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Clinical Usefulness of Technetium-99m-HMPAOLabeled Leukocyte Scan in Prosthetic Vascular
Graft Infection
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Speziale, Paolo Fiorani and Antonio Centi Colella
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The infection of a prosthetic vascular graft (PVGI), although rare, is
the most severe complication in reconstructive vascular surgery.
The early diagnosis of this complication reduces the death rate from
surgery. Aortofemoral graft infections differ clinically from peripheral
graft infections in significant ways. The aim of this article is to
evaluate separately the reliability of the ""Tc-HMPAO-labeled
leu
kocyte scan or white blood cell count (WBC) in the early detection of
both aortofemoral and peripheral graft infections. Methods: One
hundred sixty-two WBCs were performed on 129 consecutive
patients with suspected aortofemoral (122 scans) and peripheral (40
scans) graft infection and in a 12-patient control group. Patients with
suspected PVGI were categorized into three groups on the basis of
their signs and symptoms on readmission: (a) patients with specific
signs of graft infection (Group A); (b) patients with nonspecific signs
of graft infection (Group B); and (c) patients with anastomotic
aneurysms (Group C). Gram's stains of the perigraft exÃºdate and
graft cultures were performed and used as the gold standard in
patients who underwent surgery. An 18-mo clinical follow-up was
done to assess the presence or absence of graft infection in patients
who did not have surgery. Results: In patients with suspected
aortofemoral graft infections, the overall sensitivity, specificity and
accuracy of WBCs (Groups A, B, C) were 100%, 92.5% and 97.5%,
respectively, whereas sensitivity, specificity and accuracy calculated
in the patients with nonspecific signs of graft infection (Groups B, C)
were 100%, 92.3% and 96.9%, respectively. In patients with sus
pected peripheral graft infections, sensitivity, specificity and accu
racy were 100%. Conclusion: The white blood cell scan seems a
reliable diagnostic method for early diagnosis of PVGI, and it is more
useful in aortofemoral graft infections.
Key Words: vascular graft; infection; technetium-99m-HMPAOlabeled leukocyte scan
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In the last ten years, the white blood cell count (WBC) scan
has been used widely in the diagnosis of prosthetic vascular
graft infection. The reported sensitivity and specificity values of
this procedure were over 90% in almost all the studies (1-6)
regardless of the radiopharmaceutical
used to perform the
leukocyte labeling ('"in-oxine or 99mTc-HMPAO). The recur
rent problem in assessing vascular graft infection is making a
diagnosis given the absence of specific clinical signs and
symptoms. Therefore, an aortofemoral graft differs significantly
from a peripheral one. Patients with extremity vascular prostheses often have cutaneous signs of infection such as draining
sinuses or nonhealing wounds. These signs are not usually
found in aortofemoral grafts, which are located wholly in the
abdominal cavity. An evaluation of the clinical usefulness of the
WBC scan in prosthetic vascular graft infections requires a
separate assessment of its reliability for aortofemoral and
peripheral grafts. The complications of advanced aortofemoral
graft infection, such as retroperitoneal abscess or aortoenteric
fistula, are characterized by a high death rate, while low-grade
infections cause fewer deaths (7-14). The helpfulness and
widespread use of these scintiscan techniques depend on their
ability to identify low-grade infections and permit patient
treatment under optimal surgical conditions.
We evaluated the clinical usefulness of the 99mTc-hexametazime (HMPAO)-labeled leukocyte scan or WBC in relation to
the type of vascular graft and, more important, to the presence
or absence of specific clinical signs and symptoms of infection.
MATERIALS

AND METHODS

One hundred sixty-two scans with 99mTc-HMPAO-labeled leu

kocytes were obtained from 129 consecutive patients (4 women,
125 men; age range 36-77 yr; mean age 62 yr) with suspected graft
infections and then reviewed. The type and the number of the
studied grafts are shown in Table 1.
All patients had undergone previous reconstructive surgery with
knitted Dacron or polytetrafluoroethylene (PTFE) grafts for either
obstructive vascular diseases (98 patients) or an aortic aneurysm
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TABLE 1
Type and Number of Grafts Studied with Technetium-99mHMPAO-Labeled Leukocyte Scan in Patients with Suspected
Infection

ied from the WBCs was knitted Dacron in 117 scans and PTFE in
45 scans.
According to the clinical findings at the time of the scintiscans,
the patients with suspected aortofemoral graft infection were
divided into three groups:
AFG
No. of grafts
PG
No. of grafts
1. Group A comprised 25 scans completed for 22 patients who
Aorto-bifemoralAorto-femoralAorto-aorticIlio-femoralAorto-bisiliacAorto-iliacTotal761714753122Axillo-femoralFemora-poplitealFemoro-femoralAxillohad specific signs of graft infection such as a groin abscess,
graft exposure or a graft sinus tract associated, in some cases,
with prodromal gastrointestinal bleeding and persistent dull
poplitealFemoro-tibial121095440
abdominal or back pain (Fig. 1).
2. Group B comprised 57 scintiscans completed for 40 patients
with nonspecific signs and symptoms of graft infection,
which included vague abdominal pain, general malaise,
AFG = aorto-femoral grafts; PG = peripheral grafts.
low-grade fever, leukocytosis, anaemia and increased erytrocyte sedimentation rate (Fig. 2).
3.
Group C consisted of 40 scintiscans for 33 patients who had
(31 patients). The mean interval between graft implantation and
anastomotic aneurysm variably associated with abdominal
scanning time was 24 mo (range 9 days to 87 mo).
pain, elevated erytrocyte sedimentation rate and low-grade
At the same time, we performed a longitudinal study on 12
fever.
patients without clinical suspicion of graft infection who acted as
our control subjects. The control subjects, who had previously
Patients with suspected peripheral graft infection were subdivided
undergone aortobifemoral graft implantation for obstructive vas
clinically as follows:
cular diseases, were all men, mean age 60 yr. This study was done
1. Group A comprised 28 scans on 22 patients with graft
with repeated leukocyte scans at 1, 3 and 6 mo after implantation
exposure (Szilagyi Grade 3) (16), abscess, sinus tracts and
of the prosthetic graft.
anastomotic dehiscence (hemorrhage).
The separation and labeling technique by 99mTc-HMPAO (Am2. Group B comprised eight scintiscans on eight patients with
ersham, London) used for the white blood cells was as described by
surgical wound dehiscence (Szilagyi Grades 1 and 2) (16),
Peters et al. (75). The administered dose was 185 MBq. A 3-min
graft thrombosis, seroma, low-grade fever, leukocytosis and
dynamic acquisition (1 frame/sec) starting from administration of
increased erytrocyte sedimentation rate.
the 99mTc-HMPAO-labeled cells was performed in all the patients.
3.
Group
C consisted of four patients (four scans) who each had
Two hours postinjection of the labeled leukocytes, 5-min static
an anastomotic aneurysm associated with elevated erythroacquisitions of the abdomen were performed in anterior, right
cyte sedimentation rate, low-grade fever and leukocytosis.
anterior oblique (45 or 30Â°)and left anterior oblique (45 or 30Â°)
views. Scintiscans were done with a large field of view digital
gamma camera (O.E. 400 AT, St. Albans, England) equipped with
a low-energy all-purpose collimator. The prosthetic material stud-

FIGURE 1. Patient with specific clini
cal signs of femoropopliteal graft in
fection (graft exposure) of the right
leg. The leukocyte scan confirmed the
presence of infection along the pros
thetic graft.

The scintiscans were reviewed separately by two specialists who
were unaware of the patient's clinical symptoms on readmission.
Each image was evaluated by comparing early dynamic and 2-hr
static acquisitions. The scans characterized by significant change in
leukocyte distribution between the sum of the dynamic images and
the 2-hr image were considered positive. Only the scans judged as
positive or negative by both specialists were accepted as positive or
negative. In questionable cases, a third specialist was considered
the final arbiter.
The reliability of 115 scintiscans was assessed from the micro
biological results in patients who underwent surgery. During
surgical graft removal, a variable number of sections of each piece
of graft fabric were stained and cultured for aerobic and anaerobic
bacteria or fungi. Altogether, 163 specimens were obtained for
microbiological tests. The presence of leukocytes at the Gram
staining, performed intraoperatively, was considered as evidence of
infection. Microrganisms yielded from cultures were considered

TABLE 2
Reliability of Technetium-99m-HMPAO
Group

TP

A'B1CfTotal24 (96%*)30
(52.6%*)28
(70%*)821

TN

Leukocyte Scan
FP

(4%*)26
(45.6%*)10(25%*)3701
(1.7%*)2
(5.0%*)3000025

FN

No. of scans

(20.5%Â§)57
(46.7%Â§)40
(32.8%Â§)122

'Specific clinical signs of graft infection.
'Nonspecific clinical signs of graft infection.
'The percentage refers to the number of scans for each group (A, B, C).
5The percentage refers to the total number of scans.
This table shows the number of scans on patients with suspected aortofemoral graft infection in relation to the clinical signs of the infection. TP =
true-positive; TN = true-negative; FP = false-positive; FN = false-negative.
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TABLE 4
Reliability of Technetium-99m-HMPAO Leukocyte Scan in
Patients with Suspected Aortofemoral Graft Infection
Sensitivity (%)

Specificity (%)

Accuracy (%)

100
100

92.5
92.3

97.5
96.9

Groups A + B + C*
Groups B + Cf
"Overall values.

Values calculated on patients without specific signs of graft infection.

FIGURE 2. Aortobifemoral graft infection in patient with nonspecific clinical
signs of infection (vague abdominal pain and increased erythrocyte sedimen
tation rate). "Hie scan shows pathological uptake of the labeled cells on the
proximal anastomosis (arrows).

the causative pathogens only when in agreement with the Gram's
stain results or when no microorganism had been detected at
bacterioscopic examination.
In patients not undergoing surgery, the reliability of 47 scintiscans was assessed by a clinical follow-up, range 4-18 mo,
performed to assess the presence or absence of a graft infection.
Sensitivity, specificity and accuracy were calculated initially by
considering all the patients together and then by considering only
patients of Groups B and C together. These calculations were
performed separately for patients with aortofemoral and for those
with peripheral grafts.
RESULTS

None of the control subjects developed signs of graft infec
tion within 18 mo of their prosthetic implantation. Results from
scintigraphy obtained in these patients showed two positive
scans at 1 mo, one positive scan at 3 mo and no positive scans
at 6 mo.
Eighty-two true-positive, 37 true-negative, 3 false-positive
and no false-negative cases were found in patients with aort
ofemoral grafts. Table 2 shows the results from the scintiscans
in relation to clinical signs of vascular graft infection. The
overall sensitivity, specificity and accuracy of the procedure
were 100%, 92.5% and 97.5%, respectively. Sensitivity, spec
ificity and accuracy calculated only on the patients of Groups B
and C were 100%, 92.3% and 96.9%, respectively (see Table 4).
The percentage of true-positive cases was higher in Group A
than in Groups B and C according to the decrease in clinical
suspicion of graft infection. The true-negative rate increases
from Group A to Groups B and C for the same reason. No

false-negative and three false-positive cases were found. No
significant difference was found between the overall accu
racy and the accuracy calculated only for patients in Groups
B and C.
Table 3 shows the results from scintigraphy in relation to
clinical signs of vascular graft infection in patients with
peripheral grafts. No false results, 33 true-positive and 7
true-negative results were found. Sensitivity, specificity and
accuracy of the procedure were 100% when considered inde
pendently from the patient group.
The types of bacteria isolated from the 163 specimens taken
at surgery were: Staphylococcus species coagulasi negative
38.1% (66/173) and Staphylococcus aureus 38.1% (66/173);
Enterobacter species 6.3% (11/173), Pseudomonas species
6.3% (11/173); Escherichia coli 6.3% (11/173); Serratia marcescens 1.1% (2/173); Klebsiella oxytoca 1.1% (2/173),
Corynebacterium 1.1% (2/173); Citrobacter 1.1% (2/173). The
difference between the number of specimens and the total
number of isolated bacteria was due to bacterial association,
which occurred in five patients (three Staphylococcus spp.
coag.neg. and Pseudomonas spp. associations; two Staphylo
coccus spp. coag.neg and Escherichia coli associations).
The study results in relation to the results of prosthetic
material show three false-positive results in the group with a
knitted Dacron prosthesis and no false-positive results in the
group with an PTFE prosthesis.
DISCUSSION

Most studies on the reliability of either the '"in or 99mTcHMPAO-labeled white blood cell scan have shown sensitivity
and specificity values over 90% in detecting prosthetic vascular
graft infection (1-6). The 99mTc-HMPAO labeling method
seems to be preferred (3-6) probably due to the greater
availability of 99mTc and to the possibility of reaching a
diagnostic conclusion within a few hours after injecting the
labeled cells. The rapid physical decay of 99mTc permits a
higher radioactivity dose administration and, consequently,
higher counting rate and higher quality image.

TABLE 3
Reliability of Technetium-99m-HMPAO
Group

TP

TN

(50%*)1
(25%^3304

Leukocyte Scan
FP

A*B*c'Total28(100%*)4
(50%*)3
(75%*)70000000028

a

FN

nÂ°of scans
(70.0%Â§)8
(20.0%Â§)4(10.0%s)40

'Specific clinical signs of graft infection.
Nonspecific clinical signs of graft infection.
*The percentage refers to the number of scans for each group (A, B, C).
Â§Thepercentage refers to the total number of scans.
This table shows the number of scans on patients with suspected peripheral graft infection in relation to the clinical signs of the infection. TP =
true-positive; TN = true-negative; FP = false-positive; FN = false-negative.
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False-positive results from the leukocyte scan have been
reported in different clinical conditions such as intraprosthetic
thrombosis (17), pseudoaneurysms (IS), hematoma (79) or
lymphocele (20). In our study, three false-positive results were
found for three patients, with nonspecific clinical signs of graft
infection, and these findings showed none of the above men
tioned pathologies. All of these patients were studied, however,
in the early postoperative period (about 1 mo after surgery).
Postoperative perigraft inflammation was described as a
possible source of false-positive interpretations of scintiscans in
humans (1,3) and dogs (21). Presumably, this was the reason for
our false-positive scans. Similar results have been reported
already and related to the labeling of contaminating platelets
(7). This explanation could be unsatisfactory, however, because
it has been reported (22) that the HMPAO white blood cell
labeling method produces a low rate of platelet contamination.
But, a weak accumulation of labeled platelets occurring in the
early postoperative interval cannot be excluded with certainty.
The presence of false-positive cases was not in agreement with
the results obtained by Prats et al. (5) who reported no
false-positive cases not even in the early postoperative period.
As demonstrated by our longitudinal study in the 12 control
subjects, false-positive scans could be obtained up to 3 mo after
the graft implantation probably due, as described above, to
postoperative perigraft inflammation or an accumulation of
labeled platelets.
Three of the false-positive results were obtained in patients
with a knitted Dacron prosthetic graft. This finding suggests a
possible relationship between false-positive findings and pros
thetic material. We do not have any data for or against such a
relationship. However, knitted Dacron was used in more pa
tients than PTFE. It is the prosthetic material most commonly
used for aortofemoral grafts. Aortofemoral grafts are character
ized by a lower pretest infection probability than peripheral
grafts, which could explain our results.
In our series, the overall diagnostic reliability was similar to
previously reported results (3-6). However, analysis of the
results obtained from each group of patients allowed a more
effective evaluation of the clinical usefulness of this diagnostic
method.
The present retrospective study has been performed on
consecutive patients and therefore largely reflects the frequency
of the clinical symptoms of vascular graft infection. In periph
eral grafts, 70% of the total scans were performed in patients
with specific signs of graft infection (Group A, Table 3). These
clinical symptoms (see Material and Methods) strongly sug
gested the presence of a graft infection. Therefore, these
patients had a high pretest probability of having an infection. In
fact, all of these patients had an infection and a positive scan.
We obtained 28 true-positive results in 28 patients. Therefore,
WBCs do not add significant information to the clinical data.
The number of patients in Groups B and C (Table 3) was so
small that possible significant considerations couldn't be deter
mined. These 12 patients had nonspecific signs of graft infec
tion, which meant a lower pretest probability of such an
infection. We feel that the leukocyte scan can have a reliable
diagnostic role also in those patients with suspected peripheral
graft infections.
In suspected aortofemoral graft infections, 79.5% of the
patients (Table 2, Groups B, C) had nonspecific signs of graft
infection, whereas only 20% of patients (Table 2, Group A)
showed specific signs of graft infection. Diagnosis of the
aortofemoral graft infection would benefit from a more accurate
diagnostic tool such as a WBC even more than with a peripheral
graft infection. In prosthetic aortofemoral graft infection, it is
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now well known (7-14) that poor surgical outcome depends on
complications of advanced graft infection such as retroperitoneal abscesses or an aortoenteric fistula, while low-grade
infections seem to be responsible for a lower death rate.
Other diagnostic methods such as CT have proved useful in
diagnosing prosthetic vascular graft infections (23,24). How
ever, low specificity values (75%) for CT have been reported
(25) using the following interpretation criteria for a positive
study: (a) thickened graft wall or increased perigraft soft tissue;
(b) perigraft fluid; (c) anastomotic pseudoaneurysm; (d) graft
occlusion (excluding intentional surgical occlusion); and (e) gas
collections in the graft bed. A previous prospective study
performed by our group on 18 patients without specific signs of
graft infection (26) demonstrated that the accuracy of the
Tc-HMPAO-labeled leukocyte scan was higher than that of
CT. In this study, results from CT were considered positive
when perigraft fluid, gas collections or increased perigraft soft
tissue were found.
CONCLUSION
The 99mTc-HMPAO-labeled

leukocyte scan now has to be

considered the most suitable method of assessing prosthetic
vascular graft infection in various stages of the disease and,
most important, in low-grade stages. These findings are clini
cally notable because an early diagnosis makes it possible to
treat patients under optimal surgical conditions and with a less
aggressive corrective surgical approach such as in situ graft
replacement.
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Dexamethasone Treatment and Plasma Glucose
Levels: Relevance for Fluorine-18-Fluorodeoxyglucose
Uptake Measurements in Gliomas
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Dexamethasone (DEX) is frequently used in brain tumor manage
ment. This study investigated the effect of DEX treatment and
plasma glucose levels on 18F-fluorodeoxyglucose (FDG) uptake in
patients with malignant gliomas (16 glioblastoma, 3 anaplastic
astrocytoma). Methods: Fifteen DEX-treated patients (mean relative
dose 0.23 Â±0.15 mg~1â€¢
kg"1 â€¢
day"1, range 0.07-0.53), four patients
not treated with DEX and nine healthy subjects were studied using
PET and FDG. PET data obtained from tumors and the contralateral
cortex were fitted to a standard two-tissue compartment model.
The FDG transport and phosphorylation rates, distribution volume
(DV), steady-state accumulation (Ki), deoxyglucose metabolism (R),
plasma volume as well as standardized uptake values (SUVs) and
tumor-to-brain ratios were determined. In addition, the tumor size
was estimated from the maximal area of contrast-enhancing tumor
on computed cranial tomography (CCI) scans or MRI. Results:
FDG uptake was depressed in the contralateral cortex of patients
and was related to tumor size. With increasing relative DEX dose, a
decrease in the DV of tumors (linear regression p = 0.021) and in the
DV (p = 0.109) and plasma volume (p = 0.010) of contralateral
cortex was found. R, Ki and SUVs in tumors and contralateral cortex
were not related to the relative DEX dose. With increasing plasma
glucose levels, differential decreases in Ki and SUVs in tumors (p =
0.057 and p = 0.733, respectively) and contralateral cortex (p =
0.001 and p = 0.029, respectively) were observed. Conclusion: The
data suggest that DEX affects FDG uptake in malignant gliomas
through interaction with cerebral blood vessels and extracellular
space, whereas FDG metabolism in tumors is not influenced sub
stantially. This is of practical importance for patients having serial
brain tumor imaging for treatment evaluation because patients may
receive different DEX doses at different time points in the course of
their disease. By contrast, the plasma glucose level must be con
sidered a confounding variable when SUVs, tumor-to-brain ratios or
Ki are used for treatment evaluation.
Key Words: malignant glioma; dexamethasone; plasma glucose;
PET; fluorine-18-fluorodeoxyglucose
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.LJexamethasone (DEX) is widely used in treating brain tumors
(/ ). Most patients with malignant brain tumors receive DEX for
treatment of brain edema. It also is administered to prevent
brain swelling during brain tumor irradiation. In addition,
because DEX sensitivity has been observed in primary central
nervous system lymphomas, it is recommended as part of the
cytolytic drug regimen in these tumors (2).
The cytolytic effects of DEX are considered to be mediated
by glucocorticoid receptors (OCRs) [for a review, see Norgaard
and Poulsen (3)]. In gliomas, studies evaluating the presence of
GCRs have produced controversial results. Surgical specimens
of human glioma patients have revealed values ranging from
0% (4) to 100% (5) OCR-positive tumor cells. Conflicting data
also were reported concerning the effect of DEX treatment,
which could induce both growth inhibition (6,7) and growth
stimulation (8,9) of glioma cell lines. Moreover, in rats bearing
intracerebral 9L gliomas, DEX increased the number of tumor
blood vessels exhibiting glucose transporter (10) and changed
the phenotype of malignant tumor cells toward a higher degree
of differentiation (7). It is not clear how these experimental
findings relate to the situation of DEX-treated human brain
tumor patients in situ. In this study, we used PET to investigate
the influence of DEX on 18F-fluorodeoxyglucose (FDG) uptake
in malignant brain tumors and the cerebral cortex contralateral
to the tumor. FDG PET has been used previously to assess brain
tumor malignancy (11), therapy response (12) and dedifferentiation (13). Because DEX treatment may induce hyperglycemia, which in turn may influence FDG uptake in glioma
patients (14), we also assessed the relationship between plasma
glucose levels and FDG uptake parameters.
MATERIALS

AND METHODS

FDG PET data from 19 patients with histologically proven
supratentorial malignant gliomas were analyzed retrospectively.
Fifteen patients (aged 53 Â±12 yr, mean Â±s.d.) were DEX treated:
12 glioblastomas (GBMs) World Health Organization (WHO) IV
and 3 anaplastic astrocytomas WHO III; n = 11 at first presenta
tion and n = 4 at the time of recurrence after combined radiochemotherapy. DEX was administered orally to all patients. The mean
daily DEX dose was 16 Â±10 mg (range 4-32 mg/day); the dose
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