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Abstract: Objective: To investigate the efficacy of imipenem/cilastatin on severe infection in the emergency depart-
ment and its impact on procalcitonin (PCT) and C-reactive protein (CRP). Methods: A total of 108 cases of severe 
infection in the emergency department were randomly divided into the research group (n = 54) and the control 
group (n = 54). Patients in the control group were treated with ceftriaxone, and patients in the research group were 
treated with imipenem/cilastatin. The clinical efficacy, infection control time, bacterial clearance rate, changes 
in serum PCT (procalcitonin) and CRP (C-reactive protein) levels before and after treatment, and the incidence of 
adverse reactions were compared between the two groups. Results: The total effective rate of the research group 
was significantly higher than that of the control group (P < 0.05). The infection control time of the research group 
was significantly shorter than that of the control group, and the bacterial clearance rate of the research group was 
significantly higher than that of the control group (all P < 0.05). After treatment, the serum PCT and CRP levels were 
significantly lower in both groups than those before treatment, and were lower in the research group than in the 
control group (all P < 0.001); there was no significant difference in the incidence rate of adverse reactions between 
the two groups during treatment (P > 0.05). Conclusion: Imipenem/cilastatin can significantly improve bacterial 
clearance rate, reduce inflammatory reaction, improve the symptoms of infection, and produce less adverse reac-
tions in patients with severe infection in the emergency department, which is of great value for clinical application.
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Introduction

Severe infection refers to the massive repro-
duction of various invading pathogenic microor-
ganisms in the body, further causing systemic 
inflammatory response syndrome, sepsis, sep-
tic shock, septicemia, and even multiple organ 
dysfunction syndrome. It is a common disease 
in the emergency department, and develops 
rapidly. Most of the patients developing such 
disease are critically ill, thus it is relatively diffi-
cult to treat [1, 2]. In recent years, more and 
more bacteria have developed drug resistance 
due to the irrational use of antibiotics, increas-
ing the difficulty in the treatment of severe 
infections [3]. Third-generation cephalosporins 
are the first choice for the treatment of severe 
infections in clinics. However, with the emer-
gence of bacterial mutation and resistance, 
their clinical anti-infective effect is usually af- 
fected to some extent [4].

Imipenem/cilastatin is a carbapenem antibac-
terial compound composed of imipenem and 
cilastatin in a ratio of 1:1, which releases bac- 
terial endotoxins that can bind to penicillin-
binding proteins (PBPs), and in turn hinder the 
synthesis of mucopeptides of bacterial cell 
walls to exert an antibacterial effect [5]. It has  
a broad spectrum of antimicrobial activity, and 
is a potent antibiotic with long-lasting post-an- 
tibiotic effect [6]. However, many pathogenic 
bacteria can cause severe infections, and rele-
vant results are not consistent. Therefore, we 
analyzed common pathogenic bacteria causing 
severe infection in the emergency department, 
and measured the bacterial clearance rate of 
imipenem/cilastatin. In addition, we also ob- 
served the effect of imipenem/cilastatin on 
serum procalcitonin (PCT) and C-reactive pro-
tein (CRP) levels in the patients. The results are 
reported as follows.
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Materials and methods

General data

A prospective study was conducted on 108 pa- 
tients with severe infection in the emergency 
department who received treatment in Weihai 
Municipal Hospital from January 2019 to Fe- 
bruary 2020. The patients were randomly di- 
vided into the research group and the control 
group, with 54 cases in each group. This study 
was reviewed and approved by the Medical 
Ethics Committee of Weihai Municipal Hospi- 
tal.

Inclusion criteria: Patients aged between 18- 
75 years old; patients met the diagnostic crite-
ria for severe infection in the Internal Medicine 
(8th Edition), which is defined as body tem- 
perature >38°C, white blood cells (WBC) count 
>12*109/L or WBC count <4*109/L, and bl- 
ood pressure <90/60 mmHg [7]; patients had  
complete clinical data and signed informed 
consent.

Exclusion criteria: Patients with acquired im- 
mune deficiency syndrome (AIDS), severe men-
tal illness, and malignant tumor; patients with 
organic lesions or impairment of the heart, li- 
ver, kidney and other important organs; pa- 
tients allergic to penicillin or cephalosporins; 
patients during pregnancy or lactation; patien- 
ts involved in other research projects at the 
same time.

Methods

Patients in the control group were treated with 
ceftriaxone sodium for injection (Sichuan Phar- 
maceutical Preparation Co., Ltd., China, specifi-
cation: calculated based on C18H18N8O7S3, 
2.0 g) by intravenous drip, 2.0 g/time, twice 
daily.

Patients in the research group were treated 
with imipenem/cilastatin sodium for injection 
(Shenzhen Haibin Pharmaceutical Co., Ltd., 
China, specification: 2.0 g, 1.0 g of C12H17- 
N3O4S and C16H26N2O5S each) by intrave-
nous drip, 2.0 g/time, 3 times/day. Both groups 
were continuously treated for 7 days.

Outcome measures

Primary outcome measures: Clinical efficacy 
was evaluated according to the Guidelines for 

the Clinical Application of Antimicrobial Drugs: 
cured: fever and other clinical symptoms and 
signs completely disappeared, and laboratory 
biochemical indicators and pathogen testing 
were normal; markedly effective: 2 of the abo- 
ve 4 examination items did not return to nor-
mal; effective: 1 of the above 4 examination 
items did not return to normal; ineffective: the 
patients’ condition did not improve, or even ag- 
gravated [8]. Total effective rate = (number of 
cured + markedly effective + effective)/total 
case number * 100%.

Before and after treatment, about 5 mL of ve- 
nous blood was drawn from the patients, and 
centrifuged after coagulation. Then the serum 
was separated to detect PCT (procalcitonin) 
and CRP (C-reactive protein) levels using en- 
zyme-linked immunosorbent assay. The test 
kits were provided by Shanghai Enzyme-linked 
Biotechnology Co., Ltd., (China, cat. nos. ml2- 
25323 and ml057570).

Secondary outcome measures: The infection 
control time, starting from fever subsidence  
to the time without recurrence of the disease, 
was recorded in both groups.

The bacterial clearance rate of the two groups 
was calculated according to bacterial culture 
results before and after treatment, and the mi- 
crobiological evaluation criteria were divided 
into five grades: complete clearance, partial 
clearance, no clearance, replacement, and re- 
infection [9]. Bacterial clearance rate = (num-
ber of complete clearance + partial clearance)/
total strains before treatment * 100%.

During treatment, adverse reactions of the pa- 
tients were recorded in the two groups, such  
as nausea, diarrhea, vomiting, pain at the in- 
jection site, headache or dizziness.

Statistical analysis

SPSS 20.0 software was used for statistical 
analysis of the data. Enumeration data were 
expressed as the number of cases or percent-
ages (n, %), and examined using χ2 test. 
Measurement data were expressed as mean ± 
standard deviation (x ± sd). A paired t-test  
was used to compare data before and after 
treatment between the same group. An inde-
pendent sample t-test was used for compari-
son between the two groups. P < 0.05 was con-
sidered statistically significant.
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Table 1. Comparison of baseline data (n, x ± sd)
Characteristics Research group (n = 54) Control group (n = 54) t P
Gender (n) 0.926 0.336
    Male 30 25
    Female 24 29
Age (years) 55.5±6.2 57.1±7.6 1.199 0.233
BMI (kg/m2) 23.22±2.10 23.50±2.33 0.656 0.513
APACHE II score (points) 20.02±3.20 20.33±2.56 0.556 0.579
Disease type (n) 0.775 0.410
    Lower respiratory tract infection 10 8
    Upper respiratory tract infection 10 12
    Intra-abdominal infection 11 9
    Peritoneal infection 8 10
    Gynecological infections 4 5
    Urinary tract infection 5 6
    Others 6 4
Note: APACHE II: Acute Physiology and Chronic Health Evaluation II.

Results

Baseline data

There was no significant difference in the gen-
eral baseline data between the two groups (P > 
0.05), suggesting that the two groups were 
comparable. See Table 1.

Clinical efficacy

The results showed that the total effective rate 
in the research group was significantly higher 
than that in the control group (96.30% vs 
85.19%, P < 0.05). See Table 2.

Infection control time

After treatment, the infection control time was 
(2.77±0.75) d in the research group and 
(3.13±1.02) d in the control group. Statistical 
analysis showed that the infection control time 
in the research group was significantly shorter 
than that in the control group (t = 2.090, P = 
0.039). See Figure 1.

Bacterial clearance rate

After treatment, the bacterial clearance rate in 
the research group was significantly higher 
than that in the control group (81.43% vs 
66.22%, P < 0.05). See Table 3.

PCT and CRP levels

After treatment, the serum PCT and CRP levels 
were significantly lower in both groups than 

Table 2. Comparison of clinical efficacy after treatment (n, %)
Group Cured Markedly effective Effective Ineffective Total effective rate
Research group (n = 54) 20 (37.04) 27 (50.00) 5 (9.26) 2 (3.70) 52 (96.30) 

Control group (n = 54) 17 (31.48) 21 (38.89) 8 (14.81) 8 (14.81) 46 (85.19)
t 0.370 1.350 2.641 3.967 3.967
P 0.543 0.245 0.104 0.046 0.046

Figure 1. Comparison of infection control time. Com-
pared with the control group, #P < 0.05.
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Table 3. Comparison of bacterial clearance rate (n, %)

Bacteria Acinetobacter 
baumannii

Escherichia 
coli

Pseudomonas 
aeruginosa

Klebsiella 
pneumoniae

Staphylococ-
cus aureus

Chryseobacterium 
meningosepticum Others Total

Research group (n = 54)
    Before treatment (strain) 21 17 12 7 4 3 6 70
    Clearance (strain) 14 10 8 5 2 2 3 44
    Partial clearance (strain) 5 4 2 1 0 0 1 13
    Clearance rate (%) 19 (90.48) 14 (82.35) 10 (83.33) 6 (85.71) 2 (50.00) 2 (66.67) 4 (66.67) 57 (81.43)
Control group (n = 54)
    Before treatment (strain) 24 14 13 9 5 5 4 74
    Clearance (strain) 13 8 5 4 3 2 3 38
    Partial clearance (strain) 4 3 2 1 1 0 0 11
    Clearance rate (%) 17 (70.83) 11 (78.57) 7 (53.85) 5 (55.56) 4 (80.00) 2 (40.00) 3 (75.00) 49 (66.22)
t 2.701 0.070 2.493 1.667 0.900 0.533 0.079 4.285
P 0.100 0.791 0.114 0.197 0.343 0.465 0.778 0.038
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those before treatment, and were lower in the 
research group than in the control group (all P 
< 0.001). See Table 4.

Adverse reactions

The results showed that there was no signifi-
cant difference in the incidence of adverse 
reactions between the two groups during treat-
ment (P > 0.05). See Table 5.

Discussion

Various pathogenic bacteria can cause severe 
infection in the emergency department, includ-
ing gram-negative bacteria, gram-positive bac-
teria and some fungi. It is precisely due to the 
complexity and diversity of pathogenic bacteria 
causing severe infection that antibiotics with 
broad-spectrum and strong bactericidal effect 
should be used to control the infection [10, 11].

In this study, the control group was treated  
with ceftriaxone and the research group was 
treated with imipenem/cilastatin. The results 
showed that compared with those in the con- 
trol group, the infection control time was sig- 
nificantly shortened, and the bacterial clear-
ance rate was significantly increased in the 
research group. Furthermore, the total effec-
tive rate of the research group was also signi- 
ficantly higher than that of the control group 
(96.30% vs 85.19%). Such results suggested 
that imipenem/cilastatin is effective in trea- 
ting patients with severe infection in the emer-
gency department, can significantly improve 
bacterial clearance rate, and shorten infection 
control time. This is because imipenem/cilas-
tatin acts by binding to PBPs and play a bac- 
tericidal role by inhibiting the synthesis of the 
bacterial cell wall. It demonstrates a signifi- 

bacterial effect [13]. Ma et al. found that com-
pared with ceftriaxone, imipenem/cilastatin 
has a higher clearance rate of Klebsiella pneu-
monia, Pseudomonas aeruginosa, Acineto- 
bacter baumannii and Escherichia coli, and can 
better improve various cli-nical symptoms of 
patients with severe infection, which was con-
sistent with the results of our study [14]. A  
pharmacokinetic/pharmacodynamic study by 
Lucasti et al. showed that the clearance rate of 
carbapenem-resistant bacterial strains was up 
to 90% when imipenem/cilastatin was adminis-
tered at a dose of 500 mg/time, 4 times/day 
[15].

This study found that the serum PCT and CRP 
levels in the two groups after treatment were 
lower than those before treatment, and were 
lower in the study group than in the control 
group, suggesting that compared with ceftri- 
axone, imipenem/cilastatin can better control 
inflammatory response in patients with severe 
infection in the emergency department, which 
was consistent with the study results of Sal- 
mon-Rousseau et al. [16]. CRP and PCT are 
usually used as important markers of inflam-
matory response in clinical practice [17]. CRP  
is an acute-phase reactive protein. Normally, 
CRP level is very low in the blood. However, 
when the body is infected with bacteria or suf-
fers from stress responses such as surgery,  
the serum CRP level will be dramatically in- 
creased [16]. PCT is a highly stable precursor  
of calcitonin, and is not affected by hormone 
levels. In normal conditions, it remains low in 
the blood or even undetectable. However, after 
the body is under infection of pathogenic mi- 
croorganisms, the serum level of PCT can be 
rapidly increased within 4 h. Several studies 
have confirmed that there is a significant posi-

Table 4. Comparison of PCT and CRP levels before and after treat-
ment (x ± sd)
Group PCT (μg/L) CRP (mg/L)
Research group (n = 54)
    Before treatment 15.57±3.66 20.58±3.95
    After treatment 4.48±2.22***,### 4.30±2.05***,###

Control group (n = 54)
    Before treatment 15.29±3.20 21.10±3.22
    After treatment 7.47±2.10*** 8.14±2.40***

Notes: Compared with that before treatment, ***P < 0.001; compared with the con-
trol group after treatment ###P < 0.001. PCT: procalcitonin; CRP: C-reactive protein.

cant antibacterial effect on 
most enterobacteria such as 
Escherichia coli, Klebsiella pneu- 
monia, and most gram-positive 
bacteria and anaerobic bacte-
ria, and is a broad-spectrum 
antibiotic [12]. Besides, the 
penetration ability of imipenem/
cilastatin is about 70 times that 
of ceftriaxone, with the post-
antibacterial effect persisting 
for a long time, so imipenem/
cilastatin has a stronger anti-
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tive correlation between serum PCT level and 
the degree of infection [18-21]. A study in the 
United Statesfound that in patients with urinary 
tract infection caused by multidrug-resistant 
bacteria, the therapeutic effect of imipenem/
cilastatin was comparable to that of cefidero-
col, and this study has been submitted  
as evidence to the Food and Drug Admini- 
stration of the United States for new drug appli-
cation of cefiderocol [22]. For adverse reac-
tions, we found no serious adverse reactions  
in both groups of patients, mainly some mild 
gastrointestinal reactions such as nausea, 
vomiting, and diarrhea. There was no signifi-
cant difference in the incidence of adverse 
reactions between the two groups during treat-
ment, suggesting that ceftriaxone and imipen-
em/cilastatin are safe in the treatment of pa- 
tients with severe infection in the emergency 
department, and can produce few adverse 
reactions. In short, we found that imipenem/
cilastatin had a good effect on the clearance  
of a variety of pathogenic bacteria causing 
severe infections. However, we only conduct- 
ed a single-center study with a small sample 
size. No significant difference was found in  
the statistical analysis of less isolated strains, 
and the effects of imipenem/cilastatin on 
short-term reinfection of patients after dis-
charge remain unclarified, which needs to be 
confirmed by more in-depth studies.

To sum up, the administration of imipenem/
cilastatin in patients with severe infection in 
the emergency department can significantly 
improve bacterial clearance rate, reduce in- 
flammatory response, control the symptoms  
of infection, and produce less adverse reac-
tions, which is worthy of clinical application.
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