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Background: Increasing evidence indicates carbapenem-resistant Klebsiella pneumoniae
(CrKP) is increasingly prevalent in intensive care unit (ICU), but its clinical characteristics
and risk factors remain unknown.

Aim: The aim of the present study was to evaluate clinical characteristics, risk factors in
critically ill patients with CrKP infection.

Methods: A retrospective study was included in patients from January 2013 to October
2019. Clinical data were collected from CrKP patients on the day of specimen collection
admitted to ICU. Multivariable logistic regression was used for risk factors. Receiver
operating curve (ROC) and the area under the curve (AUC) with DeLong method of
MedCalc software were used. Two-way repeated-measures ANOVA analysis was used to
analyze the characteristics of independent risk factors over time.

Findings: A total of 147 adult patients with CrKP were screened, among them, 89 (median
age 64.0 years, 66 (74.15%) males) patients with CrKP were finally included, of which 38
patients (42.7%) were non-survival group. Multivariate logistic regression analysis indicated
that lactic acid (OR3.04 95% CI 1.38-6.68, P = 0.006), APACHE II score (OR 1.20, 95% CI
1.09-1.33, P < 0.001), tigecycline combined with fosfomycin treatment (ORO0.15, 95% CI
0.04-0.65, P = 0.011) are independent risk factors for 28-day mortality in patients with
CRKP infection (P<0.05). Combined lactic acid with APACHE 1I score could predict 28-day
mortality, of which AUC value was 0.916 (95% CI, 0.847-0.985), with sensitivity 0.76 and
specificity 0.98. ANOVA analysis showed that APACHE II score and lactic acid between the
two groups at three-time points were statistically significant, which interactive with time and
showed an upward and downward trend with time (P < 0.05).

Conclusion: Therapeutic strategy based on improving lactic acid and APACHE II would
contribute to the outcome in patients with CrKP infection. Tigecycline combined with
fosfomycin could reduce the 28-day mortality in patients with CrKP infection in developing
country.

Keywords: carbapenem resistant Klebsiella pneumoniae, lactic acid, APACHE II score,
tigecycline, fosfomycin, mortality

Introduction

Klebsiella pneumoniae (KPN) is a kind of intestinal bacteria in our surrounding
environment, and is colonized in human oral cavity, respiratory tract, gastrointestinal
tract and urinary tract. It is generally considered that KPN, as an opportunistic

Received: 9 October 2021
Accepted: 12 December 2021
Published: 20 December 2021

Infection and Drug Resistance 2021:14 5555-5562 5555
© 2021 Luan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at https://www.dovepress.com/terms.php
BY NC /b

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c y-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-1943-3071
http://orcid.org/0000-0002-0800-5506
mailto:boshiyy@126.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Luan et al

Dove

pathogen, can lead to life-threatening infection in infants or
children with low immunity and elderly patients or patients
taking immunosuppressants for a long time, including sepsis
caused by pulmonary infection, urinary infection and blood
flow infection.! KPN mainly obtains drug resistance through
the production of antibiotic inactivating enzymes, active
efflux mechanism and the formation of biofilm to resist the
bactericidal activity of antibiotics. KPN produced carbape-
nem enzymes (classes A, B and D) and AmpC enzymes/
ESBLs combined with deletion or down-regulation of outer
membrane protein, which made it resistant to carbapenem
antibiotics.” The international drug resistance network mon-
itoring organization (INFORM) collected 45,335 strains of
Gram-negative bacteria from 18 European countries/regions
from 2013 to 2017, and screened 9546 isolated strains [-
Lactamase. Carbapenemase was found in 3.4% of intestinal
bacteria collected in Greece, but KPN was the most common
(accounting for 10.5% of the collected bacteria).®
Simultaneously, the infection rate of carbapenem-resistant
Klebsiella pneumoniae (CrKP) in China has increased from
6% in 2012 to 10.1% in 2018, and the infection rate continues
to rise slowly, and the resistance rate of CrKP is differentially
distributed in China.

Previous studies reported that patients infected with
CrKP usually had various types of chronic diseases or
immunosuppressive status, which is also the reason for
the high mortality of CrKP patients.* ’ A cross-sectional
survey on the anti-infection treatment of carbapenem resis-
tant gram-negative bacteria was conducted in 115 hospitals
in Europe and America through Internet questionnaire. It
was found that compared with single drug, antibiotic com-
bination therapy can improve the treatment effect and
prevent the emergence of bacterial drug resistance.®
Since 2013, CrKP began to appear in our hospital (the
teaching Hospital of coastal open cities in China), and it
has become an upward trend. The current study character-
ized the independent risk factor of CrKP infection and
determined whether the combined risk factor equation
was independently associated with an increased risk for
CrKP and 28-day mortality. We further investigated the
effect of the risk factors for 28-day mortality among CrKP
infected critically ill patients.

Materials and Methods
Study Design and Population

A retrospective cohort study was designed in the ICU
affiliated to the university hospital from January 2013 to

October 2019. We reviewed the case records by retrieving
the medical record system electronically the case records
of 147 patients were reviewed using the clinical diagnosis
criteria for CrKP.” Among them, 13 patients with incom-
plete data, 25 patients with CrKP colonization according
to clinical data, 3 cases with malignant tumors or malig-
nant hematological diseases, 7 cases died or discharged
automatically within 48 hours after sample submission,
and 10 cases with other refractory microbial infections.
The remaining 89 patients were included in the primary
analysis of the current study (Figure 1).

Clinical Variables

Clinical and laboratory data were obtained daily through-
out hospitalization and recorded on standardized data col-
lection forms. Data included laboratory examinations (eg,
the biochemical indexes on the day of submitting bacterial
culture samples for inspection, the day of the results of
bacterial culture drug sensitivity test report and the fourth
day after the drug sensitivity test report, whichever is the
worst), acute physiology and chronic health evaluation II
(APACHE-II) score, sequential organ failure assessment
(SOFA) score, Charlson comorbidity index (CCI).

Bacterial Identification and Drug
Sensitivity Test

Merrier VITEK 2 compact automatic bacterial identifica-
tion system and supporting drug sensitivity identification
card were used to detect the drug sensitivity of common
antibiotics (cefepime, amikacin, ciprofloxacin, ceftazi-
dime, piperacillin tazobactam, meropenem, tobramycin,
gentamicin, etc.). The VITEK 2 is an automated micro-
biology system utilizing growth-based technology. The
system is available in three formats (VITEK 2 compact,
VITEK 2, and VITEK 2 XL) that differ in increasing
levels of capacity and automation. The drug sensitivity
test results were judged according to the standards of
clinical and Laboratory Standards Institute (CLSI)
2013-2019 editions.

Statistical Analysis

Quantitative parameters are presented as the means+stan-
dard deviations or medians and interquartile ranges (IQR),
and qualitative parameters are expressed as numbers and
percentages. Continuous variables were compared using
the independent two-sample ¢-test or Mann—Whitney
U-test. Categorical variables were compared using the
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Patients with CrKP
(n=147)

Exclusion criteria (total n=58):

* CrKP colonization (n=25)

« Data incomplete in hospitalization (n=13)

* Combined other refractory microbial infections (n=10)
« Discharge or death within 48 hours of sampling (n=7)
« Confirmed tumor (n=3)

Patients who met the
inclusion/exclusion criteria
(n=89)

|
’ '

survival group
(n=51, 57.3%)

Non-survival group
(n=38, 42.7%)

Figure | Diagram of patient eligibility and flow.

chisquare test or Fisher’s exact test. Binary logistic regres-
sion multivariate model was used to analyze the risk
factors of 28 day mortality of patients, and the receiver
operating characteristic curve (ROC curve) was drawn to
predict the best cut-off point of risk factors for 28 day
mortality of CrKP patients. MedCalc software was used to
test whether there was statistical difference in the area
difference under each ROC curve by DeLong method.
Repeated measurement analysis of variance was used to
explore the relevant characteristics of risk factors over
time (On the day of sampling (Day0), 3 days after sam-
pling (Day4), 7 days after sampling (Day8)). All tests were
two-sided, and P < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using SPSS
22.0 (SPSS Inc., Chicago, IL, USA), Empower(R) (http://
www.empowerstats.com, X&Y solutions, Inc., Boston,

MA) and R (http://www.R-project.org) software.

Results

Baseline Characteristics

A total of 89 patients were enrolled in this study (66
males). Patient age ranged from 19 to 95 years, and their
mean age was 64.0 years. Thirty of the 51 CrKP patients
(57.30%) survived. Thirty-three (37%) CrKP patients
received tigecycline combined with fosfomycin anti-infec-
tion treatment. There were 6 kinds of infection sites in
CrKP patients, including 12 cases of blood flow infection
(13.48%), 49 cases of lung infection (55.05%), 2 cases of
abdominal infection (2.24%), 1 case of central nervous

system infection (1.2%), 16 cases of urinary system infec-
tion (17.97.3%), 2 cases of skin and soft tissue infection
(2.24%), and 7 cases of mixed infection (Table 1, Figure 1
and S1).

There was no significant difference in C-reactive pro-
tein, leukocyte count, lymphocyte count, neutrophil count,
erythrocyte count, neutrophil lymphocyte ratio between
survival group and non-survival group. Compared with
the non-survival group, the total bilirubin, unconjugated
bilirubin, the glutamic oxaloacetic transaminase, urea
nitrogen, lactic acid, troponin, myoglobin, APACHEII,
and SOFA score median in the survival group were
lower (P < 0.05) (Table 2).

Risk Factors Associated with 28-Day
Mortality Caused by Klebsiella pneumoniae

Several variables in the univariate analysis were signifi-
cantly associated with an increased risk for mortality
immediately after CrKP. A stepwise regression method
was used simultaneously to exclude variable correlation
and multicollinearity in logistic regression. Age (years),
gender, in baseline were adjusted in fully adjusted model.
Multivariable analysis revealed the following predictors as
independent risk factors for 28-day mortality after CRKP:
lactic acid (OR = 3.25, 95% confidence interval [CI]:
1.58-6.71, P < 0.01), APACHE II score (OR = 0.018,
95% CI: 0.037-0.73, P < 0.05), tigecycline combined
with fosfomycin anti-infection program (OR = 1.2, 95%
CIL: 1.08-1.34, P = 0.01) (Table 3).
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Table | Baseline Demographics and Clinical Characteristics of Patients with CRKP Infection

Variables Total (n=89) Survival Group (n=51) Non-Survival Group (n=38) P-value
Age (yr), mean (SD) 64.0 (48.0-77.0) | 63.0 (48.0-75.0) 64.5 (44.2-78.0) 0.89
Male, n (%) 66 (74.15%) 39 (76.47%) 27 (71.05%) 0.56
MAP (mmHg) mean (SD) 86.7+15.2 90.713.6 81.4x15.6 0.004
Chronic Disease n (%)
Coronary Atherosclerotic Heart Disease 17 (19.10%) 7 (13.72%) 10 (26.31%) 0.14
Hypertension 45 (50.56%) 27 (52.94%) 18 (47.36%) 0.60
Old Myocardial Infarction 2 (2.24%) 1 (1.96%) | (2.63%) 0.83
Cardiovascular Disease I (12.35%) 3 (5.88%) 8 (21.05%) 0.03
Chronic Obstructive Pulmonary Disease 3 (3.370%) 2 (3.92%) | (2.63%) 0.74
Respiratory Diseases 16 (17.97%) 8 (15.68%) 8 (21.05%) 0.51
Diabetes 21 (23.59%) 12 (23.52%) 9 (23.68%) 0.99
Diseases of the Endocrine System 9 (10.11%) 6 (11.76%) 3 (7.89%) 0.55
Chronic Renal Insufficiency 23 (25.84%) 9 (17.64%) 14 (36.84%) 0.04
Chronic liver insufficiency 1 (1.123%) 1 (1.96%) 0 (0%) 0.39
Hematological System Diseases 7 (7.86%) 3 (5.88%) 4 (10.52%) 0.42
Disease of Immune System 2 (2.24%) 1 (1.96%) | (2.63%) 0.83
Nervous System Disease 1 (1.123%) 0 (0%) | (2.63%) 0.24
History of Cerebral Infarction 10 (11.23%) 7 (13.72%) 3 (7.89%) 0.39
History of Cerebral Hemorrhage 13 (14.60%) 6 (11.76%) 7 (18.42%) 0.38
Infection Site n (%)
Blood Stream Infections 12 (13.48%) 4 (7.843%) 8 (21.05%) 0.07
Lung Infections 49 (55.05%) 28 (54.90%) 21 (55.26%) 0.98
Intra-abdominal Infections 2 (2.24%) 1 (1.96%) | (2.63%) 0.83
Infections of the Nervous System 1 (1.12%) 1 (1.96%) 0 (0%) 0.38
Urinary System Infection 16 (17.97%) 10 (19.60%) 6 (15.79%) 0.64
Skin and Soft Tissue Infections 2 (2.24%) 1 (1.96%) | (2.63%) 0.83
Mixed Infections 7 (7.86%) 6 (11.76%) | (2.63%) 0.23
Endotracheal Intubation n (%) 42 (47.2%) 19 (37.3%) 23 (60.5%) 0.03
Tracheotomy n (%) 38 (42.7%) 24 (47.1%) 14 (36.8%) 0.34
Central Venous Catheterization n (%) 54 (96.4%) 26 (92.9%) 28 (100.0%) 0.15
Blood Purification n (%) 38 (42.7%) 15 (29.4%) 23 (60.5%) 0.003
Hormone Therapy n (%) 29 (32.6%) 20 (39.2%) 9 (23.7%) 0.12
Anti—Infection Therapy n (%)
Tigecycline+Fosfomycin 33 (37.1%) 28 (54.9%) 5 (13.2%) <0.01
Double-Carbapenem Therapy 5 (5.6%) 2 (3.9%) 3 (7.9%) 0.65
Quinolone +-lactam/B-lactamase Inhibitor 6 (6.7%) 1 (2%) 5 (13.2%) 0.08
Amikacin and Other Antibiotics 5 (5.6%) 2 (3.9%) 3 (4.5%) 0.39
Carbapenem Antibiotics +Amikacin 2 (2.2%) 0 (0.0%) 2 (5.2%) 1.00
Quinolone +Carbapenem Antibiotics 4 (4.4%) 1 (2%) 3 (4.5%) 041
Carbapenem+f-lactam/B-lactamase Inhibitor 11 (12.4%) 4 (7.8%) 7 (18.4%) 0.75
Fosfomycin+Carbapenem 2 (2.2%) 1 (2%) 1 (2.6%) 0.51
Tigecycline+Meropenem 6 (6.7%) 1 (2%) 5 (13.2%) 0.08
Tigecycline 6 (6.7%) 3 (5.9%) 3 (7.9%) 1.0
Polymixin B+Fosfomycin I (1.1%) I (2.0%) 0 (0.0%) 1.0
Quinolone+Amikacin 4 (4.4%) 3 (5.9%) 1 (2.6%) 0.80

Abbreviation: MAP, mean arterial pressure.

Sensitivity Analysis

The current study, in multivariable logistic analysis, lactate
combined with APACHE II score (logistic regression com-
bined with ROC curve, LRCWR=0.204* APACHEII score

+1.035*LACT-7.086) predicts the 28-day mortality predic-
tion model of CrKP patients. The ROC curve shows that the
AUC value of the prediction model is 91.6% (95% CI:
0.847-0.985; P < 0.01), the sensitivity were 0.763 and the

5558

Dove!

Infection and Drug Resistance 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove Luan et al
Table 2 Comparisons of Laboratory Findings Between Survival Group and Non-Survival Group

Variables Total(n=89) Survival Group (n=51) Non-Survival Group(n=38) P-value
WBC(109/L) media(IQR) 11.3 (7.6-15.2) I1.1 (8.0-14.7) 12.2 (6.9-16.8) 0.59
Hb (g/L) median (IQR) 91.0 (87.0-103.0) 94.0 (88.0-103.5) 88.5 (81.2-98.5) 0.04
PLT (109/L) median (IQR) 176.0 (112.0-237.0) 215.0 (150.0-258.5) 132.0 (65.2-214.8) 0.0l
NEUT (109/L) median (IQR) 9.1 (5.8-12.4) 82 (6.3-11.6) 10.7 (5.1-14.9) 031
LY (109/L) median (IQR) 0.9 (0.7-1.5) 1.0 (0.7-1.7) 0.9 (0.5-1.2) 0.15
MONO (109/L) median (IQR) 0.6 (0.3-0.9) 0.6 (0.4-0.9) 0.5 (0.3-0.8) 0.29
Lact (mmol/L) median (IQR) 2.3 (1.6-32) 1.8 (1.5-2.5) 2.8 (2.2-3.9) <0.01
PH median (IQR) mean (SD) 7.4 (74-7.5) 7.4 (7.4-7.5) 7.4 (7.4-7.5) 0.70
PaCO, (mmHg) median (IQR) 37.7 (33.7-45.2) 37.6 (34.1-45.6) 37.7 (32.5-43.7) 0.47
PaO, (mmHg) median (IQR) 125.0 (99.6-145.8) 127.0 (109.0-145.9) 115.8 (88.2-142.8) 0.14
PaO,/FiO; median (IQR) 302.2 (224.4-356.1) 315.0 (252.0-360.3) 281.0 (171.2-343.8) 0.11
cTnl (ng/mL) median (IQR) 0.01 (0.01-0.038) 0.01 (0.01-0.012) 0.027 (0.01-0.096) <0.01
MYO (ng/mL) median (IQR) 120.0 (50.7-303.0) 100.5 (39.1-195.5) 209.0 (78.0-633.0) <0.01
CK-MB (ng/mL) median (IQR) 2.0 (2.0-3.7) 2.0 (1.6-3.0) 2.6 (2.0-5.5) <0.01
proBNP (pg/mL) median (IQR) 1350.0 (410.0-5890.0) 800.0 (190.0-2540) 2465.0 (882.2-18,902.2) <0.01
Albumin (g/L) mean (SD) 307 £ 4.9 317 £ 49 29.5 + 4.6 0.039
TB (umol/L) median (IQR) 16.2 (11.2-287) 12.8 (9.4-19.3) 25.8 (13.7-74.2) <0.01
ALT (U/L) median (IQR) 47.0 (29.0-82.0) 42.0 (29.0-67.0) 69.0 (29.2-110.8 0.08
AST (U/L) median (IQR) 45.5 (27.8-80.2) 36.5 (25.0-61.0) 62.5 (42.5-129.8) <0.0l
BUN (umol/L) median (IQR) 12.1 (7.7-20.1) 10.9 (6.1-17.0) 15.9 (9.4-21.6) 0.038
Cr (umol/L) median (IQR) 75.6 (49.5-141.3) 68.2 (47.0-141.1) 93.3 (59.9-140.1) 0.22
PT (sec) median (IQR) 122 (11.5-13.5) 1.9 (11.1-12.9) 12.8 (11.8-15.3) 0.0l
INR median (IQR) 1.0 (1.0-1.2) 1.0 (1.0-1.1) 1.1 (1.0-1.3) 0.02
APTT (sec) median (IQR) 31.6 (27.4-39.5) 30.1 (26.1-35.1) 36.5 (29.4-45.2) <0.01
FIB (g/L) median (IQR) 3.8 (2.5-4.8) 3.9 (26-4.9) 3.6 (22-47) 0.23
TT (sec) median (IQR) 18.8 (17.2-20.5) 18.6 (16.9-20.5) 19.1 (17.4-20.6) 035
D-D (mg/L) median (IQR) 3.5 (1.9-8.0) 2.3 (1.6-6.0) 4.3 (2.9-10.9) 0.05
PCT (ng/mL) median (IQR) 1.1 (0.4-2.7) 0.7 (0.3-2.0) 1.8 (0.6-5.4) 0.02
CRP (mg/L) median (IQR) 94.1 (35.9-161.1) 83.0 (34.3-140.3) 101.3 (36.3-175.7) 0.48
APACHE Il score median (IQR) 20.0 (13.0-25.0) 14.0 (10.5-19.0) 25.0 (21.2-32.8) <0.01
SOFA score median (IQR) 74 %44 6.1 £32 9.2 5.1 0.001
CClI score median (IQR) 48 +2.6 47 +2.7 50+25 0.52

Abbreviations: IQR, inter-quartile range; WBC, white blood cell count; Hb, hemoglobin; PLT, platelet; NEU, neutrophil; LY, lymphocyte; MONO, monocytes; LACT, lactic
acid; MYO, myoglobin, CK-MB, creatine kinase-MB; TB, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, Blood urea nitrogen; Cr,
creatine; PT, Prothrombin Time; INR, international normalized ratio; APTT, Activated Partial Thromboplastin Time; FIB, fibrinogen; TT, thrombin time; D-D, D-dimer; PCT,
procalcitonin; CRP, C-reactive protein; APACHE II, Acute Physiology and Chronic Health Evaluation Il; SOFA, sequential organ failure assessment; CCl, Charlson

comorbidity index.

specificity were 0.98, respectively (Figure 2). The combined
risk factor equation predicts that the 28-day mortality rate of
CrKP patients is stronger than lactic acid. The difference
between the risk factor combination equation and the area
under the ROC curve of the APACHE II score was not
statistically different, proving that lactic acid has a weak
predictive power for 28-day mortality in CrKP patients.
Next, the two-way repeated-measures ANOVA analy-
sis of variance showed that the difference between the
APACHE 1I scores of then on non-survival group and the
survival group at different times was statistically

significant (P < 0.05, Figure S2), and the APACHE II
score level of the death group at three-time points (DayO,
Day4, and Day8). The APACHE II score level had an
interactive effect with time; APACHE II score level did
not increase significantly in the survival group at DayO,
Day4, and Day8. The lactic acid level of the death group
was higher than that of the surviving group at Day0, Day4,
and Day8 time points, and showed a downward trend with
time (P < 0.05, Figure S3). There was an interactive effect
with time; the lactic acid level in the survival group did
not increase significantly at Day0, Day4, and DayS8.
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Table 3 Risk Factors of 28-Day Mortality in Patients with CrKP Infection

Variables Univariate Multivariate
OR 95% CI P value OR 95% CI P value

MAP 0.96 (0.93-0.99) 0.006 NA

TB 1.05 (1.01-1.08) 0.014 NA

ucs 1,11 (1.03-1.18) 0.004 NA

PT 1.34 (1.09-1.65) 0.006 NA

PT-INR 26.56 (2.57-274.46) 0.006 NA

APTT 1.07 (1.02-1.13) 0.009 NA

CM-KB 1.23 (1.02-1.47) 0.028 NA

Endotracheal intubation 2.58 (1.09-6.12) 0.031 NA

Blood purification 3.68 (1.52-8.93) 0.004 NA

Chronic renal insufficiency 2.72 (1.03-7.23) 0.044 NA

SOFA score 1.20 (1.07-1.35) 0.002 NA

APACHEII score 1.35 (1.12-1.64) 0.002 1.20 (1.09-1.33) <0.001

LACT 2.94 (1.76-4.91) <0.001 3.04 (1.38-6.68) 0.006

Tigecycline+fosfomycin 0.12 (0.04-0.37) <0.001 0.15 (0.04-0.65) 0.011
Discussion severity of patients in various types of patients,'* "> and

We found a significant association between lactic acid,
APACHE 1I score and CrKP. Notably, tigecycline com-
bined with fosfomycin can reduce the 28 day mortality of
patients with CrKP infection.

With the progress of intensive care and treatment mea-
sures, it is generally believed that APACHE II score may
be high for the estimated mortality of critically ill
patients,” '* but some researchers believe that APACHE
IT score has the ability to better evaluate the disease

100 - AUC=0.916 i)
i I - 5
L AUC=0.884
80 |- /~
I AUC=0.803
.. 60
- |
=
- 4 -
w
40
20
LRCWR
APACHE II score
LACT
0 1 1 VR T [T T THT T | 1
0 20 40 60 80 100
1-Specificity

Figure 2 Combined model, lactate and APACHE |l score for predicting 28-day in
CRKP patients.

higher APACHE II score often represents the possibility of
higher in-hospital mortality. Studies have shown that
APACHE 1I score is better than NEWS score and REMS
score in predicting the prognosis of critically ill patients.
Thanapaisal et al'® conducted a retrospective study and
found that APACHE II score has a high predictive effect
on the prognosis of patients with severe trauma. However,
some researchers believe that APACHE II score has the
ability to better evaluate the disease severity of patients in
various types of patients,'* and higher APACHE II score
often represents higher in-hospital mortality.!” As indi-
cated in our data, lactate and APACHE II score was related
to the 28-day prognosis of CrKP patients. At present,
many clinical studies have shown that lactic acid may
have a certain correlation in predicting the prognosis of
infected patients.'®'? In the 1-hour cluster treatment in the
campaign to save sepsis 2018, it is also mentioned that
when the lactic acid level of sepsis patients is over 4mmol/
L, fluid resuscitation treatment should be used quickly,?
and it is generally believed that the reduction of lactic acid
value is closely related to the prognosis of patients.?’
Thus, the generation and metabolism mechanism of lactic
acid is complex, which is related to glucose metabolism,
liver function level and treatment methods, and the opti-
mal lactate clearance rate is still controversial. Prospective
randomized clinical trials have shown that compared with
sepsis treatment guided by central venous oxygen satura-
tion, sepsis treatment guided by lactate clearance does not
improve the short-term prognosis of sepsis patients.?
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Although several studies have shown that the lactate clear-
ance rate within 24 hours is related to the prognosis of
infected patients,”® repeated measurement was not used to
study the changes of lactate in patients with different
prognosis at different time points. In our retrospective
analysis, we found that the predictive efficiency of lactate
in predicting 28 day mortality of CrKP patients was worse
than that of the combined model. In the repeated measure-
ment and analysis of lactic acid at Day0, Day4, and DayS8,
the lactic acid value in the death group showed a down-
ward trend, suggesting that the lactic acid level on the day
of sample submission (Day0) can be used to predict the
28-day prognosis of CrKP patients. However, there was no
significant correlation between the lactic acid level on the
day (Day4) of bacterial culture drug sensitivity test report,
the fourth day (Day8) after drug sensitivity test report and
the 28-day prognosis of CrKP patients.

In terms of clinical practice, CrKP is highly sensitive to

polymyxin, tigecycline,
24-29

fosfomycin and ceftazidime
avibactam, and these antibiotics are limited to their
pharmacokinetics and pharmaceutical properties, infection
site, liver and kidney toxic and side effects. There are
many reports on the combined therapy of CrKP, including
the effect of polymyxin, tigecycline, fosfomycin, ceftazi-
dime, avibactam, carbapenem antibiotics and aminoglyco-
side antibiotics on the prognosis of patients. Mikhail

13° showed that the anti-infection effect of ceftazidime

eta
avibactam combined with meropenem was better than
other anti-infection schemes, and ceftazidime avibactam
combined with amikacin, meropenem and aztreonam
showed synergistic effect, and the mic value of
Klebsiella pneumoniae to the above drugs decreased.
Similarly, the studies conducted by Liang et al*' showed
that the combination therapy based on polymyxin B
reduced the 30-day mortality of patients with bloodstream
infection after CrKP. Furthermore, polymyxin combined
with meropenem or amikacin has bactericidal effect on
CRKP, but only bacteriostatic effect when polymyxin is
used alone.

This study has some limitations. It was a single-center
retrospective cohort study, which eliminate the selective
bias of patients. The hospital’s laboratory performed all of
the clinical biochemical measurement methods, and the
medical electronic system was reviewed. The time span
of this study is large, which was affected by different
diagnosis and treatment concepts, organ support treatment

and drug level in different periods, it may bring bias to the

research results. Therefore, future studies should include
multicenter cohort to expand the sample size to achieve
higher-level clinical outcomes.

Conclusions

The prediction of lactate and APACHE II score at the day of
sampling are independent risk factors for the 28-day prog-
nosis of CrKP patients. Therapeutic strategy based on
improving lactic acid and APACHE II would contribute to
the outcome in patients with CrKP infection. Tigecycline
combined with fosfomycin could reduce the 28-day mortal-
ity in patients with CrKP infection in developing country.
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