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  Iliac artery calcification is a common phenomenon complicating renal transplantation, particularly in those with 
diabetes. The potential for vascular clamp injury can threaten the renal allograft, ipsilateral lower extremity, or 
both.

  Utilization of internal balloon occlusion can allow for placement of a “Chimney Patch” graft, fashioned from a 
deceased donor artery, to the calcified vessel, eliminating the risk of clamp injury and minimizing warm isch-
emic time.

  We present a series of 6 patients transplanted with internal balloon occlusion with successful renal and pan-
creatic allograft function and no ipsilateral vascular complications.

  Internal balloon occlusion is a safe and effective adjunct for renal or pancreas transplant to prevent clamp in-
jury with no adverse effect on allograft function.
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Background

Cardiovascular complications account for up to 50% of mortal-
ity in patients with end-stage renal disease (ESRD) who are on 
dialysis [1]. Patients with concomitant diabetes and ESRD are 
at particularly high risk, with mortality rates as high as 19.9 
per 100 patient-years [2]. Conversely, these patients realize 
the most benefit from renal transplantation as measured by 
post-transplant life-years, regardless of age group.

Secondary hyperparathyroidism in renal failure patients fur-
ther exacerbates vascular dysfunction, and elevations in par-
athormone (PTH) are linked to increased rates of vascular cal-
cification [3,4]. Moderate to severe iliac artery calcification, 
determined by plain x-ray screening and CT angiography, is as-
sociated with increased rates of limb ischemia, early allograft 
loss, and death [5]. 

A significant morbidity concern is the potential for vascular 
clamp injury to heavily calcified recipient arteries. These in-
juries are related in most situations to plaque disruption and 
have been reported in both transplant and non-transplant 
cases [6,7]. Alternate vascular control techniques such as the 
use of pneumatic tourniquets for heavily calcified extremity 
arteries have been described for dialysis access surgery and 
lower-extremity re-vascularization [8,9]. Unfortunately, these 
techniques are not applicable to the control of pelvic vessels.

Although pre-operative diagnostic studies can optimize clamp 
placement [10], underestimation of arterial calcification may 
require alternate methods of vascular control. In such cases 
intraluminal balloon inflation may be helpful. Other authors 
have utilized this technique but utilizing artificial conduit, 
raising concerns for potential infectious complications [11].
Fashioning a technically perfect transplant arterial anastomosis 
may be difficult, add warm ischemia time and increase the risk 
of delayed graft function. We describe a technique to mitigate 
these issues by placement of double balloon occlusion cathe-
ters through a Carrel aortic patch to allow unhurried creation 
of an arterial conduit and subsequent simplified conduit anas-
tomosis to the transplant inflow artery.

Material and Methods

Creation of the “Chimney Patch”

The aortic patch is trimmed leaving 2–2.5 mm of aortic tissue 
circumferentially around the renal artery ostium. The Carrel 
aortic patch is then divided from the renal allograft by cut-
ting the renal artery obliquely 1–1.5 cm from the aorta. For the 
pancreas allograft and live donor kidney recipient, deceased 
donor common iliac artery is used as an interposition graft.

Patients

All patients underwent multidisciplinary transplant team eval-
uation and listing at the University of Tennessee Methodist 
Transplant Institute, and procedures were performed over a 
six-year timeframe. CT imaging of pelvic vasculature dem-
onstrating severe degrees of calcification was used to guide 
clamp placement, and all patients had evidence on CT of ath-
erosclerotic plaque to varying degrees. All patients were hy-
pertensive. Retrospective chart review documented years on 
dialysis, presence of co-morbid conditions, pre-operative clau-
dication, and post-operative vascular complications.

Case 1

This patient underwent chimney-patch technique for deceased 
donor kidney transplant using the aortic patch to the right ex-
ternal iliac artery (EIA), with no associated graft stenosis or 
complication. The patient underwent angiogram and stenting 
of the left superficial femoral and popliteal arteries 5.5 years 
after renal transplant.

Case 2

This patient underwent chimney-patch technique for deceased 
donor kidney transplant using the aortic patch to the right EIA, 
with no associated graft stenosis or complication. The patient 
underwent angiogram and atherectomy with angioplasty of the 
left superficial femoral artery 4.8 years after renal transplant.

Case 3

This patient underwent chimney-patch technique for deceased 
donor kidney transplant using the aortic patch to the right 
common iliac artery. There was no post-transplant stenosis 
or vascular complication.

Case 4

This patient underwent chimney-patch technique for living 
donor kidney transplant using deceased donor iliac artery graft 
anastomosed to the right EIA. There was no post-transplant 
stenosis or vascular complication.

Case 5

This patient underwent chimney-patch technique as part of 
a simultaneous pancreas-kidney (SPK) transplant. The chim-
ney patch was created using a deceased donor iliac artery 
graft to the right EIA and used for implantation of the pan-
creas allograft. The patient was a Jehovah’s witness and suf-
fered from late bleeding 5 days after transplant at the drain 
site. He was observed expectantly without re-operation or 
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transfusion. There were no post-transplant stenoses or vas-
cular complications.

Case 6

This patient underwent chimney-patch technique for a de-
ceased donor kidney transplant using the aortic patch to the 
right EIA. The patient had early bleeding and was taken back 
to surgery on post-operative day 1 for control of bleeding and 
washout. There was no bleeding from either of the anastomoses 
involved in the chimney-patch technique. There were no post-
transplant stenoses or vascular complications.

Recipient procedures

A right lower quadrant Gibson type incision was used for kid-
ney transplantation, while the SPK recipient received a midline 
incision. If calcification prevented safe iliac artery clamp appli-
cation as determined by vessel palpation, we proceed with the 
“Chimney-Patch” technique. Two Fogarty catheters are placed 
through the “Chimney-Patch” graft, and an arteriotomy is cre-
ated on the softest superficial segment of common or external 
iliac artery and #6 or #7 Fogarty catheters with 3-way stop-
cocks are then inserted into the vessel proximally and dis-
tally. Balloon inflation achieves internal occlusion, as visual-
ized in Figure 1. A 4.0 mm aortic punch is used to enlarge the 
arteriotomy and the “Chimney-Patch” is then anastomosed to 
the calcified recipient vessel using 5-0 Prolene suture. With the 

interposition graft in place, Fogarty catheters are removed and 
the “Chimney Patch” is clamped with a DeBakey or Satinsky 
clamp (Figure 2). Unhurried end-to-end anastomosis is then 
performed between the “Chimney-Patch” graft and the donor 
renal artery or pancreatic y-graft as appropriate (Figure 3). All 
procedures were performed by a single surgeon (NN). This 
study was approved by the University of Tennessee Health 
Science Center IRB.

Figure 1.  Diagram of “Chimney Patch” technique. The arterial 
patch is placed over 2 Fogarty catheters, which are 
inserted in an arteriotomy in the external iliac artery 
utilizing proximal and distal internal Fogarty balloon 
occlusion.

Figure 2.  Placement of chimney patch with anastomosis 
completed and Fogarty catheters removed. The 
chimney patch is then occluded with a DeBakey clamp.

Figure 3.  Completion of renal transplant end-to-end anastomosis 
between the renal artery and the chimney graft.
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Results

Recipient pre-transplant characteristics are noted in Table 1. 
All recipients were hypertensive and on dialysis prior to trans-
plant. Four of 6 had diabetes and one patient with type 1 dia-
betes mellitus received a simultaneous pancreas-kidney (SPK) 
transplant. Dialysis time ranged from 1.5 to 15 years, with a 
median of 3.75 years. Secondary hyperparathyroidism was uni-
formly present with a median intact (parathyroid hormone) PTH 
of 419 pg/mL and a range of 233 to 643 pg/mL.

Post-transplant outcomes are outlined in Table 1. All patients 
had functioning allografts after 1 year, and there were no vas-
cular complications ipsilateral to the “Chimney Patch.” Median 
creatinine levels at 1 month and 1 year post-transplant were 
1.83 mg/dL and 1.7 mg/dL respectively. Median creatinine was 
2.19 at a median follow up period of 5.4 years. There were no 
vascular complications or interventions required on the side 
of chimney patch utilization. All patients remained off chronic 
hemodialysis after transplant.

Discussion

Kidney transplantation is a lifesaving operation for patients 
with ESRD, yet many of the co-morbid conditions that lead 
to renal failure contribute to progressive peripheral athero-
sclerosis. While patients with diabetes and peripheral vascu-
lar disease arguably derive the greatest survival benefit from 
transplant, they also pose the greatest technical challenges at 
operation and are at highest risk for graft loss [5,10]. Clamp in-
juries to atheromatous plaques can create flow limiting lesions 
to the ipsilateral lower extremity, the transplanted organ, or 
both. Pre-operative imaging may guide a surgeon to less cal-
cified target vessels, or allow for either pre-transplant or com-
bined transplant-donor vessel vascular recontruction [10,12,13].

Many methods have been described to manage severe circum-
ferential calcification at the site of proposed anastomosis [8,14]. 
Alexis Carrel initially utilized a wide based aortic patch for 
transplantation of the renal vessels to avoid thrombosis of the 
smaller renal vessels [15]. We have utilized the Carrel patch 
for a different purpose - to avoid intimal injury from external 
clamping. “Chimney-Patch” double-balloon occlusion of the iliac 
vessels is a safe and simple technical adjunct to avoid injury 
to circumferentially calcified vessels, and this technique has 
been utilized in both deceased and living donor kidney trans-
plantation, as well as deceased donor pancreas transplantation. 
No patient suffered either ipsilateral claudication or required 
vascular intervention post-transplant. Furthermore, renal and 
pancreatic allograft outcome was excellent with no rejection 
and all grafts functioning after one year.

There are limitations to the applicability of the chimney-patch 
technique. First, suitable conduit must be available for use as 
a chimney patch; for deceased donor renal or pancreas trans-
plantation there is always graft available whether from the 
aortic patch or deceased donor iliac vessel. However, in living 
donor renal transplant the availability of vessels may be lim-
ited. Dacron or PTFE could theoretically be used as suitable 
grafts though this may significantly increase the associated 
risks. Second, aneurysmal proximal vessels may prohibit ade-
quate internal balloon occlusion.

Conclusions

Chimney-patch double-balloon occlusion remains a useful 
adjunct and should be considered for technically challenging 
transplant recipients.
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Case Age Sex Race DM PTH
Dialysis 
modality

Years of 
dialysis

Claudica- 
tion

Baseline 
Cr

1 week 
Cr

1 month 
Cr

1 year 
Cr

Last 
Cr

Years of 
follow-up

1 51 Female White Yes 498 PD 5 Yes 9.5 1.6 1.2 0.9 2.7 7.5

2 60 Male Black No 340 HD 15 No 10.6 1.8 2.3 1.7 3.56 8.5

3 57 Male Black No 335 HD 10 No 6.4 1.2 1.14 0.93 1.14 3.2

4 59 Male White Yes 618 HD 1.5 Yes 7.1 1.3 3.5 3.01 2.7 2.4

5 43 Male Black Yes 643 PD 2.2 No 7.9 1.8 1.55 1.7 1.6 2.8

6 63 Male Black Yes 233 HD 2.5 No 6.54 5.56 2.1 1.72 1.67 7.7

Table 1. Characteristics of “Chimney Patch” recipients.

DM – diabetes, PTH – parathyroid hormone, PD – peritoneal dialysis, HD – hemodialysis, Cr – creatinine.
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