
ORIGINAL ARTICLE

Prevention and treatment of septic shock following
mini-percutaneous nephrolithotomy: a single-center
retrospective study of 834 cases

Chunlai Liu • Xiling Zhang • Yili Liu •

Ping Wang

Received: 20 September 2012 / Accepted: 28 November 2012 / Published online: 18 December 2012

� Springer-Verlag Berlin Heidelberg 2012

Abstract

Purpose To explore the risk factors, prevention, and

management of the septic shock following the mini-per-

cutaneous nephrolithotripsy (mini-PCNL).

Methods A total of 834 consecutive patients who underwent

mini-PCNL from June 2004 to April 2012 were retrospec-

tively analyzed. The causes, prevention, and treatment of

septic shock following mini-PCNL were assessed.

Results Twenty out of 834 patients developed septic shock,

and 17 patients recovered without complications. Three

patients progressed to multiple organ dysfunction syndromes

and expired. Multivariable analysis showed that the following

variables were independently related to septic shock follow-

ing mini-PCNL: female, with an odds ratio (OR = 1.055E8,

P \ 0.001) and diabetes mellitus (OR = 4.192, P = 0.001).

Conclusion Female and diabetes mellitus are the risk

factors for septic shock following mini-PCNL. Periopera-

tive preventive measures can reduce the incidence of septic

shock. Early recognition and timely bundle treatment may

decrease the mortality.
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Introduction

Using a smaller size percutaneous tract than standard per-

cutaneous nephrolithotomy (PCNL), minimally invasive

PCNL (mini-PCNL) has the potential advantage of

decreasing bleeding and trauma to renal parenchyma but

the disadvantage of needing longer operative time to dis-

lodge stones. Septic shock after PCNL has a low reported

incidence that ranges from 0.3 to 1 % but a high mortality

(66–80 %) [1]. To limit morbidity and mortality, it is

crucial to identify the risk factors of septic shock, prompt

diagnosis, and provide multidisciplinary treatment. How-

ever, evidence-based guidelines in the prevention and

treatment of septic shock following mini-PCNL are lack-

ing. Our study sought to identify the factors associated with

septic shock following mini-PCNL and assess the optimal

prevention and management.

Patients and methods

We have retrospectively analyzed the clinical characteris-

tics of 834 consecutive patients who underwent mini-

PCNL from June 2004 to April 2012 at our department of

urology. The inclusion criteria were single tract procedure

performed on a unilateral kidney. Patients who had double

tract procedure, solitary kidney, and separate procedures on

bilateral stones were excluded from this study. All patients

received a single dose of antibiotic prophylaxis (second- or

third-generation cephalosporin) before mini-PCNL. For the

patients whose urine culture tests were positive, broad-

spectrum antibiotics were administrated for at least

2 weeks or until their urine culture tests became negative.

Operations were all performed by three experienced

urologists. Dilatation of the nephrostomy tract was
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performed with fascial dilators until an 18-Fr Amplatz

sheath was inserted. An 8/9.8F ureteroscope was used in

combination with holmium laser lithotripsy for stone dis-

integration in all cases. A 5-Fr double-J catheter and a

16-Fr nephrostomy tube were placed at the end of each

procedure. Postoperatively intravenous antibiotics were

routinely administered for 24 h or until patients remained

afebrile.

Diagnostic criteria of septic shock were [2, 3]: (1) pro-

ven bacteraemia or clinical suspicion of sepsis; (2) sys-

temic inflammatory response syndrome (SIRS) diagnosed

by meeting two or more of the following four criteria

including body temperature C38 or B36 �C, tachycardia

C90 beats min-1, tachypnoea C20 breaths min-1 or

respiratory alkalosis with a PaCO2 B32 mmHg, leukocytes

C12,000 lL-1 or B4,000 lL-1 or bandforms [10 %; and

(3) refractory hypotension with a systolic blood pressure

B90 mmHg.

If septic shock is recognized, therapy was started par-

enterally according to a careful evidence-based methodol-

ogy in the recently published ‘Surviving Sepsis Guidelines’

[2, 3]. The protocolized resuscitation of a patient should be

initiated as soon as hypoperfusion is recognized and should

not be delayed pending ICU admission. During the first 6 h

of resuscitation, the goals of initial resuscitation should

include all of the following as one part of a treatment

protocol: central venous pressure, 8–12 mmHg; mean

arterial pressure (MAP) C65 mmHg; urine output

C0.5 mL kg-1 h-1; central venous (superior vena cava) or

mixed venous oxygen saturation C70 or C65 %, respec-

tively. If it is not achieved with fluid resuscitation to the

central venous pressure target, then transfusion of packed

red blood cells to achieve a hematocrit of C30 % and/or

administration of a dobutamine infusion can be used to

achieve this goal.

Intravenous antibiotic therapy should be started as early

as possible and within the first hour of recognition of septic

shock and severe sepsis without septic shock. Appropriate

cultures should be obtained before initiating antibiotic

therapy but should not prevent prompt administration of

antimicrobial therapy. Carbapenems (imipenem or me-

ropenem) were used for initial empirical anti-infective

therapy based upon the expected bacterial spectrum, the

local susceptibility patterns. We recommend that the

duration of therapy typically be 7–10 days or determined

by the patient’s clinical response.

Statistics analysis

Clinical characters were reviewed, Chi-square test and

logistic regression analysis were used for statistical anal-

ysis in the SPSS software, and P \ 0.05 was considered

statistically significant (Tables 1, 2).

Results

Twenty out of 834 patients developed septic shock, and 17

patients recovered without complications. Three patients

progressed to multiple organ dysfunction syndromes

(MODS) and expired. Multivariable analysis showed that

the following variables were independently related to post-

mini-PCNL septic shock: female, with an odds ratio (OR of

1.055E8, P \ 0.001), and diabetes mellitus (OR = 4.192,

P = 0.001). Surgical site, history of hypertension, history

of urinary tract infection, preoperative serum creatinine,

Table 1 General characteristics

No

shock

Shock P value

Sex

Male 510 0 0.000

Female 304 20

Surgical site

Left 416 9 0.377

Right 398 11

History of hypertension

Yes 174 3 0.357

No 640 17

Diabetes mellitus

Yes 140 8 0.015

No 674 12

Urinary tract infection

Yes 590 18 0.060

No 224 2

Preoperative serum creatinine

\132 708 18 0.509

C132 106 2

History of stone surgery (pcnl, urs, url,

eswl, or open)

Yes 394 9 0.471

No 420 11

Stone size (cm)

\2 434 7 0.081

C2 380 13

Urine culture

Positive 178 6 0.266

Negative 636 14

Operate time (min)

\120 428 11 0.507

C120 386 9

Age (years)

\60 614 12 0.098

C60 200 8
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history of stone surgery, size of stone, positive urine cul-

ture, length of the procedure, and age were not signifi-

cantly correlated with septic shock following mini-PCNL

(Tables 1, 2).

Discussion

Although the definitions used vary, septic shock rates fol-

lowing PCNL have been reported to be 0.3–1 % [1]. It is

triggered when, during percutaneous nephrolithotomy, stone

manipulation produces an intense liberation of bacteria and

endotoxins, and their products enter the blood stream via

pyelovenous-lymphatic and pyelotubular backflow and for-

niceal rupture [4]. We performed PCNL using an 18-French

percutaneous working tracts. Technically, recent studies [5–

7] revealed that mini-PCNL has the potential advantage of

decreasing the risk of bleeding and tearing of the renal cortex

but the disadvantage of needing longer time to dislodge

stones than the standard PCNL. We demonstrated the risk

factors for septic shock following mini-PCNL and the opti-

mal prevention and management of the complication.

Preoperative predictors and preparation

The high-risk factors for septic shock includes positive

urine culture, female gender, renal insufficiency, high

pressure of irrigation fluid during PCNL, staghorn calculus,

preoperative nephrostomy, diabetes, infected stones,

indwelling catheters, obstruction, and duration of the

operation [8–11]. In our study, two major risk factors

identified are diabetes mellitus and female, which were

consistent with the literatures. All the patients had septic

shock in our study were female. Several studies have

shown that most patients with sepsis following percutane-

ous or endoscopic procedures for urinary tract stones were

female [12, 13]. Diabetes mellitus was identified as another

independent risk factor for septic shock in our study. Cel-

lular and humoral immune in diabetics are well known to

be impaired. Therefore, strict control of blood glucose

should be achieved to prevent septic shock in patients who

have diabetes or hyperglycemia with a target blood glucose

level of 8.3 mmol/L [2].

In addition to female and diabetes, the rate of septic

shock was numerically higher in the larger stone (size

C2 cm) group and in the preexisting urinary tract infec-

tions group. But the association between preexisting uri-

nary tract infections and stone size with the development of

septic shock was on the edge of being statistically significant,

maybe due to the relatively limited sample size. In agreement

with prior studies [8, 14], septic shock is correlated with

preexisting urinary tract infections and stone size.

Although it is generally agreed that patients who are

scheduled for PCNL must have a negative urine culture

before surgery [1], severe sepsis still occurs in patients with

sterile urine. Mariappan et al. [15] showed that a standard

urine culture has a rather low predictive value for an

infectious complication and that a direct culture of the

renal pelvis and stone culture are better predictors of

infection. The present findings [9] indicate that the anti-

biotic prophylaxis of patients undergoing PCNL with a

negative baseline urine culture is associated with a signif-

icant reduction in the rate of postoperative fever. Reduction

in the risk of urinary tract infection [14] by preoperative

urine culture and appropriate antibiotic therapy and pro-

phylaxis in patients with sterile urine are key preventive

measures for sepsis. But antibiotic prophylaxis [8] fails to

completely eliminate the risk of septic shock following

mini-PCNL as one of the methods in preventing the com-

plication. This probably reflects the liberation of bacteria

and endotoxins in the interstices of the stone, which trig-

gers a systemic inflammatory response.

Table 2 Factors associated with the septic shock following the mini-PCNL

Univariate Multivariate

OR 95 % CI P value OR 95 % CI P value

Sex 1.012 1.035–1.093 \0.001 1.055E8 0 \0.001

Surgical site 0.783 0.321–1.909 0.377 7.124 2.388–21.715 0.758

History of hypertension 0.649 0.188–2.240 0.357 0.844 0.288–2.478 0.077

Diabetes mellitus 3.210 1.288–7.997 0.015 4.192 0.856–20.542 0.001

Urinary tract infection 3.417 0.786–14.845 0.060 0.383 0.078–1.877 0.236

Preoperative serum creatinine 1.347 0.308–5.890 0.509 1.103 0.239–5.085 0.900

History of stone surgery 0.872 0.358–2.127 0.471 1.384 0.480–3.988 0.547

Stone size 0.471 0.186–1.194 0.081 5.465 1.634–18.280 0.051

Urine culture 1.531 0.580–4.042 0.266 1.118 0.376–3.318 0.841

Operate time 1.102 0.452–2.689 0.507 1.492 0.505–4.412 0.469

Patients age (years) 0.489 0.197–1.212 0.098 1.426 0.980–2.075 0.064
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Therefore, septic shock following PCNL is impossible

to be predicted preoperatively with certainty. High-risk

patients even with negative urine culture may need pre-

operative antibiotics at least 1 week before the planned

procedure.

Intraoperative predictors and management

On occasion, during renal puncture, purulent urine may be

unexpectedly encountered. Smith et al. [1, 16, 17] sug-

gested to leave a nephrostomy tube in place and defer the

procedure until the infection is treated and the upper tract is

confirmed sterile.

Zhong et al. [18] demonstrated that mean intrapelvic

pressure[20 mmHg may cause enough backflow, resulting

in bacterial and endotoxin translocation into the systemic

circulation, and the small tract in mini-PCNL might result

in high pressure in the collecting system, which would

cause pyelovenous or pyelosinus backflow, resulting in

postoperative fever. In the case of torquing a rigid endo-

scope against the pelvicalyceal system to get to an inac-

cessible calyx, a temporarily elevated renal pelvic pressure

may occur on the conditions that restrict irrigation outflow

from the interspace between endoscope and peel-away

sheath, such as the peel-away sheath is compressed and

stone fragments enter into the interspace between the scope

and peel-away sheath. The small tract in mini-PCNL might

result in longer operation time and higher pressure in the

collecting system. However, recent studies have demon-

strated that the renal pelvic pressure remained lower during

mini-PCNL [19, 20]. Low intrapelvic pressure is achieved

using an open low-pressure access system (operating

instrument 4F sizes smaller than the access sheath), inflow

of irrigant should be at gravity, and is never pressurized

[21]. Though the drawback of mini-PCNL is the longer

operative time, it has no significant correlation with septic

shock following mini-PCNL in our study. The key point to

control intrapelvic pressure is to minimize the infusion

pump pressure, keep the peel-away sheath smooth, and

wash fragmentation in sheath promptly.

Postoperative care

Septic shock frequently occurs within the first 6 h of the

stone-related surgery [13, 16]. To diagnose septic shock as

early as possible, patients suspected should be prioritized

and receive timely care in the postoperative period. The

clinical picture of a septic patient frequently, but not

always, involves warm skin, bounding pulses, and hyper-

dynamic circulation. If the patient is hypovolemic, has

preexisting myocardial dysfunction, or is at late stage of

the septic process, hypotension, vasoconstriction, and

peripheral cyanosis may be present [14]. The doctor should

rapidly check the criteria for the diagnosis of sepsis, in

order to initiate further investigations.

If septic shock is the putative diagnosis, the best strategy

has been summarized and graded according to a careful

evidence-based methodology in the recently published

‘Surviving Sepsis Guidelines’ [2]. Appropriate therapy is a

continuum of management of infection ranging from

drainage (opening the nephrostomy tube) and empirical

broad-spectrum antibiotics to aggressive fluid resuscitation

and invasive monitoring with medical management in the

intensive care setting until the causative agent is found and

eradicated [21].

We recommend that intravenous antibiotic therapy

should be started as early as possible and within the first

hour. Initial empirical anti-infective therapy includes one

or more drugs that have activity against all likely patho-

gens. Usual causes derived from urinary sources are aero-

bic gram-negative bacilli and enterococci. Empirical

antibiotic therapy, therefore, needs to follow certain rules,

which are based upon the expected bacterial spectrum, the

local susceptibility patterns [14].

If septic shock is recognized, besides empiric antibiotic

therapy, prompt treatment in the intensive care unit should

include initial resuscitation with large amounts of crystal-

loid intravenous fluids. Adjunctive sepsis therapy such as

cardiovascular support, mechanical ventilation, organ

substitution, or management of endocrine insufficiency

should be instigated if warranted [2]. Bicarbonate and low-

dose steroids may be used and maintain good blood glu-

cose control. Applying these standards to our septic

patients will substantially reduce the mortality.

In our study, there are 3 patients progressed to MODS

and expired, all with various degree of intraoperative blood

loss, with hemoglobin dropped to 51–76 g L-1 and leu-

kocytes \1,000 lL-1. Septic shock along with hemor-

rhagic shock may insinuate higher mortality.

While our study falls short of the level of evidence

afforded by a randomized controlled trial comparing mini-

PCNL with standard PCNL, all retrospective analyses have

inherent limitations, and our database only allows us to

account for some of these factors. In general, mini-PCNL is

safe and effective for managing renal calculi. Little tract

may bring less trauma to renal parenchyma than standard

PCNL tract, especially in these renal collecting system

with narrow infundibulum neck [5–7]. Compared to PCNL,

mini-PCNL was associated with higher clearance rate,

especially in decreasing the rate of bleeding necessitating

transfusion and improving stone-free rate for multiple

caliceal stones [20, 22]. The concept of a smaller

nephrostomy sheath causing less invasiveness may be

intuitive in thought but has not been fully examined. Li

et al. [22] demonstrated no significant difference in asso-

ciated invasiveness between the mini-PCNL and standard
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PCNL groups, by comparing the levels of inflammatory

acute-phase mediators. The most important drawback of

mini-PCNL that clearly emerged from our study was the

longer operative time to dislodge stones than the standard

PCNL [5, 20]. Compared to the septic shock rate of stan-

dard PCNL (0.5 %) [14], mini-PCNL group has a higher

septic shock rate (2.40 %) in our study, in addition to the

relatively longer duration of mini-PCNL, some patients

referred from other clinics already had complicated medi-

cal conditions such as longer duration of diseases, multiple

surgery history, poor health, which might contribute to the

relative higher incidence of septic shock in our hospital.

Conclusion

Although septic shock following mini-PCNL is uncom-

mon, it carries high morbidity and mortality. Female and

diabetes mellitus were the high-risk factors. We recom-

mend routine use of antibiotics in patients with higher risk

factors, even if their preoperative urine cultures are nega-

tive. Early recognition and timely bundle treatment of

septic shock may decrease the mortality.
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