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Background: Cases of carbapenem-resistant Klebsiella pneumoniae infection have been increasing. Patients
with carbapenem-resistant Klebsiella pneumoniae infection have a poor prognosis and a high mortality
rate. Identification of potential risk factors associated with carbapenem-resistant Klebsiella pneumoniae
infection-related mortality may help improve patient outcomes.

Methods: Embase, PubMed, and the Cochrane Library databases were searched to identify articles
describing predictors of mortality in patients with carbapenem-resistant Klebsiella pneunoniae infection. The
quality of articles was assessed with the Newcastle-Ottawa Scale score (NOS). Review Manager was used for
statistical analyses.

Results: Tiventy-seven observational studies were included in the analysis. Factors associated with higher
mortality were septic shock [odds ratio (OR): 4.41, 95% CI: 3.17-6.15], congestive heart failure (OR: 2.65,
95% CI: 1.71-4.13), chronic obstructive pulmonary disease (COPD; OR: 2.43, 95% CI: 1.87-3.15), chronic
kidney disease (CKD; OR: 1.78, 95% CI: 1.43-2.22), diabetes mellitus (OR: 1.41, 95% CI: 1.16-1.72),
mechanical ventilation (OR: 1.65, 95% CI: 1.25-2.18), and inappropriate empirical antimicrobial treatment
(OR: 1.25, 95% CI: 1.03-1.52). The average Acute Physiology and Chronic Health Evaluation (APACHE)
II score at the time of diagnosis of carbapenem-resistant Klebsiella pneumoniae infection was considerably
higher in patients who did not survive than in those who survived (weighted mean difference: 5.86, 95% CI:
2.46-9.26).

Discussion: Patient condition, timing appropriate antimicrobial treatment, and disease severity according
to the APACHE 1T score are the most important risk factors for death in patients with carbapenem-resistant
Klebsiella pneumoniae infection. Our finding may help predict patients’ outcomes and improve management
for them.

Registration number: 20210417EuEGX/INPLASY2020100037.

Keywords: Carbapenem-resistant Klebsiella pneumoniae; antibiotic resistance; mortality; risk factors
Submitted Feb 06, 2021. Accepted for publication May 18, 2021.

doi: 10.21037/apm-21-338
View this article at: https://dx.doi.org/10.21037/apm-21-338

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(7):7340-7350 | https://dx.doi.org/10.21037/apm-21-338


https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-338

Annals of Palliative Medicine, Vol 10, No 7 July 2021

Introduction

As an important opportunistic pathogen, Klebsiella
pneumoniae can cause nosocomial infections [such as
hospital-acquired or ventilator-associated pneumonia
(VAP)], urinary tract infections, and bacteremia among
patients with critical illness (1). Carbapenems are one of
the most widely used antibacterial drugs for the treatment
of severe infections caused by K. pneumoniae. However, the
number of cases of carbapenem-resistant K. preumoniae
(CRKP) infection has been increasing and has outnumbered
the number of cases carbapenem-susceptible K. pneumoniae
(CSKP) infections in recent years. The proportion of K.
pneumoniae isolates resistant to carbapenems increased
from 2.9% in 2005 to more than 25% in 2018 in China (2).
Because of the limited range of antibiotics available,
patients infected with CRKP have a poor prognosis and a
high mortality rate. CRKP infection has become a serious
clinical challenge and has attracted the attention of medical
institutions worldwide.

Previous studies have found a higher mortality rate in
patients with CRKP infections than in those with CSKP
infections (3). It is thus essential to identify potential risk
factors associated with the mortality of CRKP infection,
which may help improve patients’ outcomes. Some risk
factors, such as intensive care unit (ICU) stays, inappropriate
antimicrobial treatment, and higher Acute Physiology and
Chronic Health Evaluation (APACHE) II scores, have
been identified (4,5). The results of several studies remain
controversial. For example, though most relevant studies
reveal that the indwelling of a central venous catheter is
positively associated with fatality, others draw the opposite
conclusion (6-9). Therefore, a meta-analysis was conducted
to evaluate the predictors of mortality in patients infected
with CRKP. We present the following article in accordance
with the PRISMA reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-338).

Methods
Search strategy

"Two independent examiners (MH] and YYQ) conducted
a comprehensive search in the PubMed, EMBASE, and
Cochrane Library databases from their inception to July
31, 2020 for relevant articles. The search strategy used the
following keywords: (“Klebsiella pneumoniae” OR “Klebsiella”
OR “K. pneumoniae”) AND (“resistance” OR “resistant”)
AND (“carbapenem” OR “meropenem” OR “imipenem”
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OR “doripenem” OR “ertapenem”) AND (“mortality” OR
“lethality” OR “fatality” OR “prognosis” OR “survival” OR
“predictor”). Furthermore, reference lists cited by eligible
retrieved articles were also manually retrieved to maximize
inclusion of studies. Only articles written in English were
reviewed.

Selection criteria

This meta-analysis included observational studies reporting
mortality and associated risk factors of patients with CRKP
infection. Carbapenem resistance referred to resistance
to carbapenems, including meropenem, imipenem,
ertapenem, or doripenem. The primary outcome was
mortality. After review by 2 independent examiners,
non-original articles, such as reviews, meta-analyses,
case reports, in vitro or experimental animal studies, or
pediatric studies were not included. Studies in which CRKP
status (infection/colonization) was not clarified were also
excluded. The protocol for this systematic review was
registered on INPLASY (Unique ID 2020100037) and is
available in full on inplasy.com (https://doi.org/10.37766/
inplasy2020.10.0037).

Quality assessment and data extraction

The methodological quality of articles included was assessed
with the Newcastle-Ottawa Scale score (NOS) (10). Two
independent examiners (MHJ and YYQ) performed the
NOS assessment for each study. Inconsistencies between the
2 investigators were extensively discussed until agreement
was achieved. Studies with an NOS score of at least
5 underwent further analysis, while others were excluded
because of the potential high risk of bias. Two investigators
(MH]J and YYQ) independently extracted the relevant
data from each eligible article, including authors, date of
publication, location, study design and period, sample size,
patient population characteristics (such as age, sex, infection
site, comorbidities), severity of diseases, microbiologic
data, invasive procedures, ICU admission, and treatment
variables. Variables examined in less than 2 eligible studies
were excluded.

Statistical analysis

Review Manager (version 5.3 software) was used for statistical
analyses. Heterogeneity was tested with the Q statistic
(significant when P<0.10) and the extent of heterogeneity
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Figure 1 Flow diagram of included studies.

was quantified with the I statistic. I'>50% was interpreted as
substantial and significant heterogeneity or inconsistency. Pooled
odds ratios (ORs) and 95% Cls were calculated to express
binary outcome results, while the weighted mean difference
(WMD) and 95% CIs were used to express continuous outcome
results (11,12). Sensitivity analysis on the literature included
was done by omitting each study one by one at a time in the
process of meta-analysis to inspect the change of merging effect,
thus demonstrating the stability and accuracy of the outcome.
Publication bias was identified by funnel plots.

Results
Results of study inclusion

"The literature search identified a total of 3,795 publications.
After duplicates were removed, 3,010 articles were screened.
After reviewing abstracts and titles for obvious irrelevancy,
2,908 were ruled out. After reviewing the full texts, we
excluded another 75 studies according to the eligibility
criteria. Twenty-seven studies were included in the final
analysis. The process of article selection is shown in Figure 1.
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3. Inadequate information (n=11)

4. Case report/review/experimental studies (n=19)

5. No differentiation between infection and colonization (n=3)
6. Not English (n=7)

Study characteristics

The characteristics of the 27 studies included are summarized
in Table 1. Of the 27 studies, 10 were multicenter studies
and 17 were single-center studies. Most (23/27) had a
retrospective design. The studies were from 7 countries/
regions, including China (n=6), the USA (n=4), Italy (n=8),
Spain (n=3), and Greece (n=4), all published between
2008 and 2020. Sample sizes ranged from 14 to 661, and
3,699 patients with CRKP infection were included in the
systematic review in total. Among them, 1,280 (34.6%) were
reported deaths. Various types of infection were included,
with bloodstream infection (BSI) being the most common.
Eighteen studies focused on patients with BSI, sepsis, or
septic shock caused by CRKP. Eight studies focused on
patients with all types of infections, and one study focused on
patients with VAP.

Predictors of death in patients with CRKP

Potential risk factors associated with death in patients
with CRKP infection were analyzed (Tuble 2). Notably,
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only factors mentioned in at least 3 studies were included.
As shown in Table 2, patients’ comorbidities at admission,
including presentation with septic shock (OR: 4.41; 95%
CI: 3.17-6.15) (Figure 2), congestive heart failure (OR:
2.65, 95% CI: 1.71-4.13), chronic obstructive pulmonary
disease (COPD; OR: 2.43, 95% CI: 1.87-3.15), chronic
kidney disease (CKD; OR: 1.78, 95% CI: 1.43-2.22),
diabetes mellitus (OR: 1.41, 95% CI: 1.16-1.72), and
mechanical ventilation (OR: 1.65, 95% CI: 1.25-2.18),
were considered to increase mortality. To our surprise,
comorbidities involving an immunocompromised status,
such as neutropenia, transplantation, solid malignancies,
immunosuppressant use, and chemotherapy or radiotherapy,
were not risk factors for death. However, inappropriate
empirical antimicrobial treatment (OR: 1.25,95% CI: 1.03-
1.52) may lead to a higher mortality rate, while optimized
targeted treatment (OR: 0.38, 95% CI: 0.25-0.57) improved
patients’ survival. Interestingly, our results show that a
previous surgical history (OR: 0.78, 95% CI: 0.61-0.99) was
associated with a better clinical outcome.

Continuous risk factors of death in patients with CRKP

Several important continuous variables have been assessed
for the association with mortality in patients with CRKP
(Table 3). As shown, quantitative analysis with a fixed- or
random-effects model indicated that older age, a longer
hospital stay before infection, and symptom severity
(evaluated with APACHE II score) were significantly
correlated with higher mortality. Notably, the APACHE
II score, especially upon diagnosis of CRKP infection, was
much higher in the non-survival group than in the survival

group (WMD, 5.86; 95% CI: 2.46-9.26).

Sensitivity analysis

In this research, the sensitivity analysis was performed
through eliminating each included study one by one.
We found that the OR value, 95% CI and P value after
omission were very close in most of the risk factors to the
results when the study was not omitted. Nevertheless, when
we removed the study of Tumbarello (17), the ORs and the
corresponding 95% CI for solid malignancies changed from
1.21 (95% CL: 0.76-1.93) to 1.57 (95% CI: 1.06-2.32), the
ORs and the corresponding 95% ClIs for cardiovascular
diseases changed to 2.82 (95% CI: 0.97-8.21). The results
and statistically significant difference changed for the solid
malignancies factor and cardiovascular diseases factor.
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Publication bias evaluation

In this research, we accessed the publication bias for each
related risk factor by funnel plot and in each funnel plot
we failed to find any distinct asymmetry which means the
bias was generally balanced. The results showed that the
two sides were basically symmetrical, and individual studies
were all in the 95% CI, suggesting that there was a small
probability of publication bias in the included study. One
representative funnel plot to assess publication bias for
Diabetes mellitus is demonstrated in Figure 3.

Discussion

CRKP infection has been increasing over the years and
is associated with a high mortality rate. It is critical to
predict and improve the outcome of these patients. Here,
we performed a meta-analysis of the existing literature to
identify risk factors associated with mortality in patients
with CRKP infection, thus providing possible suggestions
on the appropriate clinical decisions for physicians.

Comorbidities, including the presentation of congestive
heart failure, COPD, renal failure, CKD, and diabetes
mellitus, are associated with increased mortality, which
may be expected. patients with CRKP infection with these
comorbidities should be closely monitored as they tend to
have a poorer prognosis.

Our results gave a clear demonstration that appropriate
antimicrobial therapy can increase the survival rate in
patients with CRKP infection. Firstly, inappropriate
empirical antimicrobial treatment increased the pooled
mortality of 2,045 patients with CRKP infection, which
underlines the importance of bacterial resistance monitoring
in healthcare facilities and the qualified use of antimicrobials
by physicians. In the absence of bacterial identification
or drug sensitivity results in clinical settings with a high
incidence of CRKP, a more aggressive initial regimen
involving anti-CRKP antimicrobials, such as colistin,
tigecycline, and ceftazidime/avibactam, should be launched
as soon as possible under the supervision of infectious
disease specialists. However, optimized targeted treatment
substantially increased the survival of 1,716 patients
across 18 studies. Therefore, in clinical practice, after
culture and drug sensitivity tests results are available,
physicians should adjust therapy to an optimized treatment
immediately. Some PCR-based molecular methods, due to
their shorter turnaround time compared to drug sensitivity
tests, could be used to identify organisms, and detect certain
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Table 2 Risk factors for mortality in patients with CRKP upon diagnosis

No. of patients in

Tvpe of factors Number of Nc:}]osftﬁ(aj:;esnts studies reporting 2 (%) P value of Pooled OR P value
P studies specific data ? heterogeneity (95% Cl)

[non-survivors] .
[non-survivors]

Characteristics
Sex, male 26 3,482 [1,165] 2,214 [730] 0 0.6 0.94 (0.81, 1.09) 0.42

Comorbidities

Diabetes mellitus 18 2,352 [832] 624 [248] 0 0.61 1.41(1.16,1.72)  <0.001
Chronic renal disease 14 2,461 [759] 484 [191] 0 0.59 1.78 (1.43,2.22)  <0.001
COPD 13 1,882 [658] 295 [149] 0 0.71 2.43(1.87,3.15)  <0.001
Neutropenia 6 1,754 [544] 193 [65] 48 0.09 1.26 (0.91, 1.74) 0.16
Renal failure 12 2,260 [673] 447 [174] 0 0.58 1.81(1.44,2.27) <0.001
Hematologic malignancy 7 913 [497] 194 [94] 0 0.64 1.52 (1.10, 2.10) 0.01
Chronic liver disease 8 1,305 [373] 106 [35] 0 0.44 1.30 (0.85, 1.98) 0.23
Autoimmune diseases 3 315 [141] 16 [9] 0 0.57 1.46 (0.53, 4.01) 0.46
Solid malignancies 7 1,397 [480] 283 [97] 51 0.06 1.21 (0.76, 1.93) 0.41
Transplantation 8 1,310 [459] 147 [68] 61 0.01 1.24 (0.57, 2.73) 0.59
Cerebrovascular disease 5 995 [342] 164 [59] 0 0.94 1.13(0.79, 1.62) 0.51
Immunosuppressant use 9 946 [325] 272 [91] 54 0.03 1.06 (0.64, 1.75) 0.83
Cardiovascular diseases 5 967 [342] 395 [176] 59 0.04 2.30 (1.23, 4.28) 0.009
Congestive heart failure 6 660 [219] 103 [51] 0 0.87 2.65(1.71,4.13)  <0.001
Chemotherapy or radiotherapy 5 1,517 [483] 247 [89] 37 0.18 1.12 (0.83, 1.51) 0.47
Presentation with septic shock 14 2,535 [808] 656 [362] 51 0.01 4.41 (3.17,6.15)  <0.001
Previous surgery 8 1,364 [498] 509 [177] 31 0.18 0.78 (0.61, 0.99) 0.04
Microbiologic data
Meropenem MIC <8 6 827 [246] 169 [44] 51 0.07 0.79 (0.38, 1.65) 0.54
Colistin not susceptible 4 901 [228] 292 [92] 43 0.15 1.33 (0.94, 1.88) 0.11
Tigecycline not susceptible 5 608 [193] 156 [54] 71 0.008 1.25(0.55, 2.82) 0.59
Gentamicin not susceptible 5 608 [193] 317 [105] 33 0.2 1.28 (0.88, 1.87) 0.2
Invasive procedures
Central venous catheter 11 1,760 [595] 1,198 [439] 54 0.02 1.21(0.79, 1.87) 0.38
Mechanical ventilation 10 1,008 [354] 447 [182] 26 0.21 1.65(1.25,2.18)  <0.001
Urinary catheter usage 7 1,273 [434] 848 [299] 0 0.74 1.19(0.92, 1.54) 0.18
Nasogastric tube 4 970 [339] 370 [138] 0 0.74 1.18 (0.87, 1.60) 0.29
Treatment variables
Inappropriate empirical 13 2,045 [650] 1,210 [401] 38 0.08 1.25(1.03, 1.52) 0.03
antimicrobial treatment
Optimal targeted treatment 18 1,716 [615] 1,255 [382] 58 0.001 0.38 (0.25, 0.57)  <0.001

Cl, confidence interval; CRKP, carbapenem-resistant Klebsiella pneumoniae; OR, odds ratio.
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Experimental Control Odds Ratio Odds Ratio
udy o uk V e a e a e - and 95% M-H. Random. 95% C
Brescini 2019 26 39 14 73 76% 8.43[3.48, 20.42] e
Cristina 2017 23 56 19 157  9.3% 5.06 [2.47, 10.36] I
Daikos 2014 24 82 15 123 9.2% 2.98[1.45,6.12) B
Falcone 2020 22 46 18 56 83% 1.94[0.86, 4.33] T
Geng 2018 22 25 5 15  3.4% 14.67 [2.92, 73.73]
Giannella 2017 52 127 60 468 12.6% 4.71[3.02, 7.36) -
Gomez-Simmonds 2016 24 46 19 95 87% 4.36[2.03, 9.39] ——
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Su 2017 8 27 8 72 58% 3.37[1.11, 10.18]
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Test for overall effect: Z = 8.77 (P<0.00001) Favours [experimental] Favours [control]
Figure 2 Meta-analysis on the forest plots of presentation of septic shock.
Table 3 Continuous variables and risk for mortality in patients infected with CRKP
No. of patients in studies
) . No. of p e P value of
Continuous variable . reporting specific data 12 (%) ) WMD (95% Cl) P value
studies . heterogeneity
[non-survivors]
Age (years) 26 3,612 [1,215] 66 <0.00001 6.05 (4.03, 8.07) <0.001
Hospital stay before infection (days) 7 702 [268] 0 0.78 2.27 (0.28,4.25) 0.03
APACHE Il score upon diagnosis of 6 1,114 [311] 85 <0.0001 5.86 (2.46, 9.26) <0.001
CRKP infection
APACHE Il score at admission to ICU 6 472 [205] 0 0.95 2.51 (1.21,3.81) <0.001

APACHE I, Acute Physiology and Chronic Health Evaluation Il score; CRKP, carbapenem-resistant Klebsiella pneumoniae; ICU, intensive

care unit; WMD, weighted mean difference.

SE (log[ORY])
0
05
;
[e]
15
5 , , *.OR
0.01 0.1 1 10 100

Figure 3 Funnel plot to assess publication bias for diabetes
mellitus. OR, odds ratio.

drug resistance genes, such as those encoding KPC, NDM,
and VIM, thus shortening the duration to optimal targeted
treatment and improving patients’ outcomes (34).

At the same time, attention should be paid to the patient’s

condition, including underlying diseases. Our results

© Annals of Palliative Medicine. All rights reserved.

suggested that dysfunction of certain organs (e.g., congestive
heart failure, COPD, chronic renal disease, diabetes
mellitus) may serve as predictors of a poor prognosis. In
addition, the presentation of septic shock increased the
pooled mortality of patients with CRKP infection more
than fourfold, which is quite understandable considering
that septic shock represents a rather severe condition of
infection. However, in this study, an immunocompromised
status, as noted by neutropenia or immunosuppressant use,
was not associated with increased mortality.

Our study shows that a history of previous surgery served
as a protective factor for patients with CRKP infection.
This could be explained by the fact that patients who were
able to undergo surgery tended to have a better overall
health status and fewer comorbidities.

Our analysis showed that, among the continuous
variables, older age and higher APACHE II score were the
main predictors of CRKP infection mortality. The impact
of age on outcome is quite understandable, since older
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patients may have more underlying diseases. In addition,
the APACHE II score proved to be an important and useful
tool for the evaluation of disease severity and the prediction
of outcomes in patients with CRKP infection, which has
also been shown in the analysis of other pathogens, such
as carbapenem-resistant Acinetobacter baumannii (35).
However, our study shows that APACHE II score upon
diagnosis of CRKP infection may have a greater impact on
mortality than at ICU admission. This indicates that the
objective assessment of disease severity using the APACHE
IT score should be conducted at an earlier stage. Therefore,
more aggressive management could be taken in advance for
patients with a potentially worse outcome, thus improving
their chance of survival.

Limitations

There are limitations of this study. First, most of the studies
included in this analysis were retrospective observational
studies, which may be susceptible to selection bias and thus
should be considered as lower-evidence studies. Further
prospectively designed studies are required. Second, only
studies written in English were included, which may
introduce an additional level of bias.

Conclusions

Age, patient condition, timing and appropriate antimicrobial
treatment, and disease severity evaluated by the APACHE II
score are the most important predictors of mortality in patients
with CRKP infection. These findings may help physicians to
predict outcomes in patients with CRKP infection and help to
improve the management of these patients.
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