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Long-term follow-up of Cabrol fistula for uncontrollable

bleeding: A life-saving procedure

‘ '.) Check for updates
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ABSTRACT

Objective: Surgeons shy away from using the Cabrol fistula (perigraft space to right
atrium [RA] shunt) due to unfamiliarity, concern for persistent left-to-right shunt-
ing, and fear of “painting-over” anastomotic defects that will result in later prob-
lems. We review nearly 2 decades of experience with application of the Cabrol
fistula in a large thoracic aortic practice, with emphasis on precise surgical tech-
niques, early and late outcomes, and detailed radiographic analysis.

Methods: Operative records of all procedures in which the Cabrol fistula was used
were retrieved and analyzed, with precise review of the details of construction of
each Cabrol fistula and clinical and radiologic (echocardiographic and computed
tomographic) patient follow-up.

Results: The Cabrol fistula successfully controlled the bleeding in all cases. There
were no late false aneurysms at any anastomotic sites. There was no continued
flow through any fistula. Good perioperative and long-term survival was achieved
in these complex cases that found themselves at a very dangerous crux before
application of the Cabrol fistula.

Conclusions: The Cabrol fistula is an important tool for the thoracic aortic surgeon
to have in the toolbox. We found the Cabrol fistula to be extremely effective at con-
trolling bleeding, with no late persistent fistula flow and no late false aneurysm for-
mation. Without the fistula, outcome in these patients would likely have been lethal.
We recommend the Cabrol fistula technique strongly for life-saving application in
rare cases of bleeding uncontrollable by conventional methods. (JTCVS Techniques
2023;21:1-6)

Pericardial patch sewn in place with the inflow end
of valved graft anastomosed to patch.

CENTRAL MESSAGE

The Cabrol fistula provides a safe
and effective way to control
intractable bleeding following
aortic root, ascending aorta and/
or arch operations.

PERSPECTIVE

Surgeons have previously been reluctant to use
the Cabrol fistula procedure as a last-resort
mechanism to control intractable bleeding
following aortic root, ascending aorta, or aortic
arch operations. We review 2 decades of favor-
able experiences using this procedure and find
no long-term adverse complications.

Construction of an aorta-to-right atrium (RA) fistula,
initially described by Cabrol in his 1981 report of the aortic
root replacement procedure itself,’ has since been sup-
ported by other authors as well for control of intractable
bleeding at the time of aortic root, ascending aortic, and
aortic arch surgery.”'” In these cases, the Cabrol fistula
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was applied for its often-remarkable potential to correct
an unsustainable bleeding situation." The technique in-
volves capping the bleeding area with a patch (usually peri-
cardium) and funneling the shed arterial blood from the
perigraft space to the venous system (RA or innominate
vein). The principle underlying this technique is to capture
and return the shed blood automatically, anticipating spon-
taneous resolution of the bleeding site over time. The Cab-
rol fistula is applied only when full, careful, exhaustive
conventional methods have been applied. Often, it is inac-
cessibility of the bleeding site (for inspection and suturing)
that necessitates the Cabrol technique.

The original procedure, outlined by Cabrol and col-
leagues, calls for a patch of pericardium or prosthetic mate-
rial to be sewn over the anterior perigraft space to collect
any blood oozing from suture lines.'™ A fistula (tradition-
ally a Dacron graft) is then anastomosed to the patch in
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Abbreviations and Acronyms

CT = computed tomography
ECHO = echocardiography
RA  =right atrium

order to drain this periprosthetic space into a venous outlet.
Thus, there is no longer any external blood loss, as the blood
is instantaneously returned to the circulation. In most cases,
these 2 steps are sufficient to achieve hemostasis, and the
fistula is left to close spontaneously. Late follow-up to
confirm fistula closure is poorly documented in the litera-
ture. In cases in which the heart is struggling, high right-
sided pressures may actually exacerbate bleeding, retro-
gtradely into the perigraft space.

In rare cases in which bleeding does not cease to flow, the
fistula can, in principle, result in a significant left-to-right
shunt. Late follow-up of use of the Cabrol fistula, examining
for such complications, is scant. In order to avoid retrograde
(right-to left) flow, we described a valved-graft modification
of the original Cabrol fistula technique to prevent this
complication.” We have applied a variety of valving tech-
niques to assure and maintain unidirectional flow toward
the RA. We have used bovine jugular vein grafts, with their
contained native valves, and the Contegra Graft (Medtronic
Inc, off-label use).3

In this study, we retrieved cases of Cabrol fistula use from
our aortic surgery database. We evaluate and categorize the
precise methods of construction. We evaluate for any unde-
sired long-term patency of the fistula. We examine for evi-
dence of persistent left-to-right shunting or right heart
failure. We determine long-term clinical follow-up. We
perform late radiographic follow-up by echocardiography
(ECHO) and computed tomography (CT).

METHODS

This investigation was approved by the Human Investigation Commit-
tee of the Yale University School of Medicine (institutional review board
#1609018416; date of approval: August 25, 2020). Patients’ informed con-
sent was waived due to the study being a medical record review.

From among ~1500 ascending, root, and arch open surgical procedures
by a single surgeon between 2004 and 2020, we identified 17 surgical pa-
tients in whom a Cabrol fistula was used to control recalcitrant, life-
threatening bleeding after aortic repair. Before fistula creation, all patients
required continuous blood transfusion and could not otherwise be closed or
leave the operating room. Exhaustive conventional methods were applied
before resorting to a Cabrol fistula (exposure, suturing, packing, glue appli-
cation, restoration of blood coagulation parameters). We reviewed opera-
tive notes and postoperative ECHO/CT scans in detail. We examined
specifically for effectiveness in controlling bleeding, persistent left-to-right
shunt, anastomotic pseudoaneurysm, and operative, hospital, and long-
term survival.

The Cabrol fistulas were constructed with a pericardial patch sewn to the
surrounding tissues in a rectangular configuration around the ascending
aorta, using any connective tissues available (clockwise from the top: fatty
tissues below innominate vein, fibrotic tissue at medial edge of main
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pulmonary artery, right ventricular fatty tissue, and superior vena cava
adventitia [delicate bites], as well as pericardium, where applicable;
Figure 1). Although this technique is difficult to describe in specific terms,
the surgeon uses any safe connective tissue that allows completion of the
suturing of the roughly rectangular Cabrol patch to cardiac tissues in its
perimeter. The goal is to form a seal that confines all excess bleeding under
the patch. A small-caliber graft (Dacron, homograft vein, bovine vein, or
Contegra valved graft) is then used to connect the center of the pericardial
patch to the RA (or innominate vein). In addition to the conduits that we
have used, the patient’s own saphenous vein can also be effectively used
for this purpose. Please see Table 1 for a step-by-step description of our
general construction of the Cabrol fistula.

In occasional cases, especially in patients with acutely high right-sided
filling pressures, there occurred an initial large volume backflow from the
RA to the perigraft space. This problem led to our modification of using a
valved graft (homograft, bovine graft, or Contegra graft), which eliminated
the problem of retrograde bleeding into the Cabrol patch zone.”

In a number of cases, we were able simply to create a stab-wound in the
surface of the RA under the patch, allowing the flow of bleeding to enter the
atrium directly, without an interposed graft. This technical modification
was especially applicable in cases in which the RA pressure was low.

RESULTS
Patient Substrate

See Table 2 and Figure 2. The procedures in which the
Cabrol fistula was applied included aortic root replacement
(n = 8), ascending/arch replacement (n = 8), and apical—
aortic conduit (n = 1). In total, 7 of 17 (41.2%) were reop-
erations. Mean patient age was 68 years. In total, 10 of 17
(59%) of patients underwent surgery under deep hypother-
mic circulatory arrest, and 3 of 17 (17.6%) of the proced-
ures were done for acute type A dissection. (The patients
who required a Cabrol procedure were often reoperation
cases [42%]. This is a much greater rate of reoperations
than in our general ascending aortic patient pool.)

Surgical Techniques

Bovine pericardium was used for the cap material in all
17 patients. A variety of options were used for the conduit
itself: prosthetic Dacron graft in 7 and homograft in 3. In
7 patients, no conduit was required: in 5 of these, a simple
direct opening (stab wound) into the RA sufficed, and in the
other 2 bleeding stopped just from the tamponade effect of
patch application, so no chamber drainage was required.
Outflow drainage from the Cabrol fistula was directed to
the RA in 8 cases (graft or direct puncture), the innominate
vein in 6, and the left subclavian vein in 1. Two patients
required no drainage site.

Outcomes

Recalcitrant bleeding was successfully controlled by the
Cabrol fistula in all patients. In terms of major complica-
tions, 2 patients required re-exploration for clot evacuation,
1 patient (root replacement) was returned to the operating
room for a supplementary saphenous vein graft to the right
coronary artery, and 1 patient developed sepsis. These pa-
tients all survived to discharge. The average total number
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FIGURE 1. Left, a pericardial patch being sewn in place over the composite graft repair site. Right, the pericardial patch has been sewn in place. The outflow end
of the Contegra valved graft has been anastomosed to the innominate vein under site biting-control. Reproduced with permission from Elefteriades and col-

leagues.”

of units of blood transfused in these Cabrol patients was 3.6 Three patients did not survive the hospitalization. Causes
units of packed red blood cells intraoperatively and 1.2 units of death in the 3 patients who died were multiple organ fail-
postoperatively. ure in 2 and intraoperative technical difficulties in 1; all 3

TABLE 1. Step-by-step construction of the Cabrol fistula

Step Description

Pre-Cabrol The aortic root, ascending, or arch procedure has been completed; protamine and coagulation factors have been given; and bleeding
continues despite all conventional measures.

Pre-Cabrol Often we wrap the distal anastomosis with a small-caliber graft to seal any bleeding from that area. (This wrap then provides secure
“tissue” at the upper margin of a subsequent Cabrol fistula.)

Cabrol A pericardial patch is sewn to cover the entire site of the aortic replacement. We use running 4-0 PROLENE.

e This proceeds clockwise, from the left upper corner (patient’s left) of the surgical zone, down the right side, using connective
tissue around the medial border of the PA. Note that there is usually a good edge of relatively strong tissue here, where the PA
previously abutted the periaortic tissues.

e The suture line continues horizontally toward the patient’s right, using the fibro-fatty tissue at or above the RV.

e The suturing continues cephalad now, using any connective tissues found along the right atrium. This is the hardest site for finding
good tissue. One can use the stump of the RA cannulation site as good tissue in this zone. Fortunately, the distance to be spanned
here, on the patient’s right side of the Cabrol patch, is usually short—between the top of the RV and the pericardial reflection of
the SVC. As one heads cephalad, the pericardial reflection along the SVC provides good tissue.

o Finally, the upper horizontal portion of the anastomosis needs to be completed. One usually finds some suitable fibrofatty tissue
underneath the innominate vein that serves well for suturing.

This completes the quasi-rectangular patch over the surgical zone. We often put some BioGlue around the edge of the patch, which will
harden and seal while the patch is unpressurized.

Temp vent To decompress the patch at this point, before construction of the shunt, we make a tiny incision in the periphery of the patch and place
a small vent catheter under the patch, which we then attach to strong suction from the cell saver. This pulls the patch into tight
approximation to the tissues, like a “shrink wrap,” while simultaneously collecting the shed blood for retransfusion.

Shunt prox anast ~ We now construct the proximal anastomosis of the graft that will carry the blood to the RA. See text for details of conduit choices. We
prefer a valved-conduit of some type, for unidirectional flow. We use 4-0 PROLENE.

Shunt distal anast ~ We now perform the distal anastomosis of the graft, to either the innominate vein (preferred) or the RA proper. (4-0 PROLENE).
Note: The innominate vein is preferred, as raising the head of the bed can minimize the back pressure in the vein as needed.

Open shunt The shunt is now opened and allowed to channel blood from the bleeding site under the patch back into the venous circulation.
Bleed conrol Near-immediate control of hemorrhage is usually achieved.
Close Chest We close the chest, in standard fashion.

(1) In some cases, the shrink wrap during construction of the Cabrol fistula leads to cessation of bleeding on its own, and there is no need at that point to complete the shunt. In such
a case, we leave the large patch in place over the previous bleeding zone. (2) The Cabrol fistula is more easily accomplished effectively in reoperative cases, as the scarred tissues
provide better substrate for suturing and there are intrinsically fewer degrees of freedom for shed blood to disperse. (3) We do not routinely re-explore patients the day after
operation to decompress clot. We do so only if there is a pressure effect (rarely). PA, Pulmonary artery; RV, right ventricle; SVC, superior vena cava; RA, right atrium.
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TABLE 2. Surgical details for Cabrol procedures

Patient
number  Year Operation Cap material Conduit used Drainage site
1 2004 Apical aortic conduit Bovine pericardium  Apical-aortic conduit (22 conduit, Left subclavian vein
21 CE valve)
10-mm Hemashield graft
2 2006 Redo aortic root Bovine pericardium Direct opening under patch Right atrium
3 2008 Redo aortic arch Bovine pericardium Tent only No outflow required—patch
provided adequate hemostasis
4 2008 Redo aortic arch Bovine pericardium Tent only No outflow required—patch
provided adequate hemostasis
5 2008 Redo aortic arch Bovine pericardium 8-mm Dacron graft Innominate vein
6 2010 Redo ascending Bovine pericardium Direct opening under patch Right atrium
replacement
7 2011 Aortic root Bovine pericardium Valved Contegra graft Right atrium
8 2011 Aortic root Bovine pericardium Valved Contegra graft Innominate vein
9 2013 Aortic root Bovine pericardium Valved Contegra graft Innominate vein
10 2013 Redo aortic root Bovine pericardium Direct opening under patch Right atrium
11 2013 Ascending replacement Bovine pericardium Cryopreserved homograft vein Right atrium
12 2013 Aortic root Bovine pericardium Direct opening under patch Right atrium
13 2016 Aortic root Bovine pericardium Cryopreserved homograft vein Right atrium
14 2016 Aortic root Bovine pericardium 6-mm Gore-Tex graft Innominate vein
15 2016 Ascending replacement Bovine pericardium Direct opening under patch Right atrium
16 2016 Redo ascending arch Bovine pericardium 8-mm Hemashield graft Innominate vein
17 2020 Ascending replacement Bovine pericardium Femoral vein homograft Innominate vein

were very complex cases—?2 were reoperative and the third
was an acute aortic dissection. The Cabrol fistula itself
could not be implicated in any of those cases. Nine of the

Operations Performed

Aortic root (2 re-do) Apical aortic conduit

Re-do aortic arch
Ascending replacement

1 re-d
(1 re-do) Re-do ascending/arch

Conduit Used

Tent only Direct opening under patch

Homograft
Graft

other 14 patients remain alive currently (6.76 mean postop-
erative years). In no case did ECHO identify sustained left-
to-right shunting or any patent shunt beyond a few days

Cap Material

Bovine pericardium vein

Drainage Site

Right atrium

Left subclavian vein

No outflow required

Innominate vein

FIGURE 2. Surgical details for Cabrol procedures. Upper Left, main operative procedure; lower left, conduit used; upper right, cap material; lower right,

drainage site (to which Cabrol fistula shunts blood).
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2004 - 2020
* 17 patients (mean patient age of 68 years) \

¢ Pulled from Aortic Institute at Yale’s surgical database \

* 8 aortic root replacement, 8 ascending/arch replacement, 1 |
apical-aortic conduit \

¢ Examined effectiveness in bleeding control, persistent R-to- {
L shunt, anastomotic pseudoaneurysm, and survival

()

Operations Performed

Aortic root (2 re-do) Apical aortic conduit

Re-do aortic arch
Ascending replacement

(1 re-do) Re-do ascending/arch

Conduit Used

Tent only Direct opening under patch m
Homograft ©
Graft

Cap Material

Bovine pericardium

Drainage Site

Right atriu
1 Left subclavian vein
2

No outflow required

Innominate vein

Recalcitrant bleeding was successfully controlled by the Cabrol fistula in all patients. Late post-op CT did not identify

continued flow or evidence of anastomotic pseudoaneurysm in any of the 17 cases.

FIGURE 3. The Cabrol fistula for control of intractable intraoperative bleeding is a lifesaving procedure without adverse long-term consequences.

CT, Computed tomography.

postoperatively. In no case did later CT scan identify
continued flow via the Cabrol shunt or any evidence of anas-
tomotic pseudoaneurysm.

DISCUSSION

The Cabrol fistula procedure is an infrequently used op-
tion for intractable bleeding after ascending aorta or aortic
arch operations. Historically, leaving the chest packed and
open has been a popular option (hoping for slow resolution
of bleeding over time); however, this option allows for the
grafts to be exposed to the environment, increasing the
risk of infection. Some recent series have reported mortal-
ities of 25% to 50% or greater when the chest is left
open after open-heart surgery.'''*

In this current report, we review our extremely favorable
experience with the Cabrol fistula for control of intractable
intraoperative bleeding in ascending surgery. These pa-
tients, after often-complex, extensive, or emergent proced-
ures, manifested bleeding that would have proved lethal
without some method of control.

In our directed review of 17 patients, we found that we
had employed a variety of specific techniques (in a variety
of clinical settings) in the construction of the Cabrol fistula.
Also, after having been “burned” by opposite direction flow
(backwards into the perigraft space from the RA) in patients
with high RA pressure, we implemented “valving” of the
conduit to obligate flow only in the desired direction.

Although we were pleased with our short-term outcomes
with the rare use of the Cabrol fistula out of many thousands
of cases, we had never rigorously examined our patients’
long-term experiences. This left us with 2 lingering con-
cerns: (1) are we leaving the patient with a persistent left-
to-right shunt? and (2) are we “painting over” an anasto-
motic defect that may result in a pseudoaneurysm over
the long term?

Through our directed long-term analyses, we found that
the Cabrol fistula was extremely effective at controlling in-
traoperative bleeding (100% success rate), there was no ev-
idence of persistent left-to-right shunting from the aorta to
RA on either ECHO or CT, and there was no evidence of
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the development of a pseudoaneurysm on any of the anasto-
motic sites in any of these patients.

We have found the Cabrol fistula to be extremely effec-
tive, safe, and free of any significant long-term complica-
tions (Figure 3). In the high-jeopardy settings, the use of a
Cabrol fistula facilitated survival in both the short and
long term. No Cabrol fistula—related late complications
(persistent fistula, pseudoaneurysm) were identified.

Although persistent fistula, congestive heart failure, and
pseudoaneurysms have been noted by others,””"'’ we
identified no such cases in our own experience. Other
centers as well have found their Cabrol experience to be
extremely positive.'® We strongly recommend this proced-
ure for control of intractable intraoperative bleeding when
compared with the conventional method of packing an
open chest.

CONCLUSIONS

‘We conclude that (1) The Cabrol fistula can be truly life-
saving. (2) The valved modification of the Cabrol fistula
completely eliminates the problem of retrograde filling of
the perigraft space. (3) There were no late anastomotic
problems that had been “obscured” or “covered over” by
the Cabrol patch. (4) There were no sustained fistulae in
the long-term. (5) Satisfactory short- and long-term survival
were achieved, thanks to the Cabrol fistula, in these
otherwise-desperate situations.

The Cabrol fistula, although so effective, should not be
seen as a substitute for proper suture control of bleeding.
The Cabrol fistula is most applicable for bleeding sites inac-
cessible to repair suturing. The brilliance of Dr Cabrol is re-
flected in the true life-saving ability of this technique.
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