CARE AFTER CRYOPRESERVED
ALLOGRAFT PLACEMENT

A disadvantage of cryopreserved grafts is that they can “sensitize” a patient. Transplantation of any allograft tissue can induce
an anti-HLA antibody response in the recipient. The possibility

Cannulation of cryopreserved allografts is possible 10-14 days

that a patient may develop antibodies after allograft tissue
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after placement, and when swelling has subsided so that the

transplantation should be considered for any patient who might

course of the AVG can be palpated.15, 21 Aseptic technique during

be a future recipient of allograft tissue, organs, or cells. There-

cannulation, including standard precautions for hand washing

fore, cryopreserved allografts should not be used for hemodialysis
access in potential kidney transplant recipients.24

and glove changes, is recommended to minimize risk of access

Other advantages and disadvantages of cryopreserved grafts

techniques for a PTFE AVG regarding depth of the access and

to consider include patency, complications, and cost. Studies

the texture of an autogenous vein. It is also necessary to rotate

show that compared to PTFE grafts, cryopreserved grafts have

cannulation sites in order to avoid pseudoaneurysm formation.15
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AVG ACCESS: DEMOGRAPHICS

ed bacteria.10 Infections caused by Staphylococcus aureus are

Total removal of infected AVGs and placement of a new access

AND INFECTION RISK

prone to more complications and worse outcomes than other

device at a remote site may be required. This involves place-

infections. Consequences of AVG infection include prolonged

ment of a temporary dialysis catheter until the infection is

Approximately 19% of U.S. hemodialysis patients dialyze

catheter-dependence leading to morbidity, multiple vascu-

resolved and results in losing the original graft site. Because

with AVGs—the second choice in the order of preference

lar-access procedures, loss of access site, lengthy hospitaliza-

potential access sites are limited, partial graft excision to

Sepsis with

for hemodialysis. The primary reasons for using AVGs

tion, metastatic infection, and patient mortality.

include insufficient venous vasculature for an AV fistula

multi-organ failure and endocarditis are other serious compli-

(AVF), failed AVF, and AVF failure to mature.2 In general,

cations.16 One month prior to AVG infection, many patients may

older patients have a high rate of AVF nonmaturation due

have a lower serum albumin level (albumin <3.5 mg/dL)—a well-

to comorbidities such as peripheral vascular and cardio-

known mortality risk factor. Another consideration is occult

vascular diseases.3-5 As the proportion of elderly patients

infection of old nonfunctioning AVGs, which has been linked to

on hemodialysis increases, the use of AVGs may rise.

erythropoietin-resistant anemia and chronic inflammation.17

The major AVG complication is thrombosis, but infection

AVG infection results in multiple vascular-access procedures and

is also common, affecting 9% to 20% of grafts. Primary

prolonged dependence on central venous catheter (CVC). Costs

graft infections are usually due to bacteria. Detection

incurred are substantial, including hospital stay, use of operating

6, 10

1

10

3-5

6

of bacterial causes is difficult since there are usually no

rooms, radiology and other in-patient hospital resources. Strat-

visible signs at the graft site, but occasionally an abscess

egies to decrease graft infection would have a positive impact

or pustule may be present.

on the morbidity and substantial costs associated with vascular

FIGURE 2. Example of Allograft Method 19

salvage a site is also an acceptable method for treating graft

Remove infected AVG.

tive for managing AVG infection in select hemodialysis patients

Risk of infection associated with AVGs includes insufficient anti-

Used with permission of CryoLife, Inc.

ALLOGRAFT METHOD VS.
GRAFT EXCISION METHOD

Cryopreserved allograft is an option for treating infected

There are 2 methods for treating infected hemodialysis AVGs—

hemodialysis AVGs. Allografts have been implanted either

infection.
›› The allograft method is a single procedure which

FIGURE 1. Cryopreserved Arteries and Veins

involves removing the infected AVG and implanting

AV access sites.19 Access is possible 10 to 14 days after

Femoral Vein

obesity, and thrombosed, abandoned AVGs. Moreover, patients
2

diabetes are more prone to infection and poor wound healing.

›› Base subsequent antibiotic therapy upon
culture results.

Graft site also impacts infection risk. Access infection is more
likely to occur in thigh grafts than in upper extremity grafts due to
the potential for enteric organism contamination.6 For this reason,

›› Incision and drainage may be beneficial.

placement of AVGs in lower extremity sites is usually a last resort.15

EXTENSIVE INFECTION 15

Gram-positive organisms are the main cause of graft infections,

›› Treat with appropriate antibiotic therapy.

13 months. Since the majority of the infections were found in

femoral vein AVG infections over 1 year. The authors concluded

the thigh grafts (9/14), this study suggests that the routine use

that because of the relative resistance to infection, the cryopre-

of the cryopreserved femoral vein graft in the thigh position

served allograft is useful in managing sites of AVG infection that
might otherwise be lost to future angioaccess.20 (Table 1)

should be avoided. The authors concluded that the use of cryo-

In another study by Matsuura and colleagues, 43 cryopreserved

AVG should be considered if alternative sites for new AV access

allografts were placed in 43 patients with prosthetic AVG infec-

placement are not available.23 (Table 1)

preserved femoral vein graft for in situ replacement of infected

tions. Thirty-two of the cryopreserved allografts were constructed

Femoral Artery

ALLOGRAFTS FOR TREATING AVG INFECTIONS:
RE-INFECTION RATES
Follow-Up
Period

infection has cleared, a new AVG is placed in a different

Lin et al.19

36

0%

1 Year

location, which diminishes potential sites for future

Matsuura et al.20

38

0%

1 Year

Matsuura et al.21

43

2.3%

2 Years

Mulit-Center Data 22

52

3%

2 Years

Bolton et al.23

4

NA*

13 months

access.19
A temporary CVC and IV antibiotic therapy are needed for both
methods. The duration of the CVC is generally longer for the graft
Saphenous Vein

TABLE 1:

Re-Infection
Rates

›› The graft excision method involves two separate

›› Treat initially with broad-spectrum antibiotic
therapy to cover both gram-negative and
gram-positive microorganisms.

on dialysis have compromised immune function, and those with

(55%) had graft infection develop over the mean follow-up of

Patients Treated
for AVG Infection

procedures. First the infected AVG is removed. After the
SUPERFICIAL INFECTION 15

14 thigh, 3 upper extremity, and 3 chest wall. Eleven patients

Cryopreserved
Femoral Vein

implantation.20, 21 (Figure 2)

Other risk factors

are history of multiple infections, number of surgical revisions,

The 20 patients received cryopreserved allografts as follows:

excision method is generally used to manage a synthetic graft

anastomotic regions, thus saving other sites for future access.

Preserving the vascular access saves potential future

infection while preserving the vascular access as follows:

sequent access infection (thigh position and active infection).

the allograft method and the graft excision method. The graft

adjacent to or directly into the infected fields using the same

5. After touching patient surroundings

cannulation, venipuncture technique with risk of contamination
or hematoma formation, and HIV infection.

CRYOPRESERVED ALLOGRAFT

the cryopreserved allograft in the same infected site.

AVG infection management is a balance between resolving the

13, 14

Implant allograft in the same infected site.

4. After touching a patient

sepsis during surgical procedure, length of function, repetitive

tions (n = 4), with two patients having two risk factors for sub-

tients, 38 were placed for infection. There were no cryopreserved

Health Organization recommends washing hands as follows:18

ing for 35% of patients losing AVGs.12

(n = 4), thigh grafts (n = 14), or history of multiple access infec-

sites. Of the 48 cryopreserved femoral veins placed in 44 pa-

ylene (ePTFE), is porous and therefore provides an opportune

3. After body fluid exposure risk

risk for AVG infection based on the presence of active infection

ic AVG infection.19 (Table 1)

could not be placed either due to infection or the loss of access

ant in preventing and minimizing access infection.15 The World

than AVF.10, 11 Infection is a common cause of graft loss, account-

femoral grafts in 20 patients who were thought to be at high

cryopreserved femoral vein for angioaccess when prosthetic AVG

ic material of AVGs, commonly expanded polytetrafluoroeth-

2. Before clean/aseptic procedures

Finally, a single vascular surgery service used cryopreserved

In a prospective study, Matsuura et al. evaluated the use of

with AVG access.

vessels. (Figure 1)

is from 9% (forearm) to 20% (thigh). While this is significantly

tient days, was 0.0062 (3.0%) over 2 years.22 (Table 1)

vein allograft is an acceptable graft conduit in treating prosthet-

This resource focuses on cryopreserved allograft as an alterna-

Strict dialysis precautions and aseptic technique are import-

lower than central venous catheter (CVC), it is ten times higher

re-infection rate, calculated as bacteremia rates per 1,000 pa-

that since the risk of recurrent infection was low, cryopreserved

cannulation can be as short as 24-hours post operatively.

leading cause of death in hemodialysis patients.7, 8 The synthet-

6

was conducted using 52 allografts to treat AVG infection. The

lografts were implanted respectively. The researchers reported

ePTFE graft may also be a consideration, since the time to

Cryopreserved allografts are cryogenically preserved cadaver

1. Before touching a patient

otherwise be abandoned.21 (Table 1) A similar multi-center study

tion near the puncture access site 12 and 14 months after the al-

inserted at a different location. A tri-layer silicone sandwich

Infection prevention is critical for vascular access maintenance.

and pharmacologic defenses.9 The incidence of AVG infection

infected AVGs while salvaging an angioaccess site that would

those treated for infection and 2 cases of aneurysmal degenera-

upper arm veins for an AVF, or another ePTFE graft could be

Non-AVF access is a prime risk factor for infection—the second

Biofilms make the resident microbes resistant to both natural

of Gram-positive infections, proved useful in the treatment of

served femoral vein, which seems to heal well in the setting

was present in 36 patients. There was no recurrent infection in

Lastly, patients with forearm AVG removed may have adequate

OF AVG INFECTION

My 5 Moments for Hand Hygiene

Lin et al. reviewed the use of cryopreserved allografts as an

mean follow-up of 418 days. This study showed that cryopre-

cryopreserved allografts were placed in 38 patients; infection

RISKS AND CLINICAL
CONSEQUENCES OF AVG INFECTION

medium for the formation of biofilms, causing general infection.

field. There was one recurrent fungal infection (2.3%) over the

adjacent to the infected AVG and 11 were placed into the infected

alternative dialysis access to treat AVG graft infection. Forty-five

infection.12

access infections.10

PREVENTION AND MANAGEMENT

EVIDENCE-BASED BENEFITS
AND RISKS RELATED TO
CRYOPRESERVED ALLOGRAFT

excision method because a CVC is needed after the first and second procedures, until the new AVG is ready for cannuation.19-21

*Re-infection rate of patients treated for active AVG infection is not available.
Data reported is based on location of allograft placement only.

Used with permission of CryoLife, Inc.

›› Resection of the infected graft material.
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AVG ACCESS: DEMOGRAPHICS

ed bacteria.10 Infections caused by Staphylococcus aureus are

Total removal of infected AVGs and placement of a new access

AND INFECTION RISK

prone to more complications and worse outcomes than other

device at a remote site may be required. This involves place-

infections. Consequences of AVG infection include prolonged

ment of a temporary dialysis catheter until the infection is

Approximately 19% of U.S. hemodialysis patients dialyze

catheter-dependence leading to morbidity, multiple vascu-

resolved and results in losing the original graft site. Because

with AVGs—the second choice in the order of preference

lar-access procedures, loss of access site, lengthy hospitaliza-

potential access sites are limited, partial graft excision to

Sepsis with

for hemodialysis. The primary reasons for using AVGs

tion, metastatic infection, and patient mortality.

include insufficient venous vasculature for an AV fistula

multi-organ failure and endocarditis are other serious compli-

(AVF), failed AVF, and AVF failure to mature.2 In general,

cations.16 One month prior to AVG infection, many patients may

older patients have a high rate of AVF nonmaturation due

have a lower serum albumin level (albumin <3.5 mg/dL)—a well-

to comorbidities such as peripheral vascular and cardio-

known mortality risk factor. Another consideration is occult

vascular diseases.3-5 As the proportion of elderly patients

infection of old nonfunctioning AVGs, which has been linked to

on hemodialysis increases, the use of AVGs may rise.

erythropoietin-resistant anemia and chronic inflammation.17

The major AVG complication is thrombosis, but infection

AVG infection results in multiple vascular-access procedures and

is also common, affecting 9% to 20% of grafts. Primary

prolonged dependence on central venous catheter (CVC). Costs

graft infections are usually due to bacteria. Detection

incurred are substantial, including hospital stay, use of operating

6, 10

1

10

3-5

6

of bacterial causes is difficult since there are usually no

rooms, radiology and other in-patient hospital resources. Strat-

visible signs at the graft site, but occasionally an abscess

egies to decrease graft infection would have a positive impact

or pustule may be present.

on the morbidity and substantial costs associated with vascular

FIGURE 2. Example of Allograft Method 19

salvage a site is also an acceptable method for treating graft

Remove infected AVG.

tive for managing AVG infection in select hemodialysis patients

Risk of infection associated with AVGs includes insufficient anti-

Used with permission of CryoLife, Inc.

ALLOGRAFT METHOD VS.
GRAFT EXCISION METHOD

Cryopreserved allograft is an option for treating infected

There are 2 methods for treating infected hemodialysis AVGs—

hemodialysis AVGs. Allografts have been implanted either

infection.
›› The allograft method is a single procedure which

FIGURE 1. Cryopreserved Arteries and Veins

involves removing the infected AVG and implanting

AV access sites.19 Access is possible 10 to 14 days after

Femoral Vein

obesity, and thrombosed, abandoned AVGs. Moreover, patients
2

diabetes are more prone to infection and poor wound healing.

›› Base subsequent antibiotic therapy upon
culture results.

Graft site also impacts infection risk. Access infection is more
likely to occur in thigh grafts than in upper extremity grafts due to
the potential for enteric organism contamination.6 For this reason,

›› Incision and drainage may be beneficial.

placement of AVGs in lower extremity sites is usually a last resort.15

EXTENSIVE INFECTION 15

Gram-positive organisms are the main cause of graft infections,

›› Treat with appropriate antibiotic therapy.

13 months. Since the majority of the infections were found in

femoral vein AVG infections over 1 year. The authors concluded

the thigh grafts (9/14), this study suggests that the routine use

that because of the relative resistance to infection, the cryopre-

of the cryopreserved femoral vein graft in the thigh position

served allograft is useful in managing sites of AVG infection that
might otherwise be lost to future angioaccess.20 (Table 1)

should be avoided. The authors concluded that the use of cryo-

In another study by Matsuura and colleagues, 43 cryopreserved

AVG should be considered if alternative sites for new AV access

allografts were placed in 43 patients with prosthetic AVG infec-

placement are not available.23 (Table 1)

preserved femoral vein graft for in situ replacement of infected

tions. Thirty-two of the cryopreserved allografts were constructed

Femoral Artery

ALLOGRAFTS FOR TREATING AVG INFECTIONS:
RE-INFECTION RATES
Follow-Up
Period

infection has cleared, a new AVG is placed in a different

Lin et al.19

36

0%

1 Year

location, which diminishes potential sites for future

Matsuura et al.20

38

0%

1 Year

Matsuura et al.21

43

2.3%

2 Years

Mulit-Center Data 22

52

3%

2 Years

Bolton et al.23

4

NA*

13 months

access.19
A temporary CVC and IV antibiotic therapy are needed for both
methods. The duration of the CVC is generally longer for the graft
Saphenous Vein

TABLE 1:

Re-Infection
Rates

›› The graft excision method involves two separate

›› Treat initially with broad-spectrum antibiotic
therapy to cover both gram-negative and
gram-positive microorganisms.

on dialysis have compromised immune function, and those with

(55%) had graft infection develop over the mean follow-up of

Patients Treated
for AVG Infection

procedures. First the infected AVG is removed. After the
SUPERFICIAL INFECTION 15

14 thigh, 3 upper extremity, and 3 chest wall. Eleven patients

Cryopreserved
Femoral Vein

implantation.20, 21 (Figure 2)

Other risk factors

are history of multiple infections, number of surgical revisions,

The 20 patients received cryopreserved allografts as follows:

excision method is generally used to manage a synthetic graft

anastomotic regions, thus saving other sites for future access.

Preserving the vascular access saves potential future

infection while preserving the vascular access as follows:

sequent access infection (thigh position and active infection).

the allograft method and the graft excision method. The graft

adjacent to or directly into the infected fields using the same

5. After touching patient surroundings

cannulation, venipuncture technique with risk of contamination
or hematoma formation, and HIV infection.

CRYOPRESERVED ALLOGRAFT

the cryopreserved allograft in the same infected site.

AVG infection management is a balance between resolving the

13, 14

Implant allograft in the same infected site.

4. After touching a patient

sepsis during surgical procedure, length of function, repetitive

tions (n = 4), with two patients having two risk factors for sub-

tients, 38 were placed for infection. There were no cryopreserved

Health Organization recommends washing hands as follows:18

ing for 35% of patients losing AVGs.12

(n = 4), thigh grafts (n = 14), or history of multiple access infec-

sites. Of the 48 cryopreserved femoral veins placed in 44 pa-

ylene (ePTFE), is porous and therefore provides an opportune

3. After body fluid exposure risk

risk for AVG infection based on the presence of active infection

ic AVG infection.19 (Table 1)

could not be placed either due to infection or the loss of access

ant in preventing and minimizing access infection.15 The World

than AVF.10, 11 Infection is a common cause of graft loss, account-

femoral grafts in 20 patients who were thought to be at high

cryopreserved femoral vein for angioaccess when prosthetic AVG

ic material of AVGs, commonly expanded polytetrafluoroeth-

2. Before clean/aseptic procedures

Finally, a single vascular surgery service used cryopreserved

In a prospective study, Matsuura et al. evaluated the use of

with AVG access.

vessels. (Figure 1)

is from 9% (forearm) to 20% (thigh). While this is significantly

tient days, was 0.0062 (3.0%) over 2 years.22 (Table 1)

vein allograft is an acceptable graft conduit in treating prosthet-

This resource focuses on cryopreserved allograft as an alterna-

Strict dialysis precautions and aseptic technique are import-

lower than central venous catheter (CVC), it is ten times higher

re-infection rate, calculated as bacteremia rates per 1,000 pa-

that since the risk of recurrent infection was low, cryopreserved

cannulation can be as short as 24-hours post operatively.

leading cause of death in hemodialysis patients.7, 8 The synthet-

6

was conducted using 52 allografts to treat AVG infection. The

lografts were implanted respectively. The researchers reported

ePTFE graft may also be a consideration, since the time to

Cryopreserved allografts are cryogenically preserved cadaver

1. Before touching a patient

otherwise be abandoned.21 (Table 1) A similar multi-center study

tion near the puncture access site 12 and 14 months after the al-

inserted at a different location. A tri-layer silicone sandwich

Infection prevention is critical for vascular access maintenance.

and pharmacologic defenses.9 The incidence of AVG infection

infected AVGs while salvaging an angioaccess site that would

those treated for infection and 2 cases of aneurysmal degenera-

upper arm veins for an AVF, or another ePTFE graft could be

Non-AVF access is a prime risk factor for infection—the second

Biofilms make the resident microbes resistant to both natural

of Gram-positive infections, proved useful in the treatment of

served femoral vein, which seems to heal well in the setting

was present in 36 patients. There was no recurrent infection in

Lastly, patients with forearm AVG removed may have adequate

OF AVG INFECTION

My 5 Moments for Hand Hygiene

Lin et al. reviewed the use of cryopreserved allografts as an

mean follow-up of 418 days. This study showed that cryopre-

cryopreserved allografts were placed in 38 patients; infection

RISKS AND CLINICAL
CONSEQUENCES OF AVG INFECTION

medium for the formation of biofilms, causing general infection.

field. There was one recurrent fungal infection (2.3%) over the

adjacent to the infected AVG and 11 were placed into the infected

alternative dialysis access to treat AVG graft infection. Forty-five

infection.12

access infections.10

PREVENTION AND MANAGEMENT

EVIDENCE-BASED BENEFITS
AND RISKS RELATED TO
CRYOPRESERVED ALLOGRAFT

excision method because a CVC is needed after the first and second procedures, until the new AVG is ready for cannuation.19-21

*Re-infection rate of patients treated for active AVG infection is not available.
Data reported is based on location of allograft placement only.

Used with permission of CryoLife, Inc.

›› Resection of the infected graft material.

with Staphylococcus aureus being the most common AVG-relat-

2

3

4

CARE AFTER CRYOPRESERVED
ALLOGRAFT PLACEMENT

A disadvantage of cryopreserved grafts is that they can “sensitize” a patient. Transplantation of any allograft tissue can induce
an anti-HLA antibody response in the recipient. The possibility

Cannulation of cryopreserved allografts is possible 10-14 days

that a patient may develop antibodies after allograft tissue
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after placement, and when swelling has subsided so that the

transplantation should be considered for any patient who might

course of the AVG can be palpated.15, 21 Aseptic technique during

be a future recipient of allograft tissue, organs, or cells. There-

cannulation, including standard precautions for hand washing

fore, cryopreserved allografts should not be used for hemodialysis
access in potential kidney transplant recipients.24

and glove changes, is recommended to minimize risk of access

Other advantages and disadvantages of cryopreserved grafts

techniques for a PTFE AVG regarding depth of the access and

to consider include patency, complications, and cost. Studies

the texture of an autogenous vein. It is also necessary to rotate

show that compared to PTFE grafts, cryopreserved grafts have

cannulation sites in order to avoid pseudoaneurysm formation.15
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cannulation sites in order to avoid pseudoaneurysm formation.15
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