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Goals/objectives

* To improve understanding of the diagnosis, treatment, and follow-up
of pediatric bone and joint infections
* Describe common presentations of bone and joint infection in children
List most common etiologies
|dentify appropriate diagnostic studies
Prescribe empiric antibiotics
Understand limitations of empiric antibiotics
Describe important aspects of follow-up
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Osteomyelitis- types

* Hematogenous
* Bacteremia- metaphysis-local infection

* The younger the patient, the more likely infection will
extend to joint space

* Direct extension
* Local infection eventually extending into bone

* Traumatic / surgical
* Nail in the foot, trauma, direct manipulation
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Presentation-
hematogenous osteomyelitis

Neonate Young Child Older child
e Fever * c/o pain e c/o pain
« { movement * Limp * Fever

* Redness, swelling ¢ Stops walking
e Pustule * Fever
* irritability
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Organisms-
hematogenous osteomyelitis

Neonate Young child Older child
* S. aureus S. aureus * S. aureus
* Group B strep K. kingae * Group A strep
* Gram neg Group A strep
enterics S. pneumonia

(H. influenzae b)

Special circumstances
Just had chicken pox? Child with sickle cell disease?
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Culture vs Molecular Testing for Osteo

CultureresultsitarOstegmyelitis 3% Molecular results for Osteomyelitis

(0

8%

@S. aureus BK. kingea B Group A Strep B other OS. pneumonia

Arnold Bradley Infect Dis Clinics NA 2015
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Travel

International Tuberculosis

I_e S S Western United States Coccidioidomycosis
Midwest United States Histoplasmosis

CO m m O n Eastern United States Lyme arthritis

Hunting/forest Blastomycosis

Ca u S e S Of Animal exposures

Cat/kitten scratch Bartonella henselae

O t Cat bite Pasteurella multocida
S e O Cat or livestock birth Coxiella burnetti (Q-fever)
Reptiles'amphibians Salmonella spp

septic

Unpasteurized dairy Brucellosis

j O i nt Tuberculosis (Mycobacteria tuberculosis)

Not fully immunized Haemophilus influenza
Streptococcus pneumoniae

Sickle cell disease Salmonella spp

Recent pharyngitis Streptococcus pyogenes (invasive infection or postinfectious
arthritis)
Fusobacterium necrophorum (Lemierre disease)

Arnold Bradley Infect Dis
Clinics NA 2015 Salmonella spp

Recent diarrheal illness Postgastrointestinal infection arthritis (reactive arthritis)
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Distribution -
of Infected A

Pelvis %-15% —ff——¢ (WS

B O n e S / Hip ]“%FH%_.!‘LE::‘ITI,- -, h
Joints Mmoo

Knee 25%—30%

Lower l=g 35%

Ankle 23%

Arnold Bradley Infect Dis
Clinics NA 2015

¢
Feet - 7%-11%———— ()
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Hematogenous osteomyelitis; evaluation

* History * Laboratory
* Physical Examination * CBC
* Vital signs * ESR
* CRP

» Evidence of sepsis?
* Area(s) of tenderness
* Redness/swelling

* Blood culture
* Bone aspirate/culture

* Imaging

* X-ray

* MRI

e CT
Ultrasound
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Treatment considerations

* What drug?
 What route?
* How long to treat?

Neonate Young child Older child
* Anti-staph Anti-staph Anti-staph
e Cephalosporin Anti-K. kingae

(change if un-
immunized)
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In the old days..... Now.....
* MSSA, S. pneumonia, group A e Up to 50% of S aureus is MRSA
strep * Vanco covers 100% of Staph but
e |V Cefazolin... to oral Keflex or doesn’t cover Kingella
e [V Nafcillin ... to oral Dicloxacillin * Clinda misses 15-20% of Staph
- Eoed clie st 4 wieele wise * Bactrim covers staph but no data on
outcomes

plenty :
* Does MRSA require longer

* PICC lines weren’t available so treatment?

home IV not easy
* Doctors have gotten attached to

PICC lines. Is IV better than oral?
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* What empiric antibiotics to use initially?
* What empiric antibiotics to use for switch to outpatient?
* |V or Oral?

* How long to treat?



@

PEDIATRIC INFECTIOUS DISEASES UPDATE

Q“Il Duke University

School of Medicine DUKE
et sl
Antibiotics
* Anti- staph

e Nafcillin/oxacillin
* Vancomycin
* Clindamycin
 TMP/SMZ
* Linezolid
* Minocycline/doxycycline
* Daptomycin
o 15t 2nd or 3rd generation cephalosporin



Prolonged Intravenous Therapy Versus Early
Transition to Oral Antimicrobial Therapy for Acute TABLET Demographicand Clinical Characteristics
Osteomyelitis in Children

Characteristics INErawanous Oral Therapy
Therapy (W = 1021 N = 948

Theoklis Zaoutls, MD, M5CE=c=s, A, Russell Locallo, Pho<=, Kater] Leckenman, M5+, Stephanie Saddlemire, MSPHY, Dawvid Bertoch, MHAS, Age, m (%)

Ron Keren, MD, MPHE=2=4 O-1y BE B TTHE
1-5y 343034 I
=5y 592 58] 540 (58]

Length of haspital stay, medien 5 [3—6) 4 346}

{Interguartile range), d

Gender, m (%)
Mala £20 [63) E3(63)

Raoe, i (%)
Whita F25[T1) BTG |TT
Black 186 [1E) 15016
Other &6 [E) B0 (B
Miszing 44 [4) cFAE]

She, m (%)
shoulder 233 25 (3
Upper arm 48 [5) Mg
Faresm 33 ESTE)]
Hand 384 34
Pelvicthigh 31531 87 {30
Lower leg 4734 345 {38)
Ankleffoot 182 [1E] 178(15)
Multiple stes 153 5 (3
Unspeciied 11201 TTE

Organism, r (%)
Group A streptococous 353 M4
Streptooooc], other 1100 15{3
Fouvrews 351 34) 291 {31
staphylocooous, other 51 (5 333
Methiclllin-resistant 5 gureus BIE &2i{n
Exchienichii coli 2= 21=1]
PNEUMOCDOIUS 1201 {n
Other Gram-negative organisms o 5{1)
=1 organism 8090 T3E
surglcal procedure 773N 114433)

Farental antibiotics recetved, m (%)
Cefazolin £03 [59) 508 (54
oxadllirenafcillin 345 34) 343 (36)
Vancomegcin 188 [1E) B3 {50
Cliredammycin 308 (30 INE
Triimethoprim-sulfamethooazole 50T &)
Linezolid 20=T) 20<=21)
Othert 355 [35) 116 {33)
Case mix Index, median 167 (1E7-1.6T) 167 [LET-1.6T)

{Interguartile REngeF




TABLEZ Treatment Outcomes of Acute Osteomyelitls

Outcome Intravenous Oral Therapy  Propensity
.. Therapy (N =948 Score-Adjusted
Transition to oral N=1021), n@)  OR(ES%C)for
. . . n (%) Thiose Children
therapy by institution Treatzd with
Early Transttion
and treatment 10 Oral Therspy
Primary outcome
0] UtCO mes Treatment r:I||I."I_E within & 54 [5) 38 (4 OL77 {D.45-123)
mo of diagnosls
Chinonlc asteomyelitts 13 (13) 2{08) OB4033-2.13)
Musculoskeletal surgery 18 [1.E] 15(06) 0B (0381700
- Complication of 11 [1.1] 606  O75{027-2.0M
1 osteormyel s
* I Acute osteomyeikls as sobke 12 (13} Q{09 QL72 {0352 08
. e A H readmission diagnosls
# i Seondary cutcomes
g" CHHHHHHHEHHE Any rehospitalization within - 102 (10] 56 (59) 0.6 1D3E-096)
£ w HHHHHHHHHHHBAE & mio of diagnosis
£ Catheter-associated 35 (3] Q|00
g~ CHHCH R R TR R complication
£ HHHAHHHHHAHHHHHAE Adverse effect of 15 [1.5) (04  O390.14-1.1)
g _ S FUECRE R R R R R antimicrobial agentse
£ Binabyis used the complete mohort. — Indicat=s no data
- R e Ereeeeennl 3 Data iIndude synovwits, pyogenic arthrits, sacoliitls, disorders of bone and artilage not
. PP PR R PP L otherwise specthed, and disc disceder.
‘ ‘ ‘ ‘ ‘ ‘ ‘ b Dotz indude adverse dnag reactions asodated with antiblotics, Cdificlle Infection, or
o agranulocytosks.

i 2 23 4 5 & T &8 @ 10 41 12 13 14 15 16 17 18 10 20 21 22 23 24 25 26 27 28 I0
Hospital
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Oral therapy

* Use high doses
* Emphasize adherence
 Careful follow-up

e Significant data that change to oral can occur early (3 days) when
there is significant evidence of clinical improvement

 Total duration of therapy of 4 weeks is adequate
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* What empiric antibiotics to use initially?
* Depends on age and how ill the child is

* What empiric antibiotics to use for switch to outpatient?
* Probably clindamycin

e IV or Oral?
e Oral

* How long to treat?

* 4 weeks unless slow response to therapy or very extensive disease or MRSA,
then would consider 6 weeks.
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approach
probably works
best

Lawson Copley et al
J of Bone and Joint
Surgery 2013
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* After review of past experience, investigators initiated standard
diagnosis and treatment protocol for all suspected bone and joint
infections.

* Included: labs, blood culture, rapid schedule MRI, with bone
aspiration while still sedated.

 Team rounding

e Standard follow up

TABLE Il Demographic, Imaging, Antiblotic, Surgery, and Hospitalization Differences Between Cohorts
Differences Group | (N = 210) Group Il (N = 61) P Value*

Demographic
Age at the time of hospitalizationt§ (vr)
Birth to three years 70(33.3%) 23 (37.7%)

Four to twelve years 110 (52.4%) 29 (47.5%)

Thirteen to eighteen years 30 (14.3%) 9 (14.8%)
Sex¥

Male 129 (61.4%) 33 (54.1%)

Female 81 (38.6%) 28 (45.9%)
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TABLE Il Demographic, Imaging, Antiblotic, Surgery, and Hospitalization Differences Between Cohorts

A COoO rd | N ate d ) Differences Group | (N = 210) Group Il (N = 61)

Imaging

p rOtOCO | -d r|Ve N No. of MRIs per child 1.01 1.33

MRI delay after admission§ 2.47 1.04

a p p ro a C h Antibiotic

Empiric antibiotic frequency¥

pro ba bly WO rks Clindamycin 12.9%

27
Cefazolin 89 (42.4%
25(

11.9%

Vancomycin
be5t Other 69 (32.9%

Antibiotic changes per child 2.0
Mean duration of intravenous antibiotic use§ 19.3

)
)
)
)

Mean duration of oral antibiotic use§ 27.7
Total duration of antibiotic use§ 41.9
Surgical
Mo. of surgeries per child
Hospital
Length of initial stayg 10.75
Lawson Copley et al Readmission frequency¥ 24 (11.4%)

J of Bone and Joint Total length of stay§ (including readmission) 12.8
Surgery 2013
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Septic joint

* Almost everything said about osteo applies to joints but:

* H. influenza was an important pathogen so think of it if
unimmunized; in teenagers, consider N. gonorrheae

* Kingella kingae hard to culture from joint fluid. Should
inoculate blood culture bottles or perform PCR

 Septic hip is surgical emergency; ask surgeon to drain
immediately

* Antibiotics concentrate in joint fluid- no reason to instill
antibiotics into joint

e Generally can treat for total (IV+ PO) 3 weeks
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Special cases

 Step on nail “osteo”
* Pelvic osteo

* TB osteo- if exposure history or poor response to therapy, culture for
TB

* Premies and neonates
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My suggestions

* PIDS and IDSA Guidelines slated to come out in 2018- suggest review

* In the meantime

* |f possibly septic- Vancomycin AND 3" generation cephalosporin and look very hard
for one or more focus to drain. Drainage of primary focus critical.

* |f not toxic, would start with clindamycin IV. If response is good, you know your oral
switch drug.

* Always get blood culture prior to antibiotics.
Always push ortho to aspirate bone or joint to try to get a bug.

| almost always go to oral and | switch as soon as “clearly getting better”; this is
obviously easier if | am sure of my oral switch drug.

If using beta-lactam, monitor CBC weekly for neutropenia.
If using oral beta-lactam, use high dose (100-150 mg/kg/day).
Careful follow up.



