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Hip and knee ar

throplasty infection
In-111-1gG scintigraphy in 102 cases

Marc W Nijhof!:2, Wim J G Oyen', Albert van Kampen?, Roland A M J Claessens’,
Jos W M van der Meer® and Frans H M Corstens’

We studied indium-111-labeled immunoglobulin G
(In-111-IgQ) scintigraphy for evaluation of total hip
and knee arthroplasty infection in 100 patients (102
arthroplasties) where infection was suspected (85
total hip and 17 total knee replacements, 23 of which
proved to be infected, all but 2 late infections). The
sensitivity of In-111-1gG scintigraphy for infection
was 1.0, for hip and knee arthroplasties the specific-
ities were 0.8 and 0.5, respectively. False-positive
results for infection occurred in cermentless total hip

arthroplasties up to 14 months after implantation.
Aseptic inflammation due to formation of ectopic os-
sification and foreign-body response, following wear
of the polyethylene socket, was responsible for
false-positive results. The images should be read in
conhjunction with radiographs, which reduces the
rate of false-positive results. In-111-1gG is a highly
sensitive and fairly specific tool for detecting of late
infection of total hip and total knee arthroplasties.
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Scveral scintigraphic techniques have been suggested
for diagnosis of infected arthroplasties. Although
highly sensitive, the value of technetium-99m-labeled
methylene diphosphonate (Te-99m-MDP) bone scin-
tigraphy 1s limited, because ol 1ts poor specilicity
(Palestro 1995). The value of gallium-67 scintigraphy
i1s reduced by nonspecific uptake of the tracer in trau-
matized bone (Elgazzar el al, 1995). Labeled-leuko-
cyte scintigraphy appears 1o be less uselul in chronic
infection (Elgazzar etal, 1995). To distinguish normal
uptake of labeled leukocyles in marrow from patho-

logic uptake in infection, combined scintigraphy ol

labeled leukocytes and marrow tracers like "Te-99m-
labeled sulfur-colloid 1s necessary in many cases (Pal-
cstro et al, 1990),

Indium- 1 1-labeled immunoglobulin G (In-111-
12(5) seintigraphy 1s & promising new imaging tech-
nique to deteet focal infections, espectally in the loco-
motor system (Qyen et al. 1992a), Preliminary data
indicate that it could also be of value for diagnosing,
infeeted arthroplasties (Oyen et al 1991), In-111-1gG
does not accumulate in infectious foct by binding to
spectlic reeeptors, but is delivered to an infectious fo-
cus by locally increasec
macromolecules (Claessens et al 1993), In this study,
we evaluated the diagnostic value ol In-111-1gG scin-
Ligraphy in inlected hip or knee arthroplasties.

vascular permeability for

Patients and methods

Patients

During 19911995, we performed In-11T-IgG scin-
tigraphy in 100 patients (median age 62 (22-80)
years, 72 women) referred for evaluation ol ¢linically
suspected late (all but 2 cases) infection of 85 total hip
replacements (55 revisions) and 17 total knee replace-
ments (3 revisions), 64 hip arthroplasties were ce-
mented and 21 were cementless, All arthroplastices,
except | knee were cemented. The average time be-
tween the arthroplasty and the scintigraphy was 4.3
years (6 weeks=21 years).

Radiopharmaceutical

Human nonspectfic polyclonal immunoglobulin G,
sterile and pyrogen-free monomeric [gG, conjugated
to diethylenetriaminepentaacetic acid (MacroScint,
R.W. Johnson Pharmaceutical Rescarch  Institute,
Spring House, PA, USA) was labeled with In-111 (In-
dium chloride, Mallinckrodt Medical, Petten, The
Netherlands) according to the manulacturer’s nstruc-
tions. The labeling efficiency was always higher than
O5%. A dose ol approximately 2 myg of [gG labeled
with 75 MBq In-11 1 was administered by intravenous
bolus injection.

Copyright © Scandinavian University Press 1997, ISSN 0001-6470. Printed in Sweden - all vights reserved.
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Figure 1. In-111-IgG scintigraphy of a 69-year-oid man showing focal accumulation {arrow) of the radionuclide 15 months after
Implantation of a left total hip arthroplasty (cemented stem, cementless cup). Intraoperative culture showed infection {group G
bata-hemolytic Streptococcei). Small radiclucent zone in the calcar region and some scalloping around the eft stem.

Imaging procedures

In-111-1gG images were taken at 4, 1824 and 42-48
hours afler the administration with an Orbiter gamma
camera connected to a Scintiview image processor
(Siemens Inc., Hoffman Estates, II., USA).

iImage interpretation

All images were mterpreted in a blinded manner. The
scintigram was interpreted as only positive for infec-
tion, tf focal, over time, increasing accumulation oc-
curre.

Verification of infection

Infection was confirmed by bacteriological and histo-
logical examinations ol multiple tissue and fluid spec-
imens taken at surgery (n 64) or needle aspirations (n
13). Inall, 25 patients in whom no tissue or aspiration
samples for microbological analysis were obtained,
clinical follow-up and repeated radiography for at
least 6 months showed no evidence of infection.

23 of the 102 arthroplastics were infected. Of the
samples obtained during revision operation of 64 hip
and knee arthroplasties, 19 proved to be infected and
d4 sterile. In I hip arthroplasty, no causative microor-
panism could be detected, despite histological signs
of active inflammation. Cultures of needle aspirates
confirmed infection in 3 of 13 arthroplasties, and the
remainder were sterile,

In the 22 positive cultures, the pathogen was in 6
cases Staphylococcus aureus, in 3 cases Staphylococ-
eus epidermidis, in 9 cases streptococcal species, and
in 4 cases other or mixed flora.

Results (Table)

Hip arthroplasties

All 20 mfected hip arthroplasties showed increased
In-111-IgG uptake on the scintigrams, There were no
false-negative scintigrams (Figure 1).

[sotope accumulation was false-positive for infec-
tion in 12 uninfected arthroplasties (6 revisions, 0 pri-
mary implants). 9 of these 12 arthroplasties were cc-
mentless, tin 6 of them scintigraphy was done no later
than 14 months after surgery. In 6 patients with lalse-
positive scintigraphy histological specimens were
available and afl showed chronic inflammation near
the hip arthroplasty. [ patient with increased In-111-
[¢G uptake, 6 months after the arthroplasty, still had
an inflamed wound, which healed. Wear of the poly-
ethylene socket and subsequent foreign-body re-
sponse 1n a hip 17 years after acthroplasty and sub-
stantial periarticular ossifications in another hip were
responsible [or 2 of the false-positive uptakes.

On 7 scintigrams, increased In-111-1gG uptake was
found around the neck of the femoral component.
However, in 4 of these there was no evidence of infec-
tion (2 cemen(ed, 2 cementless, Figuce 2). 1n cach of
the cases, histological examination revealed an in-
flammation that was not due to an infection, The re-
maining 3 arthroplasties (2 cemented, | cementless),
with accumulation around the neck of the femoral
component, proved to be infected,

10 of I true-negative In-111-IgG scintigrams of
uninfected cementless arthroplasties were found |6
months or longer after implantation. Uninfected ce-
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Figure 2. In-111-19G scintigraphy of a 46-year-old woman with a cemented right total hip arthroplasty 2 years after implantation.
Puncture and surgically obtained culture showed no bacteria. Focal accumulation of In-111-lgG due to aseptic inflammation (his-
lology) is seen around the neck of the femoral component of the arthroplasty (arrow). Protrusion of the right total hip arthroplasty,
radlolucent zone medial to the stem of the femoral component and periarticular ossifications.

mented arthroplasties showed a normal In-111-IgG
distribution already 6 weeks alter surgery. Most of the
25 In-111-1gG studies concerning patients in whom
no tissue or aspiration samples for microbiological
analysis were obtained were negative, while 4 were
(false-) positive, due to soft tissuc inflammations that
were not infectious.

Knee arthroplasties

All 3 infected knee arthroplasties were adequaltely de-

picted on In-11[-1gG scintigraphy. 7 of the 14 unin-
fected arthroplasties showed increased, false-positive
In-111-1gG uptake. In 5 of these cases, cultures of
synovial fluid samples were negative, while the histo-
logic specimens showed signs of chronic inflamma-
tion, 1 patient with pain showed focal In-111-1gG ac-

cumulation 7 weeks after the operation. | month alter
the scintigraphy, the pain and the sedimentation rate
ol the erythrocyltes decreased, making infection un-
likely, Another patient showed incrcased In-111-1gG
uptake on scintigraphy 11 months after surgery. Al-
though the knee was still painful alter 2 years, calcifi-
cations (n the joint capsule were cansidered responsi-
bic for In-111-IgG uptake, since no signs of loosening
or infection developed.

In 3 of 7 false-positive scintigrams.the increased
In-111-1gG uptake was probably caused by inflamma-
tions ol soft tissucs with no inlection, However, since
In-111-IgG showed definite Tocal accumulation, the
scintigrams were scored lalse-posttive for lecthion
(Figure 3).

Overall results of In-111-lgG scintigraphy in total joint arthroplasty

PR R N B L N T N N L L NIV L N ST TP FAXNAILII AL ST BAANI P LA CCA MRS BN A N AL 0 LR NN 2R LY A LR 1 e
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cemented 64 19 3 42 O 100% 93% 86% 100%

cementless 21 1 & 11 0O 100% 55% 10% 100%
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- TP-;-At'__r;-.ue,:positlvex F P false-positlve PPV posltive predlctive value

FN false-negative

NPV negative predlctlve value



Acta Orthop Scand 1997, 68 (4): 332-336

—— A T v v A e = ¢ N st vy = N | - oy M T W

Discussion

The sensitivity of In-111-1gG scintigraphy to late in-
fection of hip and knee arthroplasties was high.
Since In-111-IgG scintigraphy—Ilike all currently
available radiopharmaceuticals-——detects inllamma-
tion irrespective of the underlying cause (Oyen et al.
19924, b), the specificity for infection was lower.
Specificity can be increased by taking into ac-
count certain pitlalls in image interpretation. We ob-
served that uninfected cementless hip arthroplasties
accumulated In-111-1gG much longer postopera-
tively than cemented hip acthroplasties; mcereased
accumulation was found up to 14 months after im-
plantation. In contrast, cemented hip arthroplastics
were true-negative as carly as 6 weeks after surgery.
This mdicates that the value of In-111-1gG scintig-
raphy 1s limited within a period of approximately |
year alter cementless hip arthroplasty. Substantial
periarticular ossilication does not interlere with im-
age interpretation, when the images are read in con-
junction with radiographs which clearly visualize
he ossifications. A focal inflammuatory periprosthet-
IC reaction of solt tissues, ¢.g., 1 response 1o poly-
cthylene wear, may lalse-positive In-l11-1gG re-
sults (Oyen et al 1992a). In general, aseptic [oosen-

ing ol an arthroplasty causes increases the uptake ol

Te-99m-MDP, bul not of In-111-1gG, indicating the
usclulness of the latter technique in the dilferential
diagnosis.

Persistent periprosthetic uptake limits the diag-
nostc value of Te-99m-MDP bone scintigraphy
(Rosenthall et al. 1987). Te-99m-MDP bone scintig-
raphy may show mecreased uptake of no pathologic
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Figure 3. In-111-lgG scintigraphy
of 71-year-old waman with a pain-
ful swallen right knee, 1 year after
total knee arthroplasty. Punclure
showed no infeciion. The focal ac-
cumuiation of {n-111-lgG (arrow)
was seean to be locatad in soft tis-
suas around the arthroplasly and
probably caused by aseptic in-
flammation of soft tissues, Naver-
theless, the scintigram was inter-
preted as false-positive for infec-
tion. No radioclucency, only some
ossifications laterally in the soft
lissues.

significance in cemented arthroplastics for at least 7
months and i uncemented hip prostheses for a period
up to 2 years (Utz et al. 1986, Oswald et al. 1989,
1990). Ingrowth of bone and {ibrous tissue into the po-
rous coating of the cementless hip arthroplasty may
cause [ocal accumulation of the scintigraphic tracer un-
related to any complication, which might also hold true
for In-111-IgG (Wegener and Alavi 1991).

Gallium-67 scintigraphy also lacks specificity in pa-
tients with totally replaced joints, since gallium-67 can
accumulate in areas of uninfected but increased bone
turnover (Elgazzar et al, 1995), Combined bone and
gallium-67 scintigraphy increases the specificity of
cach technique and an accuracy between 60% and 80%
has been repocted (Palestro 1995).

To increase the specificity of labeled-leukocyte scin-
tigraphy, combined imaging with Tc-99m-labeled sul-
[ur-colloid has been proposed. This method can distin-
guish between normal and pathologic uptake ol labeled
leukocytes in mirrow and the specificity for inflamma-
tion is between 83% and Q0% (Palestro et al. 1990,
1991}, The disadvantage ol using labeled-leukocyte
scintigraphy is a decreased sensitivity in chronice infec-
tron,
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