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Comparison of the Efficacy between the Single-Dose and Three-Day
Prophylactic Antibiotic Regimens for the Prevention of Bacterial Infections in
Patients with Percutaneous Nephrolithotomy: A Randomized Controlled
Study
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Purpose: To determine the appropriate regimen of antibiotic prophylaxis for the ~ Received: 9 August, 2018

prevention of bacterial infections in patients receiving percutaneous neph- ~ Revised: 2 September, 2018
. Accepted: 13 September, 2018

rolithotomy (PCNL).

Materials and Methods: Forty patients, who planned to undergo PCNL from

October 2015 to August 2017, were assigned randomly into two groups. Patients

in the single-dose group (n=20) were administered an intravenous single dose of

2 g ceftriaxone 30 minutes before PCNL, whereas those in the three-days regimen

group (n=20) were administered a preoperative intravenous single dose of 2 g

ceftriaxone and an additional postoperative oral cefpodoxime proxetil (100 mg

twice a day) for three days. The incidences of infectious complications in the two

groups, such as pyrexia, systemic inflammatory response syndrome (SIRS), and

sepsis, were compared.

Results: Fever (axillary temperature >38.0°C) did not develop in any of the patients

in the single-dose group but developed in one patient (5.0%) in the three-day

regimen group due to pneumonia (p=0.3). SIRS developed in a total of eight

patients (20.0%), four patients from each group. None of the patients in either group

developed sepsis after PCNL.

Conclusions: The three-day prophylactic antibiotic regimen did not demonstrate

better efficacy for the prevention of bacterial infections in patients with PCNL

compared to the single-dose prophylactic antibiotic regimen.
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INTRODUCTION bacterial infection is a frequent complication, occurring in

25% of patients who undergo PCNL, The signs of infections,

Percutaneous nephrolithotomy (PCNL) is an ideal treat- including fever (21-74%), transient bacteremia (20-35%),

ment for renal stones, particularly in patients with a heavy systemic inflammatory response syndrome (SIRS; 23.4-

stone burden, with stone-free rates exceeding 90% [1]. The 29.0%), and bacteriuria (10-37%), are reported more
postoperative complications of PCNL include bleeding, commonly [3].

infection, urine leakage, and residual pain [2]. Among them, In this regard, antibiotic prophylaxis before PCNL is
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important to prevent infections. On the other hand, the
ideal prophylactic antibiotic regimen, including the duration
for PCNL, has not been determined. Different regimens
have been suggested by the European Association of
Urology (second- or third-generation cephalosporin,
trimethoprim/sulfamethoxazole, fluoroquinolones, and
aminopenicillin/beta-lactamase inhibitors) and the American
Urological Association (AUA) (first- or second-generation
cephalosporin, ampicillin/sulbactam, fluoroquinolones, and
aminoglycoside plus metronidazole or clindamycin)
guidelines [4].

This study examined the appropriate regimen of antibiotic
prophylaxis for the prevention of bacterial infections in
patients receiving PCNL. The efficacy of the single-dose
and three-day prophylactic antibiotic regimens for PCNL

were compared prospectively.,

MATERIALS AND METHODS

1. Patient Selection

A total of 58 adult patients who planned to undergo
PCNL for renal calculi between October 2015 and August
2017 were screened. The exclusion criteria were as follows:
1) significant preoperative bacteriuria or a positive urine
culture, 2) indwelling catheter, 3) previous antibiotic use
within 2 weeks of the operation, 4) prior history of infectious
stones, 5) allergy to antibiotics, and 6) refusal to enroll
in the study. The patients were assigned randomly to a
single-dose group or a three-day regimen group. Computer-
generated random numbers were used for randomization,
All the procedures in this study were approved by the
Institutional Review Board of the Asan Medical Center (IRB
no. 2015-1057) and informed consent was obtained from
all patients on the day they were hospitalized for surgery.
The patients were dropped from the study if postoperative
complications occurred, such as bleeding, pneumothorax,

or hydrothorax,

2. Antibiotics Regimen

Patients in the single-dose group were administered a
single dose of intravenous 2 g ceftriaxone 30 minutes before
the PCNL, Patients in the three-day regimen group were
administered preoperatively intravenous 2 g ceftriaxone and
additional oral cefpodoxime proxetil (100 mg twice a day)

for three days.

3. Perioperative Evaluations

All patients underwent laboratory tests, including a
complete blood count (CBC), blood chemistry, blood
electrolytes, urinalysis, and midstream urine culture prior
to surgery. The stone burden was measured using the
longest stone diameter on the preoperative computed
tomography (CT) scan. During PCNL, pelvic urine samples
and fragmented renal stones were obtained for culturing,
The vital signs of the patients were checked routinely at
four-hour intervals on the operation day and at eight-hour
intervals thereafter. Pyrexia was defined as the development
of an axillary body temperature higher than 38.0°C. In
those patients, laboratory tests, including CBC, urinalysis,
blood culture, and urine culture, were performed routinely.
The postoperative stone-free state was evaluated using a
follow-up CT scan approximately 4 to 6 weeks after surgery.
SIRS was diagnosed when a patient met at least two of
the following four criteria: 1) body temperature <36°C
or >38°C, 2) heart rate >90 beats/minute, 3) respiratory
rate >20 breaths/minute or pCO, >32 mmHg, and 4)
leukocyte count >12x10” cells/mm” or <4x10” cells/mm’
(51.

4. Surgical Procedures

All PCNLs were performed by a single surgeon (HK Park).
The whole PCNL procedures of the authors’ institution are
described elsewhere [0). Briefly, after general anesthesia,
a retrograde pyelogram was performed at the lithotomy
position for balloon catheter placement. After changing
to the prone position, a percutaneous puncture was carried
out using the Bull’s eye technique. A serial dilation of
the puncture tract was made to insert a 27 Fr. nephroscope.
Lithoclast was used for stone fragmentation and stone was
retrieved with stone forceps. A nephrostomy catheter,
ureteral stent, and 4 Fr. Foley catheter were placed after
the operation, Both the ureteral catheter and 14 Fr. Foley
catheters were removed one day after surgery. The
nephrostomy catheter was kept in place for at least 48
hours and was removed after the identification of antegrade
pyelography. The ureteral stents were maintained for 1

to 2 weeks and removed at the outpatient clinic.

5. Statistical Analysis

The differences between two groups were compared
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using a Student-t test and XZ test, All tests were two-tailed
with a significance level of 0.05. Statistical analyses were
performed using a commercially available program (SPSS
ver, 21,0; IBM Co,, Armonk, NY, USA).

RESULTS

Of the 58 patients, 15 patients were excluded during
the screening phase (Fig. 1). Seven patients had significant
bacteriuria in the preoperative urine culture: Escherichia
coli (n=3) was the most commonly isolated microorganism
followed by Proteus mirabilis (n=2). One patient had an
E. coli strain resistant to ciprofloxacin (Table 1), Therefore,
43 patients were assigned randomly. Among them, three
patients were excluded due to bleeding (n=2) and a
hydrothorax (n=1; Fig. 1).

In the study population (n=40), 32 patients were male
and eight were female, The mean ageEstandard deviation
was 55.3+10.5 years. No significant differences in the
baseline characteristics, including gender, age, body mass
index, laterality, stone size, white blood cell count, and
C-reactive protein level, were observed between the two

groups (p range: 0.11-0.72; Table 2). Moreover, there were

Assessed for eligibility (n=58)

no significant differences in the intraoperative and
postoperative findings (Table 3).

Fever (axillary temperature >38.0°C) did not develop
in the single-dose group, but there was one case of fever
(5.0%) in the three-day regimen group with a negative
blood culture (p=0.3; Table 4). No bacteriuria of the renal
pelvic urine was observed in both groups. One positive
stone culture (5.0%) was found in the three-day regimen
group but there was no significant difference between the
two groups (p=0.8). The specific pathogen colonizing the
stone was P. mirabilis. SIRS developed in eight patients
(20.0%), four in each group. The prevalence of infection-

related events was similar in the two groups.

Table 1. Distribution of isolated microorganisms in excluded patients
(n=7)

Resistant to Resistant to

Microorganism Total . . "
ceftriaxone  ciprofloxacin
Escherichia coli 3(42.9) - 1(33.3)
Proteus mirabilis 2 (28.6) - -
Candida albicans 1(14.3) - -
Citrobacter baumani 1(14.3) 1 (100.0) -
Values are presented as number (%).

-: not available.

v

Excluded (n=15)
- 7 patients with significant bacteriuria
- 4 patients with previous antibiotics use
- 2 patients with previous infectious stone
- 1 patient with allergy to antibiotics
- 1 patient does not agree to study

v

Randomized (n=43)

l

!

Single-dose group
(n=22)

Three-days regimen group
(n=21)

Dropped (n=2)

Dropped (n=1)

v v

Single-dose group
(n=20)

Three-days regimen group
(n=20)

Fig. 1. Flow diagram.
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Table 2. Patient characteristics

Table 4. Prevalence of infection-related events

. Three-days n Three-days
- Single-dose - " Single-dose )
Characteristic regimen group p-value Infection-related events _ ., regimen group p-value
group (n=20) - group (n=20) _
(n=20) (n=20)
Gender (male/female) 18/2 14/6 0.11 Postoperative fever >38.0°C - 1 (5.0) 0.3
Age (y) 56.7+10.1 54.0+11.1 0.42 Positive culture in renal - -
Body mass index (kg/m?) 26.8+3.8 26.4+3.3 0.72 pelvis urine
Patients with hypertension 4(20.0) 6 (30.0) 0.72 Positive stone culture - 1(5.0 0.8
Patients with diabetes 3 (15.0) 4(20.0) 0.68 Systemic inflammatory 4(20.0) 4(20.0) 1.0
mellitus response syndrome
Patients with 2 (10.0) 1(5.0) 0.55 Values are presented as number (%).
cerebrovascular disease -: Not available.
Patients with percutaneous 2 (10.0) 0 0.47
coronary intervention
Laterality (right/left) 8/12 10/10 0.53 )
Stone size (cm) 6.0+2.7 6.342.1 0.72 (35%), post-procedural fever (10%), and sepsis (1%) [71.
Preoperative white blood 7.18%1.9 6.7x1.4 0.39 Various studies have reported a number of pathogens

cell (x10%/ul)
Preoperative C-reactive
protein (mg/dl)

0.5 (0.1-6.29) 0.3 (0.1-0.64) 0.55

Values are presented as number only, mean=standard deviation,
number (%), or mean (range).

Table 3. Intraoperative and postoperative findings

. Three-days
e Single-dose )
Characteristic foup (N=20) regimen p-value
group group (n=20)

Operation time (min) 60.9+15.9 58.9%16.7 0.70
Puncture 0.32
Intercostal 14 (70.0) 11 (55.0)
Subcostal 6 (30.0) 9 (45.0)
Estimated blood loss 0.68
Mild 16 (80.0) 17 (85.0)
Moderate 4 (20.0) 3 (15.0)
Stone free rates 8 (40.0) 6 (30.0) 0.51
Stone composition 0.16
Calcium oxalate 2 (10.0) 7 (35.0)
Uric acid 10 (50.0) 7 (35.0)
Infectious stone 8 (40.0) 5 (25.0)
Mixed 0 1(5.0)
Red blood cell transfusion 2 (10.0) 3 (15.0) 0.63
Nephrostomy placement (d) 2.7+0.9 2.8+0.5 0.53
Hospital stay (d) 6.2+1.1 6.4*1.5 0.20

Values are presented as mean=*standard deviation or number (%).

DISCUSSION

The mechanisms for the urinary tract infection after PCNL
include the release of colonizing bacteria by the surgeon’s
manipulations, fragmentation of the infected renal stones,
and the spread of bacteria through the nephrostomy tract,
Progression to sepsis following the post-PCNL SIRS is a
rare [3] but life-threating condition [5]. Antibiotic prophylaxis
prior to PCNL is strongly recommended because PCNL

without antibiotic prophylaxis commonly causes bacteriuria

in PCNL complications as well as their sensitivity to
antibiotics. E, coli and other microorganisms, such as
Proteus, Klebsiella, Enterobacter, and Pseudomonas species
are commonly isolated in patients with PCNL [8]. In 2003,
the antibiotic sensitivity rates of E coli, Klebsiella
pneumonia, Pseudomonas aeruginosa, and P, mirabilis
were reported to be 98%, 94%, 89%, and 87%, respectively
[91. On the other hand, the acquisition of resistance to
routinely prescribed antibiotics in primary-care patients with
urinary tract infections caused by E. coli is increasing [10],
and the resistance rates of bacteria to different antibiotics
have been reported as follows: nalidixic acid (77.7%),
quinolones (74.5%), gentamicin (58.2%), beta-lactamase
inhibitor  (57.4%), cefuroxime (56%),
(48.5%), and amikacin (33,4%) [11],

The prevalence of antibiotic resistance in gram-negative

cotrimoxazole

pathogens differs worldwide, which suggests that the
frequency of antibiotic resistance in Asia is relatively higher
than that in Western countries [12]. Edlin et al. [13] analyzed
25,418 urinary isolates and reported that the resistance to
first- and second-generation cephalosporins (cephalothin,
cefazolin, or cefuroxime) was higher than that to third-
generation cephalosporins, Therefore, third-generation
cephalosporins are currently recommended as a prophylactic
agent for PCNL,

The appropriate prophylactic regimen of third-generation
cephalosporins for PCNL has not been determined. The
recent AUA best-practice statement recommends 24 hours
or less of antibiotic prophylaxis before percutaneous renal
surgery in all patients had no evidence of infection [4].

One prospective study reported that an extended duration

of preoperative antibiotic prophylaxis, even without a
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negative preoperative urine culture, could decrease the risk
of infectious complications postoperatively. Nitrofurantoin
given orally for one week before PCNL was effective in
preventing urosepsis and endotoxemia in patients with a
large stone burden and hydronephrosis [14]. On the other
hand, the majority of studies found no difference in efficacy
between single-dose prophylaxis and an additional short
course of antibiotics [15-17], Recently, a randomized controlled
trial reported that the use of prophylactic oral antibiotics
for 7 days before surgery in low-risk patients had no added
effect on the postoperative infection rates compared to the
use of intravenous antibiotics for one day before surgery
[18]. The results are in agreement with previous studies
and demonstrate the efficacy of single-dose antibiotic
prophylaxis, In addition, up to 30% of the E. coli isolates
were reported to be resistant to ciprofloxacin, which
correlates with the present study (33%). Overall, reducing
the overuse of antibiotics is important considering the high
incidence of antibiotic-resistant £, coli [19].

This was a prospective, randomized controlled trial of
a single institute that included patients with a negative
preoperative urine culture. The efficacy of the additional
use of oral antibiotics until catheter removal and a single
dose of intravenous antibiotics were compared. On the
other hand, the main limitation of this study was that it
was conducted at a single institution with a small number
of patients. Further studies with more patients will be

needed,

CONCLUSIONS

The additional postoperative three-day antibiotic regimen
was not superior to the single-dose prophylaxis with regard
to the incidence of postoperative fever and SIRS in patients
undergoing PCNL for renal stones. Therefore, single-dose
prophylaxis may be sufficient for patients undergoing PCNL

without preoperative bacteriuria.
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