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Abstract: Objective: To investigate and analyze the clinical efficacy and safety of polymyxin B sulfate in the treatment
of carbapenem-resistant gram-negative bacteria (CR-GNB) in sepsis; in order to provide reference for the clinical
diagnosis, treatment and prognosis evaluation of sepsis. Methods: The clinical data of 76 patients with CR-GNB sep-
sis treated with polymyxin B sulfate combined with an anti-infection regimen in the First Affiliated Hospital of Gannan
Medical University from January 2020 to February 2024 were retrospectively studied. To analyze and discuss the
clinical characteristics, results of the bacterial culture and drug sensitivity, clinical efficacy and prognosis of CR-GNB
patients, efficacy comparison of different doses of polymyxin B sulfate treatment regimens, efficacy comparison of
different combination regimens based on polymyxin B sulfate, changes in clinical indexes before and after treat-
ment of polymyxin B sulfate, adverse drug reactions and adverse events of polymyxin B sulfate were investigated.
Results: A total of 76 patients with CR-GNB sepsis were included in this study, with 55 males and 21 females, with
an average age of 59.86 years old, 44 of which were (57.89%) were > 60 years old. All patients included in this
study were treated with polymyxin B based combination therapy, 49 cases (64.47%) received the two-drug com-
bination regimen, 27 cases (35.53%) received the three-drug or more combination regimen, and all the patients
had the above treatment followed by systematic symptomatic supportive treatment. Patients in this study received
polymyxin B for an average of (8.6+4.3) days, there were 60 (78.95%) patients with effective clinical treatment,
and 49 patients (64.47%) achieved pathogen (bacterial) clearance of infection. Twenty-two cases (28.95%) died
within 28 days, 31 cases (40.79%) died within 90 days, and the remaining 23 cases (30.26%) survived. There were
statistically significant differences in the therapeutic effective rates and bacterial clearance rates among different
courses of treatment or different initial doses of polymyxin B (all P < 0.05). Moreover, there were significant differ-
ences in APACHE Il score, WBC, NE, HGB, platelet count, albumin, NT-proBNP and CRP before and after polymyxin
B treatment (all P < 0.001). In this study, 7 cases (9.21%) developed drug-related kidney injury, which recovered or
decreased below the pre-medication level after discontinuation or dose adjustment and infection control. Skin dark-
ening (melanin deposition) occurred in 5 cases (6.58%), and the above patients basically returned to normal several
months after withdrawal of the drug, but there was still a certain degree of skin pigmentation. Meanwhile, 3 cases
(3.95%) had neurotoxic reactions, mainly manifested as numbness at the extremities, and the neurotoxic symptoms
were improved after reducing the dosage. Accordingly, there was no statistically significant difference in the progno-
sis of CR-GNB sepsis patients between different age and gender groups (all P > 0.05), while the treatment course
and dosage of polymyxin B had statistically significant effects on the prognosis of CR-GNB sepsis patients (all P <
0.05). Conclusion: A Polymyxin B sulfate based combination regimen is an effective choice for CR-GNB sepsis, which
can maximize the survival and prognosis benefits of sepsis patients.
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Introduction factors that lead to a high mortality rate in

humans. Due to the extremely complex patho-
Sepsis is becoming a serious public health genesis of sepsis, including the body’s inflam-
problem globally, as it has complex infectious matory response imbalance, coagulation, im-
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mune dysfunction, mitochondrial function dam-
age and other pathophysiological processes, it
eventually leads to systemic circulation and
organ dysfunction, and the development of
septic shock, all of which seriously threaten the
lives of patients [1, 2]. Bacterial infection is the
most common cause of sepsis, and the fatality
rate of hospitalized patients can reach 30% to
60%. Among bacterial infections, gram-nega-
tive bacteria dominate, followed by microorgan-
isms such as fungus and viruses [3, 4]. Studies
have found that more than half of sepsis
patients are infected with gram-negative bacte-
ria [5, 6]. However, the increasingly serious
problem of bacterial drug resistance, especially
carbapenem-resistant gram-negative bacteria
(CR-GNB) has brought great challenges to the
treatment of sepsis [7, 8].

Since the nephrotoxicity and neurotoxicity of
polymyxin has been disclosed, it was replaced
by other antimicrobials, and there is now the
dilemma of slow progress in the research and
development of new antimicrobials. With poly-
myxin as the last line of defense in the treat-
ment of gram-negative bacteria infection, it has
been given more attention again. Polymyxinis a
group of polypeptide antibiotics. Currently, poly-
myxin B and polymyxin E are used clinically [9].
In the treatment of CR-GNB infection, polymyx-
in B has been increasingly used in clinics due to
its unique chemical structure, mechanism of
action, excellent pharmacokinetic effect and
high antibacterial activity. The combination reg-
imen based on polymyxin for the treatment of
CR-GNB infection has been recommended by
various guidelines and expert consensus [10,
11]. This study retrospectively analyzed the
clinical efficacy of polymyxin B sulfate com-
bined with other antibiotics in the treatment of
CR-GNB sepsis, aiming to provide reference
and important clinical guidance value for the
treatment of sepsis caused by CR-GNB in-
fection.

Materials and methods
Clinical baseline data

The clinical data of 76 patients with CR-GNB
related sepsis who received polymyxin B sul-
fate via injection combined with anti-infective
therapy at the First Affiliated Hospital of Gannan
Medical University from January 2020 to
February 2024 were collected and collated.
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The 76 cases included in this study were from
the ICU (42 cases), Respiratory Department (17
cases), Department of Oncology (8 cases),
Department of Nephrology (4 cases), De-
partment of Gastroenterology (3 cases), and
the Department of Hematology (2 cases).
Among the patients included in this study, 55
were males (72.37%) and 21 were females
(27.63%). The patients ranged in age from 21 to
89 years old, with an average age of 59.86
years old. This study complied with the norms
of medical ethics and was reviewed and
approved by the Ethics Committee of the hospi-
tal (approval number: LLSC2023266). All
patients’ families were informed and agreed to
be included in this study. Written informed con-
sent was obtained from the patient or the
patient’s family for the publication of this clini-
cal research article and the accompanying
images.

Research criteria

Inclusion criteria: All patients meet the diagnos-
tic criteria of Sepsis 3.0 [12]: the score of sep-
sis related Organ Failure Evaluation (SOFA)
caused by infection or suspected infection is
scored > 2; CR-GNB was identified by etiologi-
cal examination and considered as a pathogen.
Patients were intravenously treated with poly-
myxin B sulfate > 3 days. Site infections meet
the diagnostic criteria of the U.S. Centers
for Disease Control and Prevention/National
Healthcare Safety Network (CDC/NHSN) [13]:
(1) Pulmonary infection was positive for respira-
tory secretions culture, including fever (>
38.0°C), white blood cell count (WBC) <
4x10%L or > 12x10%/L, new or worsening
cough, new purulent sputum or changes in spu-
tum properties, increased respiratory secre-
tions, pulmonary stethoscopy of moist rale,
dyspnea and other symptoms. (2) Blood flow
infection meets at least one of the three symp-
toms of blood culture positive, fever (> 38.0°C),
chills, systolic blood pressure < 90 mmHg. (3)
Urinary tract infection met urine culture posi-
tive, fever (> 38.0°C), frequent urination, urgent
urination, dysuria, pubic tenderness and other
symptoms. (4) Abdominal infection met two of
the symptoms: positive drainage culture, fever
(> 38.0°C), nausea, vomiting, abdominal pain
or jaundice. (5) Intracranial infection met two of
the symptoms: cerebrospinal fluid culture posi-
tive, headache, fever (> 38.0°C), local nervous
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system signs, altered level of consciousness or
confusion. (6) Skin and soft tissue infection
met one of the symptoms of a positive culture
of secretions, such as pain or tenderness, local
swelling, redness, or fever.

Exclusion criteria: (1) Children < 14 years of
age; (2) Pregnant women; (3) Treatment regi-
men of polymyxin B sulfate < 3 days; (4) Pa-
tients with intramuscular injection, single intra-
thecal injection or aerosol administration were
excluded.

Therapeutic drugs

The batch number and manufacturer informa-
tion of the drugs used by the patients included
in this study were as follows: Polymyxin B sul-
fate (H31022631, SPH No. 1 Biochemical &
Pharmaceutical Co., Ltd., China), Tigacycline
(H20160471-2, Wyeth Lederle S.R.L. Co., Ltd.,
Italy), Imipenem-cilastatin sodium (H20130347,
Merck Sharp & Dohme Co., Ltd., Germany),
Meropenem (H20163391-2, Luoxin Pharma-
ceutical Group Stock Co., Ltd., China), Piper-
acillin tazobactam (H20133353, Shandong
Anxin Pharmaceutical Co., Ltd., China), Cefoper-
azone and sulbactam sodium (H20020597,
Pfizer Pharmaceutical Co., Ltd., U.S.A.), Cipro-
floxacin (H10910038, GuangZhou BaiYunShan
Pharmaceutical Holdings Co., Ltd., China),
Ceftazidime (H20150185, Hanmi Pharm. Co.,
Ltd., Korea), Cefepime (H20052616, Shenzhen
Lijian Pharmaceutical Co., Ltd., China).

Treatment plan (regimens)

In this study, all patients were treated with poly-
myxin B sulfate treatment combined with other
antibiotics, including tigacycline, carbapenems
(imipenem, meropenem) and other antibacteri-
al drugs (piperacillin tazobactam, cefoperazone
sulbactam, ciprofloxacin, ceftazidime, cefepi-
me, and so on). Administration: polymyxin B
1.5-2.5 mg/(kg-d), q12h; The first dose of tige-
cycline was 100 mg, followed by 50 mg, q12h;
Meropenem was given once at 1 g, 8 h and
maintained for 4 h each time. Imipenem once
at 1 g, q8h; Piperacillin tazobactam 4.5 g, q8h;
Cefoperazone and sulbactam 3 g, q8h; Cipro-
floxacin 0.2 g, q12h; Etimicin 200 mg once;
Ceftazidime 4 g, q12h; Cefepime 2 g, q12h.
Patients with renal insufficiency had reduced
dosage according to the instructions of the
drug according to the creatinine clearance
results.
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Observation and monitoring indicators

General baseline data, underlying diseases,
infection sites, specimen sources, laboratory
test results before and after treatment, bacte-
rial culture and drug susceptibility results, basic
medication and course of treatment, life sup-
port methods, and comorbidities of patients
were collected. Comprehensive and in-depth
evaluation of acute physiology and chronic
health evaluation Il (APACHE Il) score, biochem-
ical indexes, infection index, microbial evalua-
tion, efficacy evaluation, safety evaluation,
adverse reactions before and after treatment
of polymyxin B sulfate

Clinical efficacy evaluation

According to the body temperature, symptoms,
signs, laboratory indicators and etiological
examination results of patients before and
after treatment, the curative effect was divided
into cure, obvious effect and ineffective. Cure:
The patient’s infection was controlled, and the
clinical symptoms, signs, inflammatory indica-
tors and etiological results were normal.
Obvious effect: The infection of the patient was
improved, and the clinical symptoms, signs,
inflammatory indicators, laboratory indicators,
and etiological results were improved. In-
effective: The patient’s infection did not change
or worsen, and clinical symptoms, signs, inflam-
matory indicators, laboratory indicators, and
etiological results did not improve or even wors-
en. Effective rate = (humber of cured cases +
number of obvious effective cases)/total num-
ber of cases x 100%.

Evaluation of pathogen removal effect

Clear: No bacteria were detected for 3 consec-
utive measures. Replacement: The results
of the three consecutive bacterial cultures
showed that other bacteria grew, and the origi-
nal drug-resistant bacteria disappeared. Not
removed: the amount of bacteria is not reduced
or the amount of bacteria is reduced but not
completely removed. Total clearance rate =
(number of cleared cases + number of replaced
cases)/total number of cases x 100%.

Definition of contraindications and relative
contraindications

Contraindications: Patients allergic to polymyx-
in and their related components.
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Table 1. Baseline characteristics of patients
with CR-GNB sepsis

Characteristics Results
Gender
Male 55 (72.37%)
Female 21 (27.63%)
Age/years 59.86+11.32
Sites of infection
Respiratory system 45 (59.21)
Bloodstream infection 12 (15.79)
Abdominal infection 7(9.21)
Urinary system 4 (5.26)
Intracranial or nervous System 3(3.95)
Skin and soft tissues 2(2.63)
Others 3(3.95)

Relative contraindications: Due to the common
adverse reactions of polymyxin, the following
conditions are relative contraindications and
should be used with caution: (1) Pregnant
women should avoid it; (2) Avoid combination
with tubocurarine muscle relaxants and other
neurotoxic drugs; (3) Avoid combination with
aminoglycosides, vancomycin and other neph-
rotoxic drugs.

Security assessment

During treatment, adverse reactions related to
drug use should be actively monitored and
recorded, and the relationship with drug use
should be evaluated. Among them, the adverse
reactions were mainly liver and kidney function
injury, neurotoxicity, contact dermatitis, skin
pigmentation, pruritus, drug fever and other
allergic reactions. While creatinine exceeding
the pre-medication level of 88.4 ymol/L and
excluding other causes was defined as poly-
myxins B-related kidney injury [14].

Prognostic follow-up

The electronic inpatient record system was
used to follow the indicators of patients’ and
any return to the hospital for re-examination
and hospitalization status, and the follow-up
was conducted by telephone contact. The fol-
low-up date was March 1, 2024. The overall
survival (0S) was defined as the interval
between the date of diagnosis and the onset of
death or loss of follow-up (the end point of fol-
low-up). Subsequently, all patients included in
this study were divided into an age comparison
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group and gender comparison group according
to clinical baseline data. Besides, the patients
were also divided into dose comparison group
and course comparison group according to the
clinical treatment, and we aimed to compare
the difference in survival and prognosis be-
tween the groups.

Statistical analysis

SPSS 26.0 software was used for statistical
analysis. Measurement data conforming to a
normal distribution were expressed as mean +
standard deviation, and comparison between
the two groups was performed by T-test (or cor-
rected T-test). Measurement data that did not
conform to normal distribution were represent-
ed by median (quartile), and Mann-Whitney U
test was used for two groups of independent
samples. Count data were expressed as cases
or cases (%) using x? test (Fisher's precision
probability test). The survival curve was plotted
by Kaplan-Meier method. P < 0.05 indicated
that the difference was statistically significant.

Results
Baseline data and clinical features

Among the 76 patients with CR-GNB sepsis
included in this study, 55 were males and 21
were females, with an average age of 59.86
years old, with 44 cases (57.89%) being > 60
years old. Polymyxin B sulfate was used for
more than 3 days in all patients. The main
causes of infection were pulmonary infection
(59.21%). The clinical characteristics and base-
line data of other specific patients are shown in
Table 1.

Bacteriological examination and clearance

All patients included in this study received tar-
geted treatment after confirming the etiology. A
total of 98 strains of pathogens were detected.
In terms of specimen sources, 53 strains
(54.08%) were detected in sputum culture, 23
strains (23.47%) were detected in blood cul-
ture, 9 strains (9.18%) were detected in urine, 7
strains (7.14%) were detected in pleural effu-
sion or peritoneal effusion, 4 strains (4.08%)
were detected in the catheter and drainage
fluid, and one strain (1.02%) was detected in
the cerebrospinal fluid and skin soft tissue
secretions, respectively. In terms of pathogen
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Table 2. Major combination therapy based on polymyxin B in patients with CR-GNB sepsis

Antimicrobial agents combined with polymyxin B

Cases (%)

Imipenem-cilastatin sodium 14 (18.42)
Meropenem 11 (14.47)
Cefoperazone and sulbactam sodium 9 (11.84)
Tigacycline 11 (14.47)
Piperacillin tazobactam 2 (2.63)
Ceftazidime and avibactam 2 (2.63)
Imipenem-cilastatin sodium + Tigacycline 15 (19.74)
Meropenem + Tigecycline 8 (10.53)
Cefoperazone sodium sulbactam sodium + Tigacycline 2 (2.63)
Meropenem + Cefoperazone sodium sulbactam sodium + Tigacycline 2 (2.63)

Table 3. Efficacy of polymyxin B in terms of treatment duration in

patients with CR-GNB sepsis

ic symptomatic supportive
treatment. The main combina-

Treatment duration

Clinical efficacy rate/% Bacterial eradication rate/%

tion regimen for the patients

(n/N) (n/N) Lr;] this studyt(eﬁfludnlg mono-

354 58.33 (14/24) 45.83 (11/24) erapy, postaternate or re-
placement therapy) is detailed

6-10d 83.33 (25/30) 60.0 (18/30) in Table 2
11-15d 94.12 (16/17) 88.23 (15/17)
>15d 100.0 (5/5) 100.0 (5/5) Clinical efficacy and prognosis
X2 value (Fisher) 8.642 10.575 _ _ _
P value 0.027 0.011 All patients in this study re-

clearance and efficacy, 48 strains (48.98%)
of Acinetobacter baumannii, 37 strains were
cleared after treatment. Tweny-nine strains
(29.59%) of Klebsiella pneumoniae, and 18
were cleared after treatment. Seventeen st-
rains (17.35%) of Pseudomonas aeruginosa,
and 13 strains were cleared after treatment.
Four strains (4.08%) of other pathogens, and
an additional 2 strains were cleared after treat-
ment. A total of 70 strains (71.43%) of patho-
gens were cleared after treatment.

Treatment options

The 76 patients included in this study were
treated with polymyxin B based combination
therapy, of which 52 cases (68.42%) were
treated with carbapenems for initial anti-infec-
tion therapy, and the median time of use was
14.5 days. Nineteen cases (25.0%) were treat-
ed with cefoperazone and sulbactam sodium
for a median of 12 days. Five cases (6.58%)
were combined with other antibiotics as the ini-
tial drug. In this study, 49 cases (64.47%)
received the two-drug combination regimen, 27
cases (35.53%) received the three-drug or
more combination regimen, and all the patients
had the above treatment followed by systemat-
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ceived a combination regimen
based on polymyxin B. There
were 60 (78.95%) of patients with effective
clinical treatment, of which 16 cases were
cured and 43 cases were improved. Forty-nine
patients (64.47%) achieved pathogen (bacteri-
al) clearance of infection. Twenty-two cases
(28.95%) died within 28 days, 31 cases
(40.79%) died within 90 days, and 23 cases
(30.26%) survived. In this study, 76 patients all
received polymyxin B for 3 to 27 days, with an
average of (8.6+4.3) days, of which 24 cases
(31.58%) were treated for 3 to 5 days, 30 cases
(39.47%) were treated for 6 to 10 days, 17
cases (22.37%) were treated for 11 to 15 days,
and 5 cases (6.58%) were treated for more
than 15 days. As shown in Table 3, the longer
the use time of polymyxin B, the higher the
therapeutic effective rate and bacterial clear-
ance rate, and there were statistically signifi-
cant differences in the therapeutic effective
rate and bacterial clearance rate among differ-
ent courses of treatment (P < 0.05).

Clinical efficacy of different doses of polymyxin
B

As shown in Table 4, the 76 patients included in

this study were given the initial dose of poly-
myxin B as follows: The maintenance dose for
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Table 4. Efficacy of polymyxin B in terms of daily doses in patients

with CR-GNB sepsis

(P> 0.05), as shown in Table 6
for details.

Total daily dose

Clinical efficacy rate/% Bacterial eradication rate/%

Adverse reactions and ad-

(n/N) (n/N) verse events
200 mg 75.0 (9/12) 91.67 (11/12)
150 mg 68.75 (11/16) 87.50 (14/16) Of all the patients included in
100 mg 83.72 (36/43) 51.16 (22/43) this study, 7 cases (9.21%)
<100 mg 80.0 (4/5) 40.0 (2/5) developed drug-related kidney
X2 value (Fisher) 2.068 12.293 injury, which recovered or
P value 0577 0.004 decreased below the pre-med-

12 patients (15.79%) was 100 mg, q12h; for 16
patients (21.05%) it was 75 mg, q12h; for 43
cases (56.58%) it was 50 mg, q12h and the
maintenance dose of 5 cases (6.58%) was < 50
mg, q12h. There were significant differences in
the bacterial clearance rate among different
doses (P < 0.01), that is, the higher the daily
dose, the higher the bacterial clearance rate.
However, there was no statistical significance
in the treatment effective rate among different
doses (P > 0.05), which may be related to the
different degrees of organ damage caused by
pathogen infection in the early stages of pa-
tients and the delayed recovery of the body.

Efficacy of different polymyxin B-based combi-
nations

As shown in Table 5, all patients included in this
study were treated with polymyxin B based
combination therapy, that is, polymyxin B sul-
fate combined with carbapenem antibiotics,
tigacycline, cefoperazone sulbactam sodium,
carbapenems + tigacycline, cefoperazone sul-
bactam sodium + tigacycline and other antibac-
terial drugs, respectively. Unfortunately, there
were no statistically significant differences in
treatment effectiveness and bacterial clear-
ance among all groups (P > 0.05), which may be
related to the small number of cases included
in each group.

Changes of clinical variables before and after
the treatment of polymyxin B

Subsequently, by sorting out and analyzing vari-
ous clinical laboratory indicators and data of
CR-GNB sepsis patients before and after poly-
myxin B treatment, there were significant differ-
ences in APACHE Il score, WBC, NE, HGB, plate-
let count, Albumin, NT-proBNP and CRP (all P <
0.001), while there were no statistically signifi-
cant differences in creatinine, ALT, AST and PCT
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ication level after discontinua-
tion or dose adjustment and
infection control. Skin darkening (melanin
deposition) occurred in 5 cases (6.58%), and
the above patients basically returned to normal
several months after withdrawal of the drug,
but there was still a certain degree of skin pig-
mentation. Meanwhile, 3 cases (3.95%) had
neurotoxic reactions, mainly manifested as
numbness at the extremity, and the neurotoxic
symptoms could be improved after reducing
the dosage. No other adverse reactions such
as drug allergy were reported in this study.

Follow-up and prognostic analysis

The median follow-up time was 17.5 (range,
0.5-64) months, and at the latest follow-up
(March 1, 2024), 23 cases of 76 patients with
CR-GNB sepsis were still alive, while 53 patients
died in our study, all of which were due to
uncontrollable progression of the disease and
failed treatment. All patients incorporated in
this study were classified and compared based
on clinical baseline data. Firstly, based on gen-
der classification, there were 39 deaths (39/55,
70.91%) among males and 14 deaths (14/21,
66.67%) among females, and no statistical sig-
nificance existed between the two groups (P >
0.05). Secondly, in terms of age classification,
there were 20 deaths (20/32, 62.50%) aged <
60 years old and 33 deaths (33/44, 75.0%)
aged > 60 years old, and no statistical signifi-
cance was found between the two groups (P >
0.05). Then, regarding the classification and
comparison of clinical treatment, 39 deaths
(39/48, 81.25%) occurred when the dose of
polymyxin B was < 100 mg, and 14 deaths
(14/28, 50.0%) occurred when the dose of
polymyxin B was > 100 mg, the difference
between the two groups was statistically signifi-
cant (P = 0.049). Finally, the patients were clas-
sified and compared in accordance with the
duration of treatment, 49 patients (49/54,
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Table 5. Efficacy of different polymyxin B-based combinations in patients with CR-GNB sepsis

Antimicrobial agents combined with polymyxin B

- ) Bacterial

Clinical efficacy L
rate/% (n/N) eradication
rate/% (n/N)

Carbapenem antibiotics

Tigacycline

Cefoperazone and sulbactam sodium
Carbapenem antibiotics + Tigacycline

Cefoperazone sulbactam sodium + Tigacycline + other antibacterial agents

Other regimens
x2 value (Fisher)
P value

80.0 (20/25)  72.0(18/25)
72.73(8/11)  54.55 (6/11)
77.78 (7/9) 55.56 (5/9)
82.61(19/23)  73.91(17/23)
100 (2/2) 50.0 (1/2)
66.67 (4/6) 33.33(2/6)
1.788 5.315
0.919 0.372

Table 6. Changes of clinical variables after the treatment of polymyxin B in patients with CR-GNB

sepsis

Variables Before treatment After treatment t/Z value P value
WBC/(x10°/L) 24.15+6.23 13.07+4.51 12.559 <0.001
NE/(%) 83.06+£12.72 64.8319.85 9.879 <0.001
HGB/(gL) 77.26+8.65 86.93+10.57 -6.172 <0.001
PLT/(x10°%/L) 127.18+20.34 149.84+13.98 -8.004 <0.001
Albumin/(gL) 22.47+7.36 33.81+5.08 -11.055 <0.001
Creatinine/(umol/L) 110.00 (68.00, 248.75) 97.00 (62.25, 187.75) -0.535 0.592

ALT/(U/L) 25.50 (12.25, 62.75) 27.50 (17.00, 39.75) -0.346 0.729

AST/(U/L) 37.00 (24.25, 63.00) 35.50 (26.25, 62.50) -0.128 0.898

NT-proBNP/(pg:mL) 905.02+29.82 472.59+37.41 78.800 <0.001
PCT/(ng:mL) 2.30(0.61, 7.48) 1.06 (0.58, 3.08) -1.944 0.052

CRP/(mglL) 30.40 (15.72, 102.20) 11.57 (7.97, 27.45) -4.463 <0.001
APACHE Il score 21.92+6.04 12.48+5.17 10.351 <0.001

Note: WBC, white blood cell count; NE, neutrophils; HGB, hemoglobin; PLT, platelet; ALT, alanine aminotransferase; AST,
asparate aminotransferase; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCT, procalcitonin; CRP, C-reactive protein;

APACHE I, acute physiology and chronic health evaluation Il.

90.74%) with a treatment duration of < 10 days
died, and 4 patients (4/22, 18.18%) with a
treatment course of > 10 days died, the differ-
ence between the two groups was statistically
significant (P < 0.001). Our study showed that
there is no statistical significance in the differ-
ent age and gender groups of the patients with
CR-GNB sepsis (all P > 0.05), while the treat-
ment course and dosage of polymyxin B sulfate
have statistical significance in the prognostic
outcome of patients with CR-GNB sepsis (all P
< 0.05). The survival curve of all patients with
CR-GNB sepsis in this study is shown in Figure
1.

Discussion

Sepsis is a systemic inflammatory response
caused by a serious infection, while sepsis
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could be defined as septic shock if hypotension
still exists after full volume resuscitation [15].
There is no doubt that bacterial infection is a
common cause of this disease, and the fatality
rate of hospitalized patients can reach 30% to
60%, making sepsis a serious and notorious
disease that threatens people’s lives [16].

Carbapenem antibiotics have been regarded
as one of the most effective drugs against
multi-resistant gram-negative bacteria. With
the aggravation of multi-drug resistance of bac-
teria, the resistance of gram-negative bacteria
to carbapenem antibiotics has become a very
important and difficult clinical problem. In the
global priority list of antibiotic resistant bacte-
ria published by the World Health Organization
(WHO) in 2017, four pathogenic microorgan-
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Figure 1. Overall survival (OS) rate of patients with CR-GNB sepsis in this study. A. Patients with CR-GNB sepsis were
divided into gender comparison (male or female) group, and the OS was compared. B. Patients with CR-GNB sepsis
were divided into age comparison (< 60 years or > 60 years) group, and the OS was compared. C. Patients with
CR-GNB sepsis were divided into dose comparison (< 100 mg or > 100 mg) group, and the OS was compared. D. Pa-
tients with CR-GNB sepsis were divided into course comparison (< 10 d or > 10 d) group, and the OS was compared.

isms were designated as the focus of resear-
ch and development of new antibiotics [17].
Carbapenem-resistant enterobacter, carbapen-
em-resistant Klebsiella pneumoniae (KP), car-
bapenem-resistant Pseudomonas aeruginosa
(PA) and carbapenem-resistant Acinetobacter
baumannii (AB) are the most common carba-
penem-resistant bacteria, which undoubtedly
brings unprecedented challenges to the treat-
ment prognosis of patients with sepsis and
septic shock [18]. In the 76 patients with sepsis
in this study, drug-resistant strains of these
pathogens were detected.

Because CR-GNB sepsis patients are usually
critically ill, the selection of reasonable antibiot-
ics is the key to successful treatment, and it is
also a major clinical problem. Due to adverse
effects such as nephrotoxicity and neurotoxici-
ty, polymyxin was replaced by other antibacte-
rial agents a long time ago [19]. However, in the
face of the slow progress in the research and
development of new antibacterial drugs, poly-
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myxin B has been re-used in the clinic because
of its unique bactericidal mechanism and good
antibacterial activity, and it is regarded as the
last line of defense in the treatment of gram-
negative bacteria infection. Up to now, polymyx-
in B and polymyxin E have been clinically used,
while polycolistin B has special and excellent
pharmacokinetic effects [20].

Currently, it is believed that the antibacterial
mechanism of polymyxin may be the combina-
tion of polycationic rings in its drug molecules
with phosphoric acid groups on the cell mem-
brane of Gram-negative bacilli, resulting in
increased membrane permeability, leakage of
small molecules such as purine and pyrimidine
in the cell, and bacterial expansion, dissolution
and death [21]. At the same time, polymyxin
can also cross components between the inner
and outer membranes of cells through vesicle
contact, causing osmotic imbalance, resulting
in bacterial expansion and dissolution [22]. In
addition, polymyxins have the effect of neutral-
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izing endotoxins, and can also cause oxidative
stress, which leads to the accumulation of
hydroxyl free radicals and damage the DNA of
bacteria [23, 24]. It should be noted that poly-
myxin B belongs to a narrow spectrum of anti-
bacterial drugs, which have good pharmaco-
logical activity against most gram-negative ba-
cilli, including pseudomonas aeruginosa, esch-
erichia coli, enterobacter, klebsiella, acineto-
bacter, aeromonas, stenotrophomonas malto-
philia, citrobacter, and so on [25, 26]. However,
it is frustrating that polymyxin B has poor anti-
bacterial activity against haemophilus influen-
zae, bacillus pertussis, legionella pneumophila,
salmonella and shigella. In addition, polymyxin
B is basically ineffective against all gram-posi-
tive bacteria, anaerobic bacteria, and some
gram-negative bacteria (neisseria gonorrhoe-
ae, neisseria meningitidis), mycoplasma, chla-
mydia, proteus, morganella, serratia, burkella,
and parasites [27-30].

In this study, all patients with CR-GNB sepsis
were treated with the combined treatment regi-
men based on polymyxin B sulfate. The results
showed that the effective rate of clinical treat-
ment was 78.95% and the bacterial clearance
rate was 64.47%, indicating that the bacterial
clearance rate and clinical efficacy could be sig-
nificantly improved by the combined treatment
of polymyxin B in the early stage after CR-GNB
infection. There was no statistically significant
difference in treatment effectiveness between
different doses of polymyxin B sulfate, which
may be related to the different degree of organ
damage caused by early pathogen infection
and the slow recovery degree of the body. While
we analyzed and compared the efficacy of poly-
myxin B sulfate based treatment combined
with other different antibiotics, unfortunately,
there was no statistically significant difference
in the therapeutic effect and bacterial clear-
ance rate among the groups, which may be
related to the small number of cases included
in the different treatment regimens. However,
fortunately, through the analysis of indicators
before and after polymyxin B administration, it
was found that APACHE Il score, WBC, NE, HGB,
platelet count, Albumin, NT-proBNP, CRP and
other indicators were significantly improved,
and these results suggest that polymyxin B is
an uncontroversial option for the clinical treat-
ment of CR-GNB sepsis.
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It is worth noting that in clinical practice, the
traditional drug sensitivity test is based on
blood culture, and its time span is mostly 48 to
72 h, or even longer, which may be likely to
cause patients to worsen or even miss the best
treatment opportunity and eventually die. In
addition, most clinical studies have used the
28-day or 30-day mortality associated with
polymyxin B as an indicator of whether clinical
treatment is effective or ineffective [31]. This
will undoubtedly make it difficult to obtain reli-
able clinical pharmacodynamic data of poly-
myxin B therapy in clinical practice. However, it
is gratifying that current studies have confirmed
the clinical benefits of using polymyxin-based
combination therapy and demonstrated the
adverse consequences of synergistic Kkilling
and suppression of multidrug resistance and
extensive drug resistance [32].

Nevertheless, Studies have shown that the
early use of polymyxin B after infection could
reduce the mortality of bloodstream infections
caused by carbapenemase-producing entero-
bacillus and carbapenem-resistant Klebsiella
pneumoniae, suggesting that the application of
polymyxin B in the early stage of CR-GNB infec-
tion could quickly achieve effective blood and
tissue concentrations, facilitate the elimination
of bacteria, and benefit the prognosis of pa-
tients [33, 34]. Since the exact pharmacody-
namic mechanism of polymyxin B is not com-
pletely clear, sufficient treatment course and
dose can ensure the realization and completion
of pharmacological effects, and then the poly-
myxin can enter the bacteria smoothly, effec-
tively eliminate bacteria, and obtain satisfacto-
ry curative effect. The results of this study
showed that polymyxin B combined with antibi-
otics could increase drug sensitivity, and it has
shown satisfactory effects in terms of total bac-
terial clearance, clinical treatment efficiency,
and reduction of patient mortality, which un-
doubtedly indicates that the antibacterial activ-
ity and clinical efficacy of antibiotics increased
after the combination of polymyxin B with other
antibiotics. It is suggested that polymyxin
B-based combination medication may help to
improve the bactericidal rate and prevent poly-
myxin resistance. However, it should be noted
that polymyxin B monotherapy may not show its
therapeutic advantages, so it is urgent to com-
bine polymyxin B with other antibiotics in clini-
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cal practice to improve the prognosis of CR-GNB
sepsis patients to the greatest extent.

It is worth noting that the common adverse
reactions (side effects) associated with the
clinical application of polymyxin B mainly in-
clude nephrotoxic injury, neurotoxicity and skin
pigmentation, but the number of cases is small.
There is no evidence that the adverse reactions
are caused by polymyxin B or other combined
antibacterial agents, and the above adverse
reactions are basically reversible [35, 36].
When the drug is stopped or the dose of poly-
myxin B is reduced, it can basically return to
normal. A very small number of patients in this
study unfortunately experienced these adverse
reactions (side effects), which were most likely
related to the dosage and course of polymyxin
B. By contrast, it was found that patients with
renal and liver dysfunction may not need to
adjust the initial dose of polymyxin B [37].

Admittedly, the 2019 international guideline
consensus on polymyxin suggested that the
daily maintenance dose of polymyxin B (1.25-
1.50 mg/kg, q12h) should not be adjusted to
increase in patients with renal insufficiency
[38]. While in this study, we recommend that
patients with renal insufficiency should be
given a low dose of 1.5 mg/(kg-d), a daily dose
of 50-100 mg, and no impairment of renal func-
tion was observed during treatment. In general,
this study did not find any correlation between
long course of treatment and high dose and
adverse reactions, indicating that the adverse
reactions of polymyxin B may be weakly corre-
lated with course of treatment and dose, which
may also be caused by the relationship between
a single center study and limited sample size,
which is worthy of our team’s subsequent
efforts to include more cases and conduct
more in-depth research.

Conclusion

In conclusion, polymyxin B-based combination
regimen with sufficient dosage and full dura-
tion is a safe and effective method for the treat-
ment of CR-GNB sepsis, which can maximize
the survival and prognosis benefits of sepsis
patients. In clinical practice, the dose of poly-
myxin B should be adjusted in real time accord-
ing to therapeutic drug monitoring (TDM), blood
biochemical indicators and clinical rehabilita-
tion of the patients, and an anti-infection regi-
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men should be optimized in real time to improve
clinical efficacy and reduce adverse reactions.
In addition, in terms of drug combination, tiga-
cycline, carbapenems, piperacillin tazobactam,
cefoperazone sulbactam and other antibiotics
can be used as reliable and nice options for
polymyxin B combination therapy.
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