Int J Clin Exp Med 2017;10(11):15485-15491
www.ijcem.com /ISSN:1940-5901/IJCEM0065110

Original Article

Comparison of the curative efficacy of intrathecal
and intravenous injection of ceftriaxone and
vancomycin in the treatment of intracranial
infection during the perioperative period

Hongquan Wang'*, Shuli Zhao?", Bo Chen?, Chuhua Fu?, Yanwei Dang?, Zhibin Tan?, Ning Wang?

Departments of 1Neurosurgery, 2Pharmacy, Xiangyang No.1 People’s Hospital Affiliated to Hubei University of
Medicine, Xiangyang City, Hubei Province, China. *Equal contributors and co-first authors.

Received September 6, 2017; Accepted October 14, 2017; Epub November 15, 2017; Published November 30,
2017

Abstract: Objective: To compare the clinical efficacy of intrathecal and intravenous injection of ceftriaxone and van-
comycin in the treatment of intracranial infection during the perioperative period of neurosurgery. Methods: Eighty
patients with intracranial infection treated in our hospital from January 2014 to January 2017 were selected as
subjects and randomized into four groups: intrathecal injection of ceftriaxone group (CT, n=20), intravenous injec-
tion of ceftriaxone group (CV, n=20), intrathecal injection of vancomycin group (VT, n=20) and intravenous injection
of vancomycin group (VV, n=20). The clinical efficacy, hospital length of stay (LOS), and changes in indices 7 days
after the treatment such as cerebrospinal fluid (CSF), intracranial pressure and body temperature were observed
and compared. Results: In comparison to intravenous administration groups, efficacies in both CT (P=0.001) and
VT (P=0.004) group appeared to be better, while efficacies in these two groups were similar (P=0.738). Besides,
both CT and VT group experienced a greater reduction of CSF protein quantity (P=0.003, P=0.004), white blood cell
(WBC) count (both P<0.01) and intracranial pressure (both P<0.05), and a more evident increase in the concentra-
tion of chloride and glucose in CSF (all P<0.01) than those in intravenous administration groups. No statistical dif-
ference in the aforementioned indices was observed between CT and VT group (all P>0.05). The body temperatures
after treatment among the four groups were similar (P=0.321). The LOS in VV group was the longest (compared
with other groups, all P<0.001), while the LOS in VT (P<0.001) and CT group (P<0.001) was shorter than that in
CV group. Conclusion: Intrathecal injection of ceftriaxone and vancomycin can achieve better curative efficacy than
intravenous injection in the treatment of intracranial infection, and can be more conducive to the rehabilitation of
patients.
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Introduction

The incidence rate of intracranial infection fol-
lowing neurosurgery operation is quite high,
and the severe infection could lead to death of
patients if not treated in a timely manner [1-3].
Using high-potency broad-spectrum antibiotics
can greatly improve the curative efficacy in
patients with severe infection [4-6], and the
application of antibiotics has provided a new
approach for the clinical treatment of intracra-
nial infection during the perioperative period of
neurosurgery [7, 8].

Ceftriaxone, a broad-spectrum antibiotic, be-
longs to the third-generation cephalosporin.

Between 2 and 24 h after the intravenous
administration, its concentration in cerebrospi-
nal fluid (CSF) can be several times higher than
the minimum inhibitory concentration against
common pathogens [9]. Besides, there have
been studies revealing that the intrathecal
injection can allow the ceftriaxone to enter
directly into the CSF circulation to further
increase its concentration in CSF and thereby
makes it kill the bacteria more easily and thor-
oughly [10]. Clinically, vancomycin is usually
administered intravenously to treat patients
with intracranial infection. However, the influ-
ence of the blood brain barrier on the drug
passing rate can greatly limit the bactericidal
efficacy of vancomycin, which could prolong the
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course of treatment and aggravate the damage
to liver and kidney function [11]. There have
been studies in recent years demonstrating
that in treating intracranial infection, the meth-
od of intrathecal injection of vancomycin can
enhance the medication efficacy, reduce the
damage to liver and kidney function, and
achieve the goal of curing diseases [12]. Yet in
these studies, the curative efficacies of ceftri-
axone and vancomycin based on different
modes of administration were not compared,
neither were the changes of relevant in-
dicators.

In this article, 80 cases of patients with intra-
cranial infection treated in our hospital from
January 2014 to January 2017 were selected
for the comparison of the clinical efficacy of
intrathecal and intravenous injection of ceftri-
axone and vancomycin.

Materials and methods
Participants/subjects

The study was reviewed and approved by the
Ethics Committee of the hospital and recog-
nized by the patients and their families. A total
of 80 patients with intracranial infection during
the perioperative period of neurosurgery and
treated in our hospital from January 2014 to
January 2017 were selected. According to the
random number table method, they were divid-
ed into 4 groups: intrathecal injection of ceftri-
axone group (CT group), intravenous injection of
ceftriaxone group (CV group), intrathecal injec-
tion of vancomycin group (VT group), and intra-
venous injection group of vancomycin (VV
group), with 20 patients in each group.

Inclusion criteria: 1) Patient met the diagnostic
criteria for intracranial infection after neurosur-
gery, i.e. (A) patients had experienced head-
ache or relatively severe headache, chills, fever,
projectile vomiting, and clinical signs of menin-
geal irritation; (B) patients had infections
detected by relevant tests, including a signifi-
cant increase of white blood cell (WBC) count in
blood routine test; (C) results of lumbar punc-
ture showed that CSF WBC count >0.01*10°/L,
protein quantity >450 mg/L, and sugar quanti-
ty <400 mg/L; (D) CSF culture was positive,
and if this was met, the diagnosis of intracrani-
al infection could be confirmed; otherwise,
patients’ clinical manifestations and associat-
ed examination results need to be reviewed,
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along with more tests to be carried out for diag-
nosis [13]; 2) patients with clear conscious-
ness; 3) patients or their families were willing to
sign the informed consents; 4) patients were
able to cooperate in completing relevant tests.

Exclusion criteria: 1) Patients with severe self-
related diseases, such as uremia, coagulation
abnormalities, heart diseases and so on; 2)
patients with mental diseases; 3) patients had
infections and were receiving antibiotic treat-
ments; 4) patients who were not able to under-
go lumbar puncture; 5) patients who could not
take ceftriaxone and vancomycin; 6) patients
with other fungal or viral infections; 7) patients
with autoimmune disease; 8) patients with
excessive sedation; 9) patients who were not
willing to cooperate; 10) patients who were less
than 18 years old or more than 80 years old.

Treatment methods

The gender, age, weight and intracranial infec-
tion severity score were recorded prior to the
treatment [14]. Before administration of ceftri-
axone and vancomycin, all patients were
required to take routine examinations and
associated allergic tests. Treatment could only
be carried out if no allergic reaction occurred.

In CT group, patients were given the intrathecal
injection of 0.1 g ceftriaxone dissolved in 10 ml
of 0.9% sodium chloride (NaCl) solution once a
day, with one week as a treatment course.

In CV group, patients received the intravenous
injection of 2.0 g of ceftriaxone dissolved in 10
ml of 0.9% NaCl solution twice a day, with one
week as a treatment course.

In VT group, patients received the intrathecal
injection of vancomycin. Following the lumbar
puncture, 20.0 mg vancomycin was diluted in
10 ml of 0.9% NaCl solution and injected intra-
thecally into the patients slowly within 0.5 h
once a day, with one week as a treatment
course.

In VV group, patients received intravenous
injection of 1.0 g vancomycin diluted in 10 ml of
0.9% NaCl solution once a day, with one week
as a treatment course.

Follow-up and outcome measures

Main outcome measures: Curative efficacy:
During the course of treatment and hospitaliza-
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Table 1. Basic information of four groups

No. of Gender

Age (year) Weight (k 1ISS
Case Male Female ge (yean) gnt (ke)

CT group 20 11 9
CVgroup 20 10 10

56.3+11.0 63.3+22.2 15.6+5.1
57.1+13.3 62.9+19.0 14.9+6.3
VT group 20 12 8 55.4+9.8 60.7+x24.1 15.4+4.8
W group 20 13 7 57.6£12.1 63.1+20.3 14.617.2
x*/F 1.023 0.679 0.894 0.826
P value 0.796 0.943 0.812 0.851

Note: IISS, intracranial infection severity score.

Table 2. Comparison of curative efficacy among four groups

Excellence Improvement Failure Effective rate (%)

CT group (n=20) 10 9 1 95.00"#
CV group (n=20) 4 4 12 40.00
VT group (n=20) 8 10 2 90.00"#
VWV group (n=20) 2 5 13 35.00
X2 40.211
P 0.008

Note: Compared with CV group, “P<0.01; compared with VV group, *P<0.01.

groups were compared by one-
factor analysis of variance and
Bonferroni post hoc test; compar-
ison of pre- and post-treatment
within the group was conducted
by paired t test. The count data
was expressed as rate, and the
differences among the four gr-
oups and between two indepen-
dent samples were examined by
X? test and segmentation proba-
bility method (test level 0.05/6 =
0.0083). P<0.05 was considered
statistically significant.

Results
Patients’ characteristics

A total of 80 patients suffering
from perioperative infection after
neurosurgery were included with
20 cases in CT, CV, VT and VV

tion, patients were followed up closely once a
day. After three days of treatment, changes in
patients’ symptoms were observed, and sam-
ples of patients’ blood, CSF and so on were
taken for clinical and bacteriological examina-
tion. If the results of laboratory tests and vital
signs of patients turned to be normal three
days after medication, it could be concluded
that the drug had excellent effect. If patients’
symptoms and related indices were positively
controlled, it could be determined that the drug
had effect of improvement; but if not controlled
or even worsened, it could be determined that
the drug was a failure in effect. Effective rate
was the total rate of excellence and im-
provement.

Secondary outcome measures: The changes of
clinical indicators such as those in blood and
CSF, and the variations in body temperature
and intracranial pressure were measured and
compared 7 days after treatment; meanwhile
the total length of stay (LOS) was compared
among the four groups.

Statistical analysis

The related statistics tool, SPSS software ver-
sion 17.0, was used to sort and analyze all data
acquired in the study. The measurement data
was expressed as mean * sd, and the four
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group respectively. There was no

significant difference among the
four groups in regard to patients’ characteris-
tics (all P>0.05, Table 1).

Curative efficacy

The differences in the curative efficacy among
the four groups displayed statistical signifi-
cance (P=0.008). Compared with CV and VV
group, the curative efficacies in CT (vs. CV,
P=0.001; vs. VV, P<0.001) and VT group (vs.
CV, P=0.004; vs. VV, P=0.001) were evidently
better (Table 2). The efficacies between CT and
VT group were similar, with no statistically sig-
nificant difference (P=0.738).

Secondary outcome measures

Priortothe treatment, the WBC count (P=0.674),
protein quantity (P=0.553), glucose level
(P=0.614), and chloride level (P=0.703) in CSF
were similar among the four groups with no sta-
tistically significant difference (Table 3). From
the comparison between pre- and post-treat-
ment within each group, it can be seen that all
groups experienced improvements in these
CSF indices after treatment (all P<0.01).

Compared with CV and VV group, the reduction
of CSF protein quantity and the WBC count in
CT and VT group appeared to be greater (all
P<0.01), and the increase of CSF chloride and
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Table 3. Comparison of changes in CSF indices among four groups before and after treatment

CT group (n=20)

CV group (n=20)

VT group (n=20) VV group (n=20)

WBC (*10°/L)

BT 182.32+44.21

AT 45.67+23.45™#&
Protein quantity (g/L)

BT 0.99+0.35

AT 0.40+0.12"#&
Glucose (mmol/L)

BT 1.56+0.12

AT 3.35+0.21"#&
Chloride (mmol/L)

BT 80.45+9.32

AT 120.21+6.58™#&

178.99+36.28
87.83+19.89¢

0.96+0.21
0.68+0.11%

1.49+0.15
2.35+0.14%

81.21+9.25
100.12+6.39%

187.56+32.78 181.92+42.85

43.11+24.01"#& 79.92+26.43%
0.97+0.12 0.98+0.28
0.42+0.19"#& 0.66+0.09*
1.54+0.17 1.55+0.21
3.4410.19"#& 2.31+0.23%
79.89+9.01 80.65+7.68

123.28+9.23"#& 101.69+8.65%

Note: BT, before treatment; AT, after treatment. Vs. CV group (after treatment), “P<0.01; vs. VV group (after treatment),

#P<0.01; vs. before treatment, ¥P<0.01.

Table 4. Comparison of changes in body temperature among

four groups before and after treatment

with CV and VV group, the LOS in CT
and VT group appeared to be much

shorter (all P<0.001). The LOS in

Temperature  CT group CV group VT group VV group

(°C) (n=20) (n=20) (n=20) (n=20) CT and VT group were similar
BT 39.28+0.36 39.65+0.55 39.87+0.61 39.52+0.32 (P=0.551, Table 6).

AT 36.35+0.23 37.21+0.15 36.22+0.19 37.45+0.21 _ _

P 0.024 0.031 0.021 0.036 Discussion

Note: BT, before treatment; AT, after treatment.

glucose concentration was also more signifi-
cant (all P<0.01). No statistical difference was
found between CT and VT group (all P>0.05,
Table 3).

The basal body temperatures of patients
among the four groups were similar before
treatment, with no statistically significant dif-
ference (P=0.722). After the treatment, pa-
tients’ body temperature in each group all
improved (P=0.024, P=0.031, P=0.021, P=
0.036), with no intergroup difference (P=0.321,
Table 4).

The intracranial pressure of the patients among
the four groups were similar before the treat-
ment (P=0.631) and all lowered after the treat-
ment (all P<0.001). Compared with CV and VV
group, the intracranial pressure in CT (vs. CV
P=0.021; vs. VV P=0.019) and VT (vs. CV
P=0.025; vs. VV P=0.017) group decreased
much more. There was no statistical difference
in the intracranial pressure between CT and VT
group after treatment (P=0.356, Table 5).

The difference in the LOS among the four
groups was significant (P<0.001). Compared

15488

Intracranial infection is one of the

common complications in neuro-
surgery. Some studies have documented that
the probability of intracranial infection in
patients following the craniotomy can be as
high as 18% and the mortality rate of intracra-
nial infection can even reach 40% [15-17].
Therefore, if patients had intracranial infection
during perioperative period of neurosurgery, it
is crucial for them to receive treatment as early
as possible. At present, the main method to
prevent and treat intracranial infection is intra-
venous administration of antibiotics. The third-
generation cephalosporin was often chosen for
its relatively good function of killing bacteria
[18]. While vancomycin is a glycopeptide antibi-
otic with a narrow antibacterial spectrum, it is
quite active against gram-positive coccus, the
main pathogen for intracranial infection after
neurosurgery [19, 20]. However, vancomycin
has a rather strong toxicity to the kidney, and as
a result, the clinical medication time of vanco-
mycin and its dosage should be controlled
strictly [21]. In recent years, intrathecal injec-
tion of antibiotics has been widely applied in
the clinical treatment of intracranial infection,
for the antibiotics can directly enter into the
subarachnoid space, thereby elevates the drug

Int J Clin Exp Med 2017;10(11):15485-15491
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Table 5. Comparison of changes in intracranial pressure among four groups before and after treat-

ment

CT group (n=20)

CV group (n=20)

VT group (n=20) VV group (n=20)

ICP (mmH,0) BT 192.32+23.54
AT 130.23+19.39"#&

189.56+21.96
153.01+16.32% 129.84+16.36""% 152.88+21.02%

195.36+£25.32 191.23+19.89

Note: ICP, intracranial pressure; BT, before treatment; AT, after treatment. Vs. CV group, "P<0.05; vs. VV group, #P<0.05; vs.

before treatment, ¥P<0.001.

Table 6. Comparison of patients’ LOS among
four groups

CT group CV group VT group VV group

Case 20 20 20 20
LOS (d) 5+1.12"* 11+3.41 6+2.14"* 12+4.01

Note: vs. CV group, "P<0.001; vs. VWV group, “P<0.001.

concentration in CSF and achieve a relatively
good curative efficacy. Meanwhile, this method
can also effectively prevent the risks caused by
the intravenous injection of antibiotics [22, 23].

The results in this study showed that both intra-
thecal and intravenous injection could improve
the clinical symptoms of patients to some
extent, but relatively speaking, the intrathecal
injection method could deliver better clinical
test results and curative efficacy, as well as
more improvement in patients’ vital signs and
clinical symptoms than the intravenous injec-
tion method. Some studies reported that the
therapeutic effect of intrathecal injection in
treating intracranial infection was indeed bet-
ter than that of intravenous injection [24], how-
ever, the LOS of patients was not observed.
The result of this study confirmed that the intra-
thecal injection can reduce the LOS of patients
and speed up the rehabilitation.

There have already been studies demonstrat-
ing that both intrathecal injection of vancomy-
cin and ceftriaxone can bring about therapeu-
tic effect on intracranial infection [25, 26], but
the comparisons between the two were not
conducted in those studies. Hence, we carried
out this study and found that there was no dif-
ference between the intrathecal injection of
these two drugs in terms of the improvement of
various indices and their curative efficacy. The
study revealed that both antibiotics can achieve
quite good clinical efficacy in treating intracra-
nial infection, and also demonstrated that the
intrathecal injection of ceftriaxone was cura-
tively effective. The result aligned with the find-
ings from Sokolov et al. on the efficacy of intra-

15489

thecal injection of ceftriaxone in treating ne-
urological infections [27]. Concerning the se-
vere nephrotoxicity of vancomycin, intrathecal
injection of ceftriaxone might become a more
ideal treatment method for the perioperative
intracranial infection.

At the same time, since the total sample size of
this study was relatively small, and the follow-
up may be relatively inadequate, there might be
some slight variationsinthe results. Prospective
trial will be conducted in the future with a big-
ger sample size and longer follow-up time for
verification, in order to support extensive clini-
cal application of the intrathecal injection of
antibiotics in treating intracranial infection dur-
ing perioperative period of neurosurgery.

In conclusion, using ceftriaxone and vancomy-
cin to treat intracranial infection can obtain
good therapeutic effects. But in terms of the
way of administration, the intrathecal injection
method can achieve better efficacy and be
more conducive to patients’ rehabilitation than
intravenous injection method. As a result, the
intrathecal injection method can be further pro-
moted and applied clinically.
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