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Abstract

Purpose: This study was performed to evaluate the usefulness of ™

Tc-HMPAO-labelled leucocyte
scintigraphy for diagnosing prosthetic infection after total knee replacement arthroplasty without the aid of
following bone marrow scintigraphy. Materials and Methods: The study subjects were 25 prostheses of 17
patients (one man and 16 women, mean age: 65 years) who had total knee replacement arthroplasty. After
injection of #™re-HMPAO-labelled leucocyte, the whole body planar and knee SPECT images were
obtained in all patients. The subjects were classified into three groups according to clinical suspicion of
prosthetic infection: Group A (n=11) with high suspicion of infection; Group B (n=6) with equivocal
suspicion of infection, and Group C (n=8) with asymptomatic contralateral prostheses. Final diagnosis of
infection was based on surgical, histological and bacteriological data and clinical follow-up. Results:
Infection was confirmed in 13 prostheses (11 in Group A and 2 in Group B). All prostheses in Group A
were true positive. There were two true positives, one false positive and three true negatives in Group B,
and six true negatives and two false positives in Group C. Overall sensitivity, specificity, and accuracy for
diagnosis of the infected knee prosthesis were 100%, 75% and 88%, respectively. Conclusion:
¥ Tc-HMPAO-labelled leucocyte scintigraphy is a sensitive method for the diagnosis of infected knee
prosthesis. However, false positive uptakes even in asymptomatic prosthesis suggest that bone marrow
scintigraphy may be needed to achieve improved specificity. (Korean J Nuel Med 1999;33:413-21)
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- Although prosthetic infection is relatively rare
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it is one of the most serious postoperative com-
plications requiring revision arthroplasty."” There-
fore, differentiation of infection from non-infec-
tious complication is important in the management
of patients with TKRA.

111

In or *™Tc-HMPAO-

labelled leucocyte has been reported as the most

Scintigraphy with

accurate diagnostic method for bone infection of
the extremities after surgery.3‘4) In the literature
review, '''In-labelled leucocyte is more commonly
used than “™Tc-HMPAO-labelled leucocyte, and
the report of the diagnostic usefulness of ° "Tc
HMPAO-WBC scan after total knee replacement
surgery is limited. However, the routine use of
""In-labelled leucocyte scan is limited by high
cost, relatively poor image quality and poor

availability, especially in Korea. "

Tc has more
advantages than '''In as a radionuclide for gamma
camera imaging. *"Tc is inexpensive and widely
available. It has better physical properties including
higher radioactivity dose administration, shorter
half life, lower irradiation dose and more favorable
decay scheme for gamma cameras. These charac-
teristics permit a high counting rate, high quality
image and the acquisition of SPECT.”™®

We performed this study to evaluate the
diagnostic usefulness of " Tc-HMPAO-labelled
leucocyte scintigraphy in patients with clinical

suspicion of prosthetic infection after TKRA.

Materials and Methods
1. Subjects

Between June 1995 and August 1998, *™Tc-
HMPAO leucocyte scintigraphy was performed for
20 patients with clinical suspicion of the infected
prostheses after TKRA. After excluding 3 patients
who lacked adequate clinical follow up data to
confirm the scintigraphic findings, 25 prostheses of

17 patients (16 women, 1 man; age range 36-81

year, mean 65 year) were included as study sub-
jects. Nine patients had undergone unilateral
arthroplasty and eight patients had undergone bila-
teral arthroplasty including asymptomatic contrala-
teral prosthesis. The median interval between
TKRA and scintigraphy was 9 month (range: 9
weeks to 12 year). The median duration of clinical
symptoms was 5 month (range: 3 weeks to 4 year).
All but one patients received antibiotic therapy
before scintigraphy.

The prostheses were classified into three groups
according to the clinical and laboratory findings:
Group A (n=11) with strong suspicion of the
infected knee prosthesis because of clinical (local
hyperthermia, pain, or pustulent discharge) and
laboratory signs (elevated CRP or ESR) of infec-
tion, Group B (n=6) with equivocal for infection
because of pain and limited range of motion with
or without elevated ESR or CRP, and Group C

(n=8) with asymptomatic contralateral prosthesis.

2. ®"Tc-HMPAO-labelled leucocyte
scintigraphy

The labelling technique we used for *™Tec-
HMPAO (Ceretec®, Amersham Inc, London, UK)
mixed leukocyte was as described by Lee et al.'”
The average labelling efficiency was 88% (72-
97%).

In all patients, the anterior and posterior whole
body images were obtained at 4-6 hours after
intravenous administration of 1220+240 MBq of
P HMPAO-labelled leucocyte using a large
field of view dual heads gamma camera (Biad
XLT 24, Trionix Research Laboratory, Twinsburg,
OH, USA) equipped with a low energy high
resolution collimator. Subsequently, SPECT of the
knee joints were performed with triple heads
SPECT cammera (Triad XLT 20, Trionix Research
Laboratory, Twinsburg, OH, USA) equipped with

an ultrahigh resolution parallel hole collimator.
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Three tomographic images were reconstructed after

filtered back projection using a hamming filter.

3. Analysis

The scintigraphic images including both planar
and SPECT images were visually analyzed by two
nuclear physicians (D.H.M. and J.8.K.) blinded to
the diagnosis and clinical information, except for
the site of prosthesis. The SPECT images were
independently reviewed in transverse, coronal, and
sagittal planes using an interactive digital image
display system which allowed adjustment of image
display parameters. When disagreement occurred, a
consensus reading was obtained by discussion.

The degree of increased activity on i
HMPAO leucocyte scintigraphy was graded in
comparison with normal contralateral soft tissue
and distal femoral bone marrow activity as fol-
lows: grade O=no increased activity in peripros-
thetic area or activity similar to contralateral soft
tissue, grade I=minimal increase, definitely less
than normal marrow, grade II=definite increase,
equivalent to or slightly less than normal marrow,
subdivided into diffuse (Ila), focal (IIb) or com-
bined (Ila+b);, grade IlI=definite increase, greater
than normal marrow. The scintigraphy with signi-
ficantly increased periprosthetic activity (grade II
and III) was interpreted as positive for infection.

Final diagnosis of infection was based on
surgical, histological and bacteriological data and
clinical follow-up. In patients who underwent
surgery, knee prostheses were considered as
infected if infective organisms were identified on
intraoperative cultures, if frank purulence was
present at surgery, or if histologic evidence of
inflammation (polymorphonuclear leucocytes or
lymphocytes) was present. Knee prostheses were
classified as non-infected status if operative
smears, culture, or histology demonstrated no leu-

cocytes and no organisms. In the absence of

T gis

surgical intervention, final diagnoses were based
on clinical course with a minimum follow-up of 1

year after imaging.

Results

In final diagnosis, total 13 prosthetic joints were
infected, including all 11 prostheses of Group A
and two prostheses of Group B. The diagnosis of
prosthetic infection was confirmed by surgery
(n=12) or by favorable clinical and laboratory
response to antimicrobial therapy (n=1). The most
common microorganism was  Staphylococcus
aureus (n=6), followed by Enterobacter (n=2) and
Pseudomonas (n=2). Multiple organisms were
identified in four patients (Table 1). Of six pro-
stheses in Group B, three were surgically confir-
med as aseptic loosening, two by surgery and one
by clinical and radiographic findings. There were
no infection or loosening of the knee prosthesis in
remaining one prosthesis of Group B and all eight
prostheses of Group C.

Of the 13 prostheses with infection, six showed
evenly increased periprosthetic uptake around both
femoral and tibial components in *"Tc-HMPAO
labelled leucocyte scintigraphy (Fig. 1), four sho-
wed more prominent uptake around tibial com-
ponent, and the remaining three showed more
prominent uptake around femoral component. The
periprosthetic uptake of grade ITa+b around knee
prosthesis was most common (7/13, 54%) pattern
of planar image in infected knee prostheses (Table
1). SPECT image showed diffuse and focal uptake
pattern in all of cases with abnormal periprosthetic
uptake and provided more information of three
dimensional distribution of increased uptake around
prostheses (Fig. 1).

Of the 12 prostheses without infection, one of
Group B and two of Group C showed increased

periprosthetic uptake and were falsely interpreted
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Table 1. Summary of Patient Data Who underwent ~™Tc-HMPAO-labelled Leucocyte Scintigraphy for the

Diagnosis of Prosthetic Infection

No. of Prosthesis  Interval* Grouszr Grade of Upt'axke’F Scan Result Culture

1 2 mo A ITa TP S. aureus

2 6 mo A Hatb TP S. aureus, Enterococcus
3 8 mo A IIa+b TP S. aureus, S. epidermis
4 8 mo A ITa+b TP S. aureus, Enterococcus
5 18 mo A I TP no growth

6 3 yr A Ia TP no growth

7 11 yr A a+b TP S. aureus, Pseudomonas
8 6 mo A Ia+b TP S. aureus

9 6 mo A m TP E. coli

10 6 mo A IIa+b TP no growth

11 9 mo A IIb TP Pseudomonas

12 12 yrs B Ila FpP no growth

13 6 yrs B I TN no growth

14 4 yrs B ITa+b TP no growth

15 11 yrs B 0 TN no growth

16 3 mo B 0 TN not done

17 3 mo B 1Ia TP no growth

18 6 yrs C ITa+b FpP not done

19 8 mo C 0 TN not done
20 4 yrs C 0 TN not done
21 3 yrs C 0 TN not done
22 6 mo C 0 TN not done

23 6 mo C 0 TN not done

24 9 mo C 0 TN not done

25 6 mo C ITa+b FP not done

* Interval between TKRA and scintigraphy.

T Groups: A, high clinical suspicion of prosthetic infection; B, equivocal clinical suspicion of prosthetic

infection, C, asymptomatic contralateral prosthesis.

¥ Grade: 0=no increased activity or similar to contralateral site; I=minimal increase, much less than normal

marrow, [I=definite increase, equivalent to or slightly less than normal marrow, subdivided into diffuse (IIa),
focal (IIb) or combined (Ia+b), IlI=definite increase, greater than normal marrow.

as infected. One of Group B was confirmed as
aseptic loosening by surgery (Fig. 2). The cause of
periprosthetic uptake in those two prostheses of
Group C was uncertain.

The scintigraphy showed true positives in all of
Group A. In Group B, there were two true posi-
tives, one false positive and three true negatives. In

asymptomatic contralateral prostheses (Group C),

two were false positive and the rest were true
negative. Overall sensitivity, specificity, and ac-
curacy of planar image for prosthetic infection
were 100% (13/13), 75% (9/12), and 88% (22/25),
respectively. In patients with the suspected prosth-‘
etic infection (Group A and B), the sensitivity,
specificity and accuracy of planar images were
100% (13/13), 75% (3/4), and 94% (16/17), res



Park DR, et al. *™Tc-HMPAO-labelled Leucocyte Scintigraphy after TKRA 417

Fig. 1. *”"Tc-HMPAO leucocyte scintiscan of a 67-year old woman with left knee pain. She had undergone
bilateral total knee replacement arthroplasty 4 years before. (A) The anterior and posterior whole body
planar images show diffuse and focal increased uptake (grade IIa+b) around femoral and tibial components
of the left knee prosthesis. Note that there is no abnormal uptake (grade 0) in the asymptomatic right knee
prosthesis. (B) Coronal SPECT image reveals increased periprosthetic uptake and precise distribution of
focal inflammatory foci (arrow). (C) Simple radiograph of both knees shows bone resorption (arrows) at
the bone-implant interface of the tibial component of the left knee prosthesis suggesting loosening.
Infection of the left knee prosthesis was confirmed by histology of the operative specimen.

pectively. The accuracy of SPECT image was not

different from that of planar image.

Discussion

Complications of TKRA include patellofemoral
arthritis (11%), heterotopic bone formation (10%),
loosening (7%), deformity (4%), fracture (3%) and

infection (2%).""”

Infection of the orthopedic implant can be
evaluated on the basis of clinical, radiographic and
laboratory evaluations. However, the diagnosis and
precise localization of infection site are often
difficult. MR imaging has been reported as a very
useful method for bone infection (sensitivity 95%,
specificity 88%),” but, in patients with orthopedic
implants, it is inadequate to diagnose the infection

around implants due to metallic artifacts.
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2. 99m

Fig.

Tc-HMPAO leukocyte scintiscan of a 54-year-old man with right knee pain and swelling. He had

undergone right total knee replacement arthroplasty 12 years before. (A) The anterior and posterior whole
body planar images show mild and diffuse uptake (grade Ila) around the femoral component of the knee
prosthesis (arrow). (B) Periprosthetic uptake is better clarified on coronal SPECT image than planar image
(arrows). Aseptic loosening was confirmed by surgery.

Nuclear imaging has long been recognized as an
effective method for the detection of skeletal infec-
tion including infected orthopedic implant. Ho-
wever, in the evaluation for the complications of
knee prosthesis, bone scan is limited because
persistently increased periprosthetic uptake can be
seen for several years after prosthetic implantation
and similar pattern of uptake is shown in both
infection and aseptic loosening.é’ls) Recently, to
improve the accuracy of radionuclide-aided dia-
gnosis for the prosthetic infection, various dual-
tracer modalities, including bone and gallium scan,
labelled leucocyte and bone scan, and labelled
leucocyte and sulfur colloid scan combinations,
have been studied.” It has been noted that the

99
m "Tc-bone

6,8)

combined ' ‘In-labelled leucocyte and

marrow scans were the most accurate methods.

""In-labelled leucocyte scans have been widely

used for the diagnosis of bone infection, but the

disadvantages of '''In as a radionuclide are well

-13
known” "

Labelling of leucocyte with *"Tc-HMPAO has
two distinct advantages over . First, 99mTe.
HMPAQO is easily produced from a kit and it is

111

widely available, while " In is not readily availa-

ble. Second, owing to its relatively short half life,

"¢ can be injected in about 40 times higher

. . 111
radioactive dose than

In, which allows the
acquisition of SPECT and a more precise locali-
zation of radioactive foci of labelled leucocyte
accumulation, compared with ""In-labelled leuco-
cyte.

Our results suggest that the scintigraphy using
¥"Tc-HMPAO labelled leucocyte is more con-

111

venient than  In-labelled leucoéyte as well as

highly sensitive and accurate for diagnosing pro-
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sthetic infection. The sensitivity were 100% in
highly suspicious group (Group A) and in equi-
vocal group (Group B). In the study using **™Tc-
HMPAO labelled leucocyte by Esper et al, inclu-
ding 13 cases of knee prostheses, there were seven
true positives, five true negatives, one false nega-
tive (sensitivity 87%, specificity 100%, accuracy
92%).'"” Their results showed relatively lower sen-
sitivity and higher specificity than ours. These
differences might have been resulted from follo-
wings: Labelling efficiency of their study was
lower than ours; It was not known whether anti-
biotic therapy was done before the scintigraphy in
their study, SPECT image was not performed,
although the gold standard for diagnosing infection
and scintigraphic criteria for prosthetic infection
were similar.

A large number of studies reported that antibio-
tic therapy before the scintigraphy, chronicity of
infection and low labelling efficiency were the
main causes of false negatives. Deviller et al
reported that two of the three false negatives were
seen in patients taking antibiotics at the time of
™ rc-HMPAO-labelled leucocyte scintigraphy.'”
But, Datz and Thomne reported a large series
showing no significant difference in the detection
of infection sites in patients with or without
antibiotic therapy.ls) In our study, there was no
false negative and all but one patients received no
antibiotic therapy before scintigraphy.

The duration of the infection could also
influence the sensitivity of scintigraphy. In the
study by Vome et al, *"Tc-HMPAO-labelled
leucocyte scintigraphy showed false negatives in
two out of three patients with chronic osteomyelitis
(above 2 weeks), while it was truly positive in all
of the six patients with acute osteomyelitis (below
2 weeks).'”” A reduced sensitivity in case of
chronic osteomyelitis was also seen with n-

labelled leukocyte. Schauwecker et al reported a

sensitivity of 100% in patients with acute osteomy:-
elitis, but only 60% in patients with chronic

osteomyelitis Y

This phenomenon could be ex-
plained by the fact that the lesion is well perfused
and infiltrated mostly by polymorphonuclear cells
in acute phase, while in the chronic phase, it is
poorly perfused and infiltrated mostly by lym-
phocytes and monocytes, and they used pure
leucocytes for labelling. Other studies using
#"Tc-HMPAO-labelled mixed leucocytes did not
find any significant difference between acute and
chronic infection.'”'® In our study using mixed
leucocytes, most patients with infected knee
prostheses were subacute or chronic stage (3 week
to 4 year) and there were no false negatives.

Poor labelling efficiency may also be responsi-
ble for the false negative results. In the study of
Esper et al, one of the false negatives showed a
poor labelling efficiency, of which the poorest was
28%.'” In our study, labelling efficiencies were
very high (mean 88%, minimum 72%).

In our study, one of 17 prostheses with clinical
suspicion of infection and two of eight contrala-
teral asymptomatic prostheses showed false posi-
tive result. False positive result can be seen in
patients with a change in the normal distribution of
bone marrow. Active marrow in adults is normally
present in the axial skeleton, humeral heads, and
proximal femur, but not in knee joint area,
although there is individual variation. However,
some authors reported that false-positive patterns
of "'In-labelled leucocyte uptake can result from
postsurgical alterations of bone marrow activity in
the non-functioning bone marrow spaces adjacent
to knee prostheses.3‘5‘6) Palestro et al reported that
periprosthetic activity was present in 50% of the

)

uninfected knee prostheses.6 They also reported

that the specificity and accuracy of the combined
""In-labelled leucocyte and sulfur colloid imaging

in assessment of knee prosthesis infection were
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higher than those of t

In-labelled leucocyte scan
alone (specificity 100% vs 75%, accuray 95% vs
78%). Therefore, if the bone marrow scintigraphy

using *""Tc-sulfur colloid is followed after *™T

c-
HMPAO labeled leucocyte uptake, false positive
may be reduced and the specificity for diagnosing
prosthetic infection can be improved.

Moragas et al reported that increased uptake in
infected knee prostheses was always diffuse.” In
this study, we expected that aseptic condition such
as aseptic loosening shows focal periprosthetic
uptake and infected condition shows more diffuse
periprosthetic uptake. So, we divided periprosthetic
uptake of grade II into Ila, IIb, and Ila+b, to
identify differential uptake patterns for septic and
aseptic conditions. However, focal uptake patterns
(grade 1Ib or Ila+b) were not seen ih three cases
confirmed as aseptic loosening and diffuse uptake
combined with focal hot spots (grade Ila+b) was
the most common findings in infected knee
prostheses. In three cases, the focal hot spots
within the diffuse uptake were confirmed as pro-
minent dirty granulation tissue or purulent collec-
tion at surgery.

This study has several limitations. First, number
of cases with equivocal suspicion of prosthetic
infection and number of true negatives in patients
with suspected prosthetic infection are small,
Second, the bone marrow scan was not performed.
Further studies are needed with large number of
cases and the value of additional bone marrow
scintigraphy combined with *"Tc-HMPAO-label-
led leucocyte scintigraphy for diagnosis of the
prosthetic infection should be evaluated.

In conclusion, **"Tc-HMPAO-labelled leucocyte
scintigraphy is a sensitive method for diagnosis of
the infected knee prosthesis. To improve the speci-
ficity for diagnosing prosthetic infection, however,
the bone marrow scintigraphy would be followed
after *"Tc-HMPAQO labeled leucocyte scintigra-

phy.
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