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Abstract. - OBJECTIVE: To review the clinical lit-
erature focusing on epidemiology, clinical presen-
tation and outcomes of prosthetic joint infections
(PJls) due to gram-negative bacteria (GNB) and to
report the experience of a multicentric cohort.

PATIENTS AND METHODS: A retrospective,
observational, cohort study was performed in
three ltalian hospitals. All consecutive PJls
caused by GNB over a 12-year period (from May
2007 to March 2018) were enrolled. Epidemio-
logical, clinical, microbiological and therapeu-
tic features were described. Factors related to
treatment failure (defined as the occurrence of
death, amputation or starting long-term anti-
microbial suppression therapy) were analysed
with a Cox regression model.

RESULTS: A total of 82 PJIs due to GNB (42.7%
men; median age 73 years) were studied. The im-
plants included 65 (79.3%) hip, 16 (19.5%) knee and
one (1.2%) shoulder. An early PJl was diagnosed
in 16.2% of patients, a delayed PJI in 29.4% and a
late PJl in 54.4%. The most common isolated or-
ganisms were Escherichia coli (21.7%) and Pseu-
domonas spp. (20.9%). 13.4% of the isolates were
carbapenem-resistant bacteria (CRB). In 53.8%
of cases a two-stage exchange arthroplasty was
performed and in 32.5% a Girdlestone excision
arthroplasty. The average therapeutic failure oc-
curred in 17.7% of cases. The therapeutic failure
rate of the two-stage was 10%. PJI due to CRB was
identified as a potential risk factor for failure (aHR
4.90; IC 95%, 0.96-25.08; p=0.05). The therapeutic
failure rate in the CRB group was 50%.

CONCLUSIONS: The treatment with the two-
stage procedure for PJIs caused by GNB seems
to be associated with a low rate of failure, while
PJI due to CRB seems to be related to the worst
outcome.
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Introduction

Prosthetic joint infection (PJI) is an uncommon
but severe complication of total joint arthroplasty,
associated with high morbidity and health care ex-
penditures'. Furthermore, the optimal diagnostic
approach and management of these infections is
not standardized, because of the lack of random-
ized, controlled trials. Although the most common
isolated microorganisms are coagulase-negative
staphylococci, Staphylococcus aureus and strepto-
cocci, gram-negative bacteria (GNB) constitute not
infrequent causative pathogens'. There are only
few and contradicting studies*!" in the literature
on PJI caused by GNB and most of these reports
have included small cohorts of patients. Therefore,
is difficult to interpret the available data in order to
plan a correct diagnostic and therapeutic strategy.
Moreover, the emergence of resistance to antibiot-
ics, especially fluoroquinolones, among GNB that
cause PJIs may complicate the outcome, because
of the lack of alternative treatments'>!*. The aims
of this article are to review the clinical literature
focusing on epidemiology, clinical presentation
and outcomes of PJI due to GNB and to report the
experience of a multicentric Italian cohort.

Epidemiology

The cumulative incidence of PJIs among the
approximately 1 000 000 primary total hip arthro-
plasty (THASs) and total knee arthroplasty (TK As)
performed in the United States in 2009 is approx-
imately 1%-2% over the lifetime of the prosthetic
joint'. Furthermore, the number of PJIs is likely
to increase: it is projected that by the year 2030,
approximately 4 million THAs and TK As will be
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performed per year in the United States®. In Tta-
ly, about 170 000 joint replacement interventions
were made in 2013, of which 97 000 THAs and 65
000 TK As and a similar rate of PJIs was assessed,
as reported above's. Few studies have systemati-
cally described the full microbiological scenario
of PJIs'?, most of the current knowledge is based
on studies that are limited by small sample size
or describe single-centre experiences**. How-
ever, GNB is responsible for a substantial pro-
portion of PJIs, ranging from 5% to 23%"%%. In
a recent large multicentric study', a significant
linear increase in the proportion of PJI caused by
aerobic gram-negative bacilli, during the study
period was reported. Hsieh et al® found that pa-
tients with PJIs due to GNB were older (median
age, 68 vs. 59 years, p<0.001) and developed in-
fection earlier after the joint replacement (medi-
an joint age, 74 vs. 109 days, p<0.001) than did
patients with PJIs due to gram-positive bacteria
(GPB)®. Zmistowski et al® reported that PJIs due
to GNB presented more commonly with a con-
comitant urinary tract infection (18% vs. 7.2%,
p<0.03) than GPB PJIs.

Table I lists the causative GNBs of PJI in five
studies. Enterobacteriaceae are the most fre-
quently isolated microorganisms, followed by
Pseudomonas aeruginosa**3*. A significant rate
of PJIs due to GNB were polymicrobial, ranging
from 3.9% to 76%°*!!.

Table I. Causative GNBs of PJI in five different studies.

The emergence of resistance to antibiotics among
GNB that cause PJIs is a major concern. Benito et
al”, in a large multicentric study, found that PJIs due
to multidrug-resistant GNB increased from 5.3% in
2003-2004 to 8.11% in 2011-2012 (p=0.032). Specif-
ically, there was an increase over time in the propor-
tion of multidrug-resistant Escherichia coli (from
2% in 2003-2004 to 4.3% in 2011-2012; p=0.061),
Klebsiella pneumoniae (0% in 2003-2004 to 1.1%
in 2011-2012; p=0.051), Pseudomonas aeruginosa
(0.7% in 2003-2004 to 1.8% in 2011-2012; p=0.044),
and Morganella morganii (0% in 2003-2004 to 0.8%
in 2011-2012; p=0.025). Notably, in the global series,
the proportion of PJIs caused by extended-spec-
trum beta-lactamase Enterobacteriaceae increased
from 0.7% in 2003-2004 to 2.6% in 2011-2014. In
addition, they reported a significant and increasing
resistance (almost 18%) to quinolones, which are
considered the cornerstone in the treatment of GNB
PJIs*!. Similarly, in a monocentric retrospective
study, Shah et al** analysed 102 Pseudomonas spp.
PJIs and showed an approximately 20% resistance
to fluoroquinolones.

Clinical presentation
According to an internationally accepted clas-

sification, PJI can be classified as “early”, if in-
fection develops less than 3 months after surgery,

Fernandes Hsieh Martinez- Rodriguez- Benito
2013 2010 Pastor 2009 Pardo 2014 2016
Gram negative, n 24 53 63 174 654
Enterobacteriaceae, n (%) 14/24 (58) 24/53 (45) 41/63 (65) 162 (77) 466 (71)
Escherichia coli, n (%) 1/24 (4) 10/53 (19) 20/63 (49) 63 (30) 208 (32)
Klebsiella spp., n (%) 6/24 (25) 8/53 (15) 2/63 (5) 14 (7) 58 (9)
Proteus spp., n (%) 3/24 (12) 1/53 (2) 8/63 (20) 31 (15) 109 (17)
Citrobacter spp., n (%) 4/24 (17) - 1/63 (1) 2 (1 8 (1)
Enterobacter spp., n (%) - 3/53 (6) 7/63 (17) 29 (14) 97 (15)
Salmonella spp., n (%) 2/53 (4) - 5(2) 4(0.5)
Serratia spp., n (%) - 1/63 (1) 84 19 (3)
Providencia spp., n (%) 1/63 (1) - 7 (1)
Morganella spp., n (%) - - 1/63 (1) 10 (5) 43 (7)
Pseudomonas spp., n (%) 5/24 (21) 21/53 (40) 20/63 (32) 43 (20) 202 (31)
Acinetobacter spp., n (%) 5/24 (21) 2/53 (4) 1/63 (1) - 13(2)
Haemophilus spp., n (%) - 2/53 (4) - - 2 (0.5)
Bacteroides spp., n (%) 1/53 (2) 1/63 (1) 3(1) 16 (2)
Others, n (%) - - 3 (1) 56 (8)
Unidentified, n (%) 6(3) - -
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“delayed”, if infection develops 3 to 24 months af-
ter surgery and “late”, if infection develops more
than 24 months after diagnosis'. Early and de-
layed infections occur peri-operatively, while late
infections are considered haematogenous seeding
of bacteria on prosthetic device originating from
skin, respiratory, dental and urinary tract infec-
tions®. In early PJI leading clinical symptoms
and signs are acute onset of joint pain, effusion,
erythema and warmth at the implant site, drain-
age, wound healing disturbance, fever. Delayed
infection typically presents with vague signs and
symptoms such as persisting or increasing joint
pain and early loosening, without systemic symp-
toms or weak local signs of infection, which may
be difficult to distinguish from aseptic failure.
Late PJIs are characterized by an acute onset of
joint pain, often in the setting of a concomitant
or recent infection involving another system'?-°.
GNB cause more often early or late haematoge-
nous PJI. In the current literature, local inflam-
matory signs and fever were reported respectively
in 68-71% and in 19-43% of PJIs due to GNB*#?.

Outcomes

There is a paucity of information in the liter-
ature focused on surgical treatment goals of PJIs
due to GNB and to date evidence has shown vari-
able results. In a retrospective study, Hsieh et al®
compared the treatment of 53 PJI resulting from
GNB (27 were treated with débridement and re-
tention, 16 with two-stage exchange arthroplas-
ty, and 10 with resection arthroplasty), with PJI
resulting from gram-positive bacteria (GPB).
They found that the treatment of GNB PJI with
débridement and retention was associated with
a lower 2-year success rate that the treatment of
GPB PJI with debridement and retention (27% vs.
47%, p=0.002). No difference was found when
two-stage exchange (87% vs. 94%, p=0.39) or re-
section arthroplasty (69% vs. 78%, p=0.30) were
performed. On the other hand, in a prospective
observational study, Ugkay et al?’ identified 144
episodes of PJI, of which 29 were PJIs caused by
GNB. Patients with gram-negative PJI had a sim-
ilar overall cure rate as those with gram-positive
PJI (79% vs. 77%). However, specific treatment
types were not reported. Similarly, in a prospec-
tively followed cohort of 47 patients with late
knee arthroplasty infections (9 gram-negative,
38 gram-positive) treated mainly with the two-
stage exchange, Cordero-Ampuero et al’ found

that outcomes were similar for gram-negative
and for gram-positive bacteria (89% vs. 92%,
respectively). Zmistowski et al® analysed in a
retrospective manner a cohort of 277 patients
with PJI (31 gram-negative, 129 methicillin-re-
sistant gram-positive, 110 methicillin-sensitive
gram-positive, 12 mixed polymicrobial). Most of
them were early post-operative or late haematog-
enous infections, treated with irrigation and
débridement and retention of components or two-
stage exchange. They concluded that treatment
with irrigation and débridement and retention for
Gram-negative PJIs was much more successful
than with Gram-positive PJI (success rate 70%
in Gram-negative group vs. 33.3% in methicil-
lin-sensitive group and 48.9% in methicillin-re-
sistant group). However, they also reported that
the two-stage exchange for gram-negative infec-
tions was associated with worse outcome than
methicillin-sensitive gram-positive infections,
but similar to methicillin-resistant gram-positive
infections (success rate 52%, 69%, and 51%, re-
spectively).

Other studies took into consideration especial-
ly acute PJIs due to GNB treated with débride-
ment, antibiotics and implant retention (DAIR).
According to Zmistowski et al’, they found sim-
ilarly good results. In a large retrospective, mul-
ticentre, observational study, Rodriguez-Pardo
et al* enrolled 242 patients with GNB PJI (main-
ly acute infections), 72% of which treated with
DAIR. In the DAIR group, the overall success
rate was of 68%, which increased to 79 in cipro-
floxacin-susceptible GNB PJI treated with cipro-
floxacin. Also, Martinez-Pastor et al® described a
cohort of 47 patients with acute PJI due to GNB
treated without implant removal. The success rate
was 74%. A C reactive protein (CRP) concentra-
tion of <15 mg/dl and receipt of a fluoroquinolone
were also independently associated with better
outcomes. Moreover, Aboltins et al'' described a
cohort of 17 patients with early PJI due to GNB
treated with DAIR. The median duration from
prosthesis insertion until the first debridement
was 17 days and the median duration of symptoms
until debridement was 7 days. The 2-year survival
rate free of treatment failure was 94% (95% CI,
63-99%). Finally, in a retrospective analysis of
76 patients with GNB PJI (mainly acute or hae-
matogenous PJI), 35 of which treated with DAIR
and 31 with implant removal, Grossi et al’ found
an overall treatment failure rate of 21%. 22.9%
failed after DAIR, 9.1% after one-stage exchange,
and 26.7% after two-stage exchange (p=0.32).
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They also concluded that a CRP level >175 mg/L
was the only independent factor associated with
treatment failure (aHR=7.75, 95% CI=2.66-22.59,
p<0.0001).

The impact of specific Gram-negative organ-
isms on treatment outcomes of PJI was systemati-
cally evaluated only in few studies. Nevertheless,
Pseudomonas species and Proteus species seem
to be more closely associated to therapeutic fail-
ure?*?%2 Multidrug-resistant GNB, especially
carbapenem-resistant GNB, represent a challenge
in the management of PJI. These microorganisms
mostly affect patients with multiple co-morbidi-
ties, they are very difficult to eradicate and often
cause the loss of the prosthesis. Infections caused
by multidrug-resistant GNB require multiple and
more aggressive surgical treatments, prolonged
course of intravenous antibiotics, which also in-
fluence the length of stay'?!*°.

The role of fluoroquinolones in the treatment
of PJIs due to GNB is supported in several studies.
Most in vitro evidence shows that fluoroquinolo-
nes have good activity in killing and preventing
attachment of slow-growing biofilm-associated
microorganisms®' . Furthermore, with their good
diffusion in synovial fluid and bone, their oral
bioavailability and tolerance, fluoroquinolones
should be considered part of the antibiotic regi-
men of PJIs. Their importance is also confirmed
in retrospective studies*®!®!" that show higher
therapeutic success rate where fluoroquinolones
have been used for the treatment of GNB PJL.

Materials and methods

A retrospective, observational, cohort study
was performed in three Italian hospitals. All con-
secutive PJIs caused by GNB over a 12-year peri-
od (from May 2007 to March 2018) were enrolled.
With a multidisciplinary approach, both ortho-
pedic surgeon and infectious diseases specialists
were involved in the care and follow-up of all pa-
tients. Records from each patient were collected
using an electronic database. The diagnosis of
GNB PIJI was established when >2 positive cul-
tures with the same GNB was obtained, prefera-
bly from intraoperative samples, in the presence
of clinical signs and symptoms of PJI, according
to international guidelines****. Infections were
classified according to the Zimmerli-Trampuz
classification'. Patients were treated with two-
stage exchange arthroplasty, Girdlestone excision
arthroplasty, DAIR procedure, or arthrodesis.
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The decision for the most appropriate surgical
treatment was made on a case by case basis. All
patients received initial intravenous antibiotic
therapy, followed by an oral course, if appropri-
ate oral antibiotics were available. The duration of
intravenous and oral antibiotic treatment was not
standardized and was decided according to clini-
cal manifestations and laboratory markers trend.
Therapeutic failure was defined as the occurrence
of death, amputation or starting long-term antimi-
crobial suppression therapy.

Statistical Analysis

IBM SPSS Statistics, version 22 (IBM, Ar-
monk, NY, USA) was used for statistical analysis.
Data are expressed as median and interquartile
range for continuous variables and as a number
with a percentage for categorical variables. The
chi-square test was used to compare the distri-
bution of categorical variables. A Cox regres-
sion model was used to evaluate factors related
to treatment failure, and p-values of 0.05 or less
were considered significant.

Results

Table 1I shows the baseline characteristics,
comorbidities and therapeutic features of the
population. Eighty-two PJIs due to GNB (35 men
and 47 women) were enrolled. The median age
was 73 years (IQR 65-79). The most common
underlying medical conditions were diabetes
(7 patients, 8.5%) and rheumatic disease (6 pa-
tients, 7.3%). The implants included 65 (79.3%)
hip, 16 (19.5%) knee and one (1.2%) shoulder.
According to the Zimmerli-Trampuz classifica-
tion', an early PJI was diagnosed in 11 patients
(16.2%), a delayed PJI in 20 patients (29.4%) and
a late PJI in 37 patients (54.4%). The median
time from prosthesis placement to first surgery
was 29 months (IQR 6-82).

Thirty-nine (47.6%) were polymicrobial infec-
tions, and a gram-positive organism was isolat-
ed in 29 patients (35.4%). Of the 115 gram-nega-
tive isolates, Escherichia coli was isolated in 25
(21.7%) cases, Pseudomonas spp. in 24 (20.9%)
cases, Proteus spp. in 21 (18.3%) cases, Klebsiella
spp. in 13 (11.3%) cases, Enterobacter spp. in 11
(9.6%), Acinetobacter spp. in 7 (6.1%), Morgan-
ella morganii in 4 (3.5%) and other GNB (Steno-
trophomonas maltophilia, Citrobacter diversus,
Providencia stuartii, Serratia marcescens, Hafnia
alvei, Bacteroides fragilis) in 10 cases (Table I1I).
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Table Il. Baseline characteristics, comorbidities and therapeutic
features of the population.

Characteristics (n=82)
Male, n. (%) 35(42.7)
Median age, years (IQR) 73 (65-79)
Median follow-up, months (IQR)  6.70 (2.05-16.06)
Diabetes, n. (%) 7 (8.5)
Rheumatic disease, n. (%) 6(7.3)
Type of arthroplasty, n. (%)
Hip 65 (79.3)
Knee 16 (19.5)
Shoulder 1(1.2)
Classification of infection, n. (%)
Early PJI 11 (16.2)
Delayed PJT 20 (29.4)
Late PJI 37(544)
Polimicrobial, n. (%) 39 (47.6)
Gram-positive, n. (%) 29 (35.4)
Patients treated with quinolones,
n. (%) 30 (36.6)
Median total length of antibiotic ~ 10.50 (6.00-16.00)
therapy, weeks (IQR)
Surgical treatment, n (%)
Two-stage 43 (53.8)
Girdlestone 26 (32.5)
One-stage 4(5.0)
DAIR 4 (5.0
Arthrodesis 1(1.3)

Forty-four isolates (53.7%) were multidrug-resis-
tant bacteria (MDRB), and 11/115 (13.4%) were
carbapenem-resistant bacteria (CRB).

The median length of antibiotic therapy was
10 weeks (IQR 6-16). Thirty/105 (36.6%) patients
were treated with an antibiotic regimen contain-
ing a quinolone.

In 43 (53.8%) cases a two-stage exchange ar-
throplasty was performed, in 26 (32.5%) patients a
Girdlestone excision arthroplasty was performed, in
four patients a one-stage exchange arthroplasty, in
four patients a DAIR procedure and in one patient
an arthrodesis was performed. In the two-stage pro-
cedure group, the median length of antibiotic ther-
apy before reimplantation was 6 weeks (IQR 4-6)
and the median time from removal of the prosthesis
to reimplantation was 4.53 months (IQR 2.77-6.87).

During a median follow-up of 6.70 months
(IQR 2.05-16.06), average therapeutic failure oc-
curred in 11 patients (17.8%): five patients (8.1%)
died, four patients (6.5%) required chronic sup-
pressive therapy and in two patients (3.2%) am-
putation was performed. The therapeutic failure
rate of the two-stage arthroplasty and of the Gir-

Table IlI. Microbiological findings in 82 patients with 115
gram negative bacteria isolated from deep periprosthetic
samples.

GNB N. (%) of isolates
Total 115 (100)
Escherichia coli 25 (21.7)
Escherichia coli MDR* 14
Pseudomonas spp. 24 (20.9)
Pseudomonas MDR* 15
Proteus spp. 21 (18.3)
Proteus spp. MDR* 13
Klebsiella spp. 13 (11.3)
Klebsiella spp. MDR* 8
Klebsiella spp. CR** 5
Enterobacter cloacae 11 (9.6)
Enterobacter cloacae MDR* 5
Enterobacter cloacae CR** 1
Acinetobacter spp. 7(6.1)
Acinetobacter baumannii CR** 4
Morganella morganii 4(3.5)
Providencia stuartii 2
Stenotrophomonas maltophilia 2
Serratia marcescens 2
Hafnia alvei 2
Citrobacter diversus 1
Bacteroides fragilis 1

*MDR: Multi-Drug Resistant
** CR: Carbapenem-Resistant

dlestone excision arthroplasty were 10% for both
the procedures.

At the Cox regression model, PJI due to CRB
was identified as a potential risk factor for fail-
ure (aHR 4.90; IC 95%, 0.96-25.08; p=0.05) and
Pseudomonas spp. PJI showed a trend towards
statistical significance (Table IV). The therapeu-
tic failure rate in the CRB group and in non-CRB
group were 50% and 14.3% (p=0.06) respectively.

Discussion

To our knowledge, this is one of the largest
cohort of GNB PJI treated with two-stage ex-
change arthroplasty. Several studies**!*!" focused
on DAIR procedure for the surgical treatment of
GNB PJI; therefore, data on the two-stage proce-
dure are lacking. Our population is composed by a
significant number of delayed post-operative PJIs
and DAIR procedure is not a suitable therapeu-
tic option in this type of infection. In comparison
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Table IV. Univariate and multivariate analysis of parameters predicting overall therapeutic failure in 82 patients with GNB PJIL.

Univariate Multivariate
HR  (Cl 95%) p aHR (C1 95%) p
Age (years) 1.05 (0.98-1.14) 0.18 - - -
Pseudomonas spp. PJT 2.34 (0.71-7.76) 0.16 4.06 (0.94-17.51) 0.08
CRB PIT 3.08 (0.81-11.65) 0.09 4.90 (0.96-25.08) 0.05
Quinolone therapy 0.73 (0.19-2.77) 0.64 - - -

with other smaller cohorts analyzed in previous
publications, we found one of the lowest rates of
failure with two-stage procedure>’”.

We even reported a very low rate of failure
with the Girdlestone excision arthroplasty, which
is the last surgical option in some difficult to erad-
icate infections, before the amputation.

Furthermore, we reported a high rate of fail-
ure (50%) for PJIs caused by carbapenem-resis-
tant Gram-negative bacteria. Especially in cen-
tres with a high prevalence of these pathogens (in
our cohort 13.4% of PJI were caused by carbap-
enem-resistant GNB), treating these infections
represents a growing challenge, because of the
poor medical conditions of the patients infected
by these organisms, the lack of highly effective
antibiotics and the absence of oral formulations of
the active antimicrobial agents.

In accordance with results of previous stud-
ies?*?? we found a trend towards worst out-
comes for PJIs due to Pseudomonas spp., but the
relationship is not statistically significant, possi-
bly because of low sample sizes.

Differently from previous studies, we did not
find a significant correlation between quinolone
therapy and therapeutic success*®!%!,

Our study has several limitations. First, as
with all retrospective studies, some patients were
lost to follow-up. Another potential limitation was
the multicentric design of the study, which did not
allow homogeneity in surgical and medical strate-
gies, which could influence the patient’s outcome
and data stratification.

Conclusions

PJIs caused by GNB is a challenging and
difficult-to-treat clinical situation, which re-
quires a multidisciplinary management. Most
of the current literature is focused on the DAIR
procedure, as a surgical strategy for the treat-
ment of PJIs caused by GNB. We showed that
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the treatment of these infections with the two-
stage exchange arthroplasty seems to be asso-
ciated with a low rate of failure. The limited
therapeutic armamentarium for multidrug-re-
sistant GNB, particularly for carbapenem-resis-
tant GNB, could contribute to the poor outcome
of PJIs resulting from these organisms. Clearly,
more research is warranted to identify epide-
miological and clinical characteristics of PJIs
caused by GNB, optimal therapeutic approach,
and determinants of outcomes.
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