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Background: Carbapenem-resistant gram-negative rod bacteremia (CRGNR-B) is 
emerging as a formidable challenge, complicating patient management and out-
comes in liver transplantation (LT). This study aimed to investigate the incidence, 
mortality, and risk factors associated with CRGNR-B within 90 days following LT.
Methods: A retrospective nested case-control study was conducted using single 
centric LT data (n=1,379). CRGNR-B cases were matched 1:5 with control patients 
for analyzing survival and risk factors for CRGNR-B.
Results: The incidence of CRGNR-B within 90 days post-LT was 6.5% (n=87). The 
CRGNR-B group showed significantly lower 1-year post-LT survival compared to 
the control group (37.9% vs. 90.0%, p<0.001). CRGNR-B was significantly correlated 
with increased mortality after adjustment of covariates (adjusted hazard ratio, 5.66; 
95% confidence interval [CI], 3.89–8.24; p<0.001). Key risk factors identified include 
higher pretransplant model for end-stage liver disease scores (odds ratio [OR], 1.05; 
95% CI, 1.01–1.09; p=0.006), encephalopathy prior to transplant (OR, 2.79; 95% CI, 
1.48–5.30; p=0.002), retransplantation (OR, 10.4; 95% CI, 2.79–42.1; p<0.001), each 
60-minute increase in cold ischemic time (OR, 1.20; 95% CI, 1.01–1.42; p=0.037), and 
bile duct complications (OR, 6.16; 95% CI, 2.66–14.2; p<0.001). 
Conclusion: The occurrence of CRGNR-B within 90 days post-LT poses a significant 
risk to patient survival, with identifiable pre- and peri-transplant risk factors. These 
findings underscore the importance of targeted preventive measures, early detec-
tion, and effective management strategies to enhance outcomes for LT recipients.
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INTRODUCTION

Liver transplantation (LT) stands as the definitive therapy 
for patients grappling with the final stages of liver disease. 
However, to prevent organ rejection, LT recipients must 

undergo immunosuppression, inadvertently elevating their 
susceptibility to infections [1]. This vulnerability is further 
exacerbated by factors intrinsic to LT patients, such as im-
paired liver functionality, the presence of sarcopenia, and a 
higher propensity for hospital admissions, contributing to 
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the elevated rates of infectious complications and associat-
ed morbidity and mortality in the postoperative phase [2-4].

Infections rank prominently among the leading causes of 
mortality in the initial phase following LT, underscoring the 
imperative for preemptive measures and swift identifica-
tion of severe infectious episodes to enhance LT outcomes 
[5,6]. Notably, the occurrence of infections from drug-re-
sistant pathogens in transplant recipients is estimated to 
be up to 20%, a figure that surpasses the incidence rates 
observed in the broader hospital patient cohort [7-9].

Among the pathogens of concern, carbapenem-resis-
tant gram-negative rod (CRGNR) has been identified with 
increasing frequency in the hospital setting [10]. The preva-
lence of CRGNR infections has been reported as about 16% 
in LT recipients, with about 45% of mortality [11,12]. The 
ability of CRGNR to develop resistance against a multitude 
of antibacterial agents significantly complicates treatment 
efforts. 

Using a single center LT cohort, we previously assessed 
the effects and risk factors of carbapenem-resistant Acine-
tobacter baumannii bacteremia, reporting 2.7% incidence 
within 30 days following transplant and 65.5% of 1-month 
mortality [13]. Including this pathogen, accurately predict-
ing the risk of CRGNR bacteremia (CRGNR-B) and identify-
ing associated risk factors are critical for improving patient 
outcomes post-transplantation. This study aims to evaluate 
consequence and risk factors of CRGNR-B within 90 days 
after LT.

MATERIALS AND METHODS

Study Population
This investigation utilized a single-center, retrospective 

case-control design to assess occurrences of CRGNR-B in 
liver transplant recipients. The cohort comprised patients 
who underwent LT at Severance Hospital in Korea from 
September 2005 through December 2022. The study ex-
cluded individuals under 18 years of age (n=130), those 
who succumbed to death or required retransplantation 
within two days post-LT (n=9), and patients with pre-exist-
ing CRGNR-B prior to LT (n=6), resulting in a total of 1,379 
eligible participants. Within this cohort, 87 individuals de-
veloping CRGNR-B within 90 days post-transplantation (the 
CRGNR-B group) were identified and compared against a 
control group of 435 matched patients without CRGNR-B 
(Fig. 1).

Data Collection
Data concerning recipient and donor demographics were 

extracted from the institutional liver transplant database, 
which is prospectively maintained. The accumulation of 
bacterial culture results was facilitated through the hospi-
tal’s electronic medical records system. In the perioperative 
period, cultures of blood, sputum, or urine were conducted 
based on clinical indications such as fever or signs of in-
fection. Postoperatively, a regimen of surveillance cultures 
encompassing blood, sputum, urine, and intra-abdominal 
fluid was implemented daily for the initial week, triweekly 
during the intensive care unit (ICU) stay, and subsequently 
on a weekly basis following ICU discharge. Identification of 
CRGNR-B necessitated the presence of CRGNR in at least 
two concurrently drawn blood cultures.

Tacrolimus (TAC) administration commenced within a 
window spanning from one day prior to one day following 
the operation in the majority of cases. The monitoring of 
serum trough levels of TAC occurred daily during the first 
postoperative week, followed by a frequency of two to 
three times weekly until hospital discharge. Additionally, 
the study documented the mean and maximum trough 
levels of TAC, alongside the employment of other immuno-
suppressive agents up to the index date. The criterion for 
the usage of these immunosuppressants was defined as a 
prescription covering over 50% of the days post-transplant 
until the index date.

Nested Case-Control Matching at the Time of CRGNR-B
Using nested case-control design, a 1:5 matching ratio 

was employed to pair CRGNR-B patients with controls 
based on the absence of CRGNR-B at the index postoper-
ative day (POD) of blood culture positivity. Controls were 
chosen iteratively, allowing for their reuse as potential 
matches for new CRGNR-B cases, provided they remained 

1:5 Nested case-control matching

1,524 Patients underwent LT (2005.9 2022.12)

Exclusion
130 <18 years old
9 Death or retransplantation before 2 days after LT
6 CRGNR-B before LT

1,379 Eligible LT population

87 CRGNR-B group 435 Control group

Fig. 1. Study flow for nested case-control study. LT, liver transplantation; 
CRGNR-B, carbapenem-resistant gram-negative rod bacteremia.
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CRGNR-B-free until the next index date. This matching 
strategy was designed to isolate the index date as a vari-
able, aiming to uncover risk factors specifically associated 
with CRGNR-B occurrence post-LT, without other matching 
constraints. This approach enhances the precision of iden-
tifying temporal risk factors for CRGNR-B in liver transplant 
recipients.

Statistical Analysis
Statistical representations for this study involved depict-

ing categorical variables by their counts (and respective 
percentages) and continuous variables through either 
median values (along with interquartile ranges [IQRs]) or 
means and standard deviations. The selection between 
chi-square, student’s t-test, and Wilcoxon rank sum test for 
group comparisons was made based on the data’s distri-
bution and nature. Survival rates at 30 days post-index date 
were analyzed using Kaplan-Meier survival curves, with 
differences assessed via the log-rank test. The exploration 
of potential risk factors for CRGNR-B utilized both univari-
ate and multivariate logistic regression analyses within the 
matched case-control cohort. Given the CRGNR-B group’s 
size constraints, variables with a p-value less than 0.05 in 
the univariate analysis were considered for the multivariate 
model, which was refined through a backward stepwise 
process to retain only significant predictors. All statistical 
procedures were conducted through R software, version 
4.2.0, on macOS (available at http://cran.r-project.org), ad-
hering to a significance level of p<0.05.

Ethical Approval
Conducted in full compliance with the ethical standards 

set forth by the Declaration of Helsinki and the Declaration 
of Istanbul, this research received the green light from the 
Institutional Review Board of Severance Hospital under 
the Yonsei University Health System (Approval Number: 
4-2022-1301). The retrospective nature of this analysis 
negated the necessity for obtaining informed consent from 
participants.

RESULTS

Incidence and Time of CRGNR-B
The majority of CRGNR-B cases in the 1,379 eligible pop-

ulation happened in the early post-transplant phase, with 
cumulative incidences of 4.8%, 6.0%, and 6.5% at 30, 60, 
and 90 days following LT (Fig. 2). The median period from 
LT to CRGNR-B was 13 days (IQR, 3–31 days) among the 

87 individuals who experienced CRGNR-B within 90 days 
following LT (Supplementary Fig. 1).

Baseline Characteristics
Table 1 shows baseline characteristics in the CRGNR-B 

and the matched controls. No significant differences 
were observed in age (54 years [IQR, 45–60 years] in the 
CRGNR-B group vs. 54 years [IQR, 48–59 years] in the 
matched groups, p=0.818), sex (female: 28.7% vs. 29.0%, 
p>0.999), or body mass index (BMI) (24.1 kg/m2 [IQR, 
21.9–26.5 kg/m2] vs. 23.9 kg/m2 [IQR, 22.0–26.3 kg/m2], 
p=0.797) between the two groups. Regarding underlying 
health conditions and liver disease etiologies, no statisti-
cally significant differences were found in the prevalence of 
hypertension (16.1% vs. 20.5%, p=0.431), diabetes mellitus 
(27.6% vs. 36.6%, p=0.140), cardiovascular disease (10.3% 
vs. 8.3%, p=0.676), and liver disease cause (viral: 49.4% vs. 
56.6%, alcoholic: 23.0% vs. 25.3%, others: 27.6% vs. 18.2%; 
p=0.130). However, significant differences were noted in 
the incidence of pretransplant hepatocellular carcinoma 
(37.9% vs. 48.7%, p=0.084), with a higher model for end-
stage liver disease (MELD) score in the CRGNR-B group (30 
[IQR, 16–37] vs. 14 [IQR, 9–25], p<0.001). CRGNR-B group 
had a significantly higher requirement for dialysis prior to 
transplantation compared to the control group (36.8% vs. 
10.1%, p<0.001). The incidence of severe encephalopathy 
was significantly higher in the CRGNR-B group than in the 
control group (52.9% vs. 26.0%, p<0.001). Furthermore, 
patients in the CRGNR-B group were more likely to have un-
dergone deceased donor LT (43.7% vs. 28.0%, p=0.006) and 
retransplantation (12.6% vs. 1.1%, p<0.001), with donor BMI 
being significantly lower (22.8 kg/m2 [IQR, 20.7–25.6 kg/
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Fig. 2. Cumulative incidence of carbapenem-resistant gram-negative rod 
bacteremia (CRGNR-B) wihtin 90 days after liver transplantation (LT).
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m2] vs. 23.3 kg/m2 [IQR, 21.3–25.3 kg/m2], p=0.525). Oper-
ation times were similar across groups, yet the CRGNR-B 
group experienced significantly longer cold ischemic times 
(198 minutes [IQR, 117–415 minutes] vs. 150 minutes [IQR, 
108–270 minutes], p=0.008) and required more red blood 
cell (RBC) transfusion (10 packs [IQR, 5–15 packs] vs. 4 
packs [IQR, 2–8 packs], p<0.001).

Preoperative Laboratory Test and Information Before 
Index POD

As shown in Supplementary Table 1, the CRGNR-B group 

displayed significantly higher white blood cell, higher neu-
trophil counts, and lower hemoglobin compared to the con-
trol group. Use of immunosuppressants before index POD 
was similar between groups. Among post-transplant com-
plication, the CRGNR-B group experienced higher bile duct 
complication before index POD (19.5% vs. 5.3%, p<0.001).

Graft Survival After Index POD
After matched time point (index POD), 1-year patient sur-

vival was significantly lower in the CRGNR-B group (50.6%, 
39.1%, 37.9%, and 37.9% at 1, 3, 6, and 12 months) than the 

Table 1. Baseline characteristics
Variable CRGNR-B (n=87) Control (n=435) p-value

Age (yr) 54 (45–60) 54 (48–59) 0.818 
Sex (female) 25 (28.7) 126 (29.0) >0.999
BMI (kg/m2) 24.1 (21.9–26.5) 23.9 (22.0–26.3) 0.797 
Hypertension 14 (16.1) 89 (20.5) 0.431 
Diabetes mellitus 24 (27.6) 159 (36.6) 0.140 
Cardiovascular disease 9 (10.3) 36 (8.3) 0.676 
Underlying liver disease 0.130 
    Viral 43 (49.4) 246 (56.6)
    Alcoholic 20 (23.0) 110 (25.3)
    Others 24 (27.6) 79 (18.2)
Hepatocellular carcinoma 33 (37.9) 212 (48.7) 0.084 
Pretransplant MELD 30 (16–37) 14 (9–25) <0.001
Pretransplant stay <0.001
    Out-patient day 30 (34.5) 253 (58.2)
    In hospital 57 (65.5) 182 (41.8)
Pretransplant dialysis 32 (36.8) 44 (10.1) <0.001
Refractory ascites 16 (18.4) 87 (20.0) 0.844 
Encephalopathy 46 (52.9) 113 (26.0) <0.001
ABO incompatibility 14 (16.1) 66 (15.2) 0.957 
Retransplantation 11 (12.6) 5 (1.1) <0.001
Donor type 0.006 
    Living 49 (56.3) 313 (72.0)
    Deceased 38 (43.7) 122 (28.0)
Donor age (yr) 39 (29–49) 35 (26–47) 0.123 
Donor sex (female) 30 (34.5) 158 (36.3) 0.838 
Donor BMI (kg/m2) 22.8 (20.7–25.6) 23.3 (21.3–25.3) 0.525 
Operation time (min) 588 (495–729) 573 (486–673) 0.144 
Cold ischemic time (min)    198 (117–415) 150 (108–270) 0.008 
Transfusion of RBC (pack) 10 (5–15) 4 (2–8) <0.001
Intraoperative CRRT 23 (26.4) 28 (6.4) <0.001

Values are presented as median (interquartile range) or number (%).
CRGNR-B, carbapenem-resistant gram-negative rod bacteremia; BMI, body mass index; MELD, model for end-stage liver disease; RBC, red blood cell; 
CRRT, continuous renal replacement therapy.
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controls (97.4%, 94.6%, 92.0%, and 90.0% at 1, 3, 6, and 12 
months; p<0.001; Fig. 3). In multivariable Cox regression, 
CRGNR-B was significantly correlated with LT mortality (ad-
justed hazard ratio [aHR], 5.66; 95% confidence interval [CI], 
3.89–8.24; p<0.001). Other risk factors were age (aHR, 1.02; 
95% CI, 1.00–1.04; p=0.017), cardiovascular disease (aHR, 
1.83; 95% CI, 1.09–3.08; p=0.022), donor BMI (aHR, 1.05; 
95% CI, 1.00–1.10; p=0.039), RBC transfuision (aHR, 1.03; 
95% CI, 1.02–1.04; p<0.001; Supplementary Table 2).

Risk Factors for CRGNR-B
In the multivariable logistic regression for risk factors 

for CRGNR-B (Table 2, Supplementary Table 3), higher pre-
transplant MELD score was associated with an increased 

risk of CRGNR-B, with an odds ratio (OR) of 1.05 for each 
point increase in the MELD score (95% CI, 1.01–1.09; 
p=0.006). Encephalopathy prior to transplant emerged as 
a strong independent risk factor, with an OR of 2.79 (95% 
CI, 1.48–5.30; p=0.002). Retransplantation also presented 
a markedly elevated risk, with an OR of 10.4 (95% CI, 2.79–
42.1; p<0.001). Additionally, for each 60-minute increase in 
cold ischemic time, there was a 20% increase in the risk of 
CRGNR-B (OR, 1.20; 95% CI, 1.01–1.42; p=0.037). Notably, 
bile duct complication was strongly associated with an 
increased risk of CRGNR-B, showing an OR of 6.16 (95% CI, 
2.66–14.2; p<0.001).

DISCUSSION

According to the current study, the cumulative inci-
dence of CRGNR-B within 90 days following LT was 6.5%. 
Even after controlling for other variables, the death rate 
for LT patients with CRGNR-B was noticeably greater than 
that of individuals without the condition. During the early 
post-transplant period following LT, higher pretransplant 
MELD, encephalopathy, retransplantation, prolonged cold 
ischemia time, and bile duct complications emerged as 
major risk factors for CRGNR-B.

The impact of CRGNR-B on LT recipient outcomes can-
not be overstated, with our study highlighting a significant 
correlation between CRGNR-B occurrence and reduced pa-
tient survival. This association underlines the critical need 
for early detection and aggressive management strategies 
for CRGNR-B to ameliorate its detrimental effects on post-
LT survival [14]. It reinforces the importance of vigilant 
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Table 2. Risk factors for carbapenem-resistant gram-negative rod bacteremia

Variable
Univariablea) Multivariableb)

OR (95% CI) p-value OR (95% CI) p-value
Hepatocellular carcinoma 0.64 (0.40–1.03) 0.067 1.79 (0.88–3.73) 0.113
Pretransplant MELD 1.07 (1.05–1.09) <0.001 1.05 (1.01–1.09) 0.006
Encephalopathy 3.20 (2.00–5.14) <0.001 2.79 (1.48–5.30) 0.002
Retransplantation 12.45 (4.40–40.44) <0.001 10.4 (2.79–42.1) <0.001
Deceased donor 1.99 (1.24–3.19) 0.004 0.36 (0.10–1.29) 0.121
Operation time (per 60 min) 1.08 (1.00–1.17) 0.056 1.12 (0.99–1.26) 0.069
Cold ischemic time (per 60 min) 1.15 (1.07–1.25) 0.001 1.20 (1.01–1.42) 0.037
Intraoperative CRRT 5.22 (2.82–9.63) <0.001 1.93 (0.83–4.49) 0.124
Bile duct complication 4.35 (2.19–8.53) <0.001 6.16 (2.66–14.2) <0.001

OR, odds ratio; CI, confidence interval; MELD, model for end-stage liver disease; CRRT, continuous renal replacement therapy.
a)Full results for univariable logistic regression are provided in Supplementary Table 3. b)Model was established by backward step-wise method entering 
covariates of which p<0.10 in univariable models. 
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monitoring and potentially the development of targeted 
prophylactic measures for high-risk patients. 

Our analysis showed several risk factors for CRGNR-B 
development, including high MELD scores and prior en-
cephalopathy, aligning with the existing literature that 
identifies these as markers of increased infection risk, 
as shown in prior literature [10]. Notably, our study adds 
to the growing body of evidence that prolonged cold 
ischemic times and bile duct complications significantly 
elevate CRGNR-B risk. Cold ischemic time was reported 
as independent risk factor by Freire et al. [15] highlighting 
the importance of reducing ischemic time during surgery. 
Association between bile duct complication and CRGNR-B 
was novel finding of our study. This might be derived from 
transmission of pathogens during procedures to treat bil-
iary complications [16]. Our findings suggest that through 
optimized surgical and postoperative management may be 
key strategies in reducing CRGNR-B incidence.

Given extremely higher mortality from CRGNR-B after 
LT, treatment strategy has been widely discussed in lietera-
ture. Doi [17] discussed the antimicrobial resistance threat 
posed by CRGNR and reviewed several first-line agents 
used for treatment, including colistin and tigecycline. The 
study also introduced new agents such as ceftazidime-avi-
bactam, meropenem-vaborbactam, and cefiderocol, which 
have shown promising results against certain carbape-
nem-resistant pathogens. In the recent randomized trial, 
cefiderocol emerged as potential treatment option in ad-
dition to previous available therapy [18]. Future directions 
for treating CRGNR-B would be personalized medicine ap-
proaches, informed by genetic and microbial profiling, may 
offer new avenues for optimizing infection management in 
LT recipients.

This study consistently demonstrated the incidence, 
mortality, and risk variables for CRGNR-B within 90 days 
following LT, despite the limitations of the retrospective, 
single-centric design. During the first year following LT, 
CRGNR-B exhibited a considerably greater death rate than 
controls. The probability of CRGNR-B in LT recipients was 
elevated by pretransplant MELD, severe encephalopathy, 
prolonged cold ischemia time, and post-LT biliary problem. 
Clinicians should concentrate on prophylaxis, early identifi-
cation, and appropriate therapy for CRGNR-B as soon as LT, 
while also being cognizant of risk factors.
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