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h
e Y

o
u
d
en

 in
d
ex is calcu

lated
 fo

r 
each

 th
resh

o
ld

 c, an
d
 th

e
 valu

e c*
, w

h
ich

 
ach

ieves a m
axim

u
m

, is re
ferred

 to
 as th

e 
µR

S
WLP

aO¶ WK
Uesh

o
ld

. In
 th

e o
rig

in
al article, b

y 
u
sin

g
 th

e Y
o
u
d
en

's In
d
ex it w

as stated
 th

at 
WK

H LQ
G
H[ ³aVVX

P
HV IaOVH S

R
VLWLYHV WR

 b
H aV 

X
Q
G
HVLUab

OH aV IaOVH Q
HJ

aWLYHV´, WK
LV aOOR

Z
V, 

i) in
co

rrect classificatio
n
s o

f h
ealth

y an
d
 sick 

p
eo

p
le

 are eq
u
ally co

stly, an
d
 ii) th

at 
p
revalen

ce d
o
es n

o
t p

lay a ro
le. A

s w
e w

ill 
see, th

e first is o
n
ly tru

e in
 o

n
e sp

ecific 
VLWX

aWLR
Q
 [N

LHOV S
P

LWV. A
 Q

R
WH R

Q
 Y

R
X
G
HQ

¶V J 
an

d
 its co

st ratio
. B

M
C
 M

ed
ical R

esearch
  

W
e ch

an
g
ed

 th
e statistical p

arag
rap

h
 fro

m
 

lin
e 1

8
2
 to

 lin
e 1

9
5
 (p

ag
es 1

0
-1

1
). 

T
K
H WH[W VWaUWV Z

LWK
: µA

Q
 LQ

WHUQ
aO YaOLG

aWLR
Q
 

m
eth

o
d
 th

ro
u
g
h
 b

o
otstrap

p
in

g
 m

eth
o
d
 is 

u
sed

 to
 o

b
tain

 th
e o

p
tim

al cu
to

ff 
YaOX

HV.........¶ 



 

d
eterm

in
e). A

g
ain

, h
o
w

 w
o
u
ld

 th
e au

th
o
rs 

h
an

d
le th

is? 
M

eth
o
d
olo

g
y 2

0
1
0
, 1

0
:8

9
]. 

4
.  

B
\ WK

H Z
a\, ³UHFX

UUH
Q
FH´ a

Q
G
 

³S
HUVLVWHQ

FH´ aUH Q
R
W V\Q

R
Q
\P

V, aQ
G
 P

R
UH 

p
recise term

in
o
lo

g
y is n

eed
ed

. 

W
e ag

ree w
ith

 yo
u
r su

g
g
e
stio

n
 

A
cco

rd
in

g
 to

 yo
u
r su

g
g
estio

n
, w

e u
sed

 
'p

ersisten
t o

r recu
rren

t in
fectio

n
' each

 tim
e 

w
e n

eed
 (lin

es 2
3
, 3

0
, 4

2
, 1

6
1
, 2

0
3
, 2

3
2
, 

2
3
6
, 2

5
7
, 2

9
0
, 2

9
4
). 

5
.  

T
h
e exclu

sio
n
 criteria o

n
 fo

llo
w

-u
p
 m

ay 
lead

 to
 b

ias. A
ctu

ally, sin
ce

 th
e in

clu
sio

n
 

p
eriod

 en
d
ed

 late 2
0
1
8
, all p

articip
an

ts h
ave 

a th
eo

retical 2
 years fo

llo
w

-u
p
. M

issin
g
 

in
fo

rm
atio

n
 m

ay b
e in

fo
rm

ative, an
d
 sh

o
u
ld

 
b
e acco

u
n
ted

 fo
r in

 th
e an

alysis. A
t least th

e 
risk o

f b
ias sh

o
u
ld

 b
e m

en
tio

n
ed

 an
d
 

d
iscu

ssed
. 

In
 o

u
r in

stitu
tio

n
 p

atien
ts rem

ain
 in

 fo
llo

w
-

u
p
 fo

r at least 9
6
 w

eeks after th
e seco

n
d
 

step
 o

f th
e 2

-stag
e p

ro
ced

u
re. In

 th
is case, 

th
e last p

atien
t co

n
sid

ered
  

co
m

p
leted

 th
e p

ro
ced

u
re in

 th
e m

id
d
le d

ays 
o
f n

o
vem

b
er, so

 all cases rep
o
rt th

e req
u
ired

 
fo

llo
w

-u
p
 

T
h
e m

in
im

u
m

 fo
llo

w
-u

p
 w

as 9
6
 w

eeks after 
th

e seco
n
d
 step

 o
f th

e 2
-stag

e p
ro

ced
u
re. 

W
e h

ave n
o
 m

issin
g
 in

fo
rm

atio
n
. S

ee lin
es 

1
8
,1

1
7
, 1

5
6
,1

5
7
 

 
 

 
R
eview

er #
1
 

 
 

1
. I am

 co
m

fo
rtab

le review
in

g
 th

e m
eth

o
d
s 

u
sed

 in
 th

is article, b
u
t I a

m
 co

n
cern

ed
 th

at 
so

m
e review

ers an
d
 m

an
y read

ers m
ay n

o
t 

b
e fam

iliar w
ith

 th
e u

se o
f Y

o
u
d
en

's J-
statistic to

 d
eterm

in
e th

e op
tim

al cu
t-o

ff 
valu

e in
 receiver-o

p
eratin

g
-cu

rves.  T
h
e
 

au
th

o
rs d

o
 n

o
t state th

is an
d
 th

ey d
o
 n

o
t 

o
ffer an

y exp
lan

atio
n
 o

f h
o
w

 th
is statistical 

to
ol w

o
rks.  I im

ag
in

e th
at th

is w
o
u
ld

 b
e a 

p
o
in

t o
f co

n
ten

tio
n
 am

o
n
g
 review

ers w
h
o
 

m
an

y co
n
ten

d
 th

at th
e "m

o
st accu

rate" is 
h
ig

h
ly su

b
jective.  In

 fa
ct, th

ere is 
co

n
sid

erab
le su

p
p
o
rt in

 th
e m

ed
ical 

literatu
re an

d
 th

e recen
t arth

ro
p
lasty 

literatu
re fo

r u
sin

g
 Y

o
u
d
e
n
's J-statistic to

 
d
eterm

in
e o

p
tim

al "cu
t-o

ff" valu
es fo

r 
d
ich

o
to

m
o
u
s tests, an

d
 I th

in
k th

at m
o
st 

arth
ro

p
lasty su

rg
eo

n
s d

o
 n

o
t yet ap

p
reciate 

th
e p

o
w

er o
f th

is statistical to
ol.  T

h
is 

m
an

u
scrip

t co
u
ld

 b
e so

m
ew

h
at im

p
ro

ved
 if 

th
e au

th
o
rs o

ffered
 a sh

o
rt m

a
yb

e o
n
e o

r 

A
FFR

UG
LQ

J
 WR

 E
G
LWR

U LQ
 C

K
LHI (E

IC
) µV 

su
g
g
estio

n
s, Y

o
u
d
en

's J-statistic w
as n

o
t 

u
sed

 to
 assess th

e valid
ity o

f o
u
r test. 

W
e ad

d
 an

 exp
lan

atio
n
 o

f th
e test ad

o
p
ted

 in
 

th
e m

aterials an
d
 m

eth
o
d
s sectio

n
. 
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tw
o
 sen

ten
ce exp

lan
atio

n
 o

f th
is.  D

o
in

g
 so

 
is n

o
t n

ecessary as it ap
p
ears th

at au
th

o
rs 

u
sed

 th
ese statistical m

eth
o
d
s ap

p
rop

riately, 
b
u
t a sh

o
rt exp

lan
atio

n
 m

ig
h
t m

ake th
is 

m
an

u
scrip

t m
o
re accessib

le to
 a g

en
eral 

au
d
ien

ce.  M
ayb

e d
raw

in
g
 th

e J-statistic 
th

resh
o
ld

 valu
e as a lin

e o
n
 th

e R
O

C
s in

 
fig

u
res co

u
ld

 b
e h

elp
fu

l.  Fig
u
re 1

 sh
o
u
ld

 
p
ro

b
ab

ly b
e d

ivid
ed

 in
to

 tw
o
 sep

arate 
fig

u
res fo

r W
B
C
 co

u
n
t a

n
d
 PM

N
 %

. 
2
.  M

eth
o
d
s - S

o
u
rces o

f b
ias:  A

u
th

o
rs n

o
te 

a 9
6
-w

eek fo
llo

w
-u

p
 o

f C
R

P an
d
 E

S
R
 to

 
estab

lish
 a cu

re, h
o
w

ever exclu
sio

n
 criteria 

w
ere fo

llo
w

-u
p
 less th

an
 1

 year (5
2
 w

eeks).  
W

h
at w

as th
e
 m

ed
ian

 an
d
 ran

g
e o

f th
e 

fo
llo

w
-u

p
 in

terval fo
r all p

atien
ts in

 th
e 

co
h
o
rt?  H

o
w

 d
o
es th

is com
p
are to

 th
e 

averag
e in

terval at w
h
ich

 treatm
e
n
t failu

re is 
d
iag

n
o
sed

? 

W
e ag

ree w
ith

 th
is co

m
m

en
t. S

ee rep
ly to

 
E
IC

 
S
ee lin

es 1
8
, 1

1
7
, 1

5
4
, 1

5
6
, 1

5
7
 

3
.  Fo

r h
o
w

 lo
n
g
 d

id
 th

ese p
atien

ts co
n
tin

u
e 

an
tib

io
tics after th

e seco
n
d
-stag

e 
reim

p
lan

tatio
n
?  H

o
w

 m
a
n
y o

f th
ese p

atien
ts 

are o
n
 lifelo

n
g
 an

tib
iotic th

erap
y?  H

o
w

 d
o
es 

th
is co

m
p
are w

ith
 th

e g
o
ld

 stan
d
ard

? 

A
ll p

atien
ts d

isco
n
tin

u
ed

 th
e treatm

en
t 1

5
 

d
ays after seco

n
d
 step

 o
f th

e p
ro

ced
u
re. N

o
 

p
atien

t received
 lifelo

n
g
 th

erap
y. T

h
ese 

p
ro

ced
u
res w

ere p
erfo

rm
ed

  
acco

rd
in

g
 to

 su
g
g
estio

n
 d

erived
 fro

m
 IC

M
-

2
0
1
3
 an

d
 IC

M
-2

0
1
8
. 

Pag
e 7

, lin
es 1

0
0
-1

0
3
 µN

on
e o

f th
e p

atien
ts 

d
isco

n
tin

u
ed

 an
tib

iotic treatm
en

t b
efo

re 
d
efin

itive reim
p
lan

tatio
n
 b

ecau
se o

f sid
e 

effects----- '. 

4
.  W

ere an
y o

f th
ese p

atien
ts u

n
d
erg

o
in

g
 a 

seco
n
d
 o

r th
ird

 tw
o
-stag

e revisio
n
 o

r w
ere 

th
ese all first tw

o
-stag

e revisio
n
 p

atien
ts?  

H
o
w

 m
ig

h
t th

is im
p
act resu

lts? 

S
tu

d
y p

o
p
u
latio

n
 is rath

er h
o
m

o
g
en

eo
u
s 

reg
ard

in
g
 th

is p
oin

t as all p
atien

ts w
ere at 

th
eir first tw

o
-stag

e revision
. 

Pag
e 6

, lin
e 9

0
 µA

OO S
aWLHQ

WV Z
HUH aW WK
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first 2
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Q
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5
.  M

eth
o
d
s - G

en
eral co

m
m

en
ts:  A

u
th

o
rs 

exclu
d
ed

 p
atien

ts w
ith

 acu
te PJI, p

atien
ts 

w
ith

 clearly p
ersisten

t in
fectio

n
, an

d
 p

atien
ts 

th
at d

isco
n
tin

u
ed

 an
tib

iotic th
erap

y b
efo

re 
reim

p
lan

tatio
n
. 

T
h
is is to

 red
u
ce th

e risk o
f b

ias. 
N

o
 ch

an
g
e w

as d
o
n
e fo

r th
is p

o
in

t 

6
.  T

h
e a

u
th

o
rs in

clu
d
ed

 p
atien

ts w
h
o
 h

ad
 

PJI as d
efin

ed
 b

y th
e 2

0
1
3
 IC

M
 criteria.  

T
h
ese criteria w

ere u
p
d
ated

 in
 2

0
1
8
.  I am

 

A
ll p

atien
ts en

ro
lled

 d
u
rin

g
 th

e first year o
f 

stu
d
y, b

efo
re 2

0
1
8
 IC

M
 criteria w

ere 
released

 fu
lfilled

 b
o
th

 2
0
1
3
 an

d
 2

0
1
8
 

S
ee p

ag
e 6

, lin
e 8

0
 µ«

.. d
iag

n
o
sis o

f PJI 
b
ased

 o
n
 th

e In
tern

atio
n
al C

o
n
sen

su
s 

M
eetin

g
 o

n
 PJI (IC

M
) criteria, p

atien
ts ag

ed
 



 

n
o
t su

re if read
ers w

o
u
ld

 take o
b
jectio

n
 to

 
au

th
o
rs u

se o
f o

u
td

ated
 criteria.  W

o
u
ld

 all 
th

e p
atien

ts in
clu

d
ed

 u
sin

g
 2

0
1
3
 criteria also

 
m

eet th
e 2

0
1
8
 d

efin
itio

n
?  If so

, th
en

 it m
ay 

d
eserve m

en
tio

n
 th

at all o
f th

ese p
atien

ts 
also

 m
et th

e cu
rren

t criteria. 

criteria. W
e refer to

 b
o
th

 IC
M

 in
 th

e text a
n
d
 

n
o
 fu

rth
er ch

an
g
e w

as d
o
n
e to

 avo
id

 th
at 

th
e text co

u
ld

 ap
p
ear rath

er b
o
rin

g
. 

>
 1

8
 years, a

n
d
 a d

elayed
 in

fectio
n
 to

 b
e 

in
clu

d
ed

 in
 th

e stu
d
y [2

5
, 2

6
] (B

o
th

 IC
M

 
2
0
1
3
 an

d
 2

0
1
8
 w

ere in
 th

e referen
ces). 

Pag
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, lin
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 µPJI w

as d
efin

ed
 u

sin
g
 

th
e 2

0
1
3
 Ph

ilad
elp

h
ia IC

M
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iag
n
o
stic criteria 

as m
o
d
ified

 b
y 2

0
1
8
 IC

M
 [2

5
, 2

6
]¶. 

Pag
e 1

4
, lin
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as estab
lish

ed
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y IC
M

 
2
0
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7
.  T

h
e resu

lts are clear, b
u
t th

e d
iscu

ssio
n
 

o
f o

steo
m

yelitis in
 th

e in
tro

d
u
ctio

n
 an

d
 

d
iscu

ssio
n
 sectio

n
 is o

ff-top
ic.  A

u
th

o
rs 

sh
o
u
ld

 stick w
ith

 d
iscu

ssio
n
 o

f th
e to

p
ics 

th
at are su

p
p
o
rted

 b
y th

e fin
d
in

g
s th

at th
ey 

p
resen

t. 

W
e rem

o
ved

 th
e sectio

n
 reg

ard
in

g
 

o
steo

m
yelitis. 

S
ee lin

es 3
2
, 4

2
, 5

0
, 2

1
7
, 2

2
0
, 2

5
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8
.  A

u
th

o
rs state th

at sp
ecim

en
s o

b
tain

ed
 at 

reim
p
lan

tatio
n
 revealed

 b
acterial g

ro
w

th
 in

 6
 

p
atien

ts (7
%

) an
d
 th

at th
ere w

as n
o
 

m
icro

b
io

lo
g
ical co

n
co

rd
an

ce.  W
h
at w

as th
e 

fate o
f th

ese p
atien

ts?  D
id

 th
ey all g

o
 o

n
 to

 
treatm

en
t su

ccess an
d
 era

d
icatio

n
 o

f 
in

fectio
n
?  D

id
 th

ey all g
o
 o

n
 to

 treatm
en

t 
failu

re? 

A
ll th

ese p
atien

ts h
ad

 co
m

p
lete erad

icatio
n
 

o
f PJI 

µA
ll th

ese p
atien

ts w
ere free o

f in
fectio

n
 9

6
 

w
eeks after th

e se
co

n
d
 step

 o
f th

e 
p
ro

ced
u
re.¶ (Pag

e 7
, lin

es 1
0
9
-1

1
0
) 

9
.  D

iscu
ssio

n
 ±

 Lim
itatio

n
s:  Patien

ts d
id

 
n
o
t d

isco
n
tin

u
e an

tib
io

tic treatm
en

t p
rio

r to
 

reim
p
lan

tatio
n
.  T

h
is co

u
ld

 b
e a so

u
rce o

f 
co

n
tro

versy as th
e p

resen
t stan

d
ard

 is tw
o
-

w
eek an

tib
io

tic h
o
lid

ay fo
llo

w
ed

 b
y re-

asp
iratio

n
 o

f sp
acer to

 p
rove th

at th
ere is n

o
 

PJI b
efo

re reim
p
lan

tatio
n
.  D

o
 th

e au
th

o
rs 

p
ro

p
o
se th

at th
eir p

rop
o
sed

 cu
t-o

ffs fo
r 

syn
o
vial flu

id
 an

alyses co
u
ld

 rep
lace th

is 
stan

d
ard

? 

W
e ch

o
se th

is p
ro

to
co

l acco
rd

in
g
 to

 p
revio

u
s 

in
vestig

atio
n
s (A

scio
n
e et al J. A

rth
ro

p
lasty). 

W
e b

elieve th
at th

ese cu
toffs rep

o
rt th

e 
h
ig

h
est p

erfo
rm

an
ce  

in
 th

o
se th

at d
o
 n

o
t d

isco
n
tin

u
e an

tib
iotic 

th
erap

y. N
o
 stu

d
y assesse

d
 th

is arg
u
m

en
t 

p
revio

u
sly. 

Pag
e 1

4
, lin

es 2
5
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5
4
. 'Fo

r th
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n
, th

e 
cu

to
ffs estab

lish
ed

 in
 th

e p
resen

t stu
d
y can

 
h
ave th

e h
ig

h
est valu

e in
 th

o
se ad

o
p
tin

g
 

su
ch

 th
erap

eu
tic sch

ed
u
le, b

u
t th

e valu
e in

 
p
atien

ts w
h
o
 o

b
serve an

 an
tib

io
tic h

o
lid

ay 
p
eriod

 n
eed

s to
 b

e assessed
.' 

1
0
.  D

id
 th

e H
u
su

m
a
, B

o
elch

 , an
d
 M

S
IS

 
stu

d
ies in

clu
d
e an

 an
tib

iotic h
o
lid

ay o
r n

o
t?  

H
o
w

 d
o
es th

is im
p
act th

e valid
ity o

f th
e 

co
m

p
ariso

n
s to

 th
ese stu

d
ies, an

d
 h

o
w

 d
o
es 

it im
p
act th

e g
en

eralizab
ility o

f th
e resu

lts o
f 

W
e ag

ree w
ith

 th
e referee an

d
 evalu

ate th
is 

arg
u
m

en
t in

 th
e d

iscu
ssio

n
 sectio

n
. 
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th
is stu

d
y?  A

u
th

o
rs n

o
te th

at th
eir cu

to
ff 

valu
es are lo

w
er th

an
 th

o
se rep

o
rted

 fro
m

 
p
revio

u
s stu

d
ies an

d
 au

th
o
rs su

g
g
est th

at 
th

is m
ay b

e asso
ciated

 w
ith

 d
ifferin

g
 

an
tib

io
tic reg

im
en

s, b
u
t co

u
ld

 it also
 b

e 
related

 to
 an

tib
iotic d

u
ratio

n
 / co

n
tin

u
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Abstract 

Background Although synovial fluid can be used to diagnose periprosthetic joint infections 

(PJI) effectively, only the cutoff values adopted at the time of PJI diagnosis have been 

standardized, and only few data are currently available about effectiveness of synovial fluid 

examination before definitive reimplantation. 

Questions/purposes We asked: (1) What are the most appropriate thresholds for synovial 

fluid leukocyte counts (WBC) and neutrophil percentage (PMN percentage) in a patient 

group undergoing definitive reimplantation after an uninterrupted course of antibiotic therapy 

for chronic PJI? (2) What is the predictive value of our synovial WBC and PMN percentage 

threshold compared with previously proposed thresholds? 

Methods In all, 101 patients with PJI were evaluated for inclusion from January 2016 to 

December 2018. Nineteen percent (19 of 101) of patients were excluded because of the 

presence of a chronic inflammatory disease, acute/late hematogenous infection, low amount 

of synovial fluid for laboratory investigations or infection persistence after spacer placement 

and adequate antibiotic therapy. Finally, 81% (82 of 101) of patients with a median (range) 

age of 74 years (48 to 92) undergoing two-stage revision for chronic TKAs infection, who 

were followed up at our institution for a period 96 weeks or more were included in this study. 

The patients did not discontinue antibiotic treatment before reimplantation and were treated 

for 15 days after reimplantation if intraoperative cultures were negative. No patient remained 

on suppressive treatment after reimplantation. Synovial fluid was aspirated aseptically with a 

knee spacer in place to evaluate the cell counts before reimplantation. Thirteen percent (11 of 

82) of patients had persistent or recurrent infection, defined as continually elevated 

erythrocyte sedimentation rate or C-reactive protein levels coupled with local signs and 

symptoms or positive cultures. The synovial fluid WBC counts and PMN percentage from the 

11 patients with persistent or recurrent PJI were compared with the 71 patients who were 
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believed to be free of PJI. Receiver operating characteristic (ROC) curve analyses assessed 

the predictive value of the parameters, and the areas under the (ROC) curves were evaluated. 

The sensitivities, specificities, and positive and negative predictive values were determined 

for the WBC count and PMN percentage. Patients with persistent or recurrent infection had 

higher median WBC counts (471 cells/µL versus 1344 cells/µL; p < 0.001) and PMN 

percentage (36% versus 61%; p < 0.001) than did patients believed to be free of PJI. 

Results ROC curves analysis identified the best threshold values to be a WBC count of 934 

cells/µL (sensitivity of 0.82 [95% CI 0.71 to 0.89] or more, a specificity of 0.82% [95% CI 

0.71 to 0.89], as well as a PMN percentage of at least 52% (sensitivity 0.82 [95% CI 0.71 to 

0.89] and specificity of 0.78 [95% CI 0.67 to 0.86]. We found no difference between the 

AUCs for the WBC count and the PMN percentage (0.87 [95% CI 0.79 to 0.96] versus 0.84 

[95% CI 0.73 to 0.95]. Comparing the sensitivities and specificities of the synovial fluid 

WBC count and PMN percentage proposed by other authors, we find that a PMN percentage 

more than 52% showed better predictive value than previously reported. 

Conclusion Based on our findings, we believe that patients with WBC counts of at least 934 

and PMN percentage of 52% or more should not undergo reimplantation, but rather a repeat 

debridement, as their risk of persistent or recurrent PJI appears prohibitively high. The 

accuracy of the proposed cutoffs is better than previously reported. 

Level of Evidence Level III, diagnostic study. 
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Introduction 

Two-stage exchange is a widely used treatment for patients with periprosthetic joint 

infections (PJI) because it enables PJI to be treated with a spacer in place before definitive 

reimplantation [3, 5, 13, 24, 25, 27, 35]. There is no consensus about when to perform 

reimplantation during a two-stage exchange arthroplasty because no identified variables are 

consistently associated with infection eradication [10, 26]. Indeed, the disappearance of 

clinical signs and the normalization of serum biomarkers do not accurately identify patients at 

the lowest risk of infection recurrence [16, 17, 20, 32, 33]. Moreover, joint aspiration before 

definitive reimplantation and intraoperative bacterial sampling at the time of reimplantation 

predict successful procedures with low levels of accuracy, when cutoffs suggested at the time 

of diagnosis are adopted [9, 28, 31]. Three meta-analyses that evaluated the predictive value 

of different tests to guide the appropriate timing of reimplantation concluded that no single 

diagnostic test could definitively confirm that patients are free of PJI after the first stage and 

before reimplantation [10, 14, 21]. Therefore, multiple diagnostic tests are often used to 

determine risk of infection persistence or recurrence before reimplantation, but none of the 

tests is sufficiently accurate to exclude persistence or recurrence of infection after 

reimplantation. Leukocyte counts in synovial fluid aspirates taken with a spacer in place 

enable important preoperative assessments of an infection cure before definitive 

reimplantation. However, the cutoff values for the cell counts that predict reimplantation 

without further symptoms or signs of PJI with the greatest accuracy have not been established 

[11, 17, 20, 23, 33, 36].  

We therefore asked: (1) What are the most appropriate thresholds for synovial fluid leukocyte 

counts (WBC) and neutrophil percentage (PMN percentage) in a patient group undergoing 

definitive reimplantation after an uninterrupted course of antibiotic therapy for chronic PJI? 

(2) What is the predictive value of our synovial WBC and PMN percentage threshold 
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compared with previously proposed thresholds? 

Patients and Methods  

Between January 2016 and December 2018, we evaluated and treated 101 patients with 

confirmed knee PJI. Known comorbidities relating to an increased infection risk were 

reported in 37% (37 of 101) of patients, and diabetes mellitus and chronic hepatitis were 

identified with the highest frequency. Twelve patients had a BMI more than 30 kg/m2, and the 

remaining 89 had a BMI below 30 kg/m2. We evaluated 101 patients with diagnosis of PJI 

based on the International Consensus Meeting on PJI (ICM) criteria. In this study, we 

included patients older than 18 years who had a delayed infection [25, 26]. We excluded two 

patients with chronic inflammatory joint diseases; nine patients with acute infections that 

appeared less than 90 days after the index procedure or late hematogenous infections with 

symptom durations of less than 3 weeks; three patients with inadequate amounts of synovial 

fluid for cultures and leukocyte counts; and five patients with persistent infection after spacer 

placement and adequate antibiotic therapy (a persistent infection was defined as continually 

elevated erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels coupled 

with local symptoms or positive cultures yielding the same bacteria retrieved at the time of  

PJI diagnosis). No patient discontinued antibiotic therapy before revision surgery. Thus, of 

the original 101 patients, the final analysis included 82 patients with a median (range) age of 

74 years (48 to 92). All patients were at their first two-stage revision. 

Eighty-five percent (70 of 82) patients had positive microbiologic culture results. The main 

pathogens isolated were coagulase-negative staphylococci (46% [32 of 70], with 11 of these 

patients were infected with methicillin-resistant bacteria. Staphylococcus aureus, including 

nine methicillin-resistant strains, was isolated from 41% (29 of 70) of patients. Gram-

negative bacteria were isolated from 13% (9 of 70) of patients, and Pseudomonas aeruginosa 

was cultured from four patients. 
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Among patients included in the study, 80% (66 of 82) had articulating spacers and 20% (16 

of 82) had static spacers; the surgeon based their choice of spacers on evaluation of bone 

stock and soft tissue involvement. The median antibiotic treatment duration was 8 weeks 

(IQR 8 to 8). No patients discontinued antibiotic treatment before definitive reimplantation 

because of side effects, and all patients continued the antibiotic treatment for 15 days after 

reimplantation, until intraoperative cultures were available. We did not administer long-term 

chronic suppressive antibiotic therapy in any patient. The patients did not report any clinical 

signs that suggested active infections, and the ESR and CRP levels were below the upper 

normal limits before definitive reimplantation. The median interval from prosthesis removal 

to reimplantation was 8 weeks (IQR 8 to 8). Specimens obtained at reimplantation revealed 

bacterial growth in 7% (6 of 82) of patients. The bacteria isolated at prosthesis removal and 

reimplantation did not show microbiologic concordance in any patients. All these patients 

were free of infection 96 weeks after the second step of the procedure. 

PJI was defined using the 2013 Philadelphia ICM diagnostic criteria as modified by 2018 

ICM [25, 26]. The inclusion criteria were a diagnosis of PJI based on the ICM criteria, 

patients aged older than 18 years, and a delayed infection. The exclusion criteria were chronic 

inflammatory joint diseases, acute infections within 90 days after the index procedure, or late 

hematogenous infections with symptom duration of less than 3 weeks, inadequate amounts of 

synovial fluid for cultures and leukocyte counts, discontinued antibiotic therapy before 

revision surgery, a post-treatment follow-up duration of less than 96 weeks, and persistent 

infection after spacer placement and adequate antibiotic therapy, which was defined based on 

ongoing clinical symptoms and persistently elevated ESR and CRP levels that prevented the 

patients from undergoing the second-stage revision procedure. 

Treatment Regimen 

The two-stage exchange procedure adopted is described in detail elsewhere [4]. The Italian 
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PJI guidelines recommend a two-phase antibiotic treatment protocol of 2 weeks of 

intravenous therapy followed by oral targeted therapy for 6 weeks, when feasible, based on 

microbiologic test results [15]. Hence, antibiotic therapy began with parenteral antibiotics for 

2 weeks after implant removal. When available, the synovial fluid cultures determined the 

selection of drugs administered before the infected implants were explanted. When synovial 

fluid culture results were negative, empiric antibiotic therapy was used, which comprised 

drugs that were active against gram-positive methicillin-resistant bacteria, until the 

microbiologic results from cultures of the periprosthetic tissues or implant sonication became 

available. The subsequent 6-week course of antibiotic therapy included oral drugs, when 

possible, which were selected based on the microbiologic evaluations. When all preoperative 

and intraoperative culture results were negative, combination regimens that contained a drug 

active against methicillin-resistant staphylococci (for example, cotrimoxazole or 

minocycline) were considered for first-line therapy after the parenteral antibiotic therapy. 

After completing a course of antibiotics, the patients underwent reimplantation while 

continuing antibiotic therapy. This was established based on reported clinical evidence [3]. 

Reimplantation was scheduled for patients whose CRP levels and ESR remained normal and 

who did not have any local symptoms preoperatively. 

Scheduled Assessments 

The ESR, CRP levels, and complete blood counts were assessed before the infected implant 

was removed and every 7 days for 2 weeks after spacer placement. Synovial fluid aspirations 

were scheduled at least 14 days before reimplantation to evaluate the leukocyte counts and 

establish cultures with the knee spacer in place. The aspirate was directly inoculated into two 

different vials: one containing ethylenediaminetetraacetic acid (either K2 or K3) for cell 

counting and the other (0.5 mL to 3.0 mL of aspirate) for inoculation of blood culture bottles 

(Bactec-Ped; bioMerieux). To be considered sterile, bottles were incubated for 14 days 



9 
 

 

beforehand. The synovial fluid samples collected in the ethylenediaminetetraacetic acid-

coated tubes were transported to the laboratory and stored at room temperature, and their 

WBC counts and PMN percentage were determined within 3 hours using a hematology 

analyzer. At reimplantation, at least five periprosthetic tissue samples had been collected 

from all patients for microbiologic analyses. Brain-heart infusion broth (bioMerieux) was 

added to the specimens within 1 hour, and they were incubated for 24 hours at 37° C before 

terminal subculturing. After replacement of the prosthetic implant, the CRP levels and ESRs 

were assessed for 96 weeks. We defined the absence of PJI as the disappearance of all 

clinical, microbiologic, and radiologic evidence of PJI coupled with the normalization of 

CRP levels during the 96-week follow-up period after the antibiotics were discontinued. 

After the 96-week follow-up period, 87% (71 of 82) of patients were considered free of 

infection, and 13% (11 of 82) patients were not, based on our criteria. 

Laboratory Values 

Before reimplantation, the median synovial fluid WBC counts and PMN percentage were 

higher in patients who eventually had persistent or recurrent PJI than in patients who did not. 

The median WBC count in the patients who demonstrated persistent infection was 1344 

cells/µL (IQR 934 to 2776 cells/µL) compared with 471 cells/µL (IQR 290 to 804 cells/µL) 

in patients whose infection was regarded as remitted (p < 0.001). The median PMN 

percentage was 61% (IQR 52% to 78%) in patients who demonstrated persistent infection 

versus 36% (IQR 28% to 51%) in those whose infection was regarded as remitted (p < 0.001) 

(Table 1). 

Ethical Approval 

Ethical approval for this study was obtained from the Department of Infectious Diseases of 

the D. Cotugno Hospital. The study was conducted in accordance with national and 
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institutional standards, and in accordance with the principles of the Declaration of Helsinki. 

The patients provided informed consent before they were included in the study. 

Statistical Analyses 

We used descriptive statistics for continuous variables, which we compared using the Mann-

Whitney U test. Categorical variables are expressed as proportions, and we compared them 

using the Fisher exact or the chi-square test, as appropriate. Receiver operating characteristic 

curves (ROC), which depict relationships between true-positive results (sensitivity) and false-

negative results (1-specificity), were constructed for the synovial fluid WBC counts and 

PMN percentage. The SaUaPeWeUV¶ sensitivities, specificities, positive predictive values, and 

negative predictive values (NPVs) were calculated using 2 × 2 contingency tables. The areas 

under the ROC curves (AUCs) were assessed to better evaluate the SaUaPeWeUV¶ accuracies. 

An AUC of 1 indicated 100% sensitivity and 100% specificity, while an area under the < 0.5 

indicated a less useful test. An internal validation method through a bootstrapping method 

was used to obtain the optimal cutoff values for the overall WBC count and the neutrophil 

percentage. A total of 1000 bootstrap samples from the 82 patients were drawn with 

replacement in the original data. The advantage of this method is that the bootstrap-based 

ROC curves are much stable than those of the holdout or cross-validation, indicating a more 

stable ROC analysis. This is performed by considering a misclassification cost function (to be 

minimized) to assess the discriminatory ability of a cutoff point relied on the elements of the 

2 × 2 confusion matrix, that is true positives (TP), false positives (FP), true negatives (TN), 

and false negatives (FN), that is costFP_× FP + costFN × FN. We assumed that a false negative 

result was five times more costly than a false positive. The empirical prevalence (equal to 

0.13) was used to run the analysis. Furthermore, the sensitivities and specificities of the 

synovial fluid WBC count and PMN percentage at the obtained optimal thresholds were 

compared with results obtained from our patients according to the thresholds proposed by the 
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MSIS [27], Boelch et al. [11], and Kusuma et al. [20] using the McNemar test [18]. The 

AUCs were compared using the DeLong test [12]. A value of p < 0.05 indicated statistical 

significance. We used the R statistical software environment IBM SPSS software, Version 

21.0.0.1 (IBM Corp) to construct the databases and conduct the statistical analyses. 

Results  

Predictive Value of Proposed Cutoffs for WBC and PMN Percentage 

ROC curve analysis used to identify the best threshold values showed that a WBC of at least 

934 cellV/ȝL (SURSRVed WhUeVhRld) \ielded a VeQViWiYiW\ Rf 0.82 (95% CI 0.71 to 0.89) and a 

specificity of 0.82 (95% CI 0.71 to 0.89) in predicting persistent or recurrent infection, 

whereas a PMN percentage of greater than 52% (proposed threshold) had a sensitivity of 0.82 

(95% CI 0.71 to 0.89) and a specificity of 0.78 (95% CI 0.67 to 0.86). The AUC was 0.87 

(95% CI 0.79 to 0.96) for the WBC count (Fig. 1) and 0.84 (95% CI 0.73 to 0.95) for PMN 

percentage (Fig. 2). Sensitivity for both synovial fluid parameters was 0.82 (95% CI 0.71 to 

0.89), specificity was 0.82 (95% CI 0.71 to 0.89) for WBC and 0.78 (95% CI 0.67 to 0.82). A 

WBC count of at least 934 cells/µL combined with a PMN percentage no less than 52% had a 

sensitivity of 0.66 (95% CI 0.52 to 0.74), a specificity of 0.92 (95% CI 0.83 to 0.96), a PPV 

of 0.54 (95% CI 0.43 to 0.65), an NPV of 0.94 (95% CI 0.86 to 0.98), and an AUC of 0.70 

(95% CI 0.60 to 0.95) (Table 2).  

How Do These Values Compare with Previously Published Thresholds?   

Comparing the sensitivities and specificities of the synovial fluid WBC count and PMN 

percentage at the obtained optimal thresholds with that obtained adopting for our dataset the 

thresholds proposed by the MSIS [27], Boelch et al. [11], and Kusuma et al. [20] using the 

McNemar test [18], we found no difference in the AUC between a WBC count higher than 

934 cells/µL and a WBC count higher than 1102.5 cells/µL, as proposed by Kusuma et al. 
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[20] (0.87 [95% CI 0.79 to 0.96] versus 0.79 [95% CI 0.63 to 0.96]; p = 0.60). In contrast, a 

PMN percentage of 52% or more showed better predictive value than a percentage more than 

80% and 72% (0.84 [95% CI 0.73 to 0.95] versus 0.58 [95% CI 0.38 to 0.76]; p < 0.001; and 

0.84 [95% CI 0.73 to 0.95] versus 0.63 [95% CI 0.44 to 0.83]; p = 0.04, respectively) (Table 

3). 

Discussion 

PJI is a complication of total joint arthroplasty that can occur postoperatively or as a delayed 

or late infection well after implantation. The two-stage exchange procedure is used for 

treating delayed PJIs, infections caused by multidrug-resistant bacteria, and those showing a 

sinus tract [3-6]. Although the two-stage exchange technique is largely standardized, several 

questions that remain about the procedure must be answered to increase its likelihood of 

success. Actually, no criteria have not been established to enable accurate predictions of a PJI 

persistence before definitive reimplantation and to establish the most appropriate interval 

between resection arthroplasty and reimplantation [1, 3-6, 19, 22, 29, 30, 34]. High levels of 

consensus regarding PJI diagnoses according to ICM [2, 25] and Musculoskeletal Infection 

Society [27] criteria have been obtained, but when the same criteria are applied to establish 

the absence of persistent or recurrent PJI before the second step of the two-stage procedure, 

their predictive value remains low, suggesting the need for better diagnostic tools and 

approaches [7, 8]. Based on our discoveries, we believe that patients with WBC counts 

greater than 934 and PMN percentage of 52% or more should not undergo reimplantation, but 

rather a repeat debridement, as their risk of persistent or recurrent PJI appears prohibitively 

high.  

Limitations 

ThiV VWXd\¶V fiQdiQgV VhRXld be iQWeUSUeWed iQ lighW Rf VeYeUal liPiWaWiRQV. First of all, we 
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aimed to investigate a very selected group of patients with chronic PJI and without chronic 

inflammatory joint disease. This choice made the study population homogeneous and reduced 

some relevant biases but affected the possibility to apply the cutoffs obtained to the whole 

population of patients affected by PJI. Moreover, some patients report cofactors that can 

influence PJI outcome, such as diabetes or chronic liver disease. Although the sample appears 

to be well-balanced, its size precludes assessing the value of the cutoffs proposed in selected 

subpopulations and further investigations on the role of each of these factors have not been 

performed and are difficult to plan. Another limitation is the antibiotic schedule adopted, as 

our patients did not discontinue antibiotic treatment before reimplantation. We made this 

choice based on the results of a previous study which demonstrated that a better outcome 

could be obtained without antibiotic discontinuation before definitive reimplantation because 

of the low predictive value of bacterial investigations before definitive reimplantation [3]. For 

this reason, the cutoffs established in the present study may have the highest value in those 

adopting such therapeutic schedule, but the value in patients who observe an antibiotic 

holiday period must be assessed. 

Predictive Value of Proposed Cutoffs for WBC and PMN Percentage    

We found that WBC counts greater than 934 and cells/µL and PMN percentage of 52% were 

associated with a high risk of persistent or recurrent PJI. The exact value of synovial fluid 

WBC counts and PMN percentage for diagnosing persistent infections before reimplantation 

was not fully assessed previously. In fact, Bian et al. [10] reported extreme variations in the 

sensitivities and specificities of synovial fluid WBC counts and PMN percentage, when they 

were used to identify persistent infections. Newman et al. [23] and Zmistowski et al. [36] 

reported substantial elevations in synovial fluid WBC counts and PMN percentage in patients 

with persistent PJIs, suggesting their evaluation at the time of definitive reimplantation. Our 

findings agree with these results, confirming the link between the synovial cell count at 
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reimplantation and PJI recurrence because the synovial fluid WBC counts and PMN 

percentage were higher in patients with recurrent infections than in patients who underwent 

successful procedures (p < 0.001), but only 18% of these patients had WBC counts or PMN 

percentage above the limits required to diagnose PJI as established by ICM 2018 [26]. Hence, 

lower threshold values should be considered for patients with antibiotic spacers to exclude 

persistent infections. Some studies have attempted to determine the best cutoff values for 

synovial fluid WBC counts and PMN percentage in patients who observe a minimum 2-week 

antibiotic holiday period before reimplantation [11, 17, 23, 33, 36], but no study has assessed 

the usefulness of these synovial fluid parameters in patients who did not observe an antibiotic 

holiday period before reimplantation. Zmistowski et al. [36] determined that a WBC count of 

640 cells/µL and a PMN percentage of 56% were excellent thresholds for diagnosing 

persistent infections, while Kusuma et al. [20] reported a synovial fluid WBC count of 1102 

cells/µL and a PMN percentage of 71.5%. Our study is the first to assess the cutoffs to be 

used for patients who do not observe an antibiotic holiday period. Moreover, our statistical 

methodology, which used bootstrap methodology, obtained accurate measures of both bias 

and variants of the true error estimate, which makes the analysis more accurate than 

performed in other studies. 

How Do These Values Compare with Previously Published Thresholds?   

We proposed thresholds that performed as well as or better than previously published 

thresholds [11, 20, 27]. In the second step of our analysis we tried to apply the cutoffs derived 

by our investigation and by other studies to our data set. We found that our cutoff values for 

synovial fluid WBC and PMN percentage had a higher predictive value than achieved using 

MSIS [27] proposed thresholds. Furthermore, a PMN percentage more than 71.5% as 

reported by Kusuma et al. [20] showed lower specificity and AUC than our results. 

Conclusion 



15 
 

 

IQ cRQclXViRQ, RXU VWXd\¶V fiQdiQgV VXggeVW WhaW RXU synovial fluid cell count thresholds 

accurately predicted persistent or recurrent PJI showing a higher accuracy than previously 

reported cutoffs. Patients whose synovial fluid WBC counts and PMN percentage were above 

our cutoff values had a 94% probability of favorable outcome. Given that WBC counts of at 

least 934 cellV/ȝL aQd PMN percentage no less than 52% were both reasonably sensitive and 

specific for a patient presenting later with persistent or recurrent PJI, we recommend that 

patients with these characteristics undergo a repeat debridement, as their risk of persistent or 

recurrent PJI appears prohibitively high.   
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Legends 

Fig. 1 A receiver operating characteristic curve was used to determine the most appropriate 

synovial fluid WBC count threshold. 

Fig. 2 A receiver operating characteristic curve was used to determine the most appropriate 

synovial fluid PMN percentage threshold. 

 

 



 
Table 1. Synovial fluid parameters in patients with and without a favorable outcome 
Variable Patients with infection  

(n = 11) 
Patients without infection  
(n = 71) 

p value 

 
WBC count (cells/uL) 
 

 
1344 (934-2776) 

 
471 (290-804) 

 
p < 0.001 

 
PMN percentage 
 

 
61 (52-78) 

 
36 (28-51) 

 
p < 0.001 

Data are presented as median (IQR). 
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Table 2. Diagnostic parameters of synovial fluid WBC count and PMN percentage at the proposed 
threshold 
 
Parameter WBC count PMN percentage WBC count t 934ceOOV/ȝL, PMN 

percentage t 52% 
 
Proposed threshold 
 

 
934 ceOOV/ȝL 

 
52% 

 

Sensitivity 0.82 (95% CI 
0.71-0.89) 
 

0.82 (95% CI 0.71-
0.89) 

0.66 (95% CI 0.52-0.74) 

Specificity 0.82 (95% CI 
0.71-0.89) 
 

0.78 (95% CI 0.67-
0.86) 

0.92 (95% CI 0.83-0.96) 

Positive predictive 
value 

0.41 (95% CI 
0.30-0.52) 
 

0.36 (95% CI 0.26-
0.547) 
 

0.54 (95% CI 0.43-0.65) 

Negative 
predictive value 

0.98 (95% CI 
0.89 0.99) 
 

0.97 (95% CI 0.89-
0.99) 
 

0.94 (95% CI 0.86-0.98) 

Area under the 
curve 

0.87 (95% CI 
0.79-0.96) 

0.84 (95% CI 0.73-
0.95) 

0.70 (95% CI 0.60-0.95) 
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T
able 3. C

om
parison of sensitivity, specificity, and A

U
C

 of proposed threshold versus published values 
 Param

eter 
M

SIS threshold 
M

SIS p value 
vs 
proposed 
threshold 

K
usum

a et al. 
threshold 

K
usum

a et al. 
p value 
vs 
proposed 
threshold 

B
oelch et al. 

threshold 
B

oelch et al. p 
value 
vs 
proposed 
threshold 

 W
B

C
 count 

 
 

 
 

 
 

Threshold 
 

3000 FHOOV/ȝ/ 
 

1102.5 FHOOV/ȝ/ 
 

3250 FHOOV/ȝ/ 
 

Sensitivity 
0.18 (95%

 C
I 0.11-

0.29) 
0.14 

0.73 (95%
 C

I 0.62-
0.82) 

0.08 
0.18 (95%

 C
I 0.11-

0.29) 
0.14 

Specificity 
0.99 (95%

 C
I 0.92-

0.99) 
0.04 

0.86 (95%
 C

I 0.76-
0.92) 

0.02 
0.99 (95%

 C
I 0.92-

0.99) 
0.04 

A
U

C
 

0.58 (95%
 C

I 0.39 -
0.78) 

< 0.001 
0.79 (95%

 C
I 0.65-

0.96) 
0.60 

0.58 (95%
 C

I 0.39-
0.78) 

< 0.001 

PM
N

 
percentage 

 
 

 
 

 
 

Threshold 
 

80%
 

  
71.5%

 
 

N
A

 
N

A
 

Sensitivity 
0.18 (95%

 C
I 0.11-

0.29) 
0.14 

0.36 (95%
 C

I 0.26-
0.48) 

0.15 
 

 

Specificity 
0.97 (95%

 C
I 0.90-

0.99) 
0.04 

0.90 (95%
 C

I 0.81-
0.95) 

0.03 
  

 

A
U

C
 

0.58 (95%
 C

I 0.38-
0.76) 

< 0.001 
0.63 (95%

 C
I 0.44-

0.83) 
0.04 

 
 

M
SIS = M

usculoskeletal Infection Society; A
U

C
 =  area under the curve; N

A
 = not available. 
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To be used by authors of all observational clinical studies published in CORR.  For this purpose a cohort study (the 
term used by STROBE) is considered a longitudinal study typically reporting outcomes of treatment in one or more 
cohorts; a case-control study is one identifying factors in outcomes; a cross-sectional study is one to identify the 
prevalence of factors or characteristics in a population at a single point in time.   
 
This table is modified from and used with the permission of The STROBE Initiative, www.strobe-statement.org.   
 
Modifications:  We added a fourth column for authors to check inclusion.  You must include all items in your 
manuscript unless the information is not applicable.  Information on the study cohort (Items 13 and 14 in the STROBE 
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No 
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Please insert check 
where included or N/A 
where not applicable 

Title and abstract 1 (a) IQdicaWe Whe VWXd\¶V deVigQ ZiWh a cRmmRQl\ XVed 
term in the title or the abstract 

INCLUDED 

(b) Provide in the abstract an informative and balanced 
summary of what was done and what was found 

INCLUDED 

Introduction  
Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported 
INCLUDED 

Objectives 3 State specific objectives, including any prespecified 
hypotheses 

INCLUDED 

Methods  
Study design 4 Present key elements of study design early in the paper INCLUDED 
Setting 5 Describe the setting, locations, and relevant dates, 

including periods of recruitment, treatment, follow-up, 
and data collection 

INCLUDED 

Participants 6 (a) Cohort study²Give the eligibility criteria, and the 
sources and methods of selection of participants. Describe 
methods of follow-up 
Case-control study²Give the eligibility criteria, and the 
sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and 
controls 
Cross-sectional study²Give the eligibility criteria, and 
the sources and methods of selection of participants 

 
 
 
INCLUDED 

(b) Cohort study²For matched studies, give matching 
criteria and number of treated and untreated 
Case-control study²For matched studies, give matching 
criteria and the number of controls per case 
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Participants 13* (a) Report numbers of individuals at each stage of study²

eg numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing 
follow-up, and analysed 

INCLUDED 

  (b) Give reasons for non-participation at each stage INCLUDED 
Descriptive data 14* (a) Give characteristics of study participants (eg 

demographic, clinical, social) and information on other 
treatments and potential confounders 

INCLUDED 

  (b) Indicate number of participants with missing data for 
each variable of interest 

INCLUDED 

  (c) Cohort study²Summarise follow-up time (eg, average 
and total amount) 

INCLUDED 

Variables 7 Clearly define all outcomes, treatments, predictors, 
potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable 

INCLUDED 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and 
details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than 
one group 

INCLUDED 

Bias 9 Describe any efforts to address potential sources of bias N/A 
Study size 10 Explain how the study size was arrived at N/A 
Quantitative 
variables 

11 Explain how quantitative variables were handled in the 
analyses. If applicable, describe which groupings were 
chosen and why 

INCLUDED 

Statistical methods 12 (a) Describe all statistical methods, including those used to 
control for confounding 

INCLUDED 

(b) Describe any methods used to examine subgroups and 
interactions 

INCLUDED 

(c) Explain how missing data were addressed INCLUDED 
(d) Cohort study²If applicable, explain how loss to follow-
up was addressed 
Case-control study²If applicable, explain how matching of 
cases and controls was addressed 
Cross-sectional study²If applicable, describe analytical 
methods taking account of sampling strategy 

 
 
INCLUDED 

(e) Describe any sensitivity analyses INCLUDED 
*Give information separately for cases and controls. 
 
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org. 
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