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Abstract

Carbapenem-resistant Klebsiella pneumoniae (CRKP) infection is increasing in incidence and is
associated with increased mortality in liver transplantation (LT) recipients. We performed a
retrospective cohort study of all patients transplanted between January 2010 and January 2013 to
identify the incidence and risk factors for post-LT CRKP infection and evaluate the impact of this
infection on outcomes in a CRKP-endemic area. We studied 304 recipients, of whom 20 (6.6%)
developed CRKP and 36 (11.8%) carbapenem-susceptible Klebsiella pneumoniae (CSKP)
infections in the year following LT. Among the 20 recipients with post-LT CRKP infection, 8
(40%) were infected in = 2 sites; 13 (65%) had surgical site—intra-abdominal infections; 12 (60%)
had pneumonia; and 3 (15%) had a urinary tract infection. There were 6 patients with a CRKP
infection before LT, 5 of whom developed a CRKP infection after LT. Significant risk factors for
post-LT CRKP infection in multivariate analysis included laboratory Model for End-Stage Liver
Disease at LT (odds ratio [OR], 1.07; A= 0.001), hepatocellular carcinoma (OR, 3.19; P=0.02),
Roux-en-Y biliary choledochojejunostomy (OR, 3.15; £=0.04), and bile leak (OR, 5.89; P=
0.001). One-year estimated patient survival was 55% (95% confidence interval, 31%-73%), 72%
(55%—-84%), and 93% (89%—-96%), for patients with CRKP, CSKP, and no K/ebsiella pneumoniae
infection, respectively. In multivariate analysis, CRKP (hazard ratio [HR], 6.92; £< 0.001) and
CSKP infections (CSKP, HR, 3.84; £< 0.001), as well as bile leak (HR, 2.10; A= 0.03) were the
strongest predictors of post-LT mortality. In an endemic area, post-LT CRKP infection is common,
occurring in 6.6% of recipients, and is strongly associated with post-LT mortality. Improved
strategies for screening and prevention of CRKP infection are urgently needed.
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Bacterial infections are a major cause of morbidity and mortality after liver transplantation
(LT),l‘3 and in the last decade, there has been an important epidemiological shift toward
more gram-negative infections postoperatively.ﬂ"5 These organisms generally harbor
resistance to multiple classes of antibiotics and are frequently associated with poor

. . 6.8 . .
outcomes, particularly after solid organ transplant. — In this context, carbapenem-resistant
Klebsiella pneumoniae (CRKP) infections have emerged as a major problem among LT
recipients.

Although initially limited to the New York City area in the early 2000s,%10 CRKP infections
have since become a global problem.11 Its impact has been particularly strong among
hospitalized and vulnerable populations, including solid organ transplant recipients. Several
reports have documented extremely poor outcomes in patients with post-LT CRKP
infections, with overall mortality ranging from 40% to 70%. "~

As a result of the significant impact on patient outcomes, several investigators have
identified risk factors for post-LT CRKP infection, though the causes are likely
multifactorial and remain incompletely understood. Colonization may be a strong predictor
of CRKP infection, as evidenced by a recent report describing a CRKP outbreak.”” In this
report, among 9 LT recipients with CRKP colonization in the pre- and post-LT settings, 8
(89%) progressed to post-LT infection, with 78% in-hospital mortality. Other investigators
have found that diabetes mellitus (DM), chronic kidney disease, and a Model for End-Stage
Liver Disease (MELD) score greater than 20 at the time of LT were associated with post-LT
CRKP infection. However, all of these data are the result of small, single-center studies with
a small number of CRKP cases. In addition, important comparison groups including those
with carbapenem-susceptible Klebsiella pneumoniae (CSKP) infections, and those without
Kilebsiella pneumoniae (KP) infection were not included in many of these studies, nor were
patients with common sites of infection including pneumonia (PNA) and urinary tract
infection (UTI).

In light of the poor outcomes associated with CRKP infection and the scarcity of donor
organs, new strategies are needed to prevent and successfully treat CRKP infections. Thus,
we aimed to define the incidence of post-LT CRKP infection, to identify clinical risk factors
for this infection, and to assess the impact of CRKP infection on post-LT mortality.

PATIENTS AND METHODS

Patient Population

This is a retrospective cohort study of all adults (age = 18 years) who underwent LT between
January 1, 2010 and January 31, 2013 at Columbia University Medical Center. LT
candidates were not routinely screened for CRKP colonization in this period. For patients
who underwent more than 1 LT (n = 24), the most recent transplant was included as the LT
of interest, as we hypothesized that retransplantation may be an important risk factor for
CRKP infection.
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Prophylaxis and Immunosuppression

Standard perioperative antibiotic prophylaxis consisted of ampicillin-sulbactam, or in the
case of penicillin allergy, vancomycin and aztreonam, for 24 hours. In addition, all patients
received standard post-LT prophylaxis with trimethoprim-sulfamethoxazole for 1 year and
nystatin swish and swallow for 1 month. Valganciclovir was given to patients at intermediate
and high risk as indicated by matched donor and recipient cytomegalovirus serologies, and
prophylactic fluconazole was used in patients with significant risk factors for candida
infection including significant intra-abdominal (IAB) bleeding and hemodialysis.

The immunosuppressive regimen consisted of corticosteroid bolus and taper, as well as
calcineurin inhibitor (cyclosporine or tacrolimus) and mycophenolate mofetil. Occasionally,
basilixmab induction was used for early post-LT calcineurin sparing in the case of
significant renal or neurological impairment. Standard operative procedures did not change
during this study period. Although the majority of patients underwent duct-to-duct biliary
anastomoses, standard criteria were used to select a Roux-en-Y biliary reconstruction at the
discretion of the surgeon (including a diagnosis of primary sclerosing cholangitis [PSC; n =
19], retransplantation [n = 9], or both [n = 5]). The study was approved by the institutional
review board of Columbia University Medical Center (CUMC).

Microbial Testing

All cultures before LT and until 1-year post-LT year were assessed. The clinical
microbiology laboratory at CUMC primarily uses the Vitek 2 microbial identification system
(bioMérieux Inc., Durham, NC) for bacterial identification and antimicrobial susceptibility
testing of KP isolates. Isolates resistant to ertapenem by Vitek 2 were also considered
resistant to meropenem and imipenem. Etest (bioMérieux) was also performed upon
clinician request. In this study, carbapenem resistance was defined as follows:

1. Ertapenem resistance (minimum inhibitory concentration = 2 pg/mL by Vitek 2), or

2. Meropenem or imipenem (minimum inhibitory concentration = 4 pg/mL by Vitek 2
or Etest).

Isolates that did not meet these criteria were deemed CSKP. If a patient had both CRKP and
CSKP infections after LT, they were included in the CRKP group (n = 4).

Infection Assessment

Infections were defined as described in the Centers for Disease Control and Prevention’s
National Healthcare Safety Network guidelines.18 UTI was defined as follows:

1. Documentation of at least 1 of the following—fever (temperature > 38°C), urgency,
frequency, dysuria, or suprapubic tenderness with no other recognized cause, and

2. Aurine culture with > 10° KP organisms per mL.

Because of the extensive overlap between surgical site infections (SSIs) and IAB infections
in the post-LT setting, these 2 categories were combined (SSI-1AB) and defined as follows:

1. A positive KP culture of purulent IAB material obtained during a surgical
procedure subsequent to LT, or
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2. A positive KP culture within 30 days of LT obtained from a drain placed through a
stab wound into the organ/space during the LT procedure, or

3. A positive KP culture obtained via aseptic needle aspiration of an IAB fluid
collection documented on imaging.

PNA was defined as follows:

1. Two or more serial chest radiographs (including computed tomography) with a new
infiltrate or consolidation, and

2. Documentation of at least 1 of the following: fever (temperature > 38°C), purulent
sputum, or increased secretions, and

3. A sputum culture only positive for KP.

A bloodstream infection (BSI) was defined as the presence of 1 or more positive blood
cultures with KP not related to an infection at another site. When a positive KP blood culture
occurred in the setting of another documented infection, the modifier “with bacteremia” was
applied to that infection.

Definitions of cure were also dependent on the site of infection. For UT], a cure was defined
as follows:

1. A subsequent negative urine culture after antimicrobial therapy was discontinued,
and

2. No renewal of active antimicrobial therapy for 14 days after they were
discontinued.

For SSI-1AB, a cure was defined as follows:
1. Resolution of abdominal fluid collection by follow-up imaging, or

2. Negative abdominal cultures after active antimicrobial therapy was discontinued
and no renewal of active antimicrobial therapy for 14 days after they were
discontinued.

For PNA, a cure was defined as follows:
1. Radiographic improvement, and
2. Improvement in respiratory symptoms present at diagnosis, and

3. No renewal of active antimicrobial therapy for 14 days after they were
discontinued.

Mortality due to KP was defined as death in the setting of persistent infection. Colonization
with KP, as opposed to infection, was defined as a positive culture in nonsterile sites
(sputum, urine, or rectal swab) in the absence of clinical or laboratory evidence of infection.
Patients with colonization only were not classified as having infection. Assessment of
infections and cures were separately adjudicated by 2 authors (M.R.P. and S.M.P.).
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Statistical Analysis

RESULTS

Continuous variables were expressed as medians and interquartile ranges (IQRs), and they
were compared using the nonparametric Mann-Whitney U test. Categorical variables were
compared using the chisquare or Fisher’s exact test. Logistic regression models were then
used to identify risk factors for post-LT CRKP infection using a backward stepwise
approach. All covariates with £< 0.2 were included in the initial model, and nonsignificant
predictors were sequentially eliminated. Bile leak and reoperation were not simultaneously
included in the same multivariate model because of the correlation of these variables. A
planned subanalysis was then performed evaluating risk factors for CRKP infection
compared to CSKP infection in the post-LT period.

Finally, Kaplan-Meier survival analysis was performed to compare survival in LT recipients
with CRKP infection, CSKP infection, or no KP infection. Cox proportional hazards
modeling was then used to identify independent risk factors for post-LT mortality. Post-LT
CRKP and CSKEP infections were considered as time-varying covariates in the Cox models
and the proportional hazards assumption was met for the final Cox model (P=0.17). All
statistical tests were 2-tailed with a threshold for statistical significance for £< 0.05. All
statistics were performed using SAS 9.3 (SAS Institute, Cary, NC) and Stata 10.0 (StataCorp
LP, College Station, TX).

Patient Characteristics

Over the 3-year study period, 305 adult patients underwent transplantation. One patient was
excluded from the final analysis because of a KP infection experienced immediately before
death but without the antimicrobial susceptibilities available to correctly classify the
infection as CRKP or CSKP. Thus, 304 patients were included in the final analysis.

There were 63 patients with positive KP cultures after LT. Seven of these patients did not
meet criteria for any infection and were therefore deemed to be colonized with KP (6 CSKP
and 1 CRKP). Therefore, 20 (6.6%) and 36 (11.8%) patients experienced post- LT CRKP
and CSKP infection, respectively. Eight patients in the CSKP group had KP isolates resistant
to third and/or fourth generation cephalosporins.

The median age at LT was 58 years (IQR, 51-62 years); 67% were male; 38% had hepatitis
C virus (HCV); and 14% received living donor allografts (Table 1). There were no
significant differences in age, sex, indication for LT, graft type, body mass index, or history
of DM among those with and without post-LT CRKP infections (Table 1). However, patients
with post-LT CRKP infections were statistically more likely to be Caucasian, have
undergone retransplantation or multiple organ transplantation, and had a higher laboratory
MELD score at LT. The median (IQR) transplant hospitalization length of stay (40 [range,
23-82] versus 12 [range, 9-21] days; £< 0.001) and median surgical intensive care unit
length of stay (9 [range, 3-20] versus 3 [range, 2-5] days; 2= 0.001) were significantly
longer in the patients who developed CRKP infection compared with those without CRKP,
respectively.
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Characteristics of the 20 patients with CRKP infection, the treatment they received, and their
clinical outcomes are detailed in Table 2. Eight (40%) of these patients were infected in = 2
sites; 13 (65%) had SSI-1AB; 12 (60%) had PNA; and 3 (15%) had a UTI. Antimicrobial
treatment of CRKP infections was not uniform but generally consisted of multidrug
regimens (75%). Polymyxin and tigecycline were the most common antimicrobials used 13
and 15 cases, respectively. The duration of antimicrobials was also variable, but often
prolonged (14-71 days). Thirteen (65%) patients were successfully treated, whereas 7 (35%)
patients died with ongoing CRKP infection.

There were 6 patients with a CRKP infection before LT (3 UTls, 2 BSls, and 1 IAB
infection), 5 (83%) of whom developed a CRKP infection after LT. Interestingly, 4 of those
5 post-LT infections were at the same site of pre-LT infection (1 pre-LT BSI had PNA after
LT). The median time from infection to LT was 6.5 days (range, 1-231 days).

Predictors of CRKP Infection

Logistic regression was performed to identify predictors of post-LT CRKP infection (Table
3). Significant predictors in univariate analysis included the following: events before LT (the
number of hospital admissions [odds ratio (OR), 1.16; 95% confidence interval (Cl), 1.01-
1.34; P=10.03], KP infections [OR, 4.64; 95% CI, 1.64-13.19; £< 0.001], and CRKP
infections [OR, 47.00; 95% Cl, 8.42-262.50; < 0.001]); transplant characteristics
(retransplantation [OR, 4.65; 95% ClI, 1.53-14.16; £ = 0.01], simultaneous multiple organ
transplant [OR, 10.41; 95% ClI, 1.63-66.30; 2= 0.01], and Roux-en-Y biliary
choledochojejunostomy [OR, 2.76; 95% CI, 1.00-7.63; £= 0.05]); and postoperative
complications (bile leak [OR, 5.05; 95% CI, 1.86-13.73; £< 0.001] and reoperation during
the transplant hospitalization (OR, 8.47; 95% Cl, 2.98-24.12; < 0.001).

In the final multivariate model, laboratory MELD at LT (OR, 1.07; 95% ClI, 1.02—- 1.11; P=
0.001), hepatocellular carcinoma (HCC; OR, 3.19; 95% Cl, 1.18-8.59; £=0.02), Roux-en-
Y biliary choledochojejunostomy (OR, 3.15; 95% CI, 1.05-9.40; A= 0.04), and bile leak
(OR, 5.89; 95% Cl, 2.02—17.18; £=0.001) remained significant predictors of post-LT
CRKP infection. Pre-LT CRKP was not included in this model due to the very small number
of cases and unacceptably wide Cls.

Predictors of Carbapenem Resistance Among Patients With KP Infection

We then compared patients who developed CRKP (n = 20) to those with CSKP infection (n
= 36) in the post-LT period. The median (IQR) time from LT to KP infection was similar
between the 2 groups (11 [range, 5-33] days in CRKP versus 30 [range, 7-57] days in
CSKP; P=0.10). Significant predictors of CRKP infections compared to CSKP infection
included male sex (OR, 4.47; 95% Cl, 3.96-6.23; P=0.02), CRKP infection before LT (OR,
11.67; 95% ClI, 1.25-108.56; A= 0.03), and Roux-en-Y choledochojejunostomy (OR, 4.71;
95% Cl, 1.03-21.56; £=0.046). Multivariate analysis of risk factors was not performed
given the limited number of patients who experienced post-LT KP infection.
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Impact of CRKP Infection on Post-LT Survival

In the year following LT, 36 (12%) patients died. Overall survival by Kaplan-Meier analysis
was significantly lower in patients with CRKP infection compared to those with CSKP and
controls (log-rank £< 0.001; Fig. 1). The 1-year estimated survival was 55% (95% ClI,
31%-73%), 72% (95% CI, 55%-84%), and 93% (95% CI, 89%-96%), for patients with
CRKP, CSKP, and controls, respectively. Mortality due to KP infection was also
significantly higher in patients with CRKP (35%) compared to CSKP (0%; £ = 0.002).

Post-LT KP infection (CRKP, hazard ratio [HR], 8.36; 95% ClI, 4.04-17.33; £< 0.001;
CSKP, HR, 4.72; 95% ClI, 2.37-9.39; £< 0.001), retransplantation (HR, 2.22; 95% CI, 1.05—
4.72; P=0.04), laboratory MELD at LT (HR, 1.02; 95% ClI, 1.00-1.05; A= 0.03), bile leak
(HR, 3.21; 95% Cl, 1.71-6.03; £< 0.001), and reoperation during the transplant admission
(HR, 2.94; 95% Cl, 1.70-5.06; £< 0.001) were significantly associated with mortality in
univariate analysis (Table 4). In the final multivariate proportional hazards model, KP
infection (CRKP, HR, 6.92; 95% Cl, 3.24-14.79; P< 0.001; CSKP, HR, 3.84; 95% Cl,
1.86-7.94; P<0.001), and bile leak (HR, 2.10; 95% CI, 1.08-4.08; = 0.03) remained
significant predictors of death.

DISCUSSION

Here we describe a large retrospective cohort of LT recipients and their incidence of CRKP
and KP infections over a 3-year period. Our data confirm the profound impact of CRKP
infection on post-LT mortality. CRKP infection led to an almost 7-fold increase in post-LT
mortality and was the strongest predictor of patient outcomes in multivariate models. In
addition, we identified important clinical predictors of post-LT CRKP infection including
pre-LT infection, as well as advanced hepatic impairment as measured by MELD at LT, the
type of biliary anastomosis used, and the occurrence of bile leaks.

Solid organ transplant recipients are at high risk of bacterial infections due to surgical
interventions, posttransplant immunosuppression, and frequent antibiotic exposures.lsv19
The emergence of multidrug resistant gram-negative bacterial infections, including KP, in LT
recipients has been demonstrated in multiple studies, and it is associated with increased
morbidity and mortality ranging from 42% to 71%. Kalpoe et al.* found a staggering 71%
mortality among LT recipients infected with CRKP, usually in the first 30 days after LT.
Similarly, Mouloudi et al.*® identified 10 patients with post-LT CRKP infections and found
an overall mortality of 60%, with an attributable mortality rate of 30%.

Here we observed a 1-year mortality of 50% in patients with CRKP infection, a finding
consistent with previous reports. This current analysis, however, includes a larger number of
LT recipients with CRKP than previously reported, as well as the use of comparator groups
with CSKP and no KP infection to identify clinical predictors of post-LT CRKP infection.
Additionally, our study included patients with UTIs and PNAs, which were not included in
the previously reported studies.

This study identified several important risk factors for post-LT CRKP infection: Roux-en-Y
choledochojejunostomy during transplant surgery, postoperative bile leak, HCC, and high
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MELD score at time of LT. Of the 44 recipients in our study who underwent a Roux-en-Y
biliary anastomoses, 6 had a post-LT CRKP infection. Roux-en-Y at the time of
transplantation has been previously associated with an increased risk of ascending
cholangitis, peritonitis, and infected bilomas.2*-?? There are many possible reasons for this
association, including the need for complex biliary and enteric manipulation at the time of
transplant, the development of biliary strictures after transplant, or the loss of a
hepatopancreatic sphincter, leading to enteric colonization of the biliary tree. Additionally,
this association could be due to the underlying conditions leading to a Roux-en-Y, such as
PSC, rather than the procedure itself. Patients with PSC have frequent episodes of
cholangitis and may require repeated courses of antibiotics as well as endoscopic procedures
before LT. However, whereas PSC was the most common indication for a Roux-en-Y in this
study, only 1 of these patients developed a post-LT CRKP infection, and pre-LT endoscopic
retrograde cholangiopancreatography was not associated with an increased risk of infection.

Postoperative bile leaks were also associated with post-LT CRKP infections. Of the 34
recipients with post-LT bile leaks, 7 experienced CRKP infection. The majority of these
cases occurred in recipients with duct-to-duct anastomoses and were significantly more
common in recipients of living donor grafts, which is consistent with previous Iiterature.zsv24
Although bile leak is a known risk factor for bacterial and candidal infections,ZSw26 itis not
clear why LT recipients with bile leaks are at increased risk of resistant infections in
particular. One could postulate that the greater exposure to antibiotics, the need for invasive
biliary procedures, and a prolonged hospital stay could account for some of this increased
risk, but none of these factors were found to be significant in this study.

The presence of HCC was also associated with post-LT CRKP infection, which has not
previously been reported. Although the reasons for this association are uncertain, perhaps for
those patients who undergo transarterial chemoembolization therapy while on the wait list,
the frequent exposure to periprocedure antibiotics and repeated induction of tissue necrosis
could predispose to biliary infection and colonization with drug-resistant organisms.
However, this finding should be confirmed in larger studies.

Finally, a history of pre-LT CRKP infection before LT was also associated with post-LT
CRKP infection in univariate analysis, although this was not included in multivariate models
because of the very small number of cases and wide Cls generated. Given the difficulties in
successful treatment of CRKP infection after LT, there has been great interest in screening
LT candidates for CRKP colonization, at least in an outbreak setting, and implementing
possible preventative strategies.17 Prevention of CRKP infections should include aggressive
control of hospital CRKP outbreaks as well as the judicious use of antibiotics and invasive
procedures that might predispose patients to infection. In addition, the knowledge of pre-LT
CRKP colonization could prompt several actions, including attempted CRKP
decolonization. Although limited data are available, some studies on selective digestive
decolonization with oral colistin and gentamicin have shown a significant decline in CRKP
carriage rates.?’ However, this approach carries the risk for a significant rise in secondary
resistance to those agents in posttreatment isolates.28 Another possibility is to adjust
perioperative antibiotics to include agents with activity against CRKP for those candidates
who are colonized. Although there are no data on this approach in LT recipients, 1 single-
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center report in renal transplant recipients found that adding perioperative gentamicin was
associated with a decline in postoperative CRKP im‘ections.29 In our study, 2 of 6 patients
with CRKP cultures before LT received targeted perioperative prophylaxis (polymyxin), and
1 of them still developed a post-LT CRKP infection. Finally, another approach could be to
deny LT to candidates with pre-LT CRKP infection or colonization; however, with the small
numbers of patients currently in the literature, this approach cannot currently be advocated.

This study has several limitations. First, the small study population only allowed for
detection of large effect sizes in risk factor analyses, and potential risk factors for CRKP
infection may therefore have not met statistical significance. However, the risk factors
identified for CRKP infection and mortality appear to carry a higher degree of plausibility
than those that were not statistically significant. In addition, our center did not universally
screen LT candidates for CRKP; and thus, we are unable to make statements about the
impact of pre-LT CRKP colonization as a risk factor for post-LT infection or regarding
optimal prophylactic antibiotic strategies. Finally, this study was conducted at a high-volume
single center in a region of CRKP endemicity, and our findings may not be applicable in
areas where the prevalence of CRKP is low.

In conclusion, CRKP infection following LT is an independent risk factor for mortality at 1
year after LT. Providers should exercise caution when proceeding with LT in patients with a
known history of CRKP infection. Further prospective studies examining the efficacy of
CRKP surveillance for colonization in potential recipients as well as individualized
perioperative antimicrobial prophylaxis are warranted. Better measures to prevent and treat
these serious infections are necessary.
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Abbreviations

BMI body mass index

BS bloodstream infection

Cl confidence interval

CRKP carbapenem-resistant Klebsiella pneumoniae
CSKP carbapenem-susceptible K/lebsiella pneumoniae
CcuMcC Columbia University Medical Center

CVVH continuous venous-venous hemofiltration

DM diabetes mellitus

ERCP endoscopic retrograde cholangiopancreatography
HBV hepatitis B virus
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HCC hepatocellular carcinoma
HCV hepatitis C virus
HR hazard ratio
IAB intra-abdominal
ICU intensive care unit
IQR interquartile range
IR interventional radiology
KP Kilebsiella pneumoniae
LT liver transplantation
NAFLD nonalcoholic fatty liver disease
MELD Model for End-Stage Liver Disease
OR odds ratio
PBC primary biliary cirrhosis
PNA pneumonia
pRBC packed red blood cell
pPSC primary sclerosing cholangitis
TIPS transjugular intrahepatic portosystemic shunt
SSl surgical site infection
UTI urinary tract infection.
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Kaplan-Meier Survval Estimates
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Figure 1.

Kaplan-Meier analysis comparing recipient survival between patients with post-LT CRKP
infection, CSKP infection, and those without KP infection.
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TABLE 2

Clinical Characteristics and Outcomes of CRKP Infections Following LT

with bacteremia

Tigecycline (22)
Gentamicin (37)

Liver Transpl. Author manuscript; available in PMC 2016 June 07.

Time From
Ageat Transplant Antimicrobials
Patient Transplant, to CRKP Acquisition, Sites of Received
Number Sex Years Days CRKPInfection (DurationinDays) Cure Outcome
1 Female 57 37 SSI-IAB Tigecycline (14) Yes Survived
2 Male 64 29 PNA with Polymyxin (55) No Died from CRKP
bacteremia .
Cefepime (17)
Amikacin (52)
Tigecycline (28)
Meropenem (23)
3 Male 48 5 SSI-IAB, PNA Polymyxin (44) Yes Survived
with bacteremia . .
Tigecycline (34)
Meropenem (31)
Amikacin (44)
4 Female 52 3 SSI-1AB with Polymyxin (37) No Died from CRKP
bacteremia .
Cefepime (37)
Rifampin (18)
Tigecycline (29)
5 Male 55 59 SSI-IAB Polymyxin (21) Yes Survived
Meropenem (21)
6 Female 65 5 SSI-IAB, PNA Polymyxin (13) No Died from CRKP
with bacteremia
Meropenem (18)
Tigecycline (14)
7 Male 62 29 PNA, SSI-IAB Polymyxin (71) Yes Survived
Tigecycline (71)
Cefepime (34)
Meropenem (20)
Rifampin (10)
8 Male 53 27 SSI-IAB Tigecycline (38) Yes Survived
9 Male 62 20 UTI Cefepime (14) Yes Survived
10 Male 65 8 SSI-1AB with No treatment No Died from CRKP
bacteremia
11 Male 38 5 SSI-IAB, PNA Polymyxin (31) Yes Survived
with bacteremia .
Cefepime (29)
Tigecycline (31)
12 Male 60 165 PNA Polymyxin (14) Yes Died from
. other reasons
Gentamicin (14)
13 Female 41 9 PNA with Levaquin (15) Yes Survived
bacteremia . .
Tigecycline (14)
14 Male 59 2 SSI-IAB, PNA Polymyxin (24) Yes Survived
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Time From
Ageat Transplant Antimicrobials
Patient Transplant, to CRKP Acquisition, Sites of Received
Number Sex Years Days CRKPInfection (DurationinDays) Cure Outcome
SMX/TMP (14)
15 Male 49 12 SSI-IAB, PNA Polymyxin (19) No Died from CRKP
with bacteremia . .
Tigecycline (19)
Gentamicin (16)
16 Male 62 43 PNA Polymyxin (2) No Died from CRKP
Meropenem (12)
17 Male 46 51 SSI-IAB, PNA Polymyxin (45) Yes Survived
with bacteremia
Meropenem (21)
Tigecycline (45)
18 Male 65 9 UTI Tigecycline (9) Yes Died from
other reasons
19 Male 69 4 SSI-IAB, PNA Polymyxin (21) No Died from CRKP
with bacteremia
Meropenem (11)
Tigecycline (21)
Rifampin (8)
20 Male 51 8 UTI Tigecycline (1) Yes Survived

Fosfomycin (14)
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