 Thrombosis of the larger veins of the extrahepatic venous system can occur from 
other secondary causes that have a defi nite etiology. Thrombosis of the portal 
venous anastomosis after an orthotopic liver transplantation can occur rarely (<2 %), 
and if the liver graft is threatened, emergency operative thrombectomy either by 
operative approaches or by transhepatic endovascular techniques may be indicated 
[ 19 – 21 ]. Superior mesenteric venous/portal venous anastomosis or a bridging con-
duit from superior mesenteric vein to portal vein can also thrombose after a pancre-
atoduodenectomy with resection of the retropancreatic portal/superior mesenteric 
venous junction; should hepatic viability be jeopardized, operative thrombectomy 
can be performed [ 22 – 25 ], but this is a very uncommon situation. Similarly, exten-
sion of thrombus from the remnant splenic vein near the superior mesenteric venous/
portal venous confl uence can occur, but usually serious complete portal venous 
thrombosis is rare; management is usually anticoagulation. Rare cases of interven-
tional approaches to portal vein thrombosis have been described as well [ 26 ].  

   Conclusion 

 Treatment for MVT depends on the clinical presentation of the patient. A high index 
of suspicion is needed to prevent delay in diagnosis in the acute or subacute setting; 
once the diagnosis of acute or subacute MVT is confi rmed, all patients should be 
started immediately on full, systemic anticoagulation to prevent propagation of the 
thrombus. Operative intervention is reserved for those patients who present with 
signs, symptoms, or radiologic evidence of irreversible ischemia or in whom irre-
versible ischemia is highly suspect. Once resolution of the acute episode occurs, 
anticoagulation should be continued for at least 6 months. If an underlying hyperco-
agulable state is identifi ed, anticoagulation should be continued indefi nitely. In 
chronic MVT, therapy should be focused on preventing complications of the mes-
enteric venous hypertension. Long-term anticoagulation should be considered in 
select individuals.     
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    Chapter 25   
 Clinical Presentation and Diagnosis 

             A.    S.     Bode     ,     M.     Dekkers     ,     T.    R.     van     Oudheusden     ,     J.    A.     Teijink     , 
and     M.D.     Luyer     

         Nonocclusive mesenteric ischemia (NOMI), a condition in which blood supply to 
the splanchnic circulation is hampered by a non-obstructive cause, accounts for 
approximately 20 % of all causes of acute mesenteric ischemia [ 1 ,  2 ]. Prevalence is 
highest in the intensive care setting in patients suffering from either cardiogenic or 
septic shock in which mesenteric circulation is compromised by hypotension and 
decreased cardiac output and with the subsequent use of vasopressors [ 1 ]. As a result, 
a lowered mesenteric fl ow causes intestinal hypoxia with watershed areas of critical 
mesenteric circulation. Early and adequate diagnosis is essential to prevent intestinal 
ischemia, necrosis, sepsis, and death. Although the widespread use of invasive hemo-
dynamic monitoring has reduced the mortality of NOMI from almost 100 to 70 % 
[ 3 – 5 ], increased awareness of clinical symptoms in combination with novel diagnos-
tic modalities may help us further reduce these dramatic mortality rates. 

 In this chapter an overview of etiology, clinical presentation, and diagnostic con-
siderations of NOMI will be presented, after which treatment will be discussed in 
Chap.   26    . 

   Etiology 

 Splanchnic hypoperfusion can be caused by different mechanisms but is primarily 
the result of a homeostatic mechanism to preserve cardiac and cerebral blood fl ow 
at the cost of mesenteric and peripheral circulation via disproportionate vasocon-
striction. Intestinal mucosal damage is initiated at the villous tips because of their 
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relatively high oxygen requirement and results in irreversible necrosis after 2–3 h of 
hypoperfusion. Particularly elderly people are at risk because of limited compensa-
tory hemodynamic strategies. Besides age, also pre-existing myocardial infarction, 
congestive heart failure, hypotension following dialysis, and recent major cardio-
vascular or abdominal surgery in combination with extensive enteric feeding have 
been described as risk factors for the development of NOMI [ 3 ,  6 – 8 ]. Furthermore, 
administration of pharmacological agents such as alpha-adrenergic agonists is 
responsible for an increased vasoconstriction and thus an increased resistance in 
peripheral splanchnic vessels.  

   Clinical Manifestation 

 Compared to the acute and severe abdominal pain in occlusive mesenteric ischemia, 
severity and location of abdominal pain in NOMI is more variable. Peritoneal signs 
of infl ammation are often absent in the early phase; however, when ischemia pro-
gresses, bowel distension, rebound tenderness and guarding of abdominal muscula-
ture, hypotension, fever, decreased bowel sounds, nausea, vomiting, diarrhea, and 
anorexia are likely to be observed [ 9 ]. However, these symptoms may take days to 
develop and are not seldom precluded by intestinal perforation [ 10 ]. Conversely, 
20–30 % of patients with NOMI do not report any abdominal pain at all. The clini-
cal condition of these patients is often dominated by extensive comorbidities. Under 
these circumstances, intestinal ischemia may not be clinically evident until hours or 
days after the initial hemodynamic insult [ 8 ].  

   Diagnostic Considerations 

 According to the ACC/AHA Guideline for the management of patients with 
peripheral artery disease, NOMI should be suspected in (1) patients with low fl ow 
states or shock of any origin who develop abdominal pain, (2) patients receiving 
vasoconstrictor substances and medications (e.g., cocaine, vasopressin, norepi-
nephrine) who develop abdominal pain, or (3) patients who develop abdominal pain 
after coarctation repair or after surgical revascularization for intestinal ischemia 
caused by arterial obstruction [ 10 ]. 

 Rapid diagnosis of mesenteric ischemia is crucial in order to avoid intestinal 
necrosis and its sequela. Therefore, priority should be given to resuscitation when 
suspecting NOMI by improving cardiac output and correcting hypotension, hypo-
volemia, and cardiac arrhythmias. Subsequently, diagnostic procedures need to be 
performed as soon as possible to confi rm or reject clinical suspicion. Nonetheless, 
early symptoms of NOMI are nonspecifi c and often result in delayed diagnosis. 
Several diagnostic tools are available in the workup of mesenteric ischemia, and 
in many cases a combination of the outcome of several diagnostic modalities 
confi rms the diagnosis.  
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   Laboratory Assays 

 Although laboratory fi ndings are nonspecifi c for the detection of mesenteric ischemia, 
several tests have been investigated in the context of NOMI. Firstly, following intes-
tinal dehydration, hematocrit increases. Secondly, the anaerobic glycolysis during 
hypoxia leads to lactate acidosis. Thirdly, due to intestinal cell death, lactate dehydro-
genase (LDH) and creatine kinase will be released into the circulation. Moreover, 
leukocytosis can be considered another nonspecifi c associated reaction [ 11 ]. 

 Given that mesenteric ischemia starts from the intestinal mucosa, two promising 
mucosal biomarkers have been identifi ed: intestinal fatty-acid binding protein 
(I-FABP) and alpha-glutathione S-transferase (alpha-GST) [ 12 ]. I-FABP comprises 
a class of low molecular weight cytosolic proteins and can be found in tissues 
involved in uptake and consumption of fatty acids. It is highly expressed in cells on 
the luminal side of small intestinal villi and released into the circulation upon 
enterocyte membrane integrity loss. Urinary and plasma I-FABP levels are signifi -
cantly elevated in patients with intestinal ischemia compared to healthy controls 
[ 13 ]. I-FABP has been reported as a specifi c and sensitive marker for postoperative 
intestinal necrosis [ 14 ]. A clinical trial demonstrated a high sensitivity (0.90) and 
specifi city (0.89) for urinary I-FABP [ 15 ]. Alpha-GST is released by a variety of 
cells following cell membrane damage [ 16 ] and is known to be highly active both in 
the liver and the small intestine mucosa [ 17 ]. Alpha-GST has pooled sensitivity and 
specifi city for diagnosing mesenteric ischemia of 0.68 and 0.85, respectively.  

   Angiography 

 The    American Gastroenterological Association guideline of 2000 states that mesen-
teric angiography is the standard of reference for diagnosing mesenteric ischemia 
[ 18 ]. When a clinician is aware of possible mesenteric ischemia, angiography is 
accurate and increases survival [ 19 ]. In patients with NOMI, selective angiography 
can exclude a signifi cant arterial lesion while demonstrating areas of narrowing and 
irregularity in major branches, decreased or absent fl ow in the smaller vessels, and 
an absent submucosal blush [ 1 ]. 

 Moreover, the major benefi t of performing a digital subtraction angiography 
(DSA) in patients suspected of NOMI is that immediate treatment by infusion of 
vasodilators through the angiographic catheter can be initiated to reverse the under-
lying condition causing the mesenteric vasoconstriction. Nevertheless, intra-arterial 
angiography is invasive and time consuming, and the unavailability of this diagnos-
tic modality in some hospitals may lead to a critical delay in diagnosis. Therefore, 
over the last decade there has been a major shift toward computed tomography 
angiography (CTA) because it is less invasive, less time- and resource consuming, 
and more readily available.  
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   Computed Tomography 

 CTA has replaced angiography as the standard of reference in diagnosing mesen-
teric ischemia with a sensitivity and specifi city of 0.96 and 0.94, respectively 
[ 20 ,  21 ]. With a short examination time and the ability to rule out several other 
causes of acute abdominal pain, CTA provides a noninvasive method to adequately 
depict the abdominal aorta, the origin of the splanchnic arteries, their central parts, 
and its branches in diagnostic quality. During the examination vascular enhance-
ment is achieved by administration of iodinated contrast agents in bolus techniques 
after which luminal narrowing of the splanchnic vasculature can be assessed and 
graded. Besides evaluation of contrast distribution during bolus injection, thicken-
ing of the bowel wall, absence of bowel wall enhancement, intramural hemorrhage, 
focal or diffuse intraperitoneal fl uid collections, intestinal pneumatosis, portal 
venous gas collections, edematous wall thickening, or inhomogeneous contrast 
enhancement of the mucosa may be observed and have been associated with mesen-
teric ischemia. Unfortunately, all of the above have been considered nonspecifi c and 
are present in only 20–60 % of patients with mesenteric ischemia [ 22 ,  23 ].  

   Magnetic Resonance Imaging 

 Contrast-enhanced magnetic resonance angiography (CE-MRA) is considered a 
novel approach in the identifi cation of mesenteric ischemia. CE-MRA of the 
splanchnic vessels is appealing because of its noninvasive character, and moreover 
it avoids the nephrotoxicity and allergic risks associated with iodinated contrast 
agents [ 21 ]. Although, to our knowledge, CE-MRA has not been used to evaluate 
NOMI in humans, non-occlusive emboli have been adequately visualized as fi lling 
defects, and it yielded a sensitivity and specifi city of 0.95 and 1.00, respectively, in 
a clinical trial designed to diagnose severe stenosis or occlusion of the origins of the 
celiac axes and superior mesenteric artery [ 24 ]. Unfortunately, the use of CE-MRA 
is limited to identifi cation of more proximal located occlusions and does not have 
the same spatial resolution and acquisition time as CTA [ 25 ]. If better spatial resolu-
tion becomes available in the future, CE-MRA has the potential to become the 
diagnostic modality of choice.  

   Summary 

 Considering the potential lethal consequences of non-occlusive mesenteric isch-
emia, timely and adequate diagnosis is of the utmost importance. Although elevated 
levels of hematocrit, LDH, lactate, and creatine kinase have been associated with 
the presence of NOMI, lack of specifi city hampers routine clinical implementation. 
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Novel markers (I-FABP and alpha-GST) are currently investigated for their early 
diagnostic power and their feasibility for diagnosing mesenteric ischemia in an 
early stage. Angiography by means of either CTA or DSA for detection of arterial 
vasoconstriction is still considered the standard of reference for evaluation of 
NOMI. Future improvements in spatial resolution and acquisition time may result 
in MRA being the superior, noninvasive modality.     
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    Chapter 26   
 Management and Results 

             T.    R.     van     Oudheusden     ,     M.     Dekkers     ,     A.    S.     Bode     ,     J.    A.     Teijink     , and     M.    D.     Luyer     

         Mesenteric ischemia is a severe disease that was associated with a 100 % mortality 
level up until the 1980s due to the frequent use of vasopressors in cardiac patients. 
Although the knowledge about this entity increased and improvements were made 
in diagnostic modalities, the mortality rate nowadays still remains above 40 % due 
to the unfavorable setting in which patients present themselves [ 1 ]. The subgroup 
of non-occlusive mesenteric ischemia (NOMI) accounts for approximately 20 % 
[ 2 ] of all mesenteric ischemia syndromes and is associated with a mortality rate of 
70 % [ 3 ]. The increased mortality in NOMI is mainly caused by the critical state of 
patients preceding the NOMI event.    Many patients developing NOMI often have a 
lot of comorbidities, are intubated and sedated and receive medication. These cir-
cumstances can result in a different clinical presentation and often lead to a delay 
in diagnosis and treatment. As in other types of mesenteric ischemia, a timely 
diagnosis of the disease is of the utmost importance. A delay of 24 h increases 
mortality by 20 % due to progression of the disease to an irreversible state to exten-
sive transmural bowel infarction with peritonitis and severe sepsis 
[ 2 ,  4 ]. In this chapter an overview of the treatment goals for NOMI and possible 
treatment modalities will be presented. 
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   Treatment Goal 

 In NOMI patients, ischemia is caused by splanchnic hypoperfusion as a result of 
severe vasoconstriction, initiated to preserve cardiac and cerebral blood fl ow. 
Therefore, the primary goal in the treatment of NOMI should be the return of 
 adequate blood fl ow to the splanchnic circulation. Furthermore, treatment of the 
underlying cause of the mesenteric vasospasm should be started as soon as possible. 
All patients under suspicion of acute mesenteric ischemia (AMI) should undergo 
general treatment steps while diagnosis has yet to be confi rmed (Table  26.1 ). 
Treatment for NOMI however differs from the mesenteric ischemia cases caused by 
an arterial or venous occlusive event (OMI). In NOMI, gut serosa can still be viable 
despite the presence of infarcted mucosa, making it impossible to determine which 
bowel segments are affected and establish a diagnosis. Therefore, surgical interven-
tion has no role in the initial phase, and a laparotomy should only be applied when 
high suspicion of threatened bowel is present.

      Pharmacological Treatment 

 While the fi rst part of the treatment focuses on the underlying cause to relieve the 
low-fl ow state, a more direct treatment can be initiated to return blood fl ow to the 
splanchnic circulation. It is important to mention that the low-fl ow state, which usu-
ally precedes NOMI, cannot be treated with vasoconstrictors, since they would only 
worsen the condition by increasing resistance in peripheral splanchnic vessels. 
Furthermore, even when the precipitating event is corrected, the mesenteric vaso-
spasm may still persist, indicating the importance of treatment continuation for this 
phenomenon [ 5 ,  6 ]. 

 Two different treatment modalities exist: the fi rst being intra-arterial applica-
tion of vasodilators, the second being intravenous prostaglandin E1 (PGE1) 
administration. In the early 1970s, Boley et al. used intra-arterial papaverine 
(30–60 mg/h max. 4 h), a phosphodiesterase inhibitor that increases blood fl ow 
through smooth muscle relaxation, to improve bowel salvage [ 4 ]. Their group was 
able to obtain mortality rates of only 40 % by performing laparotomy only in 
patients who did not respond to treatment. This technique was practical since 
intra-arterial angiography was already used to differentiate between NOMI and 
OMI, giving the opportunity to directly engage intra-arterial treatment. Since in 

  Table 26.1    Key steps in 
treatment of possible acute 
mesenteric ischemia  

 1. Aggressive resuscitation 
 2. Electrolyte imbalance correction 
 3. Invasive monitoring 
 4. Broad spectrum antibiotics 
 5. IV heparin (at least until diagnosis is confi rmed) 
 6. Surgical (in case of high suspicion of threatened 

bowel) 
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these days intra-arterial angiography was also used to follow up these patients and 
monitor the release of the vasospasm, continuation of vasodilators was possible. 
Alternative vasodilators for papaverine are phenoxybenzamine, tolazoline, and 
laevodosine, although these are not commonly used nowadays. In patients with 
poor or unstable conditions, repeated selective mesenteric angiography with 
papaverine may not be possible due to its complexity and invasiveness sometimes 
leading to acute tubular necrosis, local hematomas, and catheter dislodgement, 
especially in older patients [ 7 ,  8 ]. 

 As mentioned in Chap.   25    , computed tomography angiography (CTA) has now 
replaced angiography as the standard of reference in diagnosing mesenteric isch-
emia [ 9 ]. Additionally, CTA has a short examination time and the ability to rule out 
other causes of acute abdominal pain in a noninvasive way [ 10 ]. Consequently, an 
alternative for intra-arterial vasodilator therapy was found by administrating a con-
tinuous high dose of intravenous PGE1. PGE1 improves blood fl ow due to relax-
ation of vascular smooth muscle and inhibits reactive oxygen production due to 
ischemia [ 11 ]. Recently, two groups have tried this approach showing promising 
results by preventing acute NOMI in three out of three and eight out of nine patients 
using a PGE1 dose of 0.01–0.03 μg/kg/min for a maximum of 5 days (until improve-
ment of abdominal symptoms) [ 7 ,  12 ]. Only one laparotomy was performed, and 
PGE1 infusion was deemed to be a safe treatment option. However, PGE1 also 
inhibits platelet aggregation. Therefore, particular care must be taken in elderly 
patients who are at risk for hemorrhage.  

   Surgical Treatment 

 A laparotomy is only required when symptoms persist after initial treatment and/or 
when serum markers continue to increase. During surgery it is possible to use direct 
transcatheter infusion of papaverine into the superior mesenteric artery (SMA), 
which will restore blood fl ow within minutes. After restoration of blood supply, the 
bowel must be accurately reassessed. In order to do so, at least 20–30 min of reper-
fusion time should be allowed before viability can be determined via thorough 
exploration [ 13 ]. The bowel sections in which irreversible damage took place must 
then be resected [ 2 ]. It is important to realize that although blood fl ow may be 
restored with direct infusion of papaverine, the initial stimulus causing the ischemia 
still has to be treated to prevent further progression of ischemia.  

   Recommendations 

 Although mortality rates in NOMI are poor, signifi cant improvements have been 
made in both diagnostic and treatment modalities. Early identifi cation is of the 
utmost importance to initiate early treatment, focused on returning blood fl ow to 
the mesenteric circulation. Intra-arterial application of papaverine can resolve the 
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vasospasm, although mesenteric angiography might not be possible in critical 
patients. A good alternative is administration of a high dose of intravenous PGE1, 
which should be continued until the spasm and the symptoms are relieved. Surgical 
intervention is only indicated when initial treatment fails, in which case bowel 
segments with irreversible damage should be resected.     
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    Chapter 27   
 Clinical Presentation and Diagnostic 
Considerations 

             Audra     A.     Duncan     

         The syndrome of celiac artery compression by the median arcuate ligament (MAL) 
or possibly by fi brotic celiac ganglion was fi rst described by Harjola in 1963 [ 1 ] and 
then by Dumbar et al. in 1965 [ 2 ]. Symptoms may vary from postprandial abdomi-
nal pain, similar to that seen with chronic mesenteric ischemia, to pain with exercise 
[ 3 ], nausea, vomiting, or weight loss. Diagnosis may be confounded by a vague and 
variable clinical presentation, as well as by the fact that celiac compression by 
the ganglion is a normal variant noted on imaging in asymptomatic patients [ 4 – 7 ]. 
In fact, extrinsic compression of the celiac artery may be found in 20–70 % of indi-
viduals undergoing imaging for possible abdominal disease [ 8 ]. 

 Hypotheses regarding the etiology of median arcuate ligament syndrome (MALS) 
remain theoretical, as the pathophysiology has yet to be determined in the past 
45 years. Some authors hypothesize that MALS is caused by intermittent mesenteric 
ischemia [ 4 ]. Ischemia may contribute to MALS symptoms, but it seems unlikely as 
the sole cause in the setting of patent superior mesenteric (SMA) and inferior mes-
enteric arteries (IMA). In fact, when the celiac artery is ligated in cases of tumor, 
trauma, or occlusion in the setting of thoracoabdominal aneurysm repair, the patients 
often remain unaffected. In addition, there are no reports of MALS causing intesti-
nal infarction, which would be the natural expected outcome in severe cases. 

 Intermittent foregut ischemia, however, could play a role in MALS. This theory 
is supported by a series from Reilly et al. that identifi ed that 70 % of the asymptom-
atic group had a patient celiac artery, whereas 76 % of symptomatic patients had an 
occluded artery at 9-year follow-up [ 5 ]. Other unproven theories [ 4 ] have enter-
tained the idea that the SMA collateral arteries that develop with intermittent celiac 
stenosis or occlusion may cause a postprandial “steal” of blood from the midgut, 
although this has not proven true in canine models [ 6 ]. 
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 Other theories consider the role of ganglion nerve involvement in the MALS 
pain syndrome either from direct sympathetic pain fi ber irritation or indirectly from 
splanchnic vascoconstriction [ 7 ]. This neurogenic hypothesis is supported by the 
results of celiac ganglion block, often used for diagnosis of MALS as discussed 
below [ 9 ]. In addition, a study demonstrating improvement of radionucleotide gas-
tric emptying after surgical transection of celiac ganglion supports this theory [ 10 ]. 

 MALS has been reported in patients with rapid weight loss causing loss of peri-
aortic fat and changes in the anatomic relationship between the ligament and the 
aorta. This effect has been reported following bariatric gastric bypass [ 11 ]. 

   History and Physical 

 Patients undergoing MALS evaluation have often had previous evaluations for 
other causes of abdominal pain and symptoms such as cholecystitis or gastro-
esophageal refl ux. Because of the diffi culty in identifying patients who will respond 
to celiac ganglion release, MALS is often a diagnosis of exclusion. Gastrointestinal 
evaluation may include upper endoscopy, colonoscopy, motility studies, computed 
tomography (CT) or magnetic resonance (MR) imaging. Up to 50 % of patients 
may have abdominal operations or procedures, including cholecystectomy, explor-
atory laparoscopy or laparotomy, and biliary/pancreatic sphincterotomy, before a 
diagnosis of MALS is made [ 9 ]. 

 Typically women are diagnosed more frequently than men in a ratio of 2–3:1, 
with a typical age range of 30–50, although patients have been reported with MALS 
from ages 18–70 [ 4 ,  9 ]. Symptoms of chronic celiac axis compression most com-
monly include abdominal pain (80–90 %), postprandial abdominal pain (60–80 %), 
nausea and vomiting (50–60 %), weight loss (50 %), and bloating (40 %) [ 9 ]. In a 
smaller group of patients (8–20 %), pain may be triggered by exercise [ 3 ,  9 ]. 

 Physical exam is frequently normal, and patients are often thin but not malnour-
ished. Epigastric abdominal bruit may be present. Vague abdominal pain, either 
diffuse or epigastric, may be noted, as well as tenderness to palpation or mild disten-
tion. If peritonitis is suspected, however, a more emergent workup for intestinal 
ischemia caused by an alternative etiology should be considered. Secondary hyper-
tension has been reported in a rare case report due to compression of the renal artery 
by the MAL [ 12 ].  

   Imaging Studies 

 Although diagnosing MALS preoperatively can be elusive because of the vague 
symptoms, imaging offers the best chance to delineate the anatomical features of 
MALS. Duplex ultrasound with inspiration and expiration may be a good screening 
study during initial evaluation of MALS if done by an experienced ultrasonogra-
pher. Celiac stenosis is defi ned as a peak systolic velocity >200 cm/s, but the 
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etiology of MAL compression may not be clearly imaged with ultrasound. Typically, 
the Duplex screen is followed by more defi nitive contrast imaging such as digital, 
CT or MR angiography. 

 In the past, conventional angiography with a lateral aortogram and selective 
celiac and SMA images during full inspiration (Fig.  27.1a ) and expiration 
(Fig.  27.1b ) was considered the optimal exam. CT angiography, however, has 
replaced digital angiography and has the advantage of potentially identifying con-
comitant abdominal disease and is less invasive (Fig.  27.2 ). Again, CTA with 
2–3-mm-thick axial sections must be performed with inspiration and expiration, 
with the expectation that the celiac compression will be augmented in the expiratory 
phase (Fig.  27.3a, b ) [ 13 – 15 ]. The CTA may identify a fi xed celiac stenosis in both 
inspiration and expiration, celiac occlusion, abnormal anatomy, mesenteric throm-
bosis, or atherosclerotic disease which may affect further interventions. It is impor-
tant to note that incidental identifi cation of celiac artery compression on CT is often 
unrelated to MALS. For example, in a retrospective review of 744 patients with CT 
scans, 21 were found to have MALS, but only 3 of the 21 had symptoms [ 16 ]. If 
conventional angiography is performed, the addition of intravascular ultrasound 
(IVUS) can be done, as an adjunct to contrast imaging [ 17 ]. IVUS may identify a 
more severe stenosis than identifi ed on CTA or lateral angiogram.

  Fig. 27.1    A 50-year-old woman with 15-lb weight loss and upper abdominal pain. ( a ) Lateral 
aortogram during inspiration demonstrates a widely patent celiac artery origin (arrow). ( b ) Lateral 
aortogram during expiration demonstrates compression of the celiac artery at the level of the 
median arcuate ligament (arrow)       
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  Fig. 27.2    A 38-year-old woman with chronic abdominal pain despite cholecystectomy. Axial 
images from her CTA identifi es a thickened median arcuate ligament (arrow) overlying the 
celiac artery       

  Fig. 27.3    The same 38-year-old woman with sagittal imaging on inspiration and expiration CTA. 
( a ) Widely patent celiac artery (arrow) during inspiration. ( b ) High-grade stenosis (arrow) of the 
celiac artery with expiration       
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     In addition, MALS with signifi cant celiac stenosis has been reported as a cause of 
pancreaticoduodenal artery aneurysm [ 18 – 20 ]. MRA can be used in a similar manner 
as CTA for patients with a contrast allergy or in children to avoid radiation. However, 
expiration phase images are impractical with MRA and may need to be combined 
with ultrasound imaging to identify dynamic changes in the celiac artery [ 14 ]. 
In addition, MRA may not identify intra-abdominal pathology as well as CT scan.  

   Injection of Celiac Ganglion and Gastric Tonometry 

 Because median arcuate compression can be found in both symptomatic and asymp-
tomatic patients, imaging alone may not identify patients who will improve after 
MAL surgical release. The percutaneous celiac ganglion block has been used for 
many years to control intractable pain for patients with chronic pancreatitis or intra- 
abdominal cancers. Although permanent block can be obtained by injecting alcohol, 
a temporary celiac ganglion injection with local anesthetic performed under CT or 
fl uoroscopic guidance (Fig.  27.4 ) may help to identify patients who would improve 
from surgical treatment [ 21 ]. Although promising, improvement from ganglion 
block does not absolutely predict future success from MAL surgical release, and 
further studies are still necessary.

  Fig. 27.4    A 25-year-old man 
with exercise-induced 
abdominal pain underwent 
fl uoroscopic-guided celiac 
ganglion temporary block 
to aid in diagnosis of MALS       
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   Gastric tonometry (See Chap.   6    ) has also been proposed as a preoperative 
predictor of success from MAL release. Mensink et al. reported on 43 patients 
with  signifi cant celiac compression of which 30 had ischemia based on gastric 
exercise tonometry [ 22 ]. Of those 30 patients, 29 underwent MAL release and/or 
revascularization, and 83 % were asymptomatic at 39 months of follow-up. 
Repeat tonometry in the patients who were asymptomatic was improved in 100 % 
but only improved in 25 % of patients with persistent symptoms, implicating 
 gastric ischemia an etiology.  

   Differential Diagnosis 

 Despite an overlap in symptoms, MALS is distinct from chronic mesenteric isch-
emia. As opposed to chronic mesenteric ischemia, MALS will not progress to 
cachexia, bowel gangrene, or death. In addition, MALS typically involves only the 
celiac artery, although occasionally the ligament can compress the SMA as well. 
Although initial general symptoms of abdominal pain, postprandial pain, and food 
fear may lead to the differential diagnosis of both MALS and chronic mesenteric 
ischemia, careful history and excellent imaging can often easily differentiate 
between the two diseases.     
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    Chapter 28   
 Open Surgical Treatment 

             Audra     A.     Duncan     

         Although results of surgical treatment are discussed in Chap.   30    , one of the key 
factors to consider before embarking on open median arcuate ligament (MAL) 
release is the potential outcomes based on symptoms, patient age, associated comor-
bidities, and preoperative assessment [ 1 ]. Reilly et al. demonstrated that patients 
with atypical pain patterns, age greater than 60 years old, weight loss less than 20 
lbs, and a history of psychiatric disease or alcohol abuse were less likely to improve 
after MAL release [ 1 ]. The patient and surgeon should have a frank discussion 
regarding the diffi culty in predicting postoperative outcomes after MAL release, 
particularly because of the wide overlap of symptoms of MAL syndrome (MALS) 
with other gastrointestinal and intra-abdominal pathologies [ 1 ]. 

   Open MAL Release 

 Surgical management, either open or via laparoscopic technique, is nearly always 
required in order to release the mechanical compression of the fi brous median arcuate 
band, resect the celiac ganglion, and inspect the celiac artery, often with ultrasound 
[ 1 – 4 ]. Although endovascular treatment of celiac compression have been reported 
[ 5 – 8 ], the risk of restenosis or stent compression is high in this generally low-risk, 
healthy patient group who tolerate open procedures and general anesthesia well. 

 MAL release is performed through an upper abdominal incision from the xiphoid 
to several centimeters above the umbilicus. A subcostal incision can be consid-
ered depending on the patient’s body habitus. A nasogastric tube is placed after 
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 anesthesia to assure identifi cation of the esophagus during mobilization of the MAL. 
The diaphragm fi bers draped over the aorta are divided proximal to the celiac 
artery. At this point, the celiac ganglion fi bers should be visible and can be divided 
with cautery or ligated. The celiac artery is then skeletonized of all surrounding 
nerve and muscle fi bers (Fig.  28.1a–d ).

   Most authors agree that after the celiac artery is inspected and patency assessed, 
ideally with palpation, Doppler exam, and ultrasound, a decision is made whether 
celiac artery reconstruction is indicated. Reilly et al recommend celiac reconstruc-
tion for all patients with a visible celiac artery deformity, thrill, or pressure gradient 
[ 1 ]. At our institution, all patients undergo intraoperative ultrasound (Fig.  28.2a–c ) 
after open MAL resection, with ~40 % demonstrating residual celiac stenosis 
despite adequate MAL release [ 2 ]. Depending on the length of the stenotic lesion 
and the proximity to the aorta, either patch angioplasty (bovine pericardium or poly-
ester graft patch) or aortoceliac bypass is recommended. In    our early series, patients 
also had intraluminal dilation but this technique was abandoned due to less favor-
able success rates. In addition, because of the elongation of the celiac artery in some 
cases, primary reanastomoses has also been reported.

  Fig. 28.1    A 45-year-old woman with celiac compression identifi ed on CTA and a 25-lb weight 
loss with abdominal and back pain. ( a ) The crus of the diaphragm (arrow) is dissected and the 
ganglion fi bers isolated with a right-angle clamp. ( b ) The ganglion fi bers are divided with electro-
cautery. ( c ) The ganglion fi bers retract and are excised along with the diaphragmatic fi bers. ( d ) The 
origin of the celiac artery is freed of all surrounding tissue (arrow) and assessed by palpation and 
ultrasound exam       
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      Ganglion Resection 

 Many authors believe the celiac ganglion resection is the more critical component 
of the procedure. The ganglion can often be more easily visualized if the percuta-
neous ganglion injections have been done within 72 h. In our series of fi ve patients 
with aortoceliac bypass, one had persistent symptoms with a widely patient graft, 
emphasizing the role of the ganglion in the pain of MALS. In addition, of the 32 
patients, 4 had recurrent symptoms, but only 1 of the 4 had recurrent celiac artery 
stenosis.  

   Role of Endovascular Treatment 

 Percutaneous treatment of MALS was fi rst described decades ago to treat recurrent 
stenosis after open MAL release [ 5 ]. However, primary treatment of celiac artery 
compression either by MAL or an occult malignancy with angioplasty has a high 

  Fig. 28.2    After MAL release in a 37-year-old woman, intraoperative duplex identifi ed a fi xed 
stenosis (arrow) arising from the posterior wall of the celiac artery. ( a ) Gray-scale images identi-
fi ed the stenosis. ( b ) Color fl ow Doppler confi rmed the site of stenosis (arrow) with a peak systolic 
velocity of 252 cm/s. ( c ) Because of a diminished pulse, the patient underwent a patch angioplasty 
with bovine pericardium resulting in improvement of the stenosis and improvement of the peak 
systolic velocity to 152 cm/s       
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failure rate [ 6 ]. Several case reports [ 6 – 8 ] suggest that angioplasty alone, without 
the preceding removal of the MAL and ganglion fibers, will not be successful. 
In addition, stents used in a primary fashion are at risk of fracture due to external 
compression. However, angioplasty can be used to good effect for celiac artery 
restenosis after MAL release and/or celiac artery bypass or patch angioplasty [ 5 ,  9 ].  

   Postoperative Care 

 Patients are permitted to have oral intake the day following surgery if only a MAL 
release is performed. If celiac artery reconstruction is required, ileus may occur 
even after a short ischemic time, therefore eating should be delayed until the 
patient’s bowel function returns. 

 Follow-up imaging can be performed based on clinical exam because celiac 
artery patency does not always correlate with symptoms. Duplex ultrasound is 
preferred for follow-up imaging, followed by contrast angiography with or without 
angioplasty if indicated.     
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    Chapter 29   
 Laparoscopic Transperitoneal Approach 

             Usah     Khrucharoen     ,     Erik     P.     Dutson      , and     Juan     Carlos     Jimenez     

         The major shift toward less invasive procedures has resulted in general and vascular 
surgeons with training in minimally invasive surgery becoming more involved in 
the operative management of median arcuate ligament syndrome (MALS). 
Pathogenesis of MALS is characterized by extrinsic compression of the celiac 
artery by dense fi brous tissues of the median arcuate ligament. Balloon angioplasty 
and stenting as a primary modality in patients with MALS without prior release of 
the extrinsic compression on the celiac artery has been found to have a high recur-
rence rate and may result in stent fracture [ 1 ]. The traditional surgical therapy for 
MALS, which has been performed for many years, involves division of the anoma-
lous fi brous diaphragmatic bands overlying the celiac artery, along with the celiac 
plexus and lymphatic tissues via a midline laparotomy. The laparoscopic median 
arcuate ligament release technique was successfully performed and reported as 
early as 2000 by Roayaie et al. [ 2 ] and later by Carbonell et al. [ 3 ] Excellent clinical 
outcomes in terms of complete resolution of the symptoms at the 3-month postop-
erative visit were described with laparoscopic procedures [ 2 ]. Laparoscopic median 
arcuate ligament (MAL) release appears to be effi cacious in providing early symp-
tom relief in patients with this syndrome. In a review of comparative outcomes 
from our institution, only 14 % of patients required additional celiac 
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revascularization (endovascular or open) compared with the open group [ 4 ]. Given 
its less invasive nature, the laparoscopic MAL release can provide both diagnostic 
and therapeutic options, especially in younger patients where the question of vascu-
lar supply is not entirely clear, and return to work is more rapid. Robotic assistance 
is one of the most signifi cant recent technological advancements in minimally inva-
sive surgery, which allows surgeons to perform more complex procedures using a 
minimally invasive approach [ 5 ]. With the robotic approach, which we perform in 
our institution preferentially based on availability, improved visualization related to 
stereoscopy and precision of movement may represent the optimal treatment modal-
ity for MAL release [ 6 ]. Purely endovascular treatment of MALS is also a newer 
option, though not recommended due to concerns about effi cacy in the face of 
external compression as mentioned above. Also, the use of stents in the celiac 
artery, without previous MAL division, could be complicated by stent compression 
or fracture [ 7 ]. Nevertheless, angioplasty can still be benefi cial in cases of recurrent 
symptoms after surgical decompression of the celiac artery [ 8 ]. This chapter covers 
minimally invasive surgical techniques, including the classic open approach as 
comparison, for MAL release. 

   Classic (Open) Approach to MAL Release 

 According to Tulloch et al., in a retrospective medical record review performed of 
the patients undergoing laparoscopic and open surgical treatment for MALS from 
1999 to 2009 in our institution, fi ve of six patients (83 %) in the open technique 
group experienced immediate postoperative relief of symptoms. One patient with 
severe early postoperative abdominal pain was found to have a splenic infarction 
from intraoperative embolization, and her abdominal pain resolved at 1 month. 
Three patients (50 %) developed recurrent abdominal pain in the open technique 
group despite the presence of a patent celiac artery stent on postoperative CT angi-
ography [ 9 ]. 

   Surgical Technique 

 The surgical technique has been recently reported by You et al. [ 10 ]. Under general 
endotracheal anesthesia, a laparotomy incision is performed either as a curvilinear 
transverse subcostal or a 10-cm long upper midline abdominal incision. The lesser 
sac and lesser omentum are identifi ed and opened. Downward traction is then 
applied to the stomach. Dissection is begun along the common hepatic artery and 
continued in the perivascular plane toward the confl uence of the splenic and left 
gastric arteries to the main trunk of the celiac artery. After skeletonizing the branches 
of the celiac axis, the arcuate ligament and all of its fi bers overlying the celiac axis 
are divided and dissected. All surrounding ligamentous and ganglionic tissues are 
sharply dissected and removed down to the aorta and circumferentially mobilized. 
The abdominal wall is closed in layers.   
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   Laparoscopic Transperitoneal Approach for MALS 

 As laparoscopic surgery has become more widespread, an increasing number of 
patients with MALS have been treated with minimally invasive approaches. 
Roayaie et al. in 2000 described a patient in whom laparoscopy provided a less 
invasive but equally effective method for decompressing the celiac artery [ 2 ]. 
Several series have demonstrated successful laparoscopic treatment of MALS [ 4 , 
 9 ,  11 – 15 ]. Our institution has reported two series comparing experience with lapa-
roscopic treatment of MALS to that of the open approach [ 4 ,  9 ]. To our knowledge, 
this study is the fi rst direct comparison of consecutive patients with MALS treated 
by open or laparoscopic techniques. Roseborough [ 7 ] performed laparoscopic 
release of the MAL in 15 patients over a 5-year period. In his series, 14 of 15 
patients (93 %) subjectively reported signifi cant improvement at a mean follow-up 
of 44.2 months. One patient remained with severe refractory symptoms. Four 
patients required open conversion for bleeding. Despite one case of severe pancre-
atitis, no other complications or deaths were noted. Baccari et al. [ 12 ] treated 16 
patients with a similar laparoscopic technique over a 7-year period. In this series, 
two patients required open conversion for bleeding. Fourteen patients were noted 
to be asymptomatic at postoperative follow-up. Two patients with residual celiac 
stenosis were symptomatic and completely resolved their abdominal pain after 
revascularization (aortoceliac bypass and percutaneous transluminal angioplasty/
stent). However, patients must be counseled preoperatively that the risk of open 
conversion is possible with the mean rate of conversion reported in published 
series nearly 20 % [ 7 ,  12 ]. 

 The minimally invasive approach offers improved visualization of the aorta and 
celiac trunk to facilitate complete division of the MAL fi bers to fully expose the 
anterior aorta and celiac trunk, which is believed to be the key to success with the 
operation. Additionally, the patient will incur all of the well-reported benefi ts of 
minimally invasive surgery: less bleeding, less pain, decreased need for postopera-
tive pain medications, decreased risk of wound infection, modulated immune 
response to injury, earlier discharge, faster recovery, and earlier return to work [ 9 ]. 
Despite these benefi ts, injury to the celiac artery and its major branches, or even the 
aorta itself, is a serious risk with the minimally invasive approach, and the operative 
team needs to be prepared for a rapid conversion to the open approach in that cir-
cumstance to prevent lethal blood loss. Laparoscopic intraoperative Doppler ultra-
sound can be used as an adjunct confi rmation of adequacy of dissection, as it can 
objectively assess blood fl ow in real time [ 3 ]. 

   Patient Positioning 

 To complete the operation safely and effi ciently, proper patient positioning and 
operating room setup are critical. We place the patient in the supine position with 
legs adducted and arms abducted. The patient’s arms are secured with table straps, 
and obese patients have straps placed on the lower extremities, also for improved 
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security. Pneumatic compression stockings are placed and activated prior to the 
induction of general anesthesia. These devices counter potentially severe venous 
stasis resulting from the use of pneumoperitoneum and the reverse Trendelenburg 
position. Positioning in reverse Trendelenburg provides ideal access to the upper 
peritoneal space, with a 10°–15° hyperextension of the back to enhance the intra- 
abdominal working space. A footboard should be routinely used when steep reverse 
Trendelenburg is employed [ 16 ].   

   Surgical Approaches for Laparoscopic Techniques 

   Retrogastric Approach (Gastrocolic Ligament Approach) 

 As described in our study by Tulloch et al., this technique was modifi ed to avoid 
transection of the muscular body of either the left or right crus and the potential 
complication of gastroesophageal refl ux. To avoid cutting these muscles as a part of 
the dissection to gain exposure to the MAL, a more inferior approach has been 
adopted. This consists of dividing the gastrocolic ligament widely inferior to the 
gastroepiploic artery. This approach would be more suitable for obese patients 
where the excessive abdominal adiposity creates exposure challenges. Given the 
laparoscopic approach to the peritoneal space, this allows the dissection to follow a 
more natural angulation. The overall amount of dissection is decreased via this 
approach; however, there is some need for an increased level of awareness to protect 
the celiac branches and the pancreas during the procedure [ 9 ]. 

   Operative Technique 

 After placement of the laparoscopic ports, the peritoneal cavity and the liver sur-
faces should be inspected for associated pathology. Any suspicious lesion should be 
biopsied and analyzed by frozen section. A Nathanson liver retractor is inserted via 
a subxiphoid incision to elevate the left lateral segment of the liver. The greater 
curvature is elevated with a grasper, and countertraction is placed on the omentum. 
The initial step in dissection is to divide the gastrocolic ligament widely inferior to 
the gastroepiploic artery to mobilize the greater curvature of the stomach and gain 
access to the lesser sac (Fig.  29.1 ). Division of the gastrocolic ligament is facilitated 
by the use of the ultrasonic dissector. The stomach is elevated and posterior attach-
ments are divided followed by placing the liver retractor under the posterior gastric 
wall, elevating the stomach anteriorly and superiorly to expose the superior border 
of the pancreas.

   At this point, approaching the MAL can be performed by three different tech-
niques. The fi rst technique is to follow the right crus of the diaphragm posteriorly to 
the left crus, which is the most commonly performed approach. The second technique 
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is to start dissection from the left crus posteriorly to the right crus, and the third 
approach is to follow the branches of the celiac trunk back to the celiac artery until 
MAL is encountered.   

   The Right Crus Approach 

 This technique is the most commonly performed and has been described in several 
studies [ 7 ,  9 ,  12 ,  17 ,  18 ]. This technique was also the described technique in the 
pediatric MALS studies by Said et al. and Joyce et al. at the Mayo Clinic, Rochester, 
MN [ 17 ,  18 ]. 

   Operative Technique 

 After the stomach is placed on left lateral traction, the right crus of the diaphragm is 
identifi ed along with the caudate lobe of the liver and the inferior vena cava. The 
peritoneum over the right crus is opened using the L-hook electrocautery (Fig.  29.2 ). 
The esophagus and both the anterior and posterior vagal trunks are carefully identi-
fi ed. The retroesophageal space is then developed. This technique exposes the aorta 
fi rst and then releases the median arcuate ligament cranially to caudally, directly 
anterior to the aorta coming onto the celiac artery. The decussation of the right and 
left crura is dissected to expose the aorta. Dissection proceeds caudally and must 
remain on the aorta anteriorly without veering off in either direction as there are no 
named branches until the celiac artery is encountered. The antrum of the stomach 
and the pancreas will likely need to be retracted caudally. Tight bands and ganglion 
fi bers are lysed using the L-hook electrocautery on a low setting (Fig.  29.3 ). Because 
the fi bers encountered here are tight and compress the celiac axis from anterior to 

  Fig. 29.1    Retrogastric approach       
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posterior, these fi ndings make the celiac axis nearly invisible. After one fi ber at a 
time is lysed, the celiac artery will come into view as a bulge on the aorta (Fig.  29.4 ). 
Care must be taken not to back-heel (touch with the curved part of the cautery hook) 
any artery as one is lifting up on the individual fi bers. Dissection is continued until 
the celiac, common hepatic, and left gastric arteries are free with 0.5–1.5 cm in 
either direction. One can consider re-approximating the crura cephalad to the MAL, 
though there is no compelling data to  suggest that this be performed routinely.

         The Left Crus Approach 

 This approach was described in a retrospective analysis of fi ve consecutive patients 
who underwent laparoscopic division of the MAL by Nguyen et al. [ 19 ]. 

  Fig. 29.2    Dissection of the 
right crus       

  Fig. 29.3    Dissection of a 
branch of celiac plexus       
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   Operative Technique 

 After the stomach is retracted superiorly and to the right, a liver retractor is placed 
under the posterior gastric wall. This technique is started by fi rstly approached the 
left crus (Fig.  29.5 ) and dissecting to the right crus, then to proceed dissecting the 
preaortic fi brous tissues as described above.

       The Vessel Approach 

 Some surgeons have found this approach to be more benefi cial. Roseborough 
described this technique in his study. In several cases, fi nal exposure of the origin of 
the celiac artery required retrograde dissection from the more distal celiac artery 

  Fig. 29.4    Celiac trunk after 
MAL release       

  Fig. 29.5    Dissection of the 
left crus       
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after fi rst identifying the celiac axis or the hepatic artery distally [ 7 ]. A retrospective 
review by Kohn et al.. of the University of North Carolina, Chapel Hill, described 
this vascular dissection technique. A total of six patients were identifi ed, two under-
went a laparoscopic approach and experienced symptomatic improvement with a 
mean follow-up at 48.6 months [ 20 ]. Vaziri et al. also described this technique, by 
following the left gastric artery. They reported a case series of three patients with 
successful outcomes in a short-term follow-up period [ 13 ]. This technique was also 
described in the case reports by Wani et al. [ 21 ] 

   Operative Technique 

 This approach differs from the preceding description in the following steps: the 
avascular region of the gastrohepatic omentum (pars fl accida) is opened, and the left 
gastric artery identifi ed. Using the L-hook electrocautery, dissection follows the left 
gastric artery and traces its origin up to the celiac trunk until the MAL is encoun-
tered, then proceeds through dissecting the preaortic fi brous tissues, celiac plexus, 
and the MAL as described above.   

   Antegastric Approach (Gastrohepatic Ligament/Pars 
Flaccida Approach) 

 Because it is similar to the technique in gastroesophageal operations such as laparo-
scopic Nissen fundoplication, this approach for the MAL release has been described 
and performed by many institutions [ 14 ]. A retrospective study by Tulloch et al.. 
described this approach combined with the right crus technique and demonstrated a 
technical success rate in the laparoscopic technique group of 80 %. Twenty percent 
required conversion for bleeding. Operative conversion was required for acute 
bleeding from the left gastric artery in one patient and the celiac trunk in the other. 
Both open conversions occurred early in our experience and likely occurred due to 
subadventitial dissection and excessive thinning of the artery with the ultrasonic 
dissection. Direct suture repair of the left gastric artery was performed during the 
fi rst conversion, and patch angioplasty was required to repair the celiac trunk arteri-
otomy during the second [ 9 ]. 

   Operative Technique 

 The avascular region of the gastrohepatic omentum, also known as the pars fl accida, 
is identifi ed. A grasper is used on the stomach, retracting it inferiorly and laterally 
such that tension is placed on the gastrohepatic ligament. An ultrasonic dissector or 
another cutting/sealing device is used to open the gastrohepatic ligament (Fig.  29.6 ). 
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The esophagus is dissected circumferentially, exposing the right crus of the dia-
phragm. The right crus is then isolated inferiorly to the cardia. A Penrose drain or a 
vascular loop is used to retract the esophagus and/or stomach to gain better exposure 
of the aortoceliac region. Once the crura of the diaphragm are separated, the abdom-
inal aorta is identifi ed. The preaortic fi brous tissues are divided using the “L”-hook 
electrocautery as described in the right crus technique. The other two techniques 
(following left crus and the branches of celiac artery) can also be used. The MAL 
release is considered complete once the celiac axis is clearly visualized without any 
residual impinging tissues. This generally results in a visible change in the trunk’s 
position and orientation, albeit sometimes subtle. The trunk has been described as 
“rising” off the aorta by a small amount.

        The Robot-Assisted Technique for MAL Release 

 Jaik et al. fi rst reported the successful treatment of MALS utilizing a robotic surgical 
system [ 6 ]. Subsequent reports by Antoniou et al. and Meyer et al. also describe the 
technique of robotic approach for division of the MAL [ 22 ,  23 ]. This technique was 
also described in a retrospective review performed by Do et al.. from the Ochsner 
Clinic Foundation, New Orleans, LA. Comparing the outcomes between laparo-
scopic and robot-assisted treatment of MALS, a total of 16 patients, 8 out of 12 
patients (67 %) in the laparoscopic group and 2 out of 4 patients (50 %) in the robot-
assisted approach group, reported complete resolution of their abdominal pain in the 
20-month follow-up. No intraoperative or perioperative complications nor conver-
sions were reported, though the study size was obviously quite small [ 24 ]. 

 In institutions that employ the surgical robotic system, the benefi ts of robotic 
surgery may be due to the stereoscopic view of the surgical fi eld, which enhances 
depth perception, and the improved surgical precision of movement due to the wrist-
like articulations of the instruments, enhancing performance in the hard-to- reach 
areas. This is most obvious if the patient has a somewhat high-riding pancreas, 

  Fig. 29.6    Antegastric approach       
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such that the superior border of the pancreas is crowding the area of dissection. The 
maneuvering around the celiac artery has shown to be improved in terms of 
the dexterity with the use of the enhanced three-dimensional display inherent to the 
robotic system when compared to monoscopic laparoscopic systems [ 10 ]. However, 
disadvantages include higher cost and increased operative time and time for equip-
ment setup. Operative time was 168 min in the reported case, in contrast with a 
mean of 90 min for the laparoscopic technique [ 12 ]. 

   Operative Technique 

 Once a liver retractor is placed exposing the anterior gastric wall, approaching the 
lesser sac can be performed either with the retrogastric or the antegastric approach. 

 The robotic system is docked, and meticulous dissection is undertaken in the 
region of the confl uence of the left gastric artery and the hepatic artery. Dissection 
in this area is carried down until the crura are exposed at the base where the left crus 
crosses the right crus. In the antegastric approach, the stomach is retracted to the left 
to gain better exposure. Subsequently, the left gastric artery can be looped with a 
Penrose drain and also retracted to the left. The right crus dissection is carried out 
caudally. Upon further dissection, the aorta and celiac artery come into view and the 
right diaphragmatic crus is seen coursing over the aorta and around the celiac axis. 
The right crus is then carefully divided. All the fi brous attachments around the aorta 
and the origin of the celiac artery are meticulously dissected with the L-hook elec-
trocautery along with the celiac nerve plexus and lymphatic tissue. Division of these 
fi bers on the celiac artery is carried out for some distance onto the celiac artery 
circumferentially until the artery appears to be free of any external compression. 
Once these maneuvers are completed, the celiac axis will be clearly visualized with-
out any residual kinking and uniform throughout its course.   

   Essential Equipment 

   Laparoscope 

   The Oblique-Viewing (i.e., 30°, 45°) Laparoscope 

 We generally recommend using this oblique-viewing laparoscope for this procedure 
because of its fl exibility in viewing fi xed and deeper structures that may be obscured 
when using a zero-degree laparoscope. According to the report by Roseborough, 
performing the operation with the 45° camera in these MAL release procedures had 
been found to improve the exposure behind the incisura, resulting in conversion of 
only one of seven patients [ 7 ].  
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   The Flexible-Tip Laparoscope 

 In cases of a high-riding pancreas or diffi cult exposure, this laparoscope has clear 
advantages. However, some experience is required to establish its optimal 
application.   

   Laparoscopic Trocars 

 The typical number of 5-mm laparoscopic ports used is four, including a subxiphoid 
port, an umbilical port, and two lateral ports. An optical 5-mm trocar is used for 
entering the abdomen midway between the xiphoid and the umbilicus. Additional 
5-mm working trocars are placed under videoscopic guidance after fi rst insuffl ating 
the abdomen to 15 mmHg with carbon dioxide. A subxiphoid port is used for creat-
ing a tract for introducing the Nathanson liver retractor.  

   Ultrasonic Dissector 

 The ultrasonic dissector cuts via vibration. The scalpel surface itself cuts through 
tissue by vibrating in the range of 55   –500 Hz. The high-frequency vibration of tis-
sue molecules generates stress and friction in the tissue, which generates heat and 
causes protein denaturation. Some surgeons prefer this device for dissection of the 
fi brous tissues around the aorta. However, using this source of energy for dissection 
of the fi brous tissues around the aorta and its branches, some degree of lateral ther-
mal spread occurs [ 25 – 27 ]. One series described    by Baccari et al. showed that 
2 patients of the 16 patients were converted to open surgery because of bleeding 
from the takeoff of the celiac artery from the aorta. This occurred due to a small 
injury to the proximal part of the thin-walled celiac artery caused by thermal spread 
from the ultrasonic dissection in one patient and by the coagulating hook in the 
other patient. Both injuries occurred at the end of the procedure during an attempt 
to improve the aortoceliac skeletonization by removing the abundant ganglionic tis-
sue encasing the celiac artery. They believe that, during the last steps of the proce-
dure, avoiding high energy and reducing the coagulation setting are advisable [ 12 ].  

   The L-Shaped Hook Monopolar Cautery 

 The tip of the L-shaped dissector functions as a cutting edge of a knife due to 
high density. Coagulation, rather than cutting, can be achieved by using the 
outer side of the “L”-shaped hook. The insulation over the proximal half of the 
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hook prevents unintended cautery burns—so-called stray arcs—to surrounding 
structures. The common technique for utilizing this device effectively is follow-
ing a hook-pull-burn sequence by placing sturdy traction on the tissues and then 
gently sweeping or caressing with the elbow of the wire, creating a more precise 
and delicate tissue separation [ 28 ,  29 ]. The division of the fi bers of the MAL 
and the  surrounding tissues can be better accomplished with the use of a hook 
cautery [ 7 ].  

   Nathanson Liver Retractor 

 The liver retractor is used to retract the left lobe of the liver for exposure of the 
 gastroesophageal junction and the gastric cardia. This retractor is placed in a subxi-
phoid incision, after a subxiphoid port has been removed, then the retractor is intro-
duced transperitoneally by following its distal curve. Once positioned, this device is 
attached to a self-retaining mechanical arm [ 30 ].   

   Conclusion 

 Surgical median arcuate ligament release has been the mainstay of treatment for 
MALS, considering all available options. The surgical techniques for the MAL 
release include the open technique, the laparoscopic technique, and the robot- 
assisted approach. The laparoscopic release of MAL is technically feasible and 
seems to be an appealing modality in centers with experienced laparoscopic sur-
geons and surgical teams. The retrogastric or antegastric approach facilitates the 
exposure of the retrogastric surgical fi eld. Approach to deep structures such as 
the MAL is challenging and can be performed by following either the crura of 
the diaphragm or the branches of celiac trunk. With the robotic approach, its 
superior visualization and improved degrees of freedom could represent the opti-
mal treatment modality for MALS in institutions that are properly equipped for 
robotic surgery. There have been an increasing number of case reports and case 
series of laparoscopic division of the median arcuate ligament with included 
technical descriptions of the steps of the procedure [ 2 ,  3 ,  9 ,  10 ,  14 ,  18 ,  21 ]. No 
formal report, however, of the comparison of each technique for the MAL release 
has been published. The optimal technique for each patient may vary depending 
on the surgeon’s experience, individual patient anatomy, and available equip-
ment and may require switching between approaches during the case for the 
optimal effi cacy and safety. Thus, familiarity with the available approaches prior 
to embarking on a procedure is well advised.     
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    Chapter 30   
 Results of Open and Laparoscopic Median 
Arcuate Ligament Release 

             Juan     Carlos     Jimenez       and     Erik     P.     Dutson     

         The fi rst case of median arcuate ligament syndrome (MALS) was reported by 
Harjola in 1963, and Dunbar later described it as a distinct clinical syndrome in his 
landmark paper in 1965 [ 1 ,  2 ]. This condition is also referred to as celiac artery 
compression syndrome and Dunbar’s syndrome. The median arcuate ligament 
(MAL) is comprised of a prominent fi brous arch, which traverses the aorta cephalad 
to the celiac artery origin and bridges the diaphragmatic crura. Preganglionic 
splanchnic nerves, somatic branches from the phrenic and vagus nerves, parasym-
pathetic preganglionic nerves, and sympathetic postganglionic fi bers form the celiac 
plexus or ganglion, which is immediately adjacent to the MAL. 

 Median arcuate ligament syndrome and its appropriate treatment continue to 
raise controversy within the fi eld of vascular surgery. Its existence as a clinical 
syndrome has been questioned due to the variability of the clinical presentation and 
a response to treatment that is often diffi cult to predict. Patients with MALS tradi-
tionally present with a variety of chronic abdominal symptoms and radiographic 
evidence of celiac artery compression or impingement. The pathophysiology of this 
disorder is poorly understood, and its symptoms have been attributed to both isch-
emic and neurogenic etiologies. There is confl icting evidence supporting both 
mechanisms. Many patients with MALS complain of postprandial abdominal pain, 
thus suggesting a mechanism of disease related to end-organ ischemia. A rich and 
abundant collateral network in this anatomic region provides evidence against the 
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notion of end-organ ischemia in patients with compression of the celiac artery. 
Neurogenic compression of the celiac plexus somatic nerves by the MAL may also 
produce abdominal pain, and therefore, celiac ganglionectomy and removal of 
somatic visceral nerves associated with ligament release could, in theory, provide 
pain relief, as does percutaneous celiac plexus block in patients with chronic 
abdominal pain. 

 Surgical treatment of MALS consists of division and release of the compressive 
MAL overlying the celiac artery with or without arterial revascularization. Results 
in the peer-reviewed literature have demonstrated that symptomatic relief is achieved 
in a large number of patients with and without reconstruction of the celiac artery 
[ 3 – 5 ]. Additionally, improvements in laparoscopic and robotic techniques have 
offered minimally invasive options for treatment of MALS. 

   Clinical Presentation and Radiographic Evaluation 

 Patients with MALS present with a variety of abdominal symptoms, which can 
make diagnosis and optimal patient selection challenging for the vascular surgeon. 
In a recent published review of the English language literature, we identifi ed 20 
retrospective series between 1963 and 2012 reporting outcomes following laparo-
scopic and open treatment of MALS [ 6 ]. Four hundred patients total were identifi ed. 
In these studies, the most common presenting symptom was abdominal pain 
( n  = 321; 80 %).    Postprandial pain was common; however, it is not present in all 
patients. Positional and constant pain were also described frequently. Additional 
signs and symptoms included weight loss ( n  = 192; 48 %), abdominal bruit ( n  = 139; 
35 %), nausea ( n  = 39; 9.7 %), and diarrhea ( n  = 30; 7.5 %). 

 Several different radiographic modalities are commonly used to image the MAL 
and to demonstrate evidence of compression. In our review, abdominal angiography 
using inspiratory and expiratory views was the most common reported imaging 
modality used to diagnose MALS (49 %). Ultrasound (33 %) was also frequently 
used. Computed tomography and magnetic resonance were less commonly used to 
make the diagnosis. With recent improvements in noninvasive imaging (MR, CT, 
etc.) at our institution, it is being more routinely used prior to formal angiography. 
Of note, we routinely use magnetic resonance angiography with expiratory and 
inspiratory views at our institution during our preoperative assessment of these 
patients in conjunction with noninvasive duplex imaging. 

 Several authors have also described the use of gastric exercise tonometry, 
a measure of gastrointestinal ischemia, for both preoperative and postoperative 
evaluation in these patients [ 7 ]. In a study by Mensink and colleagues reporting 
outcomes following open MAL release, gastric exercise tomography studies were 
abnormal in 30 patients [ 4 ]. Forty-three patients total were noted to have signifi cant 
celiac artery compression. After a median follow-up of 39 months, repeated tonome-
try improved in 100 % of patients who were free of symptoms postoperatively, compared 
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with 25 % in patients with persistent complaints following MAL decompression. 
Thus, these fi ndings support end-organ ischemia as a key pathophysiologic mecha-
nism in patients with MALS.  

   Clinical Outcomes: Laparoscopic Division 
of the Median Arcuate Ligament 

 The majority of studies reporting outcomes following laparoscopic release of the 
MAL demonstrate favorable results and symptoms relief following surgical decom-
pression [ 6 ]. It should be noted that the current peer-reviewed literature on this topic 
is largely comprised of small, single-institution series, which may contain signifi -
cant publication bias toward favorable outcomes. This may magnify the true bene-
fi ts and downplay the limitations of laparoscopic MAL release. 

 In our review of the published literature, we identifi ed 121 patients between 1963 
and 2012 who underwent laparoscopic MAL division [ 6 ]. Immediate postoperative 
symptomatic improvement was reported in 95 % of patients and only three patients 
underwent revascularization of the celiac artery (2.4 %). Late recurrence of symp-
toms (>6 months) was noted in 5.8 % of patients treated. Although the reported 
incidence of late recurrence in most series is low, a study by Tulloch and colleagues 
from our institution demonstrated that 50 % ( n  = 4) of patients treated with laparo-
scopic decompression developed early recurrence of symptoms [ 8 ]. Three of these 
patients were noted to have persistent, postoperative celiac artery stenosis and 
underwent angioplasty and stenting. One patient continued to have postoperative 
pain despite radiographic evidence of celiac artery patency. Overall in the series, 
88 % of patients were no longer taking chronic analgesic medication at a mean 
follow-up of 14 months. 

 Subsequent to our published review, other series have been published demon-
strating successful outcomes with this technique. In a study by El-Hayek and col-
leagues, 15 patients underwent laparoscopic MAL release and one patient underwent 
a robotic-assisted laparoscopic approach (Table  30.1 ) [ 9 ]. The mean age was 34 
years and the majority of patients were female (93 %). Ten patients demonstrated a 
statistically signifi cant decrease in celiac artery velocities following MAL division. 
Quality of life surveys were returned postoperatively in 86 % of patients and only 
one patient reported no improvement following laparoscopic MAL release.

   Another recent review by Do et al. reported outcomes following laparoscopic 
MAL release in 16 patients over a 6-year period [ 10 ]. Twelve patients were treated 
with a laparoscopic approach and four patients underwent a robotic-assisted 
approach. The most common presenting symptom was postprandial abdominal 
pain. Other symptoms included nausea, vomiting, and weight loss. Five patients had 
an abdominal bruit on physical examination. The majority of patients laparoscopi-
cally treated were women (75 %), and the majority of patients robotically treated 
were men (75 %). Mean operative times were shorter for the laparoscopic group 

30 Results of Open and Laparoscopic Median Arcuate Ligament Release



378

   Ta
bl

e 
30

.1
  

  R
es

ul
ts

    o
f 

la
pa

ro
sc

op
ic

 a
nd

 r
ob

ot
ic

 m
ed

ia
n 

ar
cu

at
e 

lig
am

en
t r

el
ea

se
   

 A
ut

ho
r 

 Y
ea

r 
 Pa

tie
nt

s 

 M
ea

n 
fo

llo
w

- u
p 

(m
on

th
s)

 
 C

on
ve

rs
io

n 
to

 o
pe

n 

 L
ap

ar
os

co
pi

c 
lig

am
en

t 
re

le
as

e 

 R
ob

ot
ic

 
lig

am
en

t 
re

le
as

e 

 A
rt

er
ia

l 
re

co
ns

tr
uc

tio
n 

 Im
m

ed
ia

te
 

cl
in

ic
al

 
im

pr
ov

em
en

t 

 N
o 

im
m

ed
ia

te
 

cl
in

ic
al

 
im

pr
ov

em
en

t 
 R

ec
ur

re
nc

e 
of

 s
ym

pt
om

s 

 M
ak

 e
t a

l. 
 20

13
 

 46
 

 12
 

 0 
 46

 
 0 

 0 
 31

 
 15

 
 0 

 Jo
yc

e 
et

 a
l. 

 20
13

 
 6 

 13
 

 0 
 6 

 0 
 0 

 6 
 6 

 0 
 D

o 
et

 a
l. 

 20
13

 
 16

 
 22

 
 0 

 12
 

 4 
 0 

 10
 

 6 
 0 

 E
l H

ay
ek

 e
t a

l. 
 20

13
 

 15
 

 15
 

 1 
 14

 
 1 

 0 
 14

 
 1 

 0 
    B

er
na

rd
 

et
 a

l. 
[ 1

6 ]
 

 20
12

 
 11

 
 35

 
 2 

 11
 

 0 
 0 

 10
 

 1 
 1 

 A
sc

he
nb

ac
h 

et
 a

l. 
[ 1

7 ]
 

 20
11

 
 22

 
 N

A
 

 0 
 22

 
 0 

 0 
 22

 
 0 

 N
A

 

 T
ul

lo
ch

 [
 18

 ] 
 20

10
 

 12
 

 14
 

 2 
 12

 
 0 

 0 
 12

 
 0 

 5 
 V

an
 P

et
er

se
n 

et
 a

l. 
[ 1

9 ]
 

 20
09

 
 42

 
 20

 
 1 

 42
 

 0 
 0 

 41
 

 1 
 N

A
 

 B
ac

ca
ri

 
et

 a
l. 

[ 2
0 ]

 
 20

09
 

 16
 

 28
 

 2 
 16

 
 0 

 3 
 14

 
 2 

 0 

 R
os

eb
or

ou
gh

 [
 21

 ] 
 20

09
 

 15
 

 44
 

 4 
 15

 
 0 

 0 
 14

 
 1 

 1 
 V

az
ir

i 
et

 a
l. 

[ 2
2 ]

 
 20

08
 

 3 
  6

 
 0 

 3 
 0 

 0 
 3 

 0 
 0 

 To
ta

ls
 

 20
4 

 21
 

 12
 

 20
4 

 5 
 3 

 17
7 

 33
 

 7 

J.C. Jimenez and E.P. Dutson



379

compared with the robotic-assisted group (101.7 min vs. 145.8 min;  p     = 0.2). There 
was no signifi cant difference in hospital length of stay between the two groups. 
Eight patients (67 %) in the laparoscopic group and two patients (50 %) in the 
robotic-assisted group had full symptomatic improvement. 

 Successful outcomes have also been reported following laparoscopic treatment 
of MALS in the pediatric population. The peer-reviewed literature is currently 
 limited to two series (excluding case reports) reporting outcomes for MALS in chil-
dren [ 11 ,  12 ]. In a recent review by Mak and colleagues, 46 pediatric patients (mean 
age 16.2 ± 0.5 years) underwent laparoscopic release of the MAL [ 11 ]. In their 
series, the condition was more common in females (91 %) than males. Patients were 
screened with preoperative duplex and subsequent CTA if celiac artery compression 
was present on noninvasive imaging. Overall, 67 % of patients reported improve-
ment of symptoms following their operation. No intraoperative conversions were 
required and there were no deaths reported in the series. 

 In another series by Joyce et al., six patients underwent laparoscopic treatment 
for MALS over a 3-year period [ 12 ]. Similar to Mak’s study, the majority of patients 
were female (83.3 %) with an average age of 15.7 ± 1.5 years. The most common 
symptoms were postprandial pain (83.3 %) and nausea/vomiting (83.3 %). Other 
presenting symptoms included epigastric pain (50 %), pain elevated with action 
(33.3 %), increased bowel activity (16.7 %), and diffuse abdominal pain (16.7 %). 
Mean operative time and hospital length of stay were 172.5 min and 1.3 days, 
respectively. Mean peak celiac artery fl ow (cm/s) was 332.0 preoperatively and 
decreased to 224.3 postoperatively. A signifi cant improvement from pre- to postsur-
gical scores was observed in the physical functioning ( p  = .03), mental health 
( p  = .03), and self-esteem categories ( p  = .03) of the child assessment. Similarly, 
there was a signifi cant postsurgical improvement in all categories pertaining to the 
parent’s quality of life ( p  = .03). Improvement was also seen in the parents’ percep-
tion of their child’s physical functioning ( p  = .03), bodily pain/discomfort ( p  = .03), 
mental health ( p  = .03), and general health perceptions ( p  = .03). No intraoperative or 
postoperative complications occurred. No patient required celiac artery reconstruc-
tion and/or revascularization.  

   Clinical Outcomes of Open Division of the Median Arcuate 
Ligament 

 In our review of the published literature, we identifi ed 279 patients between 1963 
and 2012 who underwent open MAL division (Table  30.2 ) [ 6 ]. Arterial reconstruc-
tion was performed in 72 patients. Of these patients, 223 (80 %) were reported to 
have immediate symptomatic improvement and late recurrence of symptoms 
occurred in 22 patients (9.8 %). The incidence of major postoperative complications 
noted in our review was 6.5 %. Thrombosed arterial bypass grafts were the most 
complication (2 %). Other complications included stroke (1.4 %), postoperative 

30 Results of Open and Laparoscopic Median Arcuate Ligament Release



380

   Ta
bl

e 
30

.2
  

  R
es

ul
ts

 f
ol

lo
w

in
g 

op
en

 r
el

ea
se

 o
f 

th
e 

m
ed

ia
n 

ar
cu

at
e 

lig
am

en
t   

 A
ut

ho
rs

 
 Y

ea
r 

 Pa
tie

nt
s 

 M
ea

n 
fo

llo
w

-u
p 

(m
on

th
s)

 
 M

A
L

 
re

le
as

e 
 A

rt
er

ia
l 

re
co

ns
tr

uc
tio

n 

 Im
m

ed
ia

te
 

cl
in

ic
al

 
im

pr
ov

em
en

t 

 N
o 

im
m

ed
ia

te
 

cl
in

ic
al

 
im

pr
ov

em
en

t 
 R

ec
ur

re
nc

e 
of

 s
ym

pt
om

s 

 Su
lta

n 
et

 a
l. 

 20
13

 
 11

 
 60

 
 11

 
 3 

 8 
 3 

 0 

 T
ul

lo
ch

 e
t a

l. 
 20

10
 

 6 
 10

 
 6 

 2 
 5 

 1 
 3 

 G
ro

te
m

ey
er

 e
t a

l. 
 20

09
 

 18
 

 41
 

 18
 

 7 
 14

 
 4 

 0 
 M

en
si

nk
 

 20
06

 
 29

 
 39

 
 29

 
 7 

 24
 

 5 
 0 

 Sc
hw

ei
ze

r 
et

 a
l. 

[ 2
3 ]

 
 20

05
 

 8 
 R

an
ge

 3
6–

21
6 

 8 
 0 

 8 
 0 

 0 
 G

ee
lk

er
ke

n 
et

 a
l. 

 19
90

 
 11

 
 22

9 
 11

 
 0 

 11
 

 0 
 8 

 W
ill

ia
m

s 
et

 a
l. 

[ 2
4 ]

 
 19

85
 

 11
 

 24
 

 11
 

 7 
 9 

 2 
 1 

 R
ei

lly
 e

t a
l. 

 19
84

 
 51

 
 10

8 
 51

 
 35

 
 30

 
 14

 
 14

 
 R

og
er

s 
et

 a
l. 

[ 2
5 ]

 
 19

81
 

 8 
 60

 
 8 

 1 
 6 

 2 
 0 

 Pl
at

e 
et

 a
l. 

[ 2
6 ]

 
 19

80
 

 15
 

 R
an

ge
 1

8–
11

4 
 15

 
 0 

 10
 

 5 
 N

A
 

 W
at

so
n 

et
 a

l. 
[ 2

7 ]
 

 19
77

 
 20

 
 27

 
 20

 
 11

 
 18

 
 2 

 1 
 St

an
le

y 
et

 a
l. 

[ 2
8 ]

 
 19

71
 

 12
 

 R
an

ge
 4

–4
2 

 12
 

 2 
 9 

 3 
 M

ar
ab

le
 e

t a
l. 

[ 2
9 ]

 
 19

68
 

 30
 

 31
 

 30
 

 0 
 27

 
 3 

 N
A

 
 D

un
ba

r 
et

 a
l. 

 19
65

 
 13

 
 10

 
 13

 
 0 

 13
 

 0 
 N

A
 

 To
ta

l 
 29

0 
 64

 
 29

0 
 75

 
 23

1 
 52

 
 27

 

J.C. Jimenez and E.P. Dutson



381

gastroesophageal refl ux disease (1 %), pancreatitis (1 %), hemothorax (0.3 %), and 
splenic infarction (0.3 %). No procedure-related deaths occurred in any of the 
papers reviewed for open treatment of MAL.

   The landmark study reporting outcomes following open treatment of MAL syn-
drome was published by Reilly and colleagues in 1985 [ 13 ]. This paper is the largest 
series of patients treated for MAL in the peer-reviewed literature. Fifty-one patients 
underwent operative treatment for symptomatic celiac artery compression. The 
majority of patients were female ( n  = 31, 76 %). The most common presenting 
symptom was abdominal pain although atypical pain symptoms were quite diverse 
in this patient population. These included severe cramping, burning, radiation to the 
back, and position-related changes. Weight loss occurred in 61 % of the patients and 
averaged approximately 20 lbs. An epigastric bruit was present in 84 % of patients. 
The majority of patients in this series (84 %) had undergone prior abdominal opera-
tions. Six patients had a documented history of a psychiatric disorder and nine 
patients had a history of alcohol abuse. Preoperative lateral aortography with inspi-
ratory and expiratory views was performed in all patients prior to operative repair. 

 Fifty-one patients underwent 55 surgical procedures for division of the MAL in 
this series. Sixteen patients underwent division of the MAL and celiac ganglionec-
tomy alone. Division of the MAL and the celiac ganglion was performed in con-
junction with transceliac arterial dilatation in 17 patients. Celiac artery reconstruction 
was performed in 18 patients through either resection and primary anastomosis (7 
patients) or bypass (11 patients). Saphenous vein and arterial autografts were used 
as the conduit in the majority of patients ( n  = 10). 

 Forty-four (86 %) patients were available for late follow-up with mean of 9 
years. Thirty-three of the patients (77 %) were available for more than 5 years and 
20 patients (47 %) were followed for at least 10 years. The authors noted that 68 % 
of patients were asymptomatic at late follow-up and 32 % had persistent symptoms. 
Patients who underwent some form of celiac revascularization were more likely to 
be asymptomatic compared with patients who underwent celiac decompression 
alone (76 % vs. 53 %, respectively). Late follow-up angiograms in 18 patients dem-
onstrated a widely patent celiac artery in 70 % of asymptomatic patients but a ste-
nosed or occluded celiac artery in 75 % of symptomatic patients. A postprandial 
pain pattern was associated more often with postoperative symptomatic improve-
ment. Clinical variables associated with worse outcomes were an atypical pain pat-
tern, a history of a psychiatric disorder or alcohol abuse, age greater than 60, and 
weight loss less than 20 lbs. 

 A more recent series by Grotemeyer and colleagues demonstrated similar 
excellent clinical outcomes in a series of 18 patients treated with open MAL divi-
sion [ 14 ]. In this study, 83.3 % of patients were female and the mean age was 
46.2 years. All patients were treated with an open surgical technique and 11 under-
went a concomitant arterial reconstruction. Mean follow-up was 3.5 years and 15 
patients were available for late postoperative evaluation. Eleven of the fi fteen 
patients (73.3 %) were completely free of abdominal symptoms and nine patients 
gained weight following their operation. Of the 11 patients (55 %) with successful 
outcomes following surgery, 6 of them had undergone celiac decompression only. 
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Thus, these outcomes differ slightly from Reilly’s series where the majority of 
patients who were symptom-free underwent some type of arterial reconstruction. 

 In contrast to the series’ mentioned demonstrating good long-term success with 
open MAL division, Geelkerken and coauthors reported a high rate of recurrence 
with this technique in their paper published in the  British Journal of Surgery  [ 15 ]. 
In their series, 11 patients underwent open division of the MAL for presumed celiac 
artery compression syndrome. They noted that three months later, 27 % of patients 
had recurrent abdominal symptoms. Long-term follow-up (between 15 and 23 
years) was available for 8 patients. All eight patients had recurrent symptoms simi-
lar to those present prior to their operation. These results are somewhat similar to a 
series at our institution, which demonstrated late symptomatic recurrence of 50 % 
following open repair and 42 % following laparoscopic MAL division [ 8 ].  

   Conclusions 

 The available peer-reviewed evidence demonstrates that division of the MAL in 
patients with median arcuate ligament syndrome may result in continued symptom 
relief in the majority of patients. The syndrome appears to have a female predomi-
nance and a wide array of presenting clinical symptoms. Arterial reconstruction has 
been reported to have a positive effect on clinical improvement following open 
MAL release; however, series reporting outcomes following the laparoscopic 
approach have demonstrated good results without the need for revascularization. 
The pathophysiology of this disorder is still not well understood and one of the big-
gest challenges for the vascular surgeon treating this condition is selecting the opti-
mal patient and predicting successful outcomes. Because the majority of papers are 
small, single-institution studies, the likelihood that treatment failures and complica-
tions are underreported is high. Although there have been no deaths reported fol-
lowing laparoscopic MAL division, open conversion for bleeding from the 
perivisceral aorta is a potentially morbid and life-threatening complication that 
needs to be discussed with patients undergoing this procedure.     
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    Chapter 31   
 Clinical Presentation, Etiology, and Diagnostic 
Considerations of Isolated Visceral Artery 
Dissections 

             Ying     Huang       and     Peter     Gloviczki     

         Isolated visceral artery dissection (IVAD) is an uncommon disease with an unpre-
dictable natural history. It is a rare cause of abdominal pain but failure to diagnose 
it may have disastrous consequences. IVAD includes dissections of the celiac and 
superior mesenteric arteries (SMA), renal arteries, the inferior mesenteric artery 
(IMA), and their branches. Although visceral artery dissections can occur with aor-
tic dissections, IVAD has a pathology that is frequently different from that of acute 
aortic dissection [ 1 – 6 ]. In some of the published literature, the term of “splanchnic 
artery dissection” was used, which refers to dissection of celiac artery, SMA, or 
IMA [ 7 – 9 ]. They are four to ten times more common in men than in women and 
they are more frequently discovered in patients in their fi fth to sixth decade of life 
[ 2 – 5 ,  7 ,  9 – 11 ]. 

 Serious sequelae of IVAD can be rupture and organ ischemia depending on the 
location and progression of the dissection. Early recognition and appreciation of 
IVAD are important and will help to initiate an optimal management to prevent life- 
threatening complications. In this chapter, we will discuss this rare pathology and 
present the epidemiology, clinical presentation, etiology, and diagnostic consider-
ations of IVAD. 

   Pathology 

 In general, dissection starts with a structural weakness in the outer media adjacent 
to the external elastic media. Once an intimal tear has developed, the intramural 
hematoma extends longitudinally within the outer media on a course parallel to the 
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blood fl ow [ 12 ]. Secondary ischemia of the media follows the dissection plane and 
this process disrupts the vasa vasorum of the artery and occasionally induces an 
aneurysm. The natural course of IVAD is variable and can be limited or it also can 
progress to thrombosis of the false lumen or to progressive dissection of the vessel, 
rapid expansion of false lumen with resultant narrowed or obliterated true lumen, or 
rupture through the adventitia [ 12 – 14 ].  

   Epidemiology 

 In a series of 6,666 autopsy cases, the incidence of superior mesenteric artery dis-
section (SMAD) was 0.06 % [ 15 ], a number that is most likely underestimated 
because of lack of reliable clinical signs and laboratory fi ndings. The incidence of 
spontaneous renal artery dissection (RAD) was only 0.036–0.049 % of all arterial 
dissections [ 16 ]. Although still rare, reports of IVAD have increased in recent years, 
largely due to more frequent use of computed tomographic angiography (CTA) 
[ 10 ,  17 – 22 ] or magnetic resonance angiography (MRA) [ 23 ,  24 ]. Among the 
reported dissections of visceral arteries, SMAD has been the most frequent; [ 5 ,  7 –
 10 ,  14 ,  25 – 28 ] dissection of hepatic and splenic artery or IMA is extremely rare, 
with a number of reported cases of 23 [ 29 ,  30 ], 13 [ 31 ], and one [ 32 ], respectively, 
in the English language literature. 

 Luan et al. reviewed the English language literature and found that 296 patients 
with isolated SMAD have been reported since Bauerfi eld et al. fi rst described the 
disease in 1947; [ 33 ] 11 patients (4 %) were diagnosed at autopsy until 1972, there 
were 35 (12 %) between 1975 and 2001, and 250 (84 %) since 2002 [ 11 ].  

   Clinical Presentation 

 IVAD shows broad clinical presentations ranging from asymptomatic incidental 
fi ndings on an abdominal CTA to bowel necrosis or a rupture of a dissecting aneu-
rysm, depending on the location of the dissection, the extent of visceral artery 
involvement, and the severity of ischemic changes of the abdominal organs. IVAD 
can be classifi ed as acute and chronic, and if the disease is symptomatic, abdominal 
pain is the most frequent symptom in most patients. 

   Superior Mesenteric Artery Dissection (SMAD) 

 The clinical manifestations of SMAD are diverse. In the acute stage, most patients 
present with a sudden onset of severe abdominal and/or back pain. The pain is fi rst 
caused by the dissection itself, which stimulates the mesenteric artery nociceptors. 
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Another type of pain, which usually develops somewhat later, is related to intestinal 
ischemia or a mesenteric hematoma. Other common symptoms are nausea, vomit-
ing, and chronic abdominal pain. Postprandial abdominal pain and bloody stool can 
be observed if the SMA is stenotic or occluded and in advanced stages when 
ischemia- induced intestinal mucosal necrosis occurs. Chronic mesenteric ischemia 
may also present with diarrhea or constipation and weight loss [ 4 ,  11 ,  12 ,  34 – 41 ]. 
The disease may either regress to an asymptomatic stage or progress to more exten-
sive occlusion of the SMA or a dissecting aneurysm with the risk of bowel ischemia 
or arterial rupture [ 34 ,  35 ,  42 – 44 ]. 

 Luan et al. [ 11 ] reviewed 296 patients with SMAD and found that abdominal 
pain was the most common presentation accounting for 78 % of all symptoms. The 
cause of the abdominal pain was found to be intestinal ischemia, vasospasm, dissec-
tion itself, or an infl ammatory response that stimulates the visceral nerve plexus. 
Other atypical accompanying symptoms are listed in Table  31.1 .

   On physical examination, patients are usually tender to palpation in the epigas-
trium or left upper quadrant. Although Froment et al. [ 45 ] reported an audible bruit 
in 17 % of their patients, it was present in only 3.0 % in the review by Luan et al. 
[ 11 ] In a series of 27 patients, recently reported by Kim and associates, periumbili-
cal tenderness was found in 33 % of patients and none had rebound tenderness or 
peritonitis [ 41 ].  

   Celiac Artery Dissection (CAD) 

 Approximately one half of the patients with CAD are asymptomatic due to good 
collateral fl ow from the SMA [ 46 ]. The symptoms are usually nonspecifi c epigastric 
pain or postprandial abdominal pain. Sudden onset of epigastric or subcostal pain that 
resolves spontaneously within 1–5 days is an important sign; it is usually caused by 
irritation of the celiac nerve plexus or initial contained rupture of the aneurysm [ 47 ]. 

  Table 31.1    Clinical 
presentations of 296 patients 
with superior mesenteric 
artery dissection [ 11 ]  

 Symptom  Number of patients (%) 

 Abdominal pain  231 (78) 
 Nausea  27 (9.1) 
 Vomiting  21 (7.1) 
 Ileus  11 (3.7) 
 Bloody stool  10 (3.4) 
 Diarrhea  8 (2.7) 
 Emaciation  6 (2.0) 
 Asymptomatic  47 (16) 
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In some patients, an abdominal systolic bruit is present [ 48 ], although it is a rare 
fi nding that may be caused by associated SMA stenosis [ 47 ]. The celiac trunk 
divides into the left gastric artery, the splenic, and the common hepatic arteries 
(see Chap   . 2 on splanchnic artery anatomy), thus all organs downstream of the dis-
sected celiac trunk may suffer from ischemia depending on the involvement and 
compromised portion of the branch arteries. The clinical picture may include isch-
emic pancreatitis, gangrenous cholecystitis, ischemic gastropathy, liver ischemia, 
splenic ischemia with infarctions [ 49 ], or a life-threatening hemorrhage due to a 
rupture of the dissected artery or aneurysm [ 25 ,  27 ,  48 ,  50 – 54 ]. 

 Of the reported 23 cases with hepatic artery dissection (HAD), 71 % have been 
symptomatic, typically presenting with pain in the epigastrium and right subcostal 
space (Fig.  31.1 ). Rupture with abdominal pain and shock occurred in 43 % of cases 
and rapidly caused death in all cases [ 29 ,  30 ]. Symptoms of splenic artery dissection 
are usually atypical and may also cause rupture and death of the patient.

   The physical examinations and laboratory fi ndings of most patients have been 
unremarkable except for epigastric tenderness [ 27 ,  51 ,  52 ]. However, spontaneous 
CADs must not be overlooked since complications are severe and include extension 
of the dissection into adjacent vessels, expansion of the false lumen, hemorrhage or 
organ ischemia, and the development of a celiac or hepatic artery aneurysm. 
Expansion of a false lumen may lead to rupture or it can result in poor distal perfu-
sion due to compression of the true lumen [ 8 ]. Signs of acute liver ischemia are poor 
prognostic factors and they are associated with death in more than 40 % of the 
reported cases [ 47 ].  

   Renal Artery Dissections (RAD) 

 RAD can present either acutely or chronically; the clinical manifestations may vary 
from sudden onset of severe, persistent, and poorly controlled hypertension to acute 
fl ank pain ipsilateral to the site of dissection. Renal ischemia or infarction is a com-
mon fi nding in the acute setting; it occurs in approximately 40 % of the patients [ 55 ]. 

  Fig. 31.1    Clinical presentation of 23 reported isolated hepatic artery dissections [ 29 ,  30 ]       
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Nonspecifi c presentations include groin and/or testicular pain, headache, nausea, 
vomiting, fever, dysuria, hematuria, and blurry vision and these often lead to a delay 
in diagnosis [ 55 – 61 ]. Chronic RAD is typically encountered during evaluation for 
renovascular hypertension [ 56 ]; either it is asymptomatic or it is a cause of renovas-
cular hypertension [ 62 ,  63 ]. Beroniade and colleagues described three different 
clinical sequelae of RAD: silent with no apparent ramifi cations, acute occlusion 
leading to renal infarction, and chronic dissection leading to renovascular hyperten-
sion [ 16 ].   

   Etiology 

 Compared to aortic dissection which is more common and widely studied, the 
underlying causes of IVAD are less well known. Possible etiologic factors of IVAD 
include arteriosclerosis, fi bromuscular dysplasia (FMD), infl ammatory or infec-
tious disease, cystic medial degeneration (Marfan syndrome), segmental mediolysis 
arteriopathy, elastic tissue vasculitis, connective tissue disorders (Ehlers-Danlos 
syndrome) or vasculitis (giant cell arteritis, Takayasu arteritis, and polyarteritis), 
trauma including iatrogenic injury, hypertension, pregnancy, and a previous surgical 
history [ 10 ,  13 ,  19 ,  43 ,  48 ,  54 ,  64 – 74 ]. In cases with neither serologic evidence of 
vasculitis, connective tissue disorders, and infl ammatory disorders nor traumatic 
injury including iatrogenic injury, dissections are classifi ed as “spontaneous.” 

   Superior Mesenteric Artery Dissection (SMAD) 

 Compared to other IVADs, the etiology of SMAD has been studied the most exten-
sively. SMAD is reported to be most prevalent in Asian ( n  = 222), followed by North 
American ( n  = 36), European ( n  = 29), and South American ( n  = 1) countries; [ 11 ] 
also, the majority of recent English language publications are from China [ 24 ,  39 , 
 40 ,  74 ,  75 ] and South Korea [ 5 ,  41 ,  44 ]. Given the paucity of reports from the 
Western countries, this may refl ect a possible genetic predisposition to SMAD in 
the Asian population. Rare causes of SMAD included strangulation due to seat belt 
injury [ 65 ,  76 ], iatrogenic injury such as contrast passage-induced or aggravated 
dissection during angiography or stent placement [ 42 ,  77 – 79 ], dissection after pan-
creaticoduodenectomy [ 80 ], or liver transplantation [ 81 ]. 

 With respect to spontaneous isolated SMAD, Solis et al. found that shearing 
stress was an important mechanism because dissection commonly begins 15–30 mm 
from the orifi ce of the SMA, right between the fi xed retropancreatic portion of the 
artery and the more distal mobile portion [ 65 ]. On a computer-simulation model, 
Park et al. [ 43 ] observed abnormal mechanical stresses on the anterior wall of con-
vex curvature of the SMA and suggested this might be another possible etiology for 
dissection. Gender, social habit, and comorbidity may also relate to SMAD [ 43 ,  74 ]. 
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In a series of 51 patients with spontaneous isolated SMAD compared with 38 
patients with combined aortic and SMA dissection, Park and colleagues found that 
spontaneous isolated SMAD was more common in men (90 % vs 71 %,  P  = .02) and 
occurs less frequently with hypertension (31 % vs 66 %,  P  = .001) [ 43 ]. Similar 
observations were also reported by Li et al. [ 74 ]. Spontaneous isolated SMAD was 
reported to be more frequent in patients with intra-abdominal cancers [ 43 ] and in 
those with a smoking history [ 74 ].  

   Celiac Artery Dissection (CAD) and Hepatic Artery 
Dissection (HAD) 

 Spontaneous CAD has typically been associated with hypertension, arteriosclerosis, 
degeneration of the arterial wall, trauma, pregnancy, and arteriopathy; however, 
most cases can present without identifi able risk factor [ 7 ,  46 ,  47 ,  69 ,  82 – 84 ]. Some 
patients have type IV Ehlers-Danlos syndrome (EDS) [ 21 ,  85 ], also known as the 
vascular type; it is a rare connective tissue disorder with autosomal dominant trans-
mission (McKusick catalog number 130050) caused by mutations in the COL3A1 
gene, resulting in structural alteration of type III collagen [ 86 ]. Rare causes of CAD 
include microtrauma caused by a sudden increase in abdominal pressure, such as 
weight lifting [ 47 ,  84 ,  87 ], and rupture of a pancreaticoduodenal arcade aneurysm 
[ 88 ]. Isolated HAD was observed to develop during pregnancy [ 89 ] or during selec-
tive arteriography done for radioembolization [ 90 ].  

   Renal Artery Dissection (RAD) 

 RAD is predominantly associated with FMD, especially in chronic cases. Other 
causes include EDS and atherosclerosis; [ 2 ,  55 – 58 ,  60 ] however, many cases pres-
ent in otherwise healthy individuals [ 91 – 94 ]. Although FMD itself has a female 
predominance [ 2 ], the largest published series of 24 RADs from Mayo Clinic 
showed a 10:1 male-to-female ratio; [ 2 ] this and other publication suggest RAD is 
a male-predominant disorder [ 58 ,  60 ]. In the fi rst systematic study that included 17 
patients, RAD patients were more likely to have history of hypertension, cancer, and 
connective tissue disorders ( P  < .001), and less likely to have obesity (BMI ≥30 kg/
m 2 ), compared with the general population [ 60 ]. RAD occurred most frequently in 
middle-aged men, with a history of hypertension, fl ank pain, elevated creatinine, 
and uncontrolled blood pressure at presentation. Associated connective tissue disor-
ders in this study included FMD, EDS, polyarteritis nodosa, gout, or arthritis. 

 Different types of trauma have also been reported to cause RAD, ranging from 
blunt trauma to playing football and running marathons [ 91 ,  93 – 96 ] to iatrogenic 
trauma due to mal-deployment of endograft during endovascular aneurysm repair 
(EVAR) [ 97 ]. Rare causes included subadventitial angioma of the renal artery [ 98 , 
 99 ], cocaine abuse [ 100 ], and extracorporeal shock wave lithotripsy [ 101 ].   
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   Diagnostic Considerations 

 Since the clinical presentation is diverse and the disease is rare, early diagnosis of 
IVAD is rarely established. A thorough history taking and physical examination are 
essential. Noninvasive imaging studies such as duplex ultrasound (DUS), CTA, 
MRA, or contrast arteriography are indicated in symptomatic patients suspicious 
for IVAD. In asymptomatic patients, the diagnosis of IVAD is established only 
when imaging studies are performed to investigate other abdominal pathologies. 
Laboratory studies are usually within normal ranges unless ischemic changes of 
splanchnic organs develop. 

   Duplex Ultrasound Scanning (DUS) 

 DUS is a useful tool in the initial assessment of a suspected IVAD or in those 
patients in whom renal function is compromised. Duplex scanning of the visceral 
arteries may be helpful in identifying the intimal fl ap (Figs.  31.2  and  31.3 ) and the 
entry or reentry points [ 11 ]. DUS is used to assess the fl ow velocities and resistive 
index in the renal arteries as well as to evaluate end-organ vascularity. The intestinal 
wall can also be assessed with a high degree of accuracy by high-resolution 

  Fig. 31.2    Celiac artery dissection with high-grade stenosis in the proximal celiac artery and distal 
celiac artery aneurysm. Note changes in fl ow velocity with inspiration and expiration suggesting 
median arcuate ligament compression. ( a ,  b )  Arrow  indicates intimal fl ap of the celiac artery dis-
section. ( c ,  d ) 1.4 cm celiac artery aneurysm that measured 2.7 cm in length. ( e ) Peak velocity 
measures 153 cm/s at inspiration. ( f ) Peak velocity measures 401 cm/s at expiration       
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transabdominal ultrasound. Transmural hemorrhage, infl ammation, and necrotic 
thickening in the bowel wall can be imaged sonographically [ 102 ]. However, this 
technique is operator-dependent and does not provide the necessary detail to make 
treatment decisions, considering the anatomy of the affected visceral arteries and 
their branches, obese patients, patients with considerable bowel gas, and the diag-
nosis of IVAD may be missed as well. In patients with RAD, preoperative DUS can 
be performed to evaluate the size of the kidneys, measure the intraparenchymal 
resistive indexes, and detect renal infarcts which typically appear as wedge-shaped, 
hypoechoic lesions with absent blood fl ow on DUS.

       Computed Tomographic Angiography (CTA) 

 When an IVAD is suspected, CTA is the fi rst-line diagnostic modality. CT imaging 
progressed by leaps and bounds in the past decade, especially with the introduction 
of interactive multiplanar reconstruction (MPR) /maximum intensity projection 
(MIP)/3-dimensional (3D) rendering [ 17 ,  18 ,  21 ,  68 ]. Plain computed tomography 
(CT) shows areas of high intensity if there is an acute thrombus in the false or true 
lumens. Dynamic enhanced CT is helpful to separate the true lumen from the false 
lumen by an intimal fl ap [ 36 ]. Modern multidetector CT enables imaging with 
excellent spatial and temporal resolution. In addition to being quick and accurate, it 
provides the detailed information including intimal fl ap, anatomy, mural thrombo-
sis, intramural hematoma, true and false lumen, and compromised visceral arteries 

  Fig. 31.3    Celiac artery dissection (CAD) extending into the entire splenic artery. ( a ,  b )  Arrow  
indicates intimal fl ap of the CAD. Within the proximal celiac artery, there is an asymmetric fi lling 
defect suggestive of thrombosis. ( c ,  d ) Thrombosed false lumen. ( e ) Thrombosis involving the 
inferior aspect of the proximal celiac artery with moderate luminal narrowing on sagittal view       
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with accuracy [ 21 ,  39 ]. An intimal fl ap separating the proximal portion of the vis-
ceral arteries into true and false lumen is a defi nitive diagnostic fi nding (Figs.  31.2 , 
 31.3 ,  31.4 , and  31.5 ); infi ltration of the fat surrounding the affected vessel is a well- 
known secondary sign of acute spontaneous dissection of a visceral artery.

    In patients with SMAD, the dissection usually starts within 5–50 mm from the 
original site [ 3 ,  9 ,  24 ,  26 ,  39 ,  65 ], where the SMA transitions from an immobile 
status to a mobile status along the inferior pancreatic margin. At this site, as men-
tioned before, there is increased shearing force, which may contribute to the intimal 
tear. The length of SMAD usually varies from 10 to 160 mm [ 3 ,  35 ,  39 ]. 

 Reviewing CT fi ndings of 34 patients, Jung et al. pointed out that intimal fl ap, 
thrombosed false lumen, and aneurysmal dilatation are the most common fi ndings of 
IVAD [ 9 ]. In the symptomatic group, the mean distance from the orifi ce of the SMA 
to the intimal fl ap in 17 SMADs was 19.7 mm (range 6–43 mm); the mean values of 
the largest diameter and the length of the dissecting artery were 14.7 mm (range 
8.4–50 mm) and 85.4 mm (range 33–180 mm), respectively. In four patients with 
CAD, the mean distance from the orifi ce to the site of dissection was 10.8 mm (range 
9–12 mm). The mean values of the largest diameter and the length of the dissecting 
artery were 14 mm (range 11–20 mm) and 27.8 mm (range 21–40 mm), respectively. 
The largest diameter and the length of the dissecting artery in the asymptomatic 
group were signifi cantly smaller than those of the symptomatic group. 

 In a recent study of 24 SMADs, an intimal fl ap which separated the SMA into a 
true lumen and a false lumen was observed in 83 % of patients; increased SMA 
diameter occurred in 63 %, 75 % had stenosis of the true lumen, thrombosed false 
lumen was seen in 63 %, and dissecting aneurysm was present in 30 % [ 75 ]. In 
another study of 27 SMADs, a patent false lumen with both entry and reentry was 
documented in 19 % of the patients, and partially or completely thrombosed false 
lumen presented in 81 %; the mean percent of compression of the true lumen 
occurred in 62 % [ 41 ]. 

  Fig. 31.4    Superior mesenteric artery dissection (SMAD) and aneurysmal dilatation, involving the 
mid SMA.  Arrow  indicates intimal fl ap of the SMAD. ( a ) Intimal fl ap of SMAD on axial view. ( b ) 
Intimal fl ap of SMAD on sagittal view; the aneurysm contains signifi cant amount of mural throm-
bus proximally and completely thrombosed distally. ( c ) Intimal fl ap of SMAD on 3D reconstruc-
tion and moderate amount of peripheral calcifi cation of SMA       
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  Fig. 31.5    Superior mesenteric artery dissection.  Arrow  indicates intimal fl ap of the SMAD. 
( a ) Dissection begins 4 cm distal to the origin of SMA and extends 5 cm into a jejunal branch. Mild 
aneurysmal dilatation at the level of the dissection measures 11 mm. ( b ) Follow-up CTA at 4 years, 
stable SMAD, dilatation with the SMA measuring about 13 mm.  a ,  b  axial view,  c ,  d  sagittal view       
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 Verde et al. reported 24 CADs and 18 SMADs in 38 patients; 30 % of the 
d issections diagnosed with interactive MPR/MIP/3D rendering were missed on 
standard imaging planes, and the authors suggested that interactive MPR/MIP/3D 
rendering can increase diagnostic sensitivity particularly in the setting of pain 
without any other fi ndings to explain the symptoms [ 21 ]. Currently, there is a mul-
titude of classifi cation systems that have been used to distinguish the different 
types of dissections in the literature and no system is accepted as the gold standard. 
Based on CT fi ndings, Suzuki et al. [ 18 ] classifi ed SMAD into four types: (1) an 
intimal fl ap, (2) hematoma of the false lumen or intramural hematoma, (3) an 
enlarged SMA diameter, and (4) increased attenuation of the fat surrounding the 
SMA. The authors suggested that the increased attenuation of the fat was an early 
diagnostic fi nding. 

 Sakamoto et al. [ 19 ] classifi ed SMAD into four types based on the patency of the 
false lumen: type I, patent false lumen with both entry and reentry; type II, “cul-de- 
sac”-shaped false lumen without reentry; type III, thrombosed false lumen with an 
ulcer-like projection (ULP); and type IV, completely thrombosed false lumen with-
out a ULP. Zerbib et al. [ 26 ] described a modifi ed Sakamoto’s classifi cation adding 
the type of “dissecting aneurysm” and the type of “thrombosed SMA.” However, the 
Sakamoto’s classifi cation does not take into consideration the patency of the true 
lumen, which is important to evaluate the mesenteric blood supply and make thera-
peutic decision. 

    Cho et al. [ 3 ] divided SMAD into two types: (1) double lumen with an intimal 
fl ap, with a patent or closed false lumen, and (2) intramural hematoma, which was 
further subcategorized depending on the presence/absence of SMA stenosis [ 3 ]. 
Dong et al. [ 24 ] reported three common fi ndings for SMAD: (1) no identifi ed reen-
try, (2) patent or partially/completely thrombosed false lumen with larger diameter 
compared with that of the true lumen, and (3) true lumen compressed by the false 
lumen. 

 Most recently, Li et al. [ 74 ] proposed a modifi ed morphological classifi cation 
with subtypes depending on the patency of the true lumen. The following fi ve types 
were identifi ed: type I, patent false lumen with both entry and reentry; type II, “cul-
de- sac”-shaped false lumen without reentry (IIa, patent true lumen; IIb, severe ste-
nosis of the true lumen; IIc, occlusion of the true lumen); type III, thrombosed false 
lumen with a ULP (IIIa, patent true lumen; IIIb, severe stenosis of the true lumen; 
IIIc, occlusion of the true lumen); type IV, completely thrombosed false lumen 
without a ULP (IVa, patent true lumen; IVb, severe stenosis of the true lumen; IVc, 
occlusion of the true lumen); and type V, dissecting aneurysm. The subtypes of a, b, 
and c were determined by true lumen residual diameter (TLRD); a dissecting aneu-
rysm of the SMA was defi ned as an increase in diameter of more than 50 % com-
pared with the normal part of the SMA. According to this classifi cation, of 42 
patients studied, 19 % were type I SMAD, 10 % type II, 26 % type III, 38 % type 
IV, and 7 % type V. 

 In another classifi cation system, Luan et al. [ 22 ] grouped SMAD into four types 
based on the location of dissection: type A, the dissection was localized at 
the curved part of the SMA and extended proximally to the SMA ostium; type B, the 
dissection was limited to the curved part of the SMA; type C, the dissection was 
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localized at the curved part and extended distally, but the ileocolic artery or distal 
ileal artery was not involved; and type D, the dissection was localized at the curved 
part and extended distally to the ileocolic artery or distal ileal artery. In their study 
of 20 patients, the distributions of SMAD in the four types were 25, 30, 10, and 
35 %, respectively. Due to the slender nature of the SMA, the imaging examination 
cannot always detect the entry or reentry site in SMA, and some of the dissections 
show indefi nite distal dissection into the multiple branches. Thus, dissected lesions 
cannot always be categorized using these classifi cation systems, and the morpho-
logical features of the dissection cannot completely predict the outcome and 
p rognosis of the dissection as well.  

   Magnetic Resonance Angiography (MRA) 

 MRA is an alternative examination, but it often does not provide the same detail as 
a CTA. The recognition of the gadolinium-induced nephrogenic system fi brosis 
substantially limits today the use of contrast-enhanced magnetic resonance imaging 
(MRI) in patients with a glomerular fi ltration rate of <60 ml/min. Case report 
showed that MRI without intravenous contrast media was possible to identify renal 
infarction by using diffusion-weighted image (DWI) sequence and RAD by using a 
3D infl ow inversion recovery sequence. This is particularly useful in patients with 
renal failure [ 23 ].  

   Selective Contrast Arteriography 

 Before the advent of modern imaging techniques of CTA, the defi nitive diagnosis of 
IVAD usually requires selective catheter-based contrast arteriography, which also 
allows precise determination of the extent of visceral artery involvement, especially 
of stenotic lesions, evaluation of collateral circulation, and detection of predispos-
ing features [ 47 ]. Arterial dissection is characterized by double lumens, string sign, 
tapered occlusions, occlusions at unusual sites, short segmental narrowings, intimal 
fl aps, irregular stenosis, intraluminal defects, distal pouches, and aneurysms [ 67 ]. 
Currently, mesenteric contrast arteriography is usually not performed for diagnosis 
unless there are doubts after imaging with CTA or MRA or when it is combined 
with an endovascular therapy. 

 Based on angiographic fi ndings, Yun et al. [ 35 ] proposed adding total throm-
botic occlusion of the SMA to the Sakamoto’s classifi cation. Yun et al. also 
devised an arteriographic classifi cation of three types: type I, patent true and false 
lumens that show entry and reentry sites; type II, patent true lumen but no reentry 
fl ow from the false lumen; type IIa, visible false lumen but no visible reentry site 
(blind pouch of false lumen); type IIb, no visible false luminal fl ow (thrombosed 
false lumen), which usually causes true luminal narrowing; and type III, SMAD 
with occlusion of SMA. In their study of 32 patients, type I SMAD accounted for 
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41 %, and it was 50 % for type II (type IIa, 38 %; type IIb, 62 %) and 9 % for 
type III; the type I lesions were the most common type in asymptomatic patients 
(70 %), whereas the type II lesions were the most common in symptomatic 
patients (59 %). 

 In another series reported by Jia et al. [ 39 ], all 17 patients with SMAD were type 
II (type IIa, 29 %; type IIb, 71 %). However, neither Sakamoto’s nor Yun’s classifi -
cation includes the type of “dissecting aneurysm” that is often seen in SMAD 
patients. Yun et al. also categorized the dissection entry sites into three zones: zone 
1, from orifi ce to 1 cm proximal to the SMA curvature; zone 2, from 1 cm proximal 
to 1 cm distal to the SMA curvature; and zone 3, from distal to 1 cm distal to the 
SMA curvature. In their study, 69 % of patients had dissection entry site located in 
zone 2 [ 35 ]. Similar results were also observed by Li et al., with 64 % of entry sites 
in zone 2 [ 74 ]. 

 Although diagnosis of RAD is usually made by CTA or MRA, both imaging 
studies can miss dissections of smaller branch and end arteries; therefore, renal 
angiography still remains the gold standard, and it provides information on the 
extent and nature of the vessel involvement and identifi es potential treatment options 
[ 61 ,  92 ,  99 ,  103 ]. In 1970, Hare et al. described the angiographic criteria for diag-
nosis of RAD, including luminal irregularity associated with aneurysmal dilatation 
or saccular dissection with segmental stenosis, extension of dissection distal to the 
fi rst renal artery bifurcation, “cuffi ng” at branch points, and variable degrees of 
reversibility documented by subsequent images [ 104 ].  

   Laboratory Studies 

 Laboratory results can be unremarkable in most of patients with IVAD. With the 
progression of the disease, laboratory studies related to complications including 
pancreatitis, intestinal infarction, and liver or renal dysfunction or infarction will be 
required. 

 In a review of SMAD, leukocytosis presented in 33 % (27/83) of available 
patients, and a high level of C-reactive protein (CRP) was noted in 23 % (10/44); 
results of other laboratory tests are within the normal ranges [ 11 ]. 

 Liver function tests including alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), gamma-glutamyl transpeptidase 
(GGT), prothrombin time (PT), international normalized ratio (INR), albumin, and 
bilirubin may be helpful in determining if there is hepatic malperfusion and isch-
emia that might prompt more aggressive management. 

 If the renal function of the patient needs investigation, evaluation includes serum 
creatinine (Cr), blood urea nitrogen (BUN), and estimated glomerular fi ltration rate 
(eGFR). Laboratory fi ndings associated with acute renal ischemia include leukocy-
tosis, elevated serum lactate dehydrogenase (LDH), microscopic or gross hematu-
ria, proteinuria, and elevated D-dimer. Among the laboratory fi ndings, increased 
serum creatinine, leukocytosis, and markedly increased level of serum LDH may 
refl ect renal parenchymal cell death [ 60 ]. 
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 Infl ammatory markers, including the erythrocyte sedimentation rate (ESR) and 
CRP, or specifi c immunologic or genotype studies according to the etiology of 
IVAD might be required.   

   Conclusion 

 Spontaneous isolated dissection of the visceral arteries is a rare disease. Patients 
either are asymptomatic or may present with diverse symptoms based on the 
location of dissection, the extent of visceral artery involvement, and the severity of 
supplied splanchnic organ ischemia. The diagnosis of symptomatic spontaneous 
IVAD is based on a high index of suspicion and it can usually be made with DUS 
and CTA in most patients. The predisposing factors, the type and risk of the lesion, 
and the natural history of IVAD should be well examined in all patients before 
therapy is initiated.     
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    Chapter 32   
 Open Surgical and Endovascular 
Revascularizations of Isolated Visceral Artery 
Dissections 

             Ying     Huang       and     Peter     Gloviczki     

         Open surgical or endovascular revascularizations for isolated visceral artery dissections 
(IVADs) are indicated to prevent or treat catastrophic complications, such as arterial 
rupture or organ ischemia. Spontaneous isolated superior mesenteric artery dissec-
tion (SMAD) is the most important IVAD; major complications that require treat-
ment include arterial rupture with bleeding and bowel infarction caused by acute 
mesenteric ischemia [ 1 – 3 ]. Concerns during the chronic stage are chronic mesen-
teric ischemia due to decreased blood fl ow to the gut and progressive dilatation and 
eventual rupture of the SMA [ 4 ]. 

 Interventions for most forms of IVAD serve therefore two purposes: to improve 
fl ow and to prevent rupture [ 5 ]. In renal artery dissection (RAD), the goal of treat-
ment also includes cure or improvement of renovascular hypertension [ 6 ]. 

 Progress in imaging techniques, refi nement of open surgical interventions, and 
development of endovascular interventions signifi cantly improved outcome of 
IVAD in the past two decades [ 3 ,  5 ,  7 – 17 ]. In this chapter, we briefl y review the role 
of conservative management and present techniques and results of open surgical and 
endovascular therapy. 

   Conservative Management 

 Conservative management with regular follow-up using different imaging tech-
niques is considered if organ perfusion is not compromised, there is no bleeding, 
and dissection does not result in aneurysm formation [ 5 ,  11 ,  17 – 23 ]. Anticoagulation 
can be attempted in patients with acute thrombosis of the SMA due to dissection, 
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although regular imaging follow-up is indicated since anticoagulation will fail to 
control or reverse arterial thrombosis in one of four treated patients [ 24 ]. In a group 
of 24 patients with SMAD who were followed conservatively, progression of the 
dissection was noted in 29 % on computed tomographic (CT) images, pain recurred 
in 13 %, and 2 patients died due to bowel infarction [ 25 ]. These results suggest that 
spontaneous isolated SMAD has the potential to progress and may cause fatal com-
plications during medical treatment. Currently, we opt for conservative manage-
ment in asymptomatic patients and in those with no aneurysm [ 26 ,  27 ]. Detailed 
medical management is well described in Chap.   33    .  

   Indications for Intervention 

 Absolute indications for emergency interventions include massive bleeding and 
hemorrhagic shock due to rupture of the dissected artery or aneurysm or intestinal 
infarction. Elective open or endovascular interventions are indicated to improve 
fl ow through the partially or completely thrombosed artery and to prevent rupture of 
the aneurysm [ 5 ,  11 ,  16 ,  23 ,  25 ,  28 – 34 ]. There is no size threshold for surgery for 
visceral arterial aneurysm, but in all symptomatic patients and in those with a mes-
enteric, hepatic, or celiac aneurysm (50 % increase over the diameter of a normal 
artery) of any size, intervention should be considered; and 2 cm diameter for splenic 
and renal aneurysms may be a reasonable size to consider intervention [ 32 ,  35 ,  36 ]. 

 Some authors recommended surgical or endovascular management in SMAD 
patients with symptoms lasting more than 1 week, aneurysmal dilatations exceeding 
2 cm in diameter, severe compression of the true lumen of the SMA >80 %, or 
SMAD with peritonitis [ 5 ,  23 ,  37 ,  38 ]. 

 In cases of hepatic artery dissection (HAD) with long dissections extending to 
the proper hepatic artery, intervention, usually open surgical bypass, is indicated in 
patients with inadequate collateral circulation to the liver [ 39 ]. 

 In patients with RAD, surgical or endovascular therapy maybe indicated in 
patients with malignant hypertension or progressive renal failure and in the chronic 
stage in those with refractory renovascular hypertension [ 40 – 45 ].  

   Open Surgical Revascularizations 

 Surgical treatment of the dissected artery includes attempts at repairing the dis-
sected vessel with excision of the intimal fl ap, with or without thrombectomy. 
Closure of the artery is usually done with an autologous, bovine pericardial, or 
prosthetic patch. Excision or ligation of the diseased, dissected or aneurysmal ves-
sel and bypass or interposition graft with saphenous or prosthetic graft are another, 
more frequently used alternative (Figs.  32.1  and  32.2 ), while in very rare cases, even 
small-bowel transplantation can be performed [ 18 ,  35 ,  46 ].
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    Many of the revascularization procedures are similar to those used for acute or 
chronic mesenteric ischemia or for atherosclerotic or true aneurysms of the visceral 
vessels. For detailed techniques of these procedures, the readers should consult 
Chaps.   11    ,   16    , and   17    , regarding open mesenteric revascularization. 

  Fig. 32.1    Open surgical repair of thrombosed superior mesenteric artery dissection (SMAD) with 
aneurysmal dilatation in a 78-year-old male who presented with abdominal pain. ( a ) SMAD on 
sagittal view of computed tomographic angiography; the aneurysm contains signifi cant amount of 
mural thrombus proximally and completely thrombosed distally ( arrow ). ( b ) Intimal fl ap of SMAD 
( arrow ) on 3-D reconstruction and moderate amount of peripheral calcifi cation of SMA. 
( c ) Intraoperative photograph of the SMAD with the artery and side branches on vessel loops. 
( d ) Excision of SMAD, proximal and distal SMA interposition graft using 8 mm Hemashield 
Dacron graft, and reimplantation of four large jejunal branches       

  Fig. 32.2    Open surgical repair of celiac artery dissection (CAD) with aneurysmal dilatation in a 
61-year-old male with progressive epigastric pain. ( a ) CAD on sagittal view of computed tomo-
graphic angiography; thrombosed proximal celiac artery with distal aneurysm with dissection 
( arrow ). ( b ) Intraoperative photograph of the CAD with branches on vessel loops. ( c ) The CAD 
was opened. Note dissection fl ap in the artery ( arrow ). ( d ) Repair with aorto-distal celiac artery 
8 mm Hemashield Dacron interposition graft with extension of the distal anastomosis onto the 
common hepatic artery       
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   Superior Mesenteric Artery Dissection (SMAD) 

 Surgical revascularization procedures have been performed using antegrade or 
 retrograde aorto-SMA or a retrograde iliac artery-SMA bypass or an SMA-SMA 
interposition graft; bypass between the SMA and right gastroepiploic artery or 
transposition of SMA to the more distal aorta was also reported [ 12 ,  38 ,  46 – 49 ]. 

 Dong et al. reported the technique of surgical fenestration of the SMA. The target 
segment was transected, the intimal fl ap of the proximal stump was excised, and the 
fl ap in the distal artery was reattached to the wall with sutures. The two stumps of 
the artery were then reanastomosed in an end-to-end fashion [ 38 ].  

   Celiac Artery Dissection (CAD) and Hepatic Artery 
Dissection (HAD)  

 The surgical procedure can be performed via an upper midline or chevron incision. 
The aneurysm is approached through the gastrohepatic ligament, the lesser sac is 
entered and the crus of the diaphragm divided if the aorta needs to be dissected, and 
a bypass is performed between the supraceliac aorta and the celiac trunk using 
Dacron or, in a patient with an infected fi eld, with a vein graft [ 50 ,  51 ]. 

 In patients with HAD, saphenous vein graft is usually preferred because of the 
small size of the hepatic artery distal to the dissection [ 52 ]. Rarely, the inferior 
 mesenteric vein can be used for autologous bypass [ 39 ].  

   Renal Artery Dissection (RAD) 

 Open repair of RAD is a technically demanding procedure. Standard aortorenal 
bypass with vein or Dacron or autologous internal iliac artery is indicated in patients 
when the dissection only involves the main renal artery or a short segment of its 
primary branches [ 40 ,  53 ]. 

 Extra-anatomic reconstruction (splenorenal or hepatorenal bypass) can also be 
performed. Ex vivo reconstruction in these patients is frequently required to salvage 
the ischemic kidney, treat hypertension, or prevent rupture of the artery. This tech-
nique is used in patients when vascular lesions are located more distally and extend 
into the secondary or tertiary branches of the renal artery [ 6 ,  40 ,  53 ]. Once exterior-
ized for the repair, the kidney is perfused with chilled Collins’ solution and packed 
with ice [ 6 ,  40 ]. In some patients, extracorporeal repair and autotransplantation of 
the kidney into the pelvis were reported [ 40 ,  53 ,  54 ]. 

 Reported clinical success of open surgical revascularization has ranged from 71 to 
91 % [ 40 ,  55 ]. Complications may include loss of the kidney (8–27 %), acute throm-
bosis of the renal artery (6–12 %), and late restenosis (15 %) [ 6 ,  40 ,  53 ,  56 – 58 ].   
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   Endovascular Revascularization 

 Nowadays, with improved interventional technologies and rapid development of 
endovascular materials, catheters, and stents, minimal invasive percutaneous endo-
vascular treatment has become an attractive alternative to surgical revascularization 
for IVAD. Endovascular therapies include catheter-directed thrombolytic therapy, 
coil embolization, and placement of bare metal or covered stents. The specifi c appli-
cation of endovascular treatment should be tailored to the needs of the patient, 
according to clinical presentation and the location and extent of dissection [ 14 ,  16 , 
 27 ,  33 ,  59 ,  60 ]. 

   Catheter-Directed Thrombolytic Therapy 

 Catheter-directed thrombolytic therapy of acutely thrombosed and dissected 
 visceral arteries has been reported, with mixed results. Secondary procedures, 
including stenting [ 61 ] and laparotomy [ 2 ,  62 ], are frequently needed. Most suc-
cess with catheter-directed thrombolysis (CDT) was achieved in patients with 
renal artery thrombosis due to dissection [ 42 – 44 ,  56 ]. In cases of RAD with acute 
renal artery thrombosis, CDT using urokinase [ 42 ,  43 ] and tissue plasminogen 
activator (rt-PA) [ 44 ], or combined with aspiration thrombectomy under anti-
thrombotic protection with glycoprotein IIb/IIIa inhibitor [ 56 ], has been used suc-
cessfully before stent placement in hemodynamically stable patients and achieved 
good early results.  

   Embolization 

 Suffi cient collateral fl ow is essential to avoid organ infarction if we use emboliza-
tion for IVAD to occlude visceral arteries. Successful embolizations of renal and 
celiac artery dissections have been reported [ 63 ]. Takeda et al. [ 60 ] reported on 
treatment of CAD with coils. Platinum-fi ber coils (Cook Medical) and detachable 
Amplatzer Vascular Plugs (AVPs) I, II, and/or IV (AGA Medical, Golden Valley, 
MN, USA) were embolization materials used. Perini et al. recommend that the 
diameter of the AVPs is approximately 30–50 % larger than that of the treated 
artery [ 45 ]. 

 Li et al. suggested coil embolization to occlude the false lumen and stent placement 
to improve fl ow through the true lumen in patients with type V SMAD [ 25 ]. However, 
the need for coil embolization in such patients has been questioned since placement of 
self-expandable stent will reduce the aneurysm size with gradual  resolution of the 
false lumen and the increase in diameter of the true lumen [ 34 ,  38 ,  64 ,  65 ].  
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   Stenting Visceral Arteries 

 At present, there are no evidence-based data that support the choice of the best type 
of stent for each specifi c IVAD. For principles of visceral artery stenting and the use 
of balloon or self-expandable stents, or covered or bare metal or nitinol stents, the 
readers should consult Chaps.   13    ,   14    , and   18    . Precise positioning and good fl exibil-
ity are requirements for the stent used in the treatment of IVAD. Careful planning 
includes selection of the length of the stent that can be deployed at the location, the 
size of entry and reentry sites, measurement of the length of the broad-based pseu-
doaneurysm, and the severity of arterial stenosis [ 16 ] (Fig.  32.3 ).

   Because of the radial strength, conformability, and suffi cient length, self- 
expandable stents are recommended in the management of IVAD. Numerous stents 
such as WALLSTENT (Boston Scientifi c, Natick, MA), Zilver or Zilver 635® stent 
(Cook Medical, Bloomington, IN), SMART or PRECISE stent (Cordis, Miami 
Lakes, FL), Palmaz Blue stent (Cordis, Bridgewater, NJ), Xpert (Abbott Vascular, 
Abbott Park, IL), Astron Pulsar (Biotronik AG, Switzerland) have been used with 
diameters of up to 8 mm and overall lengths of up to 100 mm. Stents with a diameter 
10 % greater than the diameter of the proximal artery are usually chosen [ 5 ,  16 ,  25 , 
 31 ,  35 ,  58 ,  60 ,  66 – 68 ]. Sinus-SuperFlex nitinol stent (OptiMed, Ettlingen, Germany) 
was used with success by one group for RAD [ 56 ]. For short dissection, a balloon- 
expandable stent can be considered [ 33 ,  60 ]. However, the balloon-expandable stent 
is stiffer and the resulting axial force is greater so it should be avoided in the curved, 
second segment of SMA. Although covered stent was reported to treat a ruptured 
SMAD [ 26 ], a potential disadvantage is that it obliterates side branches of the treated 
artery. Covered stent, however, was also used with success to treat SMAD [ 69 ,  70 ]. 

 Occasionally, laparotomy can be combined with transmesenteric endovascular 
approach and retrograde mesenteric stenting (hybrid treatment) [ 15 ,  49 ]. 
Intravascular ultrasound (IVUS) may be helpful to identify the true and false lumen, 
image the fl ap, and even establish the site of the tear in the artery. 

 The double-coaxial technique (mother-and-child technique) might be helpful to 
facilitate the delivery of stent to a complex lesion [ 71 ]. In patient with large discrep-
ancy in diameters between proximal and distal arteries, two stents of different cali-
bers with an overlap of 1.5 cm were suggested [ 14 ]. Chu et al. pointed out that in 
long dissection, coverage of a short segment at the entry tear by the stent graft or 
even bare stent can yield good result with gradual resolution of the mural hematoma 
on follow-up CTA images [ 16 ]. 

 Currently, endovascular treatment with stenting is increasingly used in patients 
with RAD [ 43 ,  44 ,  56 ]. The risk of acute occlusion after stent placement, however, 
must be weighed in each case. Considering the lesion needs to be completely 
 covered, long stents are frequently needed; however, long stents are more thrombo-
genic than short stents. Thus, stent thrombosis is also a concern. When the dissec-
tion extends into the renal hilum, the risk of renal infarct and further extension of the 
dissection with placement of a stent is high [ 56 ].   

Y. Huang and P. Gloviczki

http://dx.doi.org/10.1007/978-1-4939-1847-8_13
http://dx.doi.org/10.1007/978-1-4939-1847-8_14
http://dx.doi.org/10.1007/978-1-4939-1847-8_18


413

   Conclusions 

 Treatment options for IVAD are largely dependent on the clinical presentation, acute 
or chronic symptoms, the location and extent of the dissection, and the size of the 
aneurysm. For asymptomatic patients and some mildly symptomatic patients with no 
or small aneurysm, conservative treatment with or without anticoagulation or anti-
platelet medication is recommended; however, close follow-up with imaging studies 

  Fig. 32.3    Endovascular repair of partially thrombosed superior mesenteric artery dissection 
(SMAD) with self-expandable stents. ( a ) SMAD on sagittal view of computed tomographic angi-
ography; the aneurysm contains signifi cant amount of mural thrombus in mid SMA ( arrow ) with 
patent artery distally. ( b ) Intimal fl ap of SMAD ( arrow ) on 3-D reconstruction. ( c ) Axial view of 
computed tomographic angiography after stent placement in the SMA showed well- stented SMA 
( hollow arrow ), and there was no evidence of intramural thrombosis. ( d ) On sagittal view of com-
puted tomographic angiography, the involved SMA segment was fully covered by two stents 
 ( hollow arrow ), and there was no evidence of intramural thrombosis, SMA stenosis, or compres-
sion (Courtesy of Timur P. Sarac, MD, Cleveland Clinic, Cleveland, OH)       
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using duplex ultrasound scanning or CTA is required to detect any progression of the 
dissection. Open or endovascular revascularization is indicated in patients who fail 
to conservative therapy or in those who present acutely with organ ischemia or 
infarcts, arterial occlusion without collateral circulation, or rupture. Because of the 
less invasive nature, endovascular procedure is considered fi rst in all patients, 
although open surgery is still frequently needed to attempt to save the organ or the 
life of the patient if catastrophic complications occur.     
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    Chapter 33   
 Results of Medical, Interventional, 
and Surgical Treatment 

                John     H.     Landau       and     Adam     H.     Power     

         The phenomenon of spontaneous isolated visceral artery dissection (SIVAD) is a 
rare entity that can involve the celiac artery, SMA, IMA, or their branch vessels. It 
was fi rst described in 1947 by Bauersfeld [ 1 ], and published literature since that 
time has shown 296 reported cases of spontaneous isolated SMA dissection 
(SISMAD) [ 2 ], 72 cases of spontaneous isolated celiac artery dissection (SICAD) 
[ 3 ], and one case of spontaneous isolated IMA dissection (SIIMAD) [ 4 ]. While the 
early case reports of SIVAD showed this to be a diagnosis made at the time of 
autopsy which uniformly resulted in death, advances in diagnostic imaging technol-
ogy and techniques for surgical and endovascular intervention have led to more 
favorable results in recent years. To date, no randomized controlled trials have been 
performed to evaluate the outcomes of medical management, endovascular repair, 
and open surgical repair of SIVAD due to its rarity. While no consensus has 
been reached on the optimal modality of treatment, favorable outcomes have been 
described using each of these three approaches. 

   Role of Medical Management and Results 

 Medical management of SIVAD may include bowel rest, analgesia, IV rehydration, 
parenteral nutrition, blood pressure control, anticoagulation, and antiplatelet therapy. 
These treatment strategies are employed to provide symptom relief and prevent an 
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existing dissection from progressing, which can result in expansion of the false 
lumen and true lumen narrowing, aneurysmal degeneration, end-organ malperfu-
sion and necrosis, or vessel rupture. 

 Several authors have tried to defi ne the optimal patient population in which to 
utilize conservative medical management alone [ 2 ,  3 ,  5 ,  6 ]. In general, patients who 
are asymptomatic and have SIVAD discovered incidentally on imaging should 
undergo initial conservative medical management. In patients who present with 
symptoms of abdominal pain, nausea, vomiting, or diarrhea but show no evidence 
of intestinal necrosis or impending vessel rupture, it is reasonable to begin with 
medical therapy, but these patients require close follow-up. Patients with new-
onset, unremitting, or recurring symptoms secondary to their dissection, or those 
with progression of their dissection on follow-up imaging concerning for vessel 
narrowing or impending rupture, require further endovascular or surgical manage-
ment (Fig.  33.1 ). Follow-up clinical evaluation and imaging beginning 1 week to 
3 months after discharge and repeated at 6 months, 1 year, and annually are recom-
mended given the absence of good long-term data to describe the natural history of 
this disease process.

   In patients who are suitable candidates for medical management, the role of 
anticoagulation and antiplatelet therapy is unclear. The rationale for these thera-
pies is the prevention of thrombosis and distal microemboli. While this strategy 
has traditionally been advocated in the medical management of SIVAD [ 3 ,  7 ], 

  Fig. 33.1    Proposed treatment algorithm for patients presenting with SIVAD       
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recent studies have failed to demonstrate signifi cant benefi t. In the largest case 
series of patients with SISMAD treated medically to date, Park et al. [ 8 ] analyzed 
46 patients treated with medical management. Twelve patients received some 
combination of anticoagulation or antiplatelet therapy in their cohort, while 38 
received neither. There was no difference observed in the clinical course of these 
two groups over a median follow-up period of 28 months, suggesting that antico-
agulation and antiplatelet agents may not be necessary in the medical manage-
ment of SIVAD. Furthermore, Takayama et al. [ 9 ] describe a cohort of 18 patients 
with dissections in the celiac, SM, common hepatic, and splenic arteries who 
were managed with medical management alone without anticoagulation or anti-
platelet therapy, and all showed good outcomes over a mean follow-up time of 
20.9 months. Moreover, a literature review of 291 cases of SISMAD performed 
by Luan et al. [ 2 ] evaluated 209 patients treated with medical management and 
failed to show any signifi cant difference in outcomes between those treated with 
and without anticoagulation. In the absence of level I evidence, it can be said that 
patients have been successfully treated both with and without anticoagulation and 
antiplatelet therapy. 

 Results of conservative management in the treatment of SIVAD have been favor-
able. The majority of asymptomatic patients, as well as a signifi cant number of 
symptomatic patients without evidence of vessel rupture or bowel necrosis, have 
been treated exclusively with medical management without the need for further 
intervention. A review of the literature in patients with SISMAD has shown that out 
of 291 reported cases, 209 (72 %) were treated with medical management alone [ 2 ]. 
Of these 209 patients, 156 (75 %) were managed successfully and 53 (25 %) 
required further treatment. In those patients that were managed unsuccessfully with 
medical treatment, 13 (6 %) died and were diagnosed at autopsy after no formal 
targeted visceral vessel management, 6 (3 %) required further hospitalization and 
medical management, 21 required endovascular intervention (10 %), 10 required 
open surgical intervention (5 %), 2 required bowel resection (1 %), and 1 patient 
received a hybrid repair with transmesenteric stenting of the SMA (Table  33.1 ). 
Compared to patients receiving endovascular or surgical intervention in SISMAD, 
patients receiving medical management have been shown to be younger on average 
and have less compression of their true lumen on initial imaging. Additionally, 
patients treated with medical management alone required shorter hospital stay [ 14 ]. 
Medical therapy is the most common approach to SICAD as well as having been 
used in 45–63 % of cases [ 3 ].

   Follow-up data shows that SIVAD may often be a self-limiting event with very 
few long-term complications. Patients who present during the acute stage of their 
dissection with symptoms of abdominal pain, nausea, vomiting, and diarrhea are 
often symptomatic from the arterial dissection itself rather than from complications 
of the dissection (Fig.  33.2 ). With medical management, most patients see gradual 
resolution of their symptoms and follow-up imaging shows radiographic resolution 
with stable or improved dissection, partial or complete false lumen thrombosis, and 
an increase in true lumen diameter [ 3 ,  5 – 9 ].
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   Table 33.1    Reported cases of medical, endovascular, and open surgical treatment of SIVAD   

 Vessel 
 # of 
cases  Medical  Endovascular 

 Open 
surgery 

 Secondary 
interventions  Complications 

 Celiac  72  47  6  19  None  None 
 SMA  291  209  40  42  Open surgery – 10  1 patient thrombosed 

open surgical repair 
on follow-up but 
remained 
asymptomatic 

 Bowel 
resection – 2 

 1 patient thrombosed 
stent on follow-up but 
was asymptomatic 

 Endovascular – 22  1 patient had 
progressive 
aneurysmal dilatation 
after stenting and 
received a second 
stent 

 Hybrid – 1 
 IMA  1  0  0  1  0  None 

  Fig. 33.2    Spontaneous dissection of the celiac artery treated successfully with conservative medi-
cal management       
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      Results of Open Surgical Repair 

 Open surgical repair of SIVAD was fi rst described in a report of isolated SMA dis-
section by Sisteron and Vieville in 1975 [ 10 ]. Since that time, open surgical repair 
has been described in 19 cases of SICAD and 43 cases of SISMAD. While these 
open surgical approaches were originally considered the mainstay of treatment for 
any SIVAD, more recently, endovascular approaches and conservative medical 
management have become more common. Currently, the suggested indications for 
open surgical repair in SIVAD include suspected end-organ necrosis requiring 
exploratory laparotomy, vessel rupture, and thrombosis or signifi cant narrowing of 
the true lumen. Additionally, surgery can be considered in patients managed expec-
tantly with persistent or recurring abdominal pain, progressive aneurysmal dilata-
tion of the affected vessel segment, and false lumen expansion causing progressive 
narrowing of the true lumen. 

 Of the 19 cases of open surgery in SICAD reported, approaches have included 
bypass to the hepatic artery with prosthetic or autogenous vein graft in 14 patients, 
resection of the celiac artery with direct anastomosis of the hepatic artery to the 
celiac ostium in 3 patients, and ligation of the celiac artery without revasculariza-
tion in 2 patients [ 3 ]. Eighteen of these procedures were performed during the ini-
tial phase of diagnosis, and only one after failure of conservative medical 
management, defi ned as worsening pain and propagation of the dissection [ 11 ]. No 
perioperative deaths have been reported in this patient population. Additionally, 
limited short- term follow-up ranging from 6 to 36 months shows these reconstruc-
tions to be durable, with all patients being asymptomatic on follow-up and evidence 
of stable repairs on imaging. 

 Out of 43 cases of open surgery in SISMAD, approaches have included aorto- 
mesenteric bypass in 9 patients, resection of SMA dissection with interposition 
graft in 6 patients, SMA to right gastroepiploic artery bypass in 3 patients, SMA to 
right common iliac artery bypass in 2 patients, transposition of the SMA to the aorta 
in 2 patients, SMA ligation in 1 patient, and a combination of intimectomy, throm-
bectomy, and endoaneurysmorrhaphy with or without patch angioplasty in 13 
patients. The operative details for the remaining seven patients were not described 
[ 2 ]. Thirty-three cases were done at primary presentation, while the remaining ten 
cases were secondary interventions after failed conservative medical management. 
Two of the cases required bowel resection at the time of reconstruction due to bowel 
ischemia and necrosis. There have been no reported cases of patients needing surgi-
cal re-intervention after open surgery or endovascular treatment. Surgery has been 
generally performed on an emergent, acute, or subacute basis after the diagnosis of 
SISMAD, though in some cases patients required intervention up to 2 years after 
the fi rst presentation of symptoms [ 12 ]. After successful surgical treatment, patients 
have all done well with relief of their symptoms and evidence of patent repairs at 
up to 5 years. Patients who have been treated with open surgical repair have been 
shown to be older and require a longer stay in hospital than those receiving endo-
vascular interventions or medical treatment alone [ 13 ]. Only one case of failure 
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after surgical intervention has been described. The patient in question received a 
saphenous vein graft bypass between the SMA and right common iliac artery as a 
primary intervention. During follow-up, the bypass thrombosed due to competitive 
fl ow in the native SMA but the patient continued to be asymptomatic at 5 years. 

 The single known reported case of SIIMAD was treated with open surgical 
repair [ 4 ]. The patient initially presented with abdominal pain and was found to 
have dissection of the IMA on CT scan. Conservative medical management was 
utilized initially but the patient complained of progressive abdominal pain and 
developed peritonitis on exam with an elevated white blood cell count and fever. 
Open thrombectomy, intimectomy, and patch angioplasty of the IMA were per-
formed. On follow- up, the patient was asymptomatic with evidence of a patent 
repair on CT. 

 Surgical management of SIVAD has shown to be a durable intervention with 
excellent results up to 5 years with a smaller incidence of reported treatment failures 
than conservative medical management. However, its use has declined in recent 
years due to the emergence of endovascular techniques. Despite endovascular 
advances, open surgery still plays a role in the appropriate patient population, par-
ticularly in those that require exploratory laparotomy for bowel ischemia.  

   Results of Endovascular Repair 

 Endovascular intervention for SIVAD was fi rst described by Leung et al. [ 14 ] with 
the use of a self-expanding bare metal stent in a symptomatic patient with 
SISMAD. Since that time, there have been a number of different endovascular 
approaches to SIVAD described in the literature and it has become an increasingly 
common intervention. While the role of endovascular intervention has yet to be 
strictly defi ned, it has been used increasingly in symptomatic patients without evi-
dence of arterial rupture or end-organ ischemia and/or necrosis and in patients who 
fail a trial of conservative medical management [ 2 ,  3 ,  5 ,  6 ,  14 – 16 ]. 

 A series of six cases of SICAD treated with endovascular intervention reported 
the use of coil embolization of the celiac artery and its associated branches in two 
patients, hybrid repair involving coil embolization of the celiac artery dissection and 
open hepatic artery bypass in one patient, and stenting of the celiac artery with a 
covered stent in three patients. These patients had a wide spectrum of presentations 
ranging from asymptomatic to abdominal pain with shock and intraperitoneal 
hematoma. Patients were embolized with coils alone or coils and Amplatzer 
occluder plugs (St. Jude Medical, Plymouth, MN) depending on the extent of their 
dissection and involvement of branches. None of the patients with embolization 
received antiplatelet or anticoagulation therapy on discharge, and all of the patients 
had resolution of symptoms with persistent occlusion of the celiac artery on follow-
 up imaging up to 18 months. Patients with celiac artery stenting all had self- 
expanding covered stents placed. Lifelong antiplatelet therapy was used in one of 
these cases, but no mention was made of antiplatelet therapy in the other two. 
Follow-up at up to one year showed these patients to be asymptomatic with patent 
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stents and false lumen thrombosis. It should be noted that all six of these patients 
had confi rmed patency on imaging of their SMA with adequate collateralization to 
the celiac artery before intervention. The presence of stenosis, occlusion, or con-
comitant dissection in the SMA should serve as a contraindication to embolization, 
as absence of collateral fl ow through the gastroduodenal artery from the SMA may 
devascularize the pancreas, liver, and spleen. Even in the context of celiac stenting, 
a compromised SMA could lead to catastrophic visceral ischemia in the setting of 
stent occlusion. 

 Endovascular intervention in SISMAD has included a broader range of treatment 
options all aimed at sealing off the false lumen and maintaining true lumen patency. 
A series of 53 patients with endovascular treatment reported its use as the primary 
treatment modality in 40 patients and as a secondary intervention after conservative 
medical management failed in the other 13 [ 2 ]. Treatment strategies have included 
self-expanding bare metal or covered stents, balloon-expandable bare metal or cov-
ered stents, balloon angioplasty, coil embolization of SMA branch vessels, and 
catheter-directed infusion of a vasodilator. 

 Stenting of the SMA is by far the most common endovascular treatment for 
SISMAD. Self-expanding stents have been used most often due to their fl exibility 
and the fragility of the dissected visceral artery, but balloon-expandable stents 
have also been used successfully. Both brachial and femoral approaches have been 
described with no difference in technical success rates. In a review of 51 cases of 
endovascular stent placement in SISMAD, 38 patients received stents as a primary 
intervention and 13 underwent stenting after failure of conservative medical man-
agement [ 2 ]. Stenting has shown to be a durable repair on short-term follow-up, 
with only two failures reported in these 51 cases. One patient demonstrated stent 
occlusion 17 months after placement, though the patient remained asymptomatic 
[ 14 ], and a second patient had progressive aneurysmal dilatation of the false lumen 
at 4 months which was treated successfully with placement of a second stent. Coil 
embolization of the false lumen as an adjunct to endovascular stenting has also 
been described separately in a patient receiving intervention after failure of conser-
vative medical management [ 13 ]. The remaining 49 patients above did well and 
were asymptomatic with false lumen thrombosis and patent stents on imaging dur-
ing follow-up as long as 38 months. Endovascular stenting in SISMAD was used 
almost exclusively in patients who were symptomatic or as a secondary interven-
tion in asymptomatic patients who failed conservative medical treatment. 
Compared to patients receiving initial conservative medical management, patients 
receiving initial endovascular stenting for SISMAD were more likely to have a 
higher degree of true lumen compression [ 13 ,  15 ]. Additionally, patients receiving 
stenting for SISMAD have been shown to have shorter fasting times than those 
treated with conservative medical management, and shorter hospital stays than 
open surgical repair [ 5 ,  17 ]. Patients have received a variety of antiplatelet thera-
pies after stent placement including aspirin and/or clopidogrel ranging from 6 
months to lifelong treatment. 

 Recently, a study by Luan et al. [ 2 ] demonstrated the use of catheter-directed 
infusion of papaverine into the true lumen in SISMAD both as a primary interven-
tion and as an adjunct to stenting. The proposed benefi t of this treatment is that 
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local infusion of a vasodilator such as papaverine can relieve vasospasm in the 
distal branches of the SMA which often occurs after dissection. Thus, there is an 
increase in blood fl ow to the intestines and therefore a decrease in the possibility 
of bowel necrosis in the acute phase of a dissection. In this cohort, 11 symptom-
atic SISMAD patients were treated initially with local papaverine infusion, and 7 
of these patients required further intervention in the form of endovascular stenting 
of the SMA because of persistent abdominal pain after 24 h. During a mean fol-
low-up of 14.9 months, patients receiving papaverine treatment either as primary 
intervention or as an adjunct to stenting were asymptomatic with a patent SMA 
seen on imaging. 

 Balloon angioplasty, coil embolization, and catheter-directed thrombolysis are 
not regularly used in treatment of SISMAD, and only one instance of each treatment 
modality has been described in the literature [ 18 ]. Iwase et al. [ 19 ] describe a patient 
with SISMAD seen on both CT and intravascular ultrasound that was treated with 
balloon angioplasty and post-procedure anticoagulation with resolution of symp-
toms and no complications on follow-up. Sakamoto et al. [ 20 ] report a case of a 
patient presenting with abdominal pain and anemia who was found to have dissec-
tion in the SMA extending into the middle colic artery with an associated ruptured 
pseudoaneurysm. This was treated with coil embolization and the patient recovered 
well postoperatively. Finally, Li et al. [ 13 ] describe a case of catheter-directed 
thrombolysis in a patient with SISMAD and complete thrombosis of the SMA. 
On follow-up, the patient was asymptomatic with no progression of the dissection 
seen on CT imaging. 

 Endovascular treatment in SIVAD has been shown to be a viable treatment 
option. While the literature has shown excellent results in the short term, more long- 
term data must be obtained to evaluate its safety and effi cacy as little to no informa-
tion exists on the rate of long-term stent occlusion or dissection recurrence. 
Additionally, the true indications for endovascular intervention remain unclear and 
it is diffi cult to ascertain if some patients would have done just as well with conser-
vative medical management alone.     
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    Chapter 34   
 Clinical Presentation, Etiology, Diagnostic 
Considerations, Treatment, and Results 

             Ying     Huang      ,     Leonardo     Reis     de     Souza      ,     Gustavo     S.     Oderich      , 
and     William     M.     Stone     

         Visceral artery aneurysms (VAAs), also named splanchnic artery aneurysms, are 
defi ned as those affecting the celiac artery, superior mesenteric artery (SMA), infe-
rior mesenteric artery (IMA), and their branches, with dilation or enlargement of the 
artery to more than 1.5 times of its normal diameter. VAAs are a rare entity, with an 
incidence in the general adult population ranging from 0.1 to 2 % up to 10 % in the 
elderly population based on autopsy review. Regardless of the etiology, the natural 
history of most VAAs appears to be one of progressive enlargement leading to even-
tual rupture. The mortality associated with ruptured VAA ranges from 10 to 90 % 
[ 1 – 5 ]. With the development of modern imaging technologies and increased utiliza-
tion of imaging studies, such as duplex ultrasound (DUS), computed tomography 
angiography (CTA), and magnetic resonance angiography (MRA), a growing num-
ber of VAAs before their rupture have been detected. The majority of VAAs are 
splenic artery aneurysms (SAAs), accounting for 60 %, followed by hepatic artery 
aneurysms (HAAs, 20 %), superior mesenteric artery aneurysms (SMAAs, 5.5 %), 
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celiac artery aneurysms (CAAs, 4 %), gastric artery aneurysms (GAAs, 4 %), jejunal, 
ileal, and colic artery aneurysms (3 %), pancreaticoduodenal artery aneurysms 
(PDAAs, 2 %), gastroduodenal artery aneurysms (GDAAs, 1.5 %), and inferior 
mesenteric artery aneurysms (IMAAs, < 1 %). Among all VAAs, HAAs have the 
highest rate of rupture [ 6 ]. 

 Clinical presentations of VAAs varied from incidentally diagnosed asymptom-
atic aneurysms to catastrophic rupture. Presentation varies largely and is dependent 
upon the location, size, and etiology of the aneurysm. By far most VAAs are inci-
dental fi ndings noted on cross-sectional imaging studies performed for unrelated 
symptoms. Taken into consideration the risk of rupture and the resultant high mor-
tality, timely diagnosis and optimal treatment are essential to prevent life- threatening 
complications. Current management strategies include conservative treatment with 
imaging surveillance in selected cases and open surgical and endovascular therapies 
for patients at increased risk of rupture. However, since natural history of this rare 
disease is poorly understood, there is no consensus regarding treatment guidelines 
of VAAs. In this chapter, we will have a comprehensive review of VAAs in terms of 
clinical presentation, etiology, diagnostic considerations, and treatment in order to 
propose acceptable treatment guidelines for this unusual disorder. Renal artery 
aneurysms (RAAs) are not discussed in this topic. 

   Clinical Presentation 

 Majority of VAAs are asymptomatic, especially SAAs. For symptomatic patients, 
the most frequent symptom is abdominal pain; clinical manifestations varied 
according to the etiology, size, and location of the aneurysm. Acute abdominal pain 
and hemodynamic collapse or hemorrhagic shock are frequently encountered in 
cases of rupture. Mycotic aneurysms usually present with fever and abdominal pain. 

   Splenic Artery Aneurysms (SAAs) 

 Symptomatic SAAs can cause abdominal pain in the epigastrium or in the left upper 
quadrant, but other possible symptoms are anorexia, nausea, and vomiting. On rare 
occasions, patient may present with “double rupture” phenomenon that occurs after 
initial tamponade of splenic artery hemorrhage into the lesser sac, which can pro-
long free rupture into the retroperitoneum by as long as 4 days [ 6 ]. Splenic arterio-
venous fi stulae caused by rupture are characterized by the symptoms and signs of 
portal hypertension such as splenomegaly, barometric portal hypertension, esopha-
geal varicosis, gastrointestinal bleeding, ascites, and diarrhea. The most frequent 
sign is machinery-type bruit over the left fl ank [ 7 ]. Pseudoaneurysms of the splenic 
artery may also rupture into adjacent structures, including the gastrointestinal tract, 
pancreatic duct, and splenic vein, and can even form pancreatic pseudocysts [ 6 ].  
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   Hepatic Artery Aneurysms (HAAs) 

 If an HAA is intrahepatic and has a conspicuous dimension, it can present with 
Quincke’s triad of right upper quadrant pain, jaundice, and hemobilia (Fig.  34.1 ). 
Abdominal discomfort and back pain are vague symptoms that may be caused by 
rapidly expanding aneurysms. Rupture can be seen with equal frequency into the 
peritoneal cavity or hepatobiliary tract. HAA with erosion into the stomach is a rare 
but serious cause of upper and lower gastrointestinal bleeding. Patients with hepatic 
artery pseudoaneurysms developed after liver transplantation usually present with 
intra-abdominal or gastrointestinal bleeding within 2 months after transplantation. 
In many cases, there is evidence of intra-abdominal infection, and bile-containing 
drainage often precedes the rupture of these pseudoaneurysms. [ 6 ]

      Superior Mesenteric Artery Aneurysms (SMAAs) 

 Non-ruptured SMAAs are more likely to cause symptoms compared with other 
VAAs; in addition to abdominal pain, patients may present with nausea, vomiting, 
gastrointestinal bleeding, or weight loss (Fig.  34.2 ). The high mortality rate is due to 
a free rupture into the peritoneal cavity with accompanying intestinal ischemia [ 6 ].

  Fig. 34.1    Multiple intrahepatic aneurysms in a patient with polyarteritis nodosa treated by coil 
embolization and corticosteroid therapy       
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      Celiac Artery Aneurysms (CAAs) 

 Most CAAs are symptomatic, presenting with vague abdominal pain. Patients expe-
riencing biliary obstruction may also present with gastrointestinal bleeding and 
jaundice. The “double rupture” phenomenon seen in SAAs is reported in nearly 
25 % of ruptured CAAs [ 6 ].  

   Gastric Artery Aneurysms (GAAs) and Gastroepiploic Artery 
Aneurysms (GEAAs) 

 More than 90 % of reported GEAAs are ruptured on initial presentation, resulting 
in hemorrhage into the peritoneum. They usually present with mild epigastric pain, 
hemoperitoneum, and hemorrhagic shock requiring some form of intervention [ 6 ].  

   Pancreaticoduodenal Artery Aneurysms (PDAAs) 
and Gastroduodenal Artery Aneurysms (GDAAs) 

 Symptoms arising from PDAAs and GDAAs are most often vague and include 
 epigastric abdominal pain that may radiate to the back (Fig.  34.3 ). Other symptoms 
may include gastrointestinal bleeding, hypotension, emesis, diarrhea, and jaundice. 
Of 74 GDAAs reported between 1956 and 2011, a gastrointestinal hemorrhage sec-
ondary to rupture of the aneurysm was the most common clinical presentation 
(52 %), followed by abdominal pain (46 %); only 7.5 % of the patients were asymp-
tomatic. Rupture of a PDAA can cause potentially fatal bleeding into the retroperi-
toneal space, abdominal cavity, or gastrointestinal tract [ 6 ,  8 ].

  Fig. 34.2    Autopsy specimen with multiple small superior mesenteric artery branch aneurysms in a 
patient with indeterminate connective tissue disorder who died of ruptured visceral artery aneurysm       
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      Inferior Mesenteric, Jejunal, Ileal, and Colic Artery Aneurysms 

 Although abdominal pain and hypovolemic shock are seen in approximately 85 % of 
the cases [ 6 ,  9 ], around 50 % of inferior mesenteric artery aneurysms (IMAAs) are 
asymptomatic. On reviewing 54 IMAAs, 21 were associated with SMA (Fig.  34.4 ) 
and CA occlusion [ 10 ]. For middle colic artery aneurysms, patients usually present 
with abdominal pain, vomiting, and a sudden unexpected drop in hemoglobin [ 11 ].

       Epidemiology and Etiology 

 The etiology of VAAs differs for true aneurysms versus pseudoaneurysms. Causes 
of true VAAs include atherosclerosis, medial degeneration, collagen vascular dis-
eases, and fi bromuscular dysplasia (FMD). Other factors such as multiparity, portal 
hypertension, and posttransplant status have been associated specifi cally with VAA 
formation. Of 927 liver transplant recipients, 21 developed VAAs (2.3 %); the 
majority involved hepatic and splenic arteries [ 12 ]. Rare medical conditions, such 
as von Recklinghausen’s disease, type VI Ehlers-Danlos syndrome (EDS), and 

  Fig. 34.3    Large 
gastroduodenal branch 
artery aneurysm       
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polyarteritis nodosa (PAN), have been implicated in the development of VAAs. 
Reported case series have demonstrated the association of multiple VAAs with 
 systemic arteritis, endocarditis with septic emboli, connective tissue disorders, and 
even excessive acetaminophen use [ 6 ]. 

 Visceral pseudoaneurysms, defi ned as a tear in the vessel wall with resultant 
peri-artery hematoma, seem to be less frequent than true aneurysms and can be 
caused by trauma, iatrogenic interventions (from surgical, laparoscopic, or interven-
tional treatments), infl ammatory conditions (pancreatitis), or infectious disease 
(mycotic aneurysm) [ 13 ]. 

   Splenic Artery Aneurysms (SAAs) 

 The incidence of SAAs in the general population based on autopsy studies and 
angiography series has been estimated between 0.01 % and 0.78 %, and 10 % in an 
elderly population autopsy series. 

 Most SAAs are related to atherosclerosis, arterial fi brodysplasia, and arteritis; 
most patients are young. Associated risk factors include female gender, with a ratio 
of 4:1 over male, multiparity, and portal hypertension. The association between SAA 
and portal hypertension has been documented, especially in patients undergoing 

  Fig. 34.4    SMA branch aneurysm treated by coil embolization       
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orthotopic liver transplantation. Eleven evaluated patients with known portal 
 hypertension or  cirrhosis showed a likely SAA incidence ranging from 10 % to 
20 %, 114 with one study reporting an incidence as high as 50 % [ 6 ]. 

 Pseudoaneurysm formation associated with pancreatitis has been attributed to 
digestion of the splenic artery by pancreatic enzymes. Splenic artery pseudoaneu-
rysm formation associated with chronic pancreatitis represents the leading cause of 
hemosuccus pancreatitis and is a challenging clinical scenario [ 6 ].  

   Hepatic Artery Aneurysms (HAAs) 

 The incidence of HAAs is estimated to be less than 0.4 % in the general population, 
and with increasing use of hepatobiliary instrumentation and manipulation, the inci-
dence appears to increase. Hepatic artery pseudoaneurysm formation after liver 
transplantation is estimated to be 1–2 %. The male-to-female ratio is 3:2, and the 
age of presentation is closer to a mean of 60 years old if trauma etiologies are 
excluded [ 6 ]. 

 Most HAAs are atherosclerotic, accounting for approximately 30 % of cases. 
Arterial dysplasia, trauma, PAN, and biliary diseases have also been implicated in 
the formation of HAA [ 6 ]. Rare cause is post vascular endothelial growth factor 
(VEGF) receptor tyrosine-kinase inhibitor (RTKI) therapy in a female patient with 
I 131 -refractory, differentiated, metastatic thyroid cancer [ 14 ]. In a Mayo Clinic series 
of 36 true HAAs, the most commonly associated comorbidity was hypertension, 
which occurred in 72 % of patients [ 15 ].  

   Superior Mesenteric Artery Aneurysms (SMAAs) 

 SMAAs appear to affect men and women equally, with most patients presenting at 
ages older than 50 years. Incidence based on autopsy studies is reportedly 1 in 
12,000 to 1 in 19,000 [ 6 ]. 

 The most common etiology of SMAAs continues to be infection; mycotic etiolo-
gies account for 60 % of all SMAAs. Other conditions related to true SMAA forma-
tion include atherosclerosis, connective tissue disease, pancreatitis, and trauma in 
the development of SMA pseudoaneurysms. [ 6 ]  

   Celiac Artery Aneurysms (CAAs) 

 Prevalence of CAAs based on autopsy review is about 1 in 8000. The majority of 
CAAs are found in men (66 %) and are discovered in patients at an average age of 
56 years. Historically, the primary cause of CAAs was infection, while in contem-
porary clinical experience, atherosclerosis and congenital or developmental medial 
defects are main etiologies of CAAs [ 6 ].  
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   Gastric Artery Aneurysms (GAAs) and Gastroepiploic Artery 
Aneurysms (GEAAs) 

 The etiology of GAAs and GEAAs has been attributed to atherosclerosis in 30 % of 
cases, trauma in 25 %, and infection in 15 %. Comorbid conditions include peptic 
ulcer disease, vasculitis, and pancreatitis. There is a reported male predominance, 
with initial presentation in the sixth or seventh decade of life. The majority of these 
aneurysms are located along the left or right gastric artery.  

   Pancreaticoduodenal Artery Aneurysms (PDAAs) 
and Gastroduodenal Artery Aneurysms (GDAAs) 

 Both are male predominant diseases with a ratio of 4:1 over female and present in the 
sixth decade of life. Factors associated with the formation of PDAAs include athero-
sclerosis, local infection, trauma, pancreatitis, FMD, congenital anomalies, and 
compression of the celiac axis by the median arcuate ligament (MAL) [ 8 ,  16 ]. Of 
131 PDAAs reported between 1895 and 2014, 62 % were associated with occlusion 
or stenosis of the celiac axis, with 16 % attributed to compression by a MAL [ 17 ]. 

 Atherosclerosis and pancreatitis are the two most common risk factors for 
GDAAs. The pancreaticoduodenal artery is the main collateral pathway between 
the celiac axis and the SAM. Increased blood fl ow in the pancreaticoduodenal 
artery, as compensation for occlusion or stenosis of the SMA or celiac axis, may 
cause a GDAA. [ 3 ,  18 ] In a review of the English literature over a 25-year period 
from 1970 to 1995, pancreatitis was found to be the most common associated condi-
tion with GDAAs accounting for 47 % of all cases followed by ethanol abuse 
(25 %), peptic ulcer disease (17 %), and cholecystectomy (3 %) [ 3 ]. As for pseudoa-
neurysms, infl ammation with the most common cause being pancreatitis [ 19 ].  

   Inferior Mesenteric, Jejunal, Ileal, and Colic Artery Aneurysms 

 Connective tissue disorders that may contribute to the etiology of these aneurysms 
include Marfan’s syndrome, EDS, FMD, hereditary hemorrhagic telangiectasia, 
Osler-Weber-Rendu disease, and Kawasaki’s disease. Other described etiologies 
may include alpha one antitrypsin defi ciency, infections (specifi cally tuberculosis), 
trauma, or iatrogenic injury during previous procedures [ 11 ]. A large series from the 
Mayo Clinic reported eight patients with these mesenteric branch aneurysms, not-
ing that most of the patients had a signifi cant smoking history and used alcohol [ 20 ]. 

 Among 54 IMAAs reported between 1861 and 2012, atherosclerosis is the most 
common cause, accounting for 41 %. Other reported causes are mycotic, polyarteri-
tis nodosa, Takayasu’s disease, iatrogenic, aortitis, segmental mediolytic arteritis, 
tuberculous, Behcet’s disease, and neurofi bromatosis    [ 10 ]. 
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 The common causes of middle colic artery aneurysm are atherosclerosis, angio-
dysplasia, arteritis, and infection. Among these, segmental arterial mediolysis 
(SAM) is the most common. [ 9 ] The etiologies of jejunal and ileal artery aneurysms 
remain poorly defi ned.   

   Rupture Risk 

 Rupture rate of VAAs largely depends on aneurysm location, shape, size, and 
 etiology. Aneurysm rupture in the setting of circulatory collapse is a devastating 
clinical scenario, with perioperative mortality rates reported from 20 to 70 % [ 6 ]. 
The risk of rupture seems higher for pseudoaneurysms than for true aneurysms, 
and ruptures are more frequent in the hepatic artery (80 %), pancreatic arteries 
(75 %), and SMA (38 %). 

   Splenic Artery Aneurysms (SAAs) 

 SAAs have a relatively low rupture rate of less than 2 % in cases not associated with 
pregnancy. Although rare, the mortality for ruptures in nonpregnant patients is 
approximately 25–36 % [ 1 ,  3 ]. This rate nearly doubles in pregnant patients (65–
75 %), with fetal mortality of 95 %, [ 21 ] and patients with portal hypertension 
(>50 %) [ 22 ]. Colonoscopy was the procedure reported most frequently associated 
with rupture. Common medications associated with rupture included anticoagu-
lants, thrombolytics, and recombinant granulocyte-colony stimulating factor. Portal 
hypertension is an additional signifi cant risk factor, associated with nearly 20 % of 
all SAA ruptures [ 6 ].  

   Other Splanchnic Aneurysms 

 Among all VAAs, HAAs have the highest rate of rupture, with reported rate varied 
from 60 to 80 %; mortality rates associated with rupture are high, ranging from 20 
to 70 %. Rupture rates are 38–50 % for SMAAs with an associated mortality rate of 
30–90 %. Rupture rates range from 10 to 20 % for CAAs, with a mortality of 50 %. 
It is 68 % for PDAAs, 56 % for GDAAs, and 90 % for GEAAs. The gastrointestinal 
or biliary tract is the site of rupture in 65 % of cases, whereas rupture into the retro-
peritoneal space occurs in 35 % of cases. In one series, 75 % of PDAAs presented 
as ruptured, with 50 % mortality. The mortality rate with rupture of a GDAA is 
about 40 %, with the highest mortality rate comes from rupture into the duodenum 
approaching 21 %. Less frequently, patients with GDAA can present with retroperi-
toneal or intraperitoneal bleeds with a 19 % mortality rate [ 6 ,  18 ].   
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   Diagnostic Considerations 

 A thorough history including predisposing factors and past surgical intervention and 
physical examinations is essential for diagnosis. A pulsatile abdominal mass with 
or without a bruit on auscultation can be the sole warning sign and should initiate 
prompt diagnostic workup to preclude the worst outcome. Noninvasive imaging stud-
ies such as duplex ultrasound (DUS), CTA or MRA, or contrast arteriography are 
indicated in symptomatic patients suspicious for VAA. In asymptomatic patients the 
diagnosis of VAA is established only when imaging studies are performed to investi-
gate other abdominal pathologies. It should be kept in mind that investigations that 
involve exposure of the fetus to radiations should be avoided or kept to a minimum. 

   Duplex Ultrasound (DUS) 

 DUS is a useful tool in the initial assessment of a suspected VAA, especially in 
pregnant patients to evaluate size of the aneurysm, mural thrombosis, as well as 
arteries proximal and distal to the aneurysm. It is very useful during long-term fol-
low- up of small aneurysms treated conservatively. In the diagnostic evaluation of 
unstable patients, the use of a CT scan, MRI, or angiography has a limited role pri-
marily because of their time-consuming nature, and the use of bedside ultrasound to 
detect intra-abdominal free fl uid aids in the diagnosis of the less common causes of 
antepartum hemorrhage caused by rupture of a VAA [ 23 ]. However, this technique 
is operator dependent, and the detection of VAA might be missed in obese patients 
and those patients with visceral branch aneurysms or with considerable bowel gas.  

   Computed Tomography Angiography (CTA) 

 CTA has the advantage of being noninvasive and localizing the aneurysm with its 
relations to surrounding structures, size measurements, and evaluation of collateral 
fl ow and identifying areas of bleeding masking an aneurysm and is necessary for 
procedure planning (Fig.  34.5 ). Usually, the diagnosis of a VAA can be made with 
cross-sectional imaging, especially in visceral branch aneurysms. In patients with 
pancreatitis, CT scan can reveal a homogeneously enhancing structure within or adja-
cent to a pseudocyst which is highly suggestive of an associated pseudoaneurysm.

      Magnetic Resonance Angiography (MRA) 

 MRA is an alternative examination, but it often does not provide the same detail as a 
CTA. In patients with renal failure, MRA is usually required for operative planning.  
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   Selective Arteriography 

 Nowadays, catheter-based contrast angiography is seldom served as a diagnostic 
modality (Fig.  34.3 ). Instead, it is more frequently used in combination with percu-
taneous endovascular therapy of the VAA or diagnosis of visceral branch aneu-
rysms, which are diffi cult to defi ne the related anatomy with noninvasive imaging 
studies. Selective mesenteric angiography is a prerequisite to delineate the anatomy 
upon proceeding with endovascular treatment, which includes location of the aneu-
rysm, infl ow and outfl ow, collaterals, and tortuosity of the involved arteries. 
However, VAAs may not be visualized when mural thrombus or considerable 
thrombus present within the aneurysm.  

   Laboratory Studies 

 Laboratory results can be unremarkable in most of patients with VAA. Considering 
the variety of etiologies, standard white blood cell count, serum infl ammatory mark-
ers, erythrocyte sedimentation rate and C-reactive protein, antibody and hepatitis 
panels, tuberculin skin testing, arteriography, and biopsy may be informative in 
diagnosing the etiology.   

  Fig. 34.5    Computed tomography angiography prior and after treatment of splenic artery aneu-
rysm by stent graft       
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   Treatment Modalities 

 The purpose of treatment of VAA is to exclude the aneurysmal sac from the 
 systemic circulation while ideally preserving distal blood fl ow, while in case of 
rupture, the aim is immediate resuscitation and cessation of bleeding. Due to lack 
of natural history and prospective studies, there is no consensus regarding treat-
ment guidelines for VAAs. Current treatment modalities include conservative treat-
ment and open surgical or endovascular therapies. The choice of the therapeutic 
option is made on individual basis and depends on the symptom, the location of the 
aneurysm, and general condition of the patient and the risk of organ ischemia. 

   Observation 

 Observation is reserved for small aneurysms with relatively low risk of rupture. 
However, close imaging surveillance is required for early detection of rapid expan-
sion in certain type of VAAs. In the report from the Mayo Clinic, of 168 patients 
with SAAs who underwent observation for a mean period of 75 months, only 10 % 
of the half patients monitored with serial imaging were noted to have aneurysm 
growth averaging 0.06/cm/year. No rupture or other complications related to the 
SAAs occurred, and only 3 of the original 168 patients (1.8 %) required intervention 
due to aneurysm growth [ 24 ]. The Cleveland Clinic reported similar results after 
reviewing 66 SAAs with observation; the average growth rate was 0.2/mm/year 
over 3.1 follow-up years. There were no ruptures or other complications attributed 
to the aneurysms in the observed group [ 25 ].  

   Indications for Interventions 

 Indications for interventions for VAAs are considered to be asymptomatic 
VAAs > 20 mm in size, rapidly increasing in size during surveillance ≥ 0.5 cm/year, 
symptomatic and ruptured VAAs, and pseudoaneurysms. Pancreaticoduodenal 
aneurysms are prone to rupture and should be treated at any size diameter. Ruptured 
VAAs should be treated emergently. In addition, because of the high risk of rupture, 
regardless of size, mycotic aneurysms, female patients of childbearing age or preg-
nant, or orthotopic liver transplant recipients are indicated for intervention for SAA; 
SMAA, CAA, multiple or non-atherosclerotic HAAs, and other branch aneurysms 
require intervention [ 5 ,  15 ]. Of all the mesenteric branch artery aneurysms, colic 
aneurysms are the most likely to rupture; therefore, they should be considered for 
intervention at an early stage [ 20 ]. 

 Open approaches are reserved for cases with tortuous, angulated, or short vessels 
which are not amenable to the endovascular approach, those who require preserva-
tion of end-organ perfusion [ 11 ], mycotic aneurysms [ 26 ], or those who fail to 
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endovascular intervention. Endovascular treatment is preferred for anatomically 
suitable patient with a hostile abdomen or abdominal sepsis, pancreatic infl amma-
tion, and high surgical risk.  

   Open Surgical Techniques 

 Treatment of VAAs with open surgery has been established as a safe and durable 
standard. Currently open repair is primarily researched for aneurysms involving 
branch vessels or bifurcation of critical vessels that cannot be incorporated with 
stent grafts or sacrifi ced with coil embolization or liquid agents. This is often the 
case of mid SMA trunk aneurysms or distal hepatic artery aneurysms. An open 
surgical approach allows for direct visualization of end organs and concomitant 
disease processes and is useful for determining the need for arterial reconstruction 
if intestinal viability is compromised. Open techniques include aneurysmectomy, 
aneurysmal ligation with or without bypass, and end-organ resection. The choice of 
technique depended on anatomic localization and the need for downstream revascu-
larization which is largely dependent on the adequacy of collaterals. Some authors 
suggested to revascularize both the celiac artery and SMA whenever feasible. 
Intraoperative duplex ultrasound scanning during visceral revascularizations can 
help to optimize technical success and outcome [ 27 ]. Expeditious ligation of both 
the proximal and distal branches is generally performed without the need for recon-
struction in the case of frank rupture and hemodynamic collapse and often during 
elective cases if adequate collateralization to end organs is present. Any small bowel 
ischemia may require resection. Minimally invasive surgical approach includes 
laparoscopic clipping as well as robotic assisted interventions [ 6 ].  

   Endovascular Techniques 

 Endovascular therapy has become the primary treatment modality whenever possi-
ble. The advent of minimally invasive endovascular therapy has provided an alterna-
tive to surgery in anatomically suitable patient in whom VAA needs to be treated, 
with the early benefi ts of reduced hospital stay and faster recovery. The most com-
monly used endovascular methods are coiling to induce thrombosis and stenting to 
exclude the aneurysm; access via the right femoral or left brachial artery is pre-
ferred. The use of endovascular approaches continues to expand with modern tech-
niques and the development of endovascular materials. Endovascular management 
of ruptured VAAs has also been reported as a feasible option but should only be 
used in selective stable cases. However, some anatomical conditions may constrain 
these techniques, such as vessel tortuosity, aneurysm of the artery supplying an 
organ that has multiple arterial sources, main branch originating from the aneurysm, 
etc. Potential complications including visceral ischemia caused by sacrifi ce of the 
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involved visceral artery, coil migration with resultant embolization of non-treated 
artery, end-organ thrombosis, vessel recanalization, persistence of the aneurysm, 
stent thrombosis, or restenosis should be taken into consideration. Prolonged imag-
ing follow-up is also required for these patients since long-term durability after 
endovascular treatment is not well understood. 

   Transcatheter Embolization 

 Reported embolic materials include nitinol coils (Fig.  34.6 ), cyanoacrylate glue, 
thrombin, and even ethyl alcohol. The rate of glue polymerization can be altered for 
precision targeting using ethiodized oil dilution. A 5 F, 6 F, or 7 F long sheath is 
crucial to accommodate catheter to a target vessel; a 3 F microcatheter is useful for 
interventions in the distal aspect of an arterial bed for selective deployment of 
embolization material. Both true and pseudoaneurysms of the splanchnic circula-
tion can be managed with embolization. Endovascular exclusion to ablate both 
infl ow and outfl ow can be achieved by placement of coils fi rst distally to the sac and 
then proximally to the sac. For aneurysms supplied by terminal branches, the sac 
can be directly injected or coiled [ 6 ]. Coil embolization is a well-known technique 
for the treatment of saccular aneurysms, but it can become challenging in wide 
neck; therefore, self-expandable stent or covered stent-assisted coil embolization 

  Fig. 34.6    Treatment of gastroduodenal branch aneurysm by coil embolization       
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techniques were used in the treatment of such aneurysms such as SAA [ 28 ] and 
CAA [ 29 ] to allow selective embolization of the aneurysm sac and blood supply to 
the distal artery and avoid migration of the coils which may lead to distal emboliza-
tion. Also, proximal embolization alone should not be performed because the aneu-
rysm may recruit a robust vascular supply in a retrograde manner. Clipping, coiling, 
and thrombin injection may also be achieved laparoscopically or robotically in 
appropriately selected patients [ 11 ].

      Covered Stents and Stent Grafts 

 Requirements for stent grafting are the presence of suitable sealing zones (Fig.  34.7 ) 
proximally and distally to the aneurysm, the absence of a critical vessel takeoff from 
the aneurysm sac to be excluded, and an arterial access that permits safe navigation 
of the stent graft deployment system to the target location.

      Flow-Diverting Stents 

 Flow-diverting stents (FDSs) are designed to slow and laminate blood fl ow inside an 
aneurysm (Fig.  34.8 ) allowing an organized thrombus to form while maintaining fl ow 
in the main artery and branch vessels. They reduce the fl ow velocity, by up to 90 %. 

  Fig. 34.7    Treatment of proximal hepatic artery aneurysm by covered stent with coil embolization 
of side branches       
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The results are quite promising with a signifi cant percentage of aneurysm throm-
bosis and shrinkage during follow-up and without any branch vessel occlusion 
[ 30 – 32 ]. In a review article, Sfyroeras et al. reported 26 VAAs treated by FDSs; 
Cardiatis multilayer stents (Cardiatis, Isnes, Belgium) were used in all patients 
except two: one SAA was treated using the Pipeline embolization device (ev3, 
Plymouth, MN) and the other SMAA with the SILK arterial reconstruction device 
(Balt Extrusion, Montmorency, France). Three patients with Cardiatis multilayer 
stent developed early in-stent thrombosis in SMA, splenic, and hepatic artery, 
respectively, possibly due to the poor runoff and patients’ noncompliance with 
dual- antiplatelet therapy [ 30 ].

        Specifi c Issues 

   Splenic Artery Aneurysms 

 Aneurysms located in the proximal or middle third of the splenic artery may be 
treated by open or endovascular techniques. Endovascular treatment is preferable 
and can be done with preservation of the fl ow using small profi le stent grafts. To 
overcome tortuosity, use of brachial approach and coaxial system is recommended 
(Figs.  34.9 ,  34.10 , and  34.11 ).    Alternatively if this is not possible, open repair with 
simple excision and with proximal and distal ligation of the artery and splenic pres-
ervation may be considered. For aneurysms located in the distal third, resection with 
splenectomy is most often performed. In symptomatic cases, splenectomy or 

  Fig. 34.8    Diagram of fl ow diversion stents with progressive thrombosis of saccular aneurysm       
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splenopancreatectomy is usually performed with ligation of the splenic artery 
through caesarian section laparotomy [ 21 ]. To visualize the splenic artery, dissec-
tion proceeds with mobilization of the splenocolic ligament. The splenic fl exure is 
then mobilized away from the retroperitoneum and abdominal wall. The aneurysm 
sac can be identifi ed with palpation or intraoperative ultrasound. Currently, these 
procedures can be performed with open or laparoscopic intervention, as well as 
robotic surgical repair [ 6 ].

     Endovascular therapy has emerged as an effective option in the management of 
SAAs. Treatment usually includes coil embolization, a combination with other 
techniques. For SAA arising from the splenomesenteric trunk, the feared complica-
tion is dislodgment or misplacement of coils into the SMA with consequent bowel 
ischemia. In addition, the rapid fl ow of blood in the SMA (500–600 mL/min) may 
prevent thrombosis of the aneurysms if coil embolization alone is attempted. A suit-
able neck allows for direct embolization of the aneurysm and reduces the risk of 
distal migration [ 33 ].  

  Fig. 34.9    Coaxial system for diffi cult cases from brachial approach (By permission of Mayo 
Foundation for Medical Education and Research. All rights reserved)       
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   Hepatic Artery Aneurysms 

 Open surgical repair of HAAs depends largely on the anatomic location of the 
lesion, adequate collateral fl ow, condition of the liver, and overall medical status of 
the patient. HAAs are accessible through a right subcostal incision. Techniques 
include excision, ligation with or without bypass using autologous vein or graft, 
and, if needed, hepatic resection. Common HAAs can generally be treated with 
simple ligation or endovascular ablation because the gastroduodenal artery (GDA) 
provides suffi cient collateral fl ow in most patients. HAAs distal to the GDA can be 
treated by arterial reconstruction or other methods to restore blood fl ow to the end 
organ if the revascularization is straightforward. Aneurysms located within the 
parenchyma may be treated with resection, ligation, or embolization. If the hepatic 
artery is ligated, an increase in oxygen content of the portal vein blood through 
splanchnic arteriovenous shunting occurs. Therefore, hepatic artery ligation should 
never be performed in the presence of cirrhosis or any other condition where the 
liver function is compromised. If the proper or right hepatic artery is ligated, the 
gall bladder is at risk for necrosis, and cholecystectomy should be performed 
simultaneously [ 6 ]. 

  Fig. 34.10    Stent-graft technique for splenic artery aneurysms (By permission of Mayo Foundation 
for Medical Education and Research. All rights reserved)       
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 Embolization is suitable for lesions located within the hepatic parenchyma. 
However, patients undergoing embolization should be watched carefully for hepatic 
parenchymal necrosis, which may require operative intervention or drainage. 
Custom-made aortic endograft with a single fenestration for the hepatic artery, 
together with a visceral covered stent, was reported to treat a patient with hepatic 
artery pseudoaneurysm after liver transplantation [ 34 ].  

   Superior Mesenteric Artery Aneurysms 

 SMAAs can be treated surgically with aneurysmectomy, arterial reconstruction, 
and, rarely, simple ligation. It is important to take into account that SMAAs have a 
predilection for mycotic or infl ammatory etiology, in such cases, polytetrafl uoroeth-
ylene (PTFE) or Dacron grafts should not be used. Ligation of SMA proximal and 
distal to the aneurysm with reliance on collateral fl ow through the celiac trunk and 
inferior mesenteric artery (IMA) is feasible; however, careful intraoperative assess-
ment of intestinal viability is mandatory and may be accomplished by clinical eval-
uation, fl uorescein dye, or Doppler fl ow study. Open exposure of SMA and 
surrounding tissue or organ has been described in Chapters 11 and 32. Coil emboli-
zation and stent graft placement have been reported in the treatment of SMAA.  

  Fig. 34.11    Completion angiography of splenic artery stent graft       
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   Celiac Artery Aneurysms 

 Open surgery with simple ligation of the celiac trunk, aneurysmectomy, aneurysmorrhaphy, 
reimplantation of the celiac trunk, and autogenous or prosthetic bypass grafting 
represents a valid treatment option, especially in elective cases. The need for arterial 
reconstruction depends largely on aneurysm location and the adequacy of collater-
als. In the emergency setting of rupture, simple ligation with postprocedural obser-
vation for ischemia can be also applied. Endovascular surgery includes embolization 
of the celiac trunk or stent grafting.  

   Pancreaticoduodenal and Gastroduodenal Artery Aneurysms 

 Suggestions for the management of both aneurysms include surgical ligation, endo-
vascular embolization, and stent graft placement. With respect to open surgery, in 
addition to ligation of the aneurysm, a partial pancreatectomy or pancreaticoduode-
nectomy may need to be performed. Revascularization of the celiac axis is indicated 
in these cases to correct the underlying etiology. Vascular reconstruction is not 
essential after resection of a GDAA unless there is celiac artery occlusion, as liga-
tion of the GDA may cause gangrene of the gallbladder and stomach, splenic necro-
sis, or other disastrous consequences. In cases with celiac compression by an MAL, 
some authors have suggested a resection of the ligament after defi nitive aneurysm 
treatment; however, the necessity of surgical decompression of the celiac axis in 
such patients is controversial [ 6 ,  17 ,  18 ]. 

 Coil embolization techniques are generally preferred for these aneurysms, and 
limited case reports have reported promising success rates [ 6 ]. Because these aneu-
rysms are often associated with celiac axis occlusion, it is important to determine 
presence of adequate collaterals prior to embolization. Ruptured aneurysms can be 
effectively treated by immediate embolization, which has a lower mortality rate 
than surgical treatment [ 8 ].  

   Gastric and Gastroepiploic Artery Aneurysms 

 Open surgical repair includes aneurysmectomy and exclusion with or without arte-
rial revascularization. For nonemergent aneurysms, using a laparoscopic approach 
has also been reported with success. Emergent or ruptured cases are usually man-
aged with open laparotomy; however, with the advent of endovascular techniques, 
it becomes the fi rst treatment of choice if vessel anatomy allows. Coil embolization 
is an accepted form of treatment of these aneurysms. When performing emboliza-
tion in saccular aneurysms of the GDAs, isolation of the aneurysm neck may be 
suffi cient, but if the aneurysm has a short neck, both proximal and distal  embolization 
should be performed. [ 6 ]  
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   Inferior Mesenteric, Jejunal, Ileal, and Colic Artery Aneurysms 

 Open surgical treatment includes ligation of the aneurysm, with arterial reconstruc-
tion to maintain blood fl ow on the basis of the status of the intestinal circulation. 
Naito et al. [ 35 ] fi rst reported a successful endovascular treatment for middle colic 
artery aneurysm, and there have been some reports of successful endovascular treat-
ment [ 36 ].   

   Results 

   Open Surgical Treatment 

 According to literature, open surgical repair of VAAs provides good early results 
with early mortality < 2.0 % [ 37 – 39 ] and durable late outcomes. Pulli et al. [ 37 ] 
reported 59 VAA repairs in 55 patients, which included 30 SAA repairs. 
Approximately 70 % of VAAs were repaired with open revascularization. Early 
mortality was 1.8 %, one early death occurred due to acute pancreatitis; early major 
complication rate was 3.6 %, one retroperitoneal hematoma and one acute pancre-
atitis developed after operation; all three events occurred in patients with SAA, 
resulting in an early mortality of 3.3 % and early morbidity of 6.6 % with SAA 
repair. Mean follow-up was 82 months, 10-year survival rate was 80 %, and 
aneurysm- related, complication-free survival rate was 75 %. Of 74 patients who 
underwent open repair   , Marone et al. [ 38 ] reported an early mortality of 1.3 %; the 
only one death was due to acute mesenteric ischemia secondary to acute thrombosis 
of a 6 mm ePTFE graft for an SMAA repair. Early morbidity was 9.4 % (7/74). At 
a mean follow-up of 42 months, survival rates were 100 % at 1 year and 85 % at 5 
years. To be noticed, both studies included RAAs. 

 Ghariani and colleagues [ 39 ] reported 60 patients who underwent open surgical 
repair for 78 VAAs; 30 were treated without arterial revascularization (CAA, 3; 
HAA, 2; SAA, 19; SMAA, 1; GDAA, 3; PDAA, 2), 48 required revascularization 
(CAA, 20; HAA, 18; SMAA, 10). Of 45 bypass grafts, 30 (67 %) were prosthetic 
grafts, 9 (20 %) were autologous venous grafts, and 6 (13 %) were arterial grafts. 
In-hospital mortality was 1.7 %, the only one death occurred after gastrointestinal 
bleeding from gastric metastases of a kidney cancer. Pulmonary and gastrointestinal 
complications were the two most common postoperative complications, accounting 
for 18 % ( n  = 11). Among the gastrointestinal complications, acute pancreatitis 
( n  = 4) and colonic ischemia ( n  = 3) were the most frequent. At a mean follow-up of 
42 months, survival rates were 98 % at 1 year and 97 % at 5 years, and thereafter 
primary patency rates at the same time points were 98 and 95 %, respectively. 

 In a randomized controlled trial, 14 open SAA repairs were compared with 15 lapa-
roscopic repairs; direct anastomosis was performed on 3 patients in each group. Open 
surgical conversion occurred in 13 % of laparoscopic patients. Laparoscopic repair 
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was associated with shorter procedures, lower morbidity, quicker resumption of oral 
diet, earlier drain removal, and shorter hospital stay. During a mean follow- up of 50 
months, two of the three patients underwent laparoscopic anastomosis developed late 
thromboses. The study confi rmed the clinical benefi ts of ablative procedures under 
laparoscopy, but long-term patency for laparoscopic anastomoses was poor [ 40 ].  

   Endovascular Therapy 

 Complications following endovascular therapy include distal thromboembolic 
event, nontarget vessel embolization, coil migration, end-organ infarction, neck 
recanalization, [ 41 ] and stent thrombosis. Splenic atrophy or infarct has been 
reported in 20–40 % of cases following endovascular treatment of distal or hilar 
splenic artery aneurysms. [ 5 ] Long-term outcomes after endovascular treatment are 
not well defi ned. Liver infarct with abscess formation can also occur with emboliza-
tion (Fig.  34.12 ).

   Tulsyan et al. [ 42 ] reviewed endovascular treatment of 20 VAAs and 28 visceral 
artery pseudoaneurysms. Coil embolization was used in 96 % of patients; N-butyl- 
2-cyanoacrylate was used in 19 %. Technical success was 98 %. Thirty-day mortal-
ity was 8.3 %, all four deaths occurred after urgent or emergent treatment, and 
causes of death were unrelated to aneurysm except one patient died from recurrent 
gastrointestinal bleeding after embolization of a GDAA. Postembolization syn-
drome developed in three patients (6 %) after splenic artery embolization. Among 
77 % of patients with follow-up CT imaging at a mean of 16 months, 97 % achieved 
complete exclusion of the aneurysm. 

  Fig. 34.12    Liver abscess after coil embolization for ruptured intrahepatic aneurysm       
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 In a large retrospective case series from the Mayo Clinic, Fankhauser and 
 colleagues [ 43 ] reported 185 visceral aneurysms (true aneurysm, 36 %; pseudoan-
eurysm, 64 %) treated by endovascular therapy. Coil embolization alone was used 
alone in 75 % of patients and in combination with other techniques in 11 %. 
Technical success was 98 %. Thirty-day mortality was 6.2 % and aneurysm-related 
mortality was 3.4 %; 30-day reintervention rate was 3 %. During follow-up of 
1.4 years, two patients (1.1 %) reported aneurysm-related complications, includ-
ing one bile duct ischemia related to GDAA coiling that required hepaticojejunos-
tomy, and another sepsis following splenic infarction managed by emergent 
splenectomy [ 43 ]. 

 Yasumoto et al. followed 46 VAAs treated with coil packing, mean follow-up 
was 37 months, and compaction and recanalization occurred in two (4 %) and 12 
aneurysms (26 %), respectively. The authors suggested that insuffi cient emboliza-
tion with low packing density and large aneurysms might contribute to coil 
 compaction and recanalization [ 44 ]. Koganemaru et al. studied 23 patients with 
VAAs (SAA, 15; HAA, 2; GDAA, 2; CAA, 2; PDAA, 1; GEAA, 1) who underwent 
coil embolization at a mean follow-up of 18 months. MRA demonstrated complete 
aneurysmal occlusion in 22 patients (96 %); neck recanalization was found in one 
of the eight patients (13 %) using a neck preservation technique, at 9 and 20 months 
after embolization; complete hemodynamic status after embolization was deter-
mined in 21 patients (91 %); asymptomatic localized splenic infarction was con-
fi rmed in one patient (4 %) [ 41 ]. 

 With respect to covered stent in the treatment of VAAs, Künzle et al. [ 45 ] reported 
13 cases with CTA follow-up at a mean of 28 months. Jo-Graft and Graftmaster 
(Abbott, Rangendingen, Germany), Viabahn (W. L. Gore and Associates, Flagstaff, 
Arizona), and Fluency (Bard, Tempe, Arizona) covered stents were used. Noticeably, 
eight pseudoaneurysms and four RAAs were included in this study. Early mortality 
was 11 %; there was one VAA-related death from hemorrhagic shock and sepsis 
after successful endovascular repair of HAA. The two late stent thromboses occurred 
in one patient with SAA and another with RAA. 

 Balderi et al. reported fi ve VAAs treated using Cardiatis multilayer stent; stent 
occlusion was observed in one patient with HAA at 6 months and another with SAA 
at 24 months [ 31 ]. However, no major consequences developed because of the 
developed collaterals.  

   Open vs Endovascular therapy 

 A retrospective single institution study over nearly 15 years, between 1991 and 
2005, was performed at Mount Sinai in New York. Fifty-nine patients with 61 aneu-
rysms involving branches of the superior mesenteric and celiac arteries were identi-
fi ed of which 24 underwent the traditional open treatment and 35 had an endovascular 
approach. The authors reported an 89 % success rate with the endovascular tech-
nique with the use of coil embolization or covered stent. [ 46 ] A group from Milan, 
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Italy, treated 94 patients with VAA/VAPA between 1988 and 2010, 74 with open 
surgery and the remaining 20 with endovascular technique. Early mortality was 
1.3 % after open surgery and 0 % after endovascular intervention; early morbidities 
were similar, around 10 % for both groups [ 38 ]. In two European centers (France, 
UK), 32 patients were treated between 1995 and 2010, 17 VAAs in 16 patients with 
open repair, 15 VAAs in 15 patients with endovascular repair. There was no signifi -
cant difference between open repair and endovascular patients in terms of 30-day 
mortality (6.3 % vs 0 %) and complication rate (25 % vs 6.7 %). The only one death 
occurred after emergent endovascular repair of a ruptured infected SAA. The mean 
length of stay was signifi cantly higher after open repair (17 vs 4 days,  P  < .001). 
During more than 1 year follow-up, there is no late aneurysm-related death. Not 
including the seven RAAs in this study, two patients with open repair had reinter-
vention due to lengthy graft or anastomosis stenosis; one SAA patient with endo-
vascular treatment underwent reintervention at 2 years because of a reperfusion of 
the aneurysmal sac [ 47 ].   

   Conclusions 

 VAAs are a rare entity; however, aneurysm rupture, which is the catastrophic com-
plication, may lead to a mortality rate up to 90 % according to the location of the 
aneurysm. Timely diagnosis of VAA is the most important, and individualized treat-
ment is tailored based on the symptoms and signs, size, location, anatomy, and etiol-
ogy of the aneurysm, as well as patient’s surgical risk. Currently, there is no 
consensus regarding treatment guidelines. Asymptomatic patients with VAA < 2.0 cm 
in diameter can be observed with close imaging follow-up which includes DUS, 
CTA, or MRA. In general, interventions are indicated in symptomatic or ruptured 
VAAs, pseudoaneurysms, asymptomatic patients with aneurysm > 2.0 cm, and 
aneurysm with rapid increase in size ≥ 0.5 cm/year. Besides, due to the high risk of 
rupture, regardless of size or symptom, interventions are also recommended in 
female patient of childbearing age or pregnant and orthotopic liver transplant recipi-
ent who harbors an SAA, and patient with visceral branch aneurysms. Surgical 
repair includes excision of the VAA with or without revascularization or organ 
resection; endovascular therapy includes embolization and placement of covered 
stents. Regardless of the procedure performed, revascularization must be consid-
ered when there is inadequate or no collateral fl ow to maintain end-organ perfusion. 
Long-term results of open repair of VAAs are durable; endovascular treatment, as a 
promising alternative to open surgery especially in anatomically suitable and high 
risk patients, provides good short-term results; however, its long-term results are not 
yet well known. Follow-up data from randomized controlled trials and prospective 
studies are required to justify the treatment strategy for VAAs.     
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   Dietary strategy 
 food items and drinks , 282  
 requirements and recommendations , 282  

   Digital subtraction angiography (DSA) , 339  
   Diphenoxylate-atropine , 285–286  
   Double-coaxial technique , 412  
   Duplex ultrasonography (DUS) 

 CMI, diagnostic considerations , 111–113  
 IVAD, diagnosis , 393–394  
 mesenteric vessels 

 acute mesenteric ischemia , 59  
 infl ammatory bowel disease , 60  
 intraoperative imaging , 55–56  
 median arcuate ligament syndrome , 59  
 mesenteric artery dissection and 

aneurysms , 60  
 normal waveforms , 52  
 post-intervention imaging , 57–58  
 stenosis detection , 53–55  
 technique , 49–52  

 VAA , 440  
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  Embolectomy 

 celiac artery , 218–220  
 incidence , 267  
 inferior mesenteric artery , 220  
 open mesenteric catheter   ( see  Mesenteric 

embolism) 
 superior mesenteric artery , 217–218  

   Embolization , 411, 449  
   End-jejunostomy , 278, 279  
   Endovascular intervention, SIVAD , 422, 424–426  
   Endovascular revascularization 

 AMI 
 history , 241  
 results , 250–251  
 treatment options , 242–250  

 CMI 
 access site selection , 169  
 angioplasty and stenting, mesenteric 

stenosis , 173–175  
 bifurcated stents , 179  
 complications , 183  
 contemporary results , 191–193  
 diagnostic mesenteric 

angiography , 169–170  
 early results , 188–189  
 embolic protection devices , 171–172  
 history , 187–188  
 indications , 166–175  
 in-stent stenosis , 181–182  
 mesenteric intervention  vs.  open 

surgery , 189–191  
 mesenteric occlusions 

recanalization , 175–177  
 open revascularization  vs.  , 166–168  
 orbital atherectomy , 177–179  
 post-procedure management , 183  
 pre-procedure evaluation , 168–169  
 retrograde hybrid 

revascularization , 179–181  
 selective catheterization , 170–171  
 stent choice , 172–173  

 isolated visceral artery dissection 
 catheter-directed thrombolytic 

therapy , 411  
 embolization , 411  
 stenting visceral arteries , 412–413  

 visceral artery aneurysms , 443–446, 
452–453  

 open surgical techniques  vs.  , 453–454  

    F 
  FDSs.    See  Flow-diverting stents (FDSs) 
   Fibrotic celiac ganglion compression , 349  
   Flow-diverting stents (FDSs) , 445–446  
   Functional testing, chronic mesenteric 

ischemia 
 biomarkers , 73  
 gastric tonometry , 64–67  
 risk stratifi cation, single-nucleotide 

polymorphisms , 74  
 small bowel mucosa , 73  
 visible light spectroscopy , 67–69  
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  GAAs.    See  Gastric artery aneurysms (GAAs) 
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   Gastric artery aneurysms (GAAs) 
 clinical presentation , 434  
 epidemiology and etiology , 438  
 issues , 450  

   Gastric exercise tonometry (GET) , 65  
   Gastric tonometry 

 after intervention , 67  
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 injection, MALS , 353–354  
 intraluminal PCO 2  measurement , 64  
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 limitations , 70  
 optimization , 72  
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 24-hour tonometry , 65–66  
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 sensitivity and specifi city , 67  
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   Gastrocolic ligament approach.    See  
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   Gastroduodenal artery aneurysms (GDAAs) 
 clinical presentation , 434–435  
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 rupture rate , 439  

   Gastroepiploic artery aneurysms (GEAAs) 
 clinical presentation , 434–435  
 epidemiology and etiology , 438  
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 rupture rate , 439  
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 anatomic considerations , 124  
 angiography , 130  
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 computed tomography , 129–130  
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   GEAAs.    See  Gastroepiploic artery aneurysms 
(GEAAs) 
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  HAAs.    See  Hepatic artery aneurysms (HAAs) 
   Henoch–Schönlein syndrome (HSS) , 133  
   Hepatic artery aneurysms (HAAs) 

 clinical presentation , 433  
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 rupture rate , 439  

   Hepatic artery dissection (HAD) 
 clinical presentations , 390  
 etiology , 392  
 indications , 407  
 open repair , 410  

   Home parenteral nutrition (HPN) , 283, 284  
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  IMA.    See  Inferior mesenteric artery (IMA) 
   IMAAs.    See  Inferior mesenteric artery 

aneurysms (IMAAs) 
   Inferior mesenteric artery (IMA) , 431  

 anatomy 
 normal , 15–16  
 variant , 22  
 vascular , 26  
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 clinical presentation , 435  
 epidemiology and etiology , 438–439  
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 epidemiology , 42–43  
 natural history , 43  
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 conservative management , 407–408  
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 laboratory studies , 399–400  
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 selective contrast arteriography , 398–399  
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 epidemiology , 388  
 etiology 

 HAD , 391–392  
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 indications , 407  
 open surgical revascularizations  

 ( see  Open surgical techniques) 
 pathology , 387–388  

    J 
  Jejunocolic anastomosis , 278, 279  
   Jejunoileal anastomosis , 278, 279  

    L 
  Laparoscopic division, clinical outcomes , 

377–379  
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 surgery , 363–364  
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 diagnosis , 398  
 limitations , 91  
 MALS , 353  
 median arcuate ligament syndrome , 89  
 mesenteric artery 

dissection/aneurysm , 89–90  
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   Magnetic resonance imaging (MRI) 
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 open division , 379–382  
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   Mesenteric embolism 
 diagnosis 
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 preoperative imaging , 213–215  
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 preoperative considerations , 215–216  
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 computed tomography , 129–130  
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 inferior mesenteric artery , 15–16  
 superior mesenteric artery , 14–15  

 variant anatomy 
 celiac artery variants , 19–21  
 IMA variants , 22  
 SMA variants , 21–22  

 vascular anatomy , 26  
 physiologic response , 27–29  

   Mesenteric vasculitis, non-atherosclerotic 
causes 

 Behçet syndrome , 134–135  
 giant cell arteritis , 131  
 Henoch–Schönlein syndrome , 133  
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 gastrointestinal (GI) involvement, 
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 acute mesenteric ischemia , 85–87  
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 surgical , 345  
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 contemporary results , 271, 272  
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 postoperative care , 237  
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 Open surgical techniques (cont.) 
 IVAD , 408–409  
 RAD , 410  
 SMAD , 410  

 SIVAD repair , 422–424  
 visceral artery aneurysms , 443, 451–452  
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   Oral rehydration solution (ORS) 

 commercial , 283  
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  Pancreaticoduodenal artery 

aneurysms (PDAAs) 
 clinical presentation , 434–435  
 epidemiology and etiology , 438  
 issues , 450  
 rupture rate , 439  
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(PTA/S) , 269  

   Peripherally inserted central catheter 
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  Renal artery dissection (RAD) 
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   Retrograde hybrid revascularization , 179–181  
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(ROMS) , 232–235  
   Rheumatoid vasculitis (RV) , 134  
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 abdominal wall closure, temporary 
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 rationale , 254–255  
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   Selective arteriography, VAA , 441  
   Selective visceral artery angiography , 96, 98  
   Sepsis , 288  
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 clinical phase , 280  
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 management 

 intestinal transplantation/SBT , 288  
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dissection (SISMAD) 
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 management , 320–321  
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 clinical entity , 317  
 conventional panel , 316  
 heparin therapy , 316  
 hormonal therapy , 317  
 indiscriminate , 315  
 inherited characteristics , 317, 318  
 prevalence , 317, 319  
 risk factor , 316  

 thrombotic process , 309–310  
   Splenectomy , 446–447  
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   Splenic artery aneurysms (SAAs) 
 clinical presentation , 432  
 epidemiology and etiology , 436–437  
 issues , 446–448  
 rupture rate , 439  
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   Visible light spectroscopy (VLS) 
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 limitations , 70–71  
 optimization , 72–73  
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