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Abstract: Objective: To examine the risk factors for septic shock following minimally invasive percutaneous nephro-
lithotripsy (PCNL). Methods: From January 2009 to June 2017, 700 patients who underwent PCNL in our hospital
were included in this prospective and their clinical records were pooled for analysis. Univariate and multivariate
logistic regression analyses were employed for clarification of the risk factors for post-PCNL septic shock, and the
patients with the disease received active anti-infective and anti-shock care. Results: Fifteen of the 700 patients
had post-PCNL septic shock. Multivariate logistic regression analysis revealed that women (adjusted odds ratio
(OR)=1.719, P<0.001) and diabetes mellitus (adjusted OR=4.217, P=0.002) were independent risk factors for post-
PCNL septic shock. After active treatment, the 15 patients were all cured and discharged from the hospital. Conclu-
sion: Women and diabetes mellitus are the risk factors for the onset of post-PCNL septic shock, and prognosis is
favorable in the patients after early and effective treatment.
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Introduction ock. In this way, the patients can get timely pre-

vention and treatment, and better prognosis.
Urolithiasis is a common urologic disorder clini-
cally treated by lithotripsy [1, 2]. There are a
variety of techniques for lithotripsy. Recently,
with the advances in urology-associated mini- Patients
mally invasive surgeries, percutaneous nephro-
lithotomy (PCNL) has been increasingly applied
to treat urolithiasis in the upper urinary tract
[3]. PCNL is advantageous over the convention-
al methods of lithotripsy in smaller trauma,
fewer postoperative complications, more rapid
recovery, and more acceptability [4, 5].

Materials and methods

This study got approval from the Hospital Ethics
Committee, and each enrolled patient gave
written informed consent. From January 2009
to June 2017, seven hundred patients who
underwent minimally invasive PCNL admitted to
our hospital were recruited in this prospective
study. Patients older than 18 years old were eli-
gible for enrollment if they received the initial
unilateral minimally invasive PCNL, and had no
contraindications to PCNL. Patients were ex-
cluded if they had urolithiasis of bilateral upper
urinary tracts, congenital renal malformations,
malignancy, took immunosuppressive agents,
or had heart failure. All the patients were treat-

However, after PCNL, some patients may devel-
op septic shock due to severe infection. In spite
of a low incidence, septic shock adversely
affects the patients’ life [6-8]. Therefore, how
to effectively prevent post-PCNL septic shock
has become the focus of urologists.

In this prospective study, we analyzed the clini-
cal records of 15 patients with septic shock,
aiming to reduce the morbidity and mortality of
septic shock in patients and get a better under-
standing of the risk factors for PCNL-septic sh-

ed with the prophylactic second-generation
cephalosporin antibiotics before PCNL. The
patients with positive urine culture received
sensitive antibiotics for at least 2 weeks until
the results became negative.
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Figure 1. Image of PCNL in patients with right renal
calculi. The single arrow denotes the ureteral cath-
eter and the double arrows denote the puncture nee-
dle. The ureteral catheter was inserted into the right
ureter under the direct vision of the ureteroscope.
The renal pelvis was successfully punctured on the
B-ultrasound.

Operative procedures

All the patients were placed in a semi-supine
lithotomy position under general anesthesia. A
ureteral catheter was inserted into the ureter
under direct vision of the ureteroscope. The
renal pelvis was successfully punctured under
the B-ultrasound guidance, and dilated by a
fascia dilator. The external sheath was posi-
tioned in place; then the ureteroscope was fur-
ther advanced via the sheath. Subsequently,
lithotripsy was performed with the 65 W holmi-
um laser. The double J tubes were placed after
the completion of lithotripsy. After removal of
the ureteroscope, one renal fistulae was placed,
sutured and fixed, as shown in Figure 1. The
patients’ vital signs were monitored and the
patients were administered routine antibiotics
for anti-infection.

Diagnostic criteria for post-PCNL septic shock

Diagnostic criteria were bacteremia or clinically
suspected sepsis, systemic inflammatory res-
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Table 1. Baseline characteristics of the pa-
tients (n)

Variable SSG  NSSG X2 P
Case 15 685

Male/Female 1/14 430/255 17.230 <0.001
Age (> 60 years) 6 166 1969 0.161
Hypertension 5 147 1.217 0.270
DM 9 117 18.319 0.000
uTl 12 487 0.217 0.641
RI 3 91 0.138 0.710
PUC 4 151 0.013 0.911
Left/Right 6/9 349/336 0.704 0.401

Note: DM, denotes diabetes mellitus; UTI, urinary tract
infection; RI, renal insufficiency; PUC, positive urine
culture; SSG, septic shock group; and NSSG, non-septic
shock group.

ponse syndrome, refractory hypotension, with
systolic blood pressure <90 mmHg or 40 mmHg
lower than the original base value, the mean
arterial pressure <65 mmHg, and the presence
of visceral hypo-perfusion [9, 10].

Treatment of post-PCNL septic shock

The patients were treated with anti-shock ther-
apy immediately after they were diagnosed with
post-PCNL septic shock, with the goals of
resuscitation including mean arterial pressure
> 65 mmHg, central venous pressure of 8-12
mmHg, the urine volume > 0.5 ml/kg/h, oxygen
saturation > 70% or mixed venous oxygen satu-
ration > 65% in the superior vena cava [11, 12].
Prior to disclosure of the results of urine culture
and blood culture, Tienam or mepem empiric
therapy was applied for anti-infection. After dis-
closure of the culture results, sensitive antibi-
otic therapy was utilized. The antibiotic therapy
was recommended for a period of 7 to 10 days.
To maintain a stable internal microenviron-
ment, 5% sodium bicarbonate was added, and
blood pressure was stabilized with the use of
proper dopamine and other cardiovascular
active agents.

Statistical analysis

All the statistical data were analyzed with the
application of the SPSS software, version 21.
Count data were expressed as percentage,
with the chi-square test for comparisons of
baseline characteristics and intraoperative
parameters of the patients between the septic
shock group and the non-septic shock group.
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Figure 2. Intraoperative indexes of the patients

Table 2. Risk factors for post-PCNL septic
shock on univariate logistic regression analy-
sis

Variable OR 95% ClI P

Gender 1.023 1.015-1.087 <0.001
Age 0.679 0.318-1.867 0.405
Hypertension 0.652 0.191-2.139 0.362
DM 3.198 1.179-8.012 0.011
uTl 3.226 0.816-10.162 0.072
RI 1.277 0.292-5.794  0.495
uc 0.784 0.361-2.093 0.466
0Ss 0.511 0.175-1.205 0.086
oT 1.438 0.624-3.951 0.317
SS 1.098 0.447-2.736  0.481

Note: DM, denotes diabetes mellitus; UTI, urinary tract
infection; RI, renal insufficiency; UC, urine culture; OS,
operative site; OT, operative time; and SS, stone size.

Univariate and multivariate logistic regression
analyses were utilized for exploring the factors
associated with post-PCNL septic shock. The
variables for multivariate logistic regression
were selected by the forward step method, with
the inclusion criteria set at a=0.05 and the
exclusion criteria set at a=0.10. P<0.05 was
deemed as statistically different.

Results
Baseline characteristics of the patients

Septic shock occurred in 15 patients of the
700 patients who had undergone PCNL. Ac-
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cordingly, the 700 patients were subdivided
into the septic shock group and the non-septic
shock group. The differences in age, gender,
underlying diseases and the affected sites
between the two groups are shown in Table 1.
The proportions of women and the patients
with diabetes mellitus were remarkably larger
among the patients with septic shock than
those without septic shock (both P<0.001).

Intraoperative outcomes

Among the patients in the non-septic shock
group, the duration of PCNL longer than 2 h
was reported in 325 patients, and the stone
size larger than 2 cm in 318 patients; by
contrast, among the patients in the septic
shock group, the time for PCNL longer than 2
h was seen in 6 patients and the stone size
larger than 2 cm in 9 patients. The rates of
patients with over-2h PCNL (X?=0.518, P=
0.472) and those of patients with over-2cm
stone (X?=1.087, P=0.297) were mildly differ-
ent between the two groups (both P > 0.05,
Figure 2).

Univariate and multivariate logistic regression
analyses

On univariate logistic regression analysis, age,
hypertension, urinary tract infection, renal
insufficiency, urine culture, operative site, oper-
ative time and the stone size were insignificant-
ly associated with post-PCNL septic shock (all P
> 0.05); conversely, women (odds ratio (OR)=
1.023, P<0.001) and diabetes mellitus (OR=
3.198, P=0.011) were risk factors for post-
PCNL septic shock, and the difference was sta-
tistically significant, Table 2).

Moreover, multivariate logistic regression anal-
ysis also demonstrated that women (adjust-
ed OR=1.719, P<0.001) and diabetes mellitus
(OR=4.217, P=0.002) were risk factors for post-
PCNL septic shock, and the difference was sta-
tistically significant, Table 3).

Results of septic shock treatment

After timely anti-infective and anti-shock treat-
ment, stable vital signs, normal urine volume,
improved general conditions, no complications
like multiple organ dysfunction syndrome (MO-
DS) were observed among the 15 patients
with PCNL-septic shock. At 48 h, vasopressors
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Table 3. Risk factors for post-PCNL septic shock on multivari-

ate logistic regression analysis

The results revealed that most of
the patients with post-PCNL septic

P shock were women and had diabet-

Variable OR 95% Cl . . N ADET
Gender 1.719 1.524-5.132 <0.001 'Ctme”('jtus' ﬁ,dd't,'otnal”y' ,”;fe univart-
Age 7096 041112628  0.677 ate and multivariate logiStic regres-
H ) . 4931 162 sion analyses demonstrated that
.ypertensuon. 0.795 0:304-2.318 016 women and diabetes mellitus were
Diabetes mellitus 4.217 0.769-10.425 0.002 independent risk factors for the
Urinary tract infection 0.371 0.145-1.761 0.242 presence of post-PCNL septic sh-
Renal insufficiency 1.115 0.242-5.119 0.872 ock. This is consistent with the
Urine culture 1.272 0.515-4.002 0.526 result reported by Sharifi Aghdas et
Operative site 4.382 0.571-13.179 0.081 al. [16]. In the current study, we
Operative time 1.122 0.384-3.295 0.774 held that female patients might be
Stone size 1553  0.494-4.391 0.545 susceptible to infections due to

(dopamine) were gradually discontinued in the
patients; the results of blood culture indicated
that escherichia coli infection occurred in 10
patients and bacterial culture failed in 5
patients. On the third day after the body tem-
perature of patients became normal, antibiot-
ics were discontinued after twice negative find-
ings of blood culture and urine culture. All the
15 patients were cured and discharged from
the hospital.

Discussion

Post-PCNL septic shock has a low morbidity in
clinical practice, but it is characteristic of fast
onset, rapid development and high mortality.
As a result, post-PCNL septic shock has still
been a major concern for clinical urologic sur-
geons. It is reported that puncture and litho-
tripsy during the PCNL procedure induce drain-
age of bacteria and their endotoxins into the
systemic circulation via renal tubules reflux, the
renal vein-lymphatic system or the damaged
calyx [13]. In case of uncontrolled infection,
septic shock may occur under the action of bac-
teria and their endotoxins. Therefore, it is clini-
cally paramount to explore the risk factors for
post-PCNL septic shock and the strategies for
its prevention and treatment.

The risk factors for post-PCNL septic shock
include diabetes mellitus, positive urine cul-
ture, renal insufficiency, and women [14, 15]. In
the current study, the factors affecting post-
PCNL septic shock covered age, sex ratio,
hypertension, urinary tract infection, renal
insufficiency, urine culture, diabetes mellitus,
operative site, operative time and stone size.
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their anatomic characteristics of
the urinary system such as short
urethra, and diabetes mellitus is the pathologi-
cal basis for damaging humoral immunity and
cellular immunity. According to Sachwani et al.,
the blood glucose under strict control is associ-
ated with lower risks for septic shock [17]. The
results of the current study also suggested that
the infectious bacteria in patients with post-
PCNL septic shock were escherichia coli, which
are gram-negative bacilli, and have high resis-
tance, which corresponds to the reports regard-
ing the previous studies [18, 19]. If the patients
have concomitant underlying diseases which
lower their resistance, they are subject to
severe infection by various bacteria in the
course of anesthesia and surgery, and septic
shock under the action of bacterial toxins,
which is difficult to control. Accordingly, the
general health and immunity and resistance of
patients should be improveed actively.

Based on the current study, we suggest the fol-
lowing measures be adopted for effective pre-
vention and treatment of post-PCNL septic
shock: renal trauma and laceration should be
minimized; bacterial culture and drug sensitivi-
ty tests should be conducted on the urine in
renal pelvis for antibiotics adjustment after sur-
gery; renal pelvis hypo-perfusion (<20 mmHg)
should be maintained during surgery to avoid
bacteria and endotoxins draining into the sys-
temic circulation; the operative time should be
under control to avoid absorption of bacterial
urine [20]. If a patient has post-PCNL septic
shock, the patient should maintain adequate
circulating blood volume and airway patency,
monitor the central venous pressure and main-
tain the balance of the internal environment
and electrolytes, so as to avoid aggravation of
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the disease, even progressing into MODS. In
the current study, none of the 15 patients with
post-PCNL septic shock progressed into MODS,
and they were all cured and discharged from
the hospital after active treatment.

In summary, septic shock is one of the severe
complications after the PCNL procedure; wo-
men and diabetes mellitus are risk factors for
post-PCNL septic shock. For patients with high
risk factors, the perioperative measures of pre-
vention and treatment should be enhanced to
reduce the postoperative complications. Early
detection and timely treatment are essential to
successful management of post-PCNL septic
shock. Nevertheless, this study is not free of
limitations,such as few selected samples, sin-
gle-center, and a non-randomized and non-con-
trolled study in nature. Therefore, additional
studies including more complicated factors are
required to delve into the risk factors for post-
PCNL septic shock, so as to provide more evi-
dence for clinical prevention and treatment of
the disease.
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