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Perioperative Risk Factors Related to Systemic Inflammatory Response 
Syndrome after Percutaneous Nephrolithotomy
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Percutaneous nephrolithotomy (PCNL) has become the standard treatment for 

large and complex kidney stones since its introduction in 1976. On the other hand, 

postoperative complications are not rare and can be quite significant. Of these 

complications, postoperative infectious complications, such as systemic inflam-

matory response syndrome (SIRS), remain a seminal event and a possible cause of 

perioperative mortality. Several recent studies have found a number of factors that 

increase the risk of SIRS after PCNL. These include preoperative factors (patient’s 

characteristics) and factors associated with the intraoperative and postoperative 

findings. The present study describes the perioperative risk factors of SIRS after 

PCNL. These findings can help decrease the incidence of infectious complications, 

including SIRS, in patients undergoing PCNL.
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INTRODUCTION

Since its introduction in 1976, percutaneous nephro-

lithotomy (PCNL) has been used widely as the standard 

treatment for large and complex kidney stones [1]. With 

the ongoing advances in endourological instruments and 

imaging modalities, PCNL has become a safer and more 

effective procedure. On the other hand, PCNL is not without 

the risk of significant complications [2]. Infectious compli-

cations, ranging from fever to septic shock, can occur after 

PCNL [3]. 

To avoid infection, antibiotic prophylaxis has been recom-

mended as part of the guidelines for patients undergoing 

PCNL [3-6]. Despite the use of antibiotics, infectious compli-

cations leading to sepsis remain the most common cause 

of perioperative mortality after the procedure [2]. Systemic 

inflammatory response syndrome (SIRS), which includes 

fever, tachycardia, tachypnea and leukocytosis, is a frequent 

complication after PCNL [7,8]. If not well controlled in a 

timely manner, SIRS can lead to sepsis with multiple organ 

failure that can threaten the patient’s life [9]. Therefore, 

it is important to minimize the risk of infectious compli-

cations after PCNL by identifying the perioperative risk 

factors. 

Several studies have examined the potential risk factors 

for the development of postoperative SIRS in PCNL patients 

as well as various approaches for preventing this condition 

[7-10]. This paper describes the current findings with regard 

to the perioperative risk factors for SIRS after PCNL.

INCIDENCE

Many studies have reported the incidence of infectious 

complications after PCNL, but the analysis in those studies 
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Table 1. Definitions of SIRS, infection, and sepsis

SIRS Two or more of the following:
- Body temperature ＞38℃ or ＜36℃
- Heart rate＞90 bpm
- Respiratory rate＞20 breaths/min or PaCO2＜32 mmHg
- White blood cell count ＞12,000 cells/l or ＜4,000 cells/l

Infection Pathological process caused by the invasion of normally sterile tissue or fluid or the body cavity by pathogenic or potentially 
pathogenic micro-organisms

Sepsis Clinical syndrome defined by the presence of both SIRS and infection

Severe sepsis Sepsis resulting in organ dysfunction

Septic shock Sepsis resulting in acute circulatory failure characterized by persistent arterial hypotension

SIRS: systemic inflammatory response syndrome, bpm: beats per minute. 
Modified from the article of Levy et al. Intensive Care Med 2003;29:530-8 [11] with original copyright holder's permission.

was complicated by the differences in the applied defini-

tions. The American College of Chest Physicians and the 

Society of Critical Care Medicine published a joint statement 

on the definitions of SIRS, infection, and sepsis (Table 1) 

[11]. SIRS is diagnosed in patients who meet two or more 

of the clinical findings in the categories listed in Table 

1. Most studies use terms for infectious conditions according 

to these definitions, but a few studies did not conform 

to these strict definitions. 

Several studies reported the incidence of SIRS after PCNL. 

A study of 209 Chinese patients reported a 23.4% incidence 

of SIRS [7]. In other Asian studies, the rates of post-PCNL 

SIRS range from 10.7% to 35.3% [9,12]. Similarly, the 

reported incidence of SIRS after PCNL in Western countries 

ranges from 9.8% to 21.3% [10,13-15]. 

RISK FACTORS FOR SIRS AFTER PCNL

1. Preoperative Factors

Several studies have reported a number of preoperative 

factors that increase the incidence or risk of SIRS in patients 

who underwent PCNL.

One study reported that female patients had a higher 

risk of SIRS after a PCNL, probably because of the greater 

propensity for urinary tract infections [16]. These results 

might be due to the short urethra, urethral proximity to 

the anus, intercourse-related trauma, or hormonal changes. 

On the other hand, several studies using multivariate analysis 

reported no definite correlation between sex and post-PCNL 

SIRS [9,10,17]. Recently, several prospective studies showed 

that cases of SIRS after a PCNL tend to involve females 

predominately [18-20]. Age and body mass index appear 

to have no definite correlation with the incidence of SIRS 

[17,21,22].

Diabetic PCNL patients have an independently greater 

risk of developing postoperative SIRS based on several 

studies [12,23,24], but a recent study showed no significant 

association between diabetes and SIRS [9]. Recent studies 

examined the relationship between diabetes and the 

immune system as well as why diabetes predisposes the 

patients to postoperative infections and major complications 

[25]. On the other hand, serum glucose or hemoglobin 

A1c levels may be more informative measurements because 

poor glucose control may be a greater contributing factor 

to infection than the diagnosis of diabetes itself [3]. Although 

there are no reports on the optimal glucose levels for PCNL 

procedures, the guidelines for sepsis care report a target 

glucose level of ≤180 mg/dl for ideal management [26]. 

Draga et al. [13] reported that patients with previous PCNL 

and paraplegia tend to have a higher incidence of SIRS 

after PCNL, but there are no prospective studies supporting 

these findings.

The elevation of white blood cells in the urine before 

PCNL was found to be associated with the development 

of SIRS [13]. These results are in agreement with prior studies 

using multivariate analysis [9,17]. The preoperative bladder 

urine culture was also shown to be related independently 

to post-PCNL SIRS in retrospective studies [9,10]. One 

prospective study reported that the rate of postoperative 

SIRS in patients with positive preoperative urine cultures 

was almost double that in patients with a sterile urine culture 

[27]; this result was in agreement with the findings in other 

prospective studies [14,18]. In addition, Patel et al. [28] 

reported a relatively high prevalence (30%) of multidrug- 

resistant (MDR) bacteriuria in patients undergoing PCNL. 

Despite the appropriate use of preoperative antibiotics, MDR 

bacteriuria is a significant risk factor for postoperative 

infectious complications. For this reason, it is necessary 
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to complete the urine analysis and urine culture before 

the PCNL to evaluate the severity of the urinary tract infection 

and determine the appropriate antibiotic prophylaxis.

The laboratory findings of recent retrospective studies 

showed that independent factors, including the platelet-to- 

lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio 

(NLCR), erythrocyte sedimentation rate (ESR) and C-reactive 

protein (CRP), affected the development of SIRS according 

to multivariate analysis [15,29,30]. These studies recom-

mended close monitoring of PCNL patients with a PLR of 

＞114.1, NLCR≥2.50, ESR＞6.5 mm/hr, and CRP＞0.65 

mg/dl due to the possible infectious complications.

Previous retrospective studies have reported that the 

kidney stone burden is a risk factor for SIRS after PCNL 

[7,17]. During the surgical procedure, bacteria and endo-

toxins are released from the kidney stone. A larger kidney 

stone burden leads to a urinary obstruction with hydro-

nephrosis and increases the difficulty of surgical procedures, 

which can prolong the operative time. Recent prospective 

studies confirmed these findings [13,14,21,31]. In addition, 

multivariate analysis found that a stone burden of 10 cm
2

 

or greater was a significant predictor of postoperative SIRS 

[14]. The presence of preoperative hydronephrosis, which 

might be related to the kidney stone burden, was also 

found to be associated with post-PCNL SIRS [7,31]. On the 

other hand, there is a lack of consensus regarding the 

significance of preoperative hydronephrosis [3].

2. Intraoperative Factors

Several studies have reported the relationship between 

intraoperative multiple access tracts and operative time and 

SIRS after PCNL, which, as mentioned previously, could 

be influenced by the stone burden. Chen et al. [7], in a 

retrospective study, reported that multiple punctures and 

operative time are related to postoperative SIRS. Longer 

operative times are associated with higher postoperative 

SIRS rates because of the longer duration of high intra-pelvic 

pressures and the associated higher probability of pyelo-

venous backflow and irrigant absorption [8]. Several recent 

prospective studies have supported these results [10,21,32].

Intraoperative cultures are more important in predicting 

postoperative infections than preoperative cultures [8]. 

Retrospective studies, however, have limitations in their 

findings due to the lack of intraoperative culture results. 

A prospective cross-sectional study revealed a significant, 

tenfold increase in the risk of developing SIRS after PCNL 

in patients with positive stone cultures [33]. This may be 

due to bacterial colonization of stones and the release of 

endotoxins during the fragmentation and washing out of 

the stone fragments with irrigating fluid. Systemic absorption 

via the venous system or lymphatic channels can result 

from increased positive pressure during surgery [34]. Other 

prospective studies also reported evidence that a positive 

stone culture was associated with a higher risk of SIRS 

subsequent to surgery after adjusting for other predictors 

of SIRS [18,27]. In addition, positive intraoperative renal 

pelvis cultures have been indicated as a significant risk 

factor for the development of SIRS [14,35]. The main 

limitation of intraoperative cultures is that they are only 

available after the procedure and cannot be used to prevent 

the complications related to infection. Nevertheless, the 

results will assist in the optimal selection of antibiotic 

treatment in the event of SIRS after PCNL [5].

The effects of the stone composition on the incidence 

of postoperative SIRS has not been assessed directly [35]. 

Struvite and apatite stones likely carry a particularly high 

risk of infection after PCNL. One study showed that 94% 

of the infected calculi were composed of struvite or apatite, 

and the levels of endotoxin in these stones were approxi-

mately 40 times higher than those in uninfected stones 

(represented by calcium oxalate, uric acid, and cysteine 

stones) [36].

3. Postoperative Factors

Degirmenci et al. [37], in a prospective study with PCNL 

patients, reported that the presence of residual stone 

fragments after PCNL is associated with the development 

of SIRS. This result appears to correspond with the findings 

of similar studies [19,38].

Several retrospective studies reported that the receipt of 

a blood transfusion is a key risk factor for the development 

of SIRS after PCNL [7,39]. A recent prospective study [21] 

reported that SIRS patients had a significantly higher blood 

transfusion requirement, as also reported in another pro-

spective study [38]. Patients with complicated kidney stones 

and anatomic variations tend to have more injuries in the 

urinary tract. These could help facilitate bacterial inoculation 

in the disrupted renal parenchyma and translocation into 

the systemic circulation, resulting in subsequent infection 

[21]. 
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CONCLUSIONS

Preventing and minimizing the risk of infectious compli-

cations is important for reducing the morbidity and mortality 

in patients after PCNL. Although serious infectious compli-

cations, such as sepsis and septic shock, are rare, easily 

overlooked symptoms could result in devastating post-

operative mortality. Appropriate antibiotic prophylaxis and 

careful perioperative management in patients with the 

abovementioned risk factors will help decrease the inci-

dence of infectious complications, including SIRS, after the 

PCNL. Owing to the lack of prospective studies and given 

the strict definitions of SIRS, larger, carefully designed, 

randomized controlled studies will be needed to confirm 

the independent perioperative risk factors for SIRS in 

patients with kidney stones undergoing PCNL. 
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