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Abstract
Purpose Incidence of carbapenem-resistant Gram-negative infections has risen alarmingly all across the globe, both in 
developed and developing countries alike. The purpose of this study was to assess whether challenges of life-threatening 
infections with very high resistance pattern can be successfully addressed by a modified approach.
Methods This is a retrospective study of 26 patients with osteoarticular and soft tissue infections with carbapenem-resistant 
Gram-negative bacilli treated between 2001 and 2017 with at least two year follow-up after stopping antibiotics. All were 
treated by a multispecialty team approach with primary aim of “source control at the earliest and avoiding recurrence at 
all cost”. The protocol involved opting for early compromises especially in at “risk individuals”, such as resorting to early 
amputations, especially if salvage meant multiple bony and soft tissue reconstructive procedures, explanation of prosthesis 
than staged revision, avoiding internal fixations, opting for shortest possible time in external fixators with reshaping and 
telescoping bone ends to get bony stability and increase surface area even if it meant compromising length.
Results There were five amputations, two excision arthroplasty of hip, many minor but acceptable malunions and shorten-
ing. However, lives of 24/26 patients could be salvaged, much better than most of the published data. The two patients who 
died had peri-prosthetic joint infection after total hip arthroplasty and presented very late in sepsis and died within days of 
explantation. Infection remission could be achieved in remaining patients.
Conclusion These “risk to life” cases can be successfully treated by lowering the aims and expectations from “excellent 
function to salvage of life and infection remission”. Therein lies the “success” in these complex high-risk cases.

Keywords Multidrug-resistant bacteria · Carbapenem-resistant · Carbapenemase-producing organism · Osteomyelitis · Soft 
tissue infection · Gram-negative bacilli

Introduction

The rapidly emerging threat of carbapenem-resistant (CR) 
Gram-negative bacilli (GNB) is a matter of grave concern, 
with crude mortality rates > 70% in some reported blood 
stream and pulmonary infections [1]. These multi-drug 
resistant (MDR) bacteria respond only to “last-resort” anti-
biotics with varying success [2].

Reports of osteoarticular and soft tissue (OA-ST) 
infections by CR GNB though sporadic are being reported 
with increasing frequency, with mortality rates up to 50% 
in some, in spite of management in multi-specialty infection 
units [3–6]. Late presentation, previous treatment with 
antibiotics, inadequate source control and the ever increasing 
burden of comorbidities like diabetes mellitus provide 
additional challenges [7, 8].
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The primary aim of managing any case of MSI is to 
achieve infection remission. In addition, every attempt is 
generally made to salvage the limb and achieve good func-
tional outcomes, thereby enabling patients to get back to 
their pre-operative functional status.

However, limb salvage and good functional outcome 
may need multiple staged procedures and the same must be 
weighed against the risk to life. Clinical picture at presenta-
tion, comorbidities and microbiological profile of the causa-
tive organism must be considered and appropriate decisions 
taken accordingly.

Our study attempts to highlight the protocol developed in 
a specialised bone infection unit in managing OA-ST infec-
tions with high incidence of “difficult to treat” resistance 
pattern. The study lays down broad guidelines for reducing 
mortality, following the principle of “life before limb before 
function”.

Materials and methods

We retrospectively assessed cases of MSI with CR GNB 
managed by a single surgeon from January 2001 to Decem-
ber 2017 at a tertiary reference centre in India with a proto-
col developed for management cases of OA-ST infections.

Inclusion criteria were as follows:

1. OA-ST infections with at least one intra-operative deep 
tissue sample positive for CR GNB.

2. Complete records (covering clinical details, photo-
graphs, radiographs, operation notes, cultures, antibiot-
ics) in the electronic medical record department (eMRD) 
after presentation and last follow-up at our centre.

3. Minimum follow-up of 24 months after the discontinu-
ation of antibiotics.

Exclusion criteria were as follows:

1. Patients with diabetic and neuropathic foot.

All our patients with OA-ST infections were treated by 
the universally accepted multi-disciplinary team approach 
comprising of early source control, soft tissue cover, appro-
priate antibiotics, stabilization, managing comorbidities and 
local measures like NPWT and local antibiotics where indi-
cated. However, rising incidence of drug resistance forced us 
to adapt a path which can be described as “not committal” to 
definitive treatment in first surgery and early compromises 
in compromised and at-risk cases.

Developing a roadmap

a. The multi-disciplinary team assessed the patients’ demo-
graphic, clinical and haematological status and imaging 
at presentation.

b. Appropriate decision of salvage/amputation/arthrodesis/
excision was taken and discussed with patient and fam-
ily with the primary objective of Salvaging Life before 
Limb before Function. Poor general condition and or 
multiple comorbidities tilted the balance towards early 
amputation or excision arthroplasty or accepting short-
ening especially in cases of high drug resistance.

c. Treatment plans were reviewed regularly and modified, 
if need be, based on the clinical, microbiological and 
haematological profile.

Some salient aspects of the procedure followed:

1. Debridement beyond infection — comprised of incision 
with a margin of clean non-infected tissue, excision of 
previous surgical scar, all sinuses and drain sites with 
intervening skin with the intention of enbloc resec-
tion of infected tissue; going deep up to the bone and 
implant with an attempt of maintaining a clean margin 
all around. Removal of all macroscopic infected tissue, 
exploration of the site of open injury, implant removal 
where indicated, removal of slimy layer of dirty granula-
tion tissue on and under surface of the plate and within 
screw holes, fracture site and medullary canal, reaming 
of medullary canal in selected cases, excision of necrotic 
bone till pin point bleeding edges finally leaving a bed of 
macroscopically clean, healthy tissue and bone. Multiple 
samples were taken and sent for appropriate tests.

2. Suitable stabilization, negative pressure wound therapy 
(NPWT) and appropriate local antibiotics were used 
when indicated for source control as indicated.

3. Early soft tissue cover, either with primary closure over 
a drain if possible or later with skin grafts or flaps, as 
necessary,

4. Antibiotics protocol — We preferred to operate with 
“antibiotic-free” interval of two weeks unless the gen-
eral condition of patient did not permit it. Post-operative 
empirical (before culture reports) followed by targeted 
antibiotics based on final antimicrobial susceptibility 
pattern (AMSP) were selected by the ID specialist in 
collaboration with the microbiologist and histopatholo-
gist. A central line/peripheral intravenous catheter was 
established in cases which needed prolonged intravenous 
antibiotics.

5. Contact isolation — of patients to avoid nosocomial 
infection as decided by ID consultant. Relatives, staff 
and visitors were asked to wear gloves and plastic apron 
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when handling the patient; more so by the staff/rela-
tives handling stools/urine/maintaining sanitation of the 
patient [9].

Patients with underlying comorbidities or immuno-
compromise were identified (diabetes mellitus, chronic 
kidney disease, chronic steroid use, connective tissue dis-
orders, chemotherapy for malignancy, smoking, chronic 
hepatic disease).

They were designated “at-risk” patients.
Following clinical outcomes were assessed: infection 

remission, comorbidities, AMR [10], empirical antibiotic 
therapy and mortality.

Results

A total of 26 patients met our inclusion criteria. Pre-oper-
ative patient details are as mentioned in Table 1. Patients 
were classified as described in Table 2.

Three developed infection following treatment at our 
institute (two developed infection following brachytherapy 
for soft tissue sarcoma and one had necrotising fasciitis 
secondary to extravasation of chemotherapeutic drug), 
while another three presented late with infected open inju-
ries with less severe resistance and developed CR under 
our care. Remaining 20 patients presented from other insti-
tutes with established CR infection.

25/26 patients had prior history of antibiotic consump-
tion, and most were on empirical therapy for variable 
periods.

A total of 57 organisms (43—GNB, 11—GPC, four—
fungi) were cultured, commonest being Pseudomonas 
aeruginosa (n = 18). Eleven patients had mixed GNB and 
GPC infection. Details of deep tissue culture results are as 
described in Table 3.

AMR is enumerated in Table  4. All patients were 
treated with appropriate “last-resort” systemic antibiotics 
as per the ID specialist (Table 5). Each patient underwent 
five procedures (mean) and spent 35 days (mean) in the 
hospital.

We had two mortalities; all the remaining patients could 
be salvaged and had infection-free interval at a mean 50.1-
month follow-up. However, we had to perform five amputa-
tions and two excisions of head and neck of femur for saving 
them. Most others had minor limb length discrepancy or 
angulations (Fig. 1).

Table 1  Pre-operative patient details

Total number of patients 26
Mean age 50.7 years (17–79)
Presentation after onset of infection (days) 

(mean)
59.7 (3–184)

“At-risk” patients 12 (46.2%)
Prior debridement 13 (50%)
Deep tissue cultures 9 (34.6%)
Prior antibiotics 25 (96.2%)
Prior empirical antibiotics 17 (65.4%)

Table 2  Patient classification

A. Haematogenous 2
B. Contiguous 22
i. Closed fractures 3
ii. Open injuries 13
iii. Peri-prosthetic joint infections 4
iv. Infection after brachytherapy for soft tissue sarcoma 2
C. Miscellaneous 2

Table 3  Deep tissue culture 
results Total no of microorganisms 57

A. Gram negative 43
i. Pseudomonas aeruginosa 18
ii. Escherichia coli 4
iii. Klebsiella pneumoniae 7
iv. Enterobacter spp. 6
v. Acinetobacter baumannii 6
vi. Proteus vulgaris 2
B. Gram positive 11
i. Staphylococcus aureus 7
ii. Enterococcus 4
iii. Others 4
C. Fungi 3

Table 4  Anti-microbial resistance patterns

A. Gram-negative bacilli
Fluroquinolones resistant 40
Aminoglycosides resistant 36
Pan susceptible 2
Extended spectrum beta lactamase (ESBL) 0
Extended spectrum beta lactamase plus (ESBL Plus) 8
Carbapenem resistant (CR) 32
Colistin plus carbapenem resistant (CCR) 1
Multidrug resistant (MDR) 7
Extensively drug resistant (XDR) 32
Pan drug resistant (PAN DR) 1
B. Gram-positive cocci
Methicillin-sensitive Staphylococcus aureus(MSSA) 1
Methicillin-resistant Staphylococcus aureus (MRSA)/methicillin-

resistant coagulase-negative Staphylococcus (MR CONS)
6
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Discussion

WHO, in 2017, has emphatically stated that the “World 
is running out of Antibiotics” [11]. The “AWARE” clas-
sification laid down by WHO highlights our plight against 
MDR organisms with only 22 “last-resort” antibiotics in 
our armamentarium [7]. Logan et al. have highlighted the 

alarming rate at which CR GNB are spreading in hospital 
settings as well as in the community all across the globe 
[12]. Statistics show the rapidity with which these patho-
gens have either become endemic/nationwide distribution 
(USA, China, India, Brazil, Argentina), or cause signifi-
cant outbreaks/regional spread (UK, Germany, France, 
South Korea, Iraq, Egypt, Kenya), or sporadic outbreaks/
occurrences across various developed and developing 
countries alike [12]. The increasing trend of CR GNB 
infections with associated high mortality rates is a cause 
for grave concern [13, 14]. Rampant abuse of emprical 
antibiotics, self medication, use of antibiotics in livestock 
industry, inadequate treatment of waste water and poor 
infection control practices in hospitals are some of the fac-
tors responsible for the anti-microbial resistance (AMR) 
epidemic in India and across the globe [7, 8, 15].

Table 5  Antibiotics
Colistin 21
Tigecycline 5
Polymyxin B 4
Fosfomycin 2
Others 24

Fig. 1  Case highlighting 
aggressive debridement 
resulting in fracture union. a 
Clinical picture at presentation, 
with exposed lower end tibia 
and foul smelling discharge. 
b Radiograph at presentation 
with lower end tibia and fibula 
fracture with external fixator 
in situ. c Healthy bed following 
radical debridement and NPWT. 
d Radiograph showing delayed 
union at 6-month follow-up. 
e AP radiograph showing 
consolidated distal tibia fibula 
fracture with valgus angula-
tion at 31-month follow-up. 
f Lateral radiograph showing 
consolidated distal tibia fibula 
fracture with procurvatum at 
31-month follow-up. g Clinical 
image showing healed wound at 
31-month follow-up
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The protocol of aggressive debridement, deep tissue cul-
tures, antibiotics guided by cultures, early soft tissue cover 
and stabilization is established world over. The same is fol-
lowed at our institute, with some important modifications. 
Definitive procedures are avoided during the first surgery. 
Reconstructive measures including stump closure/antibiotic 
cement-coated nails/local antibiotics/plastic procedures are 
always done at second look surgery/redebridement after 
the culture reports in majority of the cases. On diagnos-
ing CR GNB infections or any “difficult to treat” microbe, 
we aim to tide over the crisis as soon as possible even at 
the cost of losing the limb, taking into account the clinico-
haematological status at presentation. In cases where limb 
salvage was attempted, external fixation was preferred over 
two staged stabilization with internal fixation, especially in 
patients with comorbidities like diabetes. Fixators were kept 
for the shortest possible duration. Delayed/non/malunion in 
external fixation was prevented by shaping and collapsing 
bone ends to improve bony stability and increase surface 
area of contact, at the cost of limb length.

Van Duin et al. [2] have highlighted the challenges CR 
GNB osteomyelitis and soft tissue infections. Almost half 
their patients succumbed to the infection, especially when 
trying to slvage limb/function. This, in spite administering 
appropriate “last-resort” antibiotics, some on various dual 
and triple antibiotic combinations with colistimethate, tige-
cycline. Mortality rates were 43% and 50% in soft tissue 
and osteomyelitis cases respectively. Two/four patients with 
osteomyelitis succumbed secondary to sepsis on attempting 
limb salvage. The other two survived following an amputa-
tion. Mortality following soft tissue infections was associ-
ated with longer in hospital stay, higher WBC, CRP counts, 
polymicrobial infection and sepsis, all indicating a worsen-
ing clinical profile [2].

Sanctis et al. reported similar challenges in managing 
three cases of peri-prosthetic joint infections (PJI) with CR 
Klebsiella pneumoniae following total knee arthroplasty 
(TKA) [16]. Multiple surgical procedures such as antibi-
otic spacers, revision arthroplasty and flaps were done in an 
attempt to salvage the limb and retain function in all cases. 
Two succumbed during the treatment and third case needed 
an above knee amputation which was revised to a hip disar-
ticulation subsequently. In spite of the disarticulation, five 
re-debridements were required, with patient developing 
acute kidney injury during the course of treatment. Infection 
remission was achieved at eight month follow-up.

We had two mortalities in our series, both with PJI (one 
following bilateral TKA and second following hemiarthro-
plasty of the hip done, both done at other insititutes). Both 
cases had multiple comorbidities, presented late (60 days 
after the onset of infection), received multiple antibiotics, 
had urinary tract infection with MDR GNB and were in 
sepsis at presentation. They sucummbed to sepsis in spite 

of aggressive debridement, removal of the prosthesis and 
targeted higher antibiotics at our institute.

We could salvage lives of the other two cases with PJI 
following hemiarthroplasty of the hip joint with our multi-
disciplinary team approach and subjecting the patients to 
excision arthroplasty as soon as the diagnosis of CR GNB 
was made. Both are infection free at eight year follow-up.

A recent large study published by Papadopoulos et al. 
compared results of debridement, antibiotics and implant 
retention (DAIR) versus non-DAIR procedures in 131 
patients across ten centres with MDR and XDR GNB PJI 
[17]. The authors have stated better outcomes with non-
DAIR procedures, and 39/64 of these cases were treated 
with prosthesis removal without a revision arthroplasty. In 
spite of such aggressive measures, failures due to recurrent 
or persistent infection were as high as 40% in XDR GNB 
infections. The authors have not stated the mortality rates 
in their study.

We resorted to amputations at appropriate levels in five 
of our cases (19.2%). Notably, all were following open 
injuries. At presentation, the limbs were grossy infected, 
with exposed bones and significant loss of soft tissue cover. 
Three/five had polymicrobial infection. Though all patients 
approached us with the intention of salvage of limbs, they 
were counselled regarding the risks involved. Subsequent 
amputation at appropriate level immediately improved their 
general condition with long-term infection remission.

Highlighting one such case, a 73-year-old male patient 
(diabetic, cardiac comorbidities, hypertensive) presented 
60 days after sustaining a grade 3b open fracture of the distal 
femur and proximal tibia. The limb was stabilised elsewhere 
in a knee spanning external fixator. Multiple debridements and 
flap reconstruction surgeries were done at another institute to 
cover the exposed bones. Infection persisted despite debride-
ment and targetted antibiotics for carbapenem-resistant Pseu-
domonas aerugenosa. At the time of presentation to our insti-
tute, there were multiple sinuses with foul smelling discharge 
along the medial and lateral aspect of the knee, overlying flap 
was necrosed and patient was in sepsis with raised total leuco-
cyte counts (TLC) and C-reactive protein (CRP). Radiographs 
showed comminted fracture of the distal femur and priximal 
tibia with no signs of consolidation (Fig. 2).

A collective decision was taken by the multi-disciplinary 
team after discussing all posible options to do an above knee 
amputation, thereby reducing the risk of mortality (Fig. 3). 
Patient was given 2 weeks of intravenous colistimethate 
since above knee amputation ensured good source control. 
Patient had an infection-free follow-up of 31 months.

Our second illustration highlights these principles in a 
61-year, diabetic who presented four weeks after an open 
reduction internal fixation of a distal femur fracture with 
previous ipsilateral total hip replacement. At presentation, 
there was foul smelling discharge, implant failure, raised TLC, 
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CRP and serum creatinine levels (Fig. 4). The TLC, CRP and 
creatinine normalised after aggressive debridements and implant 
removal. Deep tissue cultures showed a mixed polymicrobial 

infection with methicillin-resistant Staphylococcus aureus, CR 
Acinetobacter baumanii and CR Pseudomonas aeruginosa. We 
shaped the bone ends and telescoped proximal fragment into 

Fig. 2  Pre-operative presenta-
tion with infected flap and 
non-union proximal tibia, distal 
femur

Fig. 3  Above knee amputation

Fig. 4  Pre-operative presenta-
tion with implant failure distal 
femur and surgical site infection
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distal fragment and stabilised with an external fixator. As per our 
protocol, the fixator was applied only after second look surgery 
showed a clean wound and cultures were available. Fixator was 
kept only for four weeks. Wound healed primarily and he was 
given six weeks of colistimethate and vancomycin. Fracture 
consolidated and patient had an excellent functional outcome 
in spite of 3-cm limb shortening and minimal angulation at the 
fracture site (Fig. 5). Patient has an infection-free follow-up of 
39 months.

Limb and life could be salvaged in this case, with aggres-
sive debridement, deep tissue culture yield and targeted anti-
biotics, telescoping the bone ends at the cost of limb length, 
which could be easily compensated with a shoe raise.

The importance of microbiologist, infection disease specialist, 
plastic surgeons, physicians and intensivists can never be overem-
phasised in these situations. Timely inputs and recommendations 
from various specialists as need be helped achieve such results.

The strengths of our study are the large cohort studied 
in a single centre. In addition, the study highlights recom-
mendations to drastically reduce mortality and infection 
recurrence, in contrast to most published data, by following 
the principle of “life before limb before function” as soon 
as diagnosis of such challenging microbiological resistance 
patterns is made and not as a last resort.

The limitation of our study is its retrospective, observa-
tional nature. The patients had diverse etiologies making it 
difficult to compare each subset of patients.

In conclusion, the primary objective of achieving good 
functional outcome must be weighed against the risks involved 
in managing infections caused by CR GNB. The objectives 
must be revised/modified on a regular basis, considering the 
clinical profile, physiology and anti-microbial resistant pat-
tern. Limb salvage must be weighed against the higher risk of 

mortality with multiple staged procedures. Fulminant infec-
tions with CR GNB have forced us to look at the goals from a 
different perspective, putting Life before Limb before Function.
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