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Introduction. Ureteroscopic lithotripsy (URS) although highly effective for the treatment of ureteral stones is associated with certain
complications, the more common of which are postoperative fever and infection. In the present study we aimed to evaluate the
levels of serum cytokines in patients undergoing ureteroscopic lithotripsy and investigate any possible correlation between levels of
cytokines and infectious complications after URS.Materials and Methods. Thirty patients (19 males, 11 females), with a mean age of
47 (range: 26–68) that underwent URS lithotripsy for ureteral stones, and 10 healthy volunteers serving as the control group were
enrolled in this study. Serum samples for TNF-𝛼 and IL-6 were obtained before surgical intervention and after 1, 24, and 48 hours
and 2 , 24, and 48 hours, respectively. The preoperative and postoperative levels were compared and correlated with the possible
complications after URS. Results. Serum TNF-𝛼 levels were statistically significant, increased 1 hour (𝑃 = 0.0083) and 48 hours
(𝑃 < 0.001) after operation. IL-6 levels were found statistically significant, elevated after 2 and 24 hours from the URS (𝑃 < 0.001).
In 2 patients we observed postoperative fever (>38.5∘C). These two patients had high preoperative values of TNF-𝛼 and IL-6 ( 30
and 50 pg/mL, resp.) and these values increased postoperatively. Conclusion. High preoperative levels of serum TNF-𝛼 and IL-6
may indicate a predisposition for postoperative inflammation and infection following URS lithotripsy.

1. Introduction

Urolithiasis is one of the most common urological diseases
with various surgical treatments available for its manage-
ment. One of most utilized surgical modalities is ureteros-
copy (URS) with endoscopic stone lithotripsy [1]. URS, either
rigid or flexible, is the treatment of choice for almost all uret-
eral stones and for certain cases of intrarenal lithiasis. Altho-
ugh its therapeutic benefits are recognized, URS is associated
with complications that range frompain and hematuria to ur-
eteral perforation, ureteral avulsion, fever, sepsis, and death
[2].

With regard to the infectious complications of URS litho-
tripsy, there are certain serummarkers including pro-inflam-
matory cytokines that are gaining importance in clinical prac-
tice [3–5]. Cytokines are a group of peptides that regulate the
humoral and cellular components of the immune system and
in vivo inflammatory responses. Interleukin-6 (IL-6) is an
inducer of activation and differentiation of B and T cells
during inflammatory responses. IL-6 also activates the vas-
cular endothelium in the process of inflammation [6]. Tumor
necrosis factor-𝛼 (TNF-𝛼) is produced by many cells in vivo.
Increased and prolonged release of TNF-𝛼 is harmful and
causes inflammation and tissue damage [7].
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Table 1: Clinical characteristics of 30 patients with ureter lithiasis
treated with Holmium Laser lithotripsy and 10 health donors of
control group.

Patients with stones Control group
Mean age (years) (range) 47 (26–68) 51,05 (31–72)
Gender C/D 19/11 6/4
Stone size (cm) Mean stone size

0–0,6 3 (10%) —
0,6–1.00 15 (15%) —
>1.01 12 (12%) —

Stone location
Proximal ureter 4 (13.3%) —
Midureter 13 (43.3%) —
Distal ureter 13 (43.3%) —

In the present study, we used serum levels of IL-6 and
TNF-𝛼 as markers of inflammation in order to investigate
the potential association between these markers and the
infectious complications of URS lithotripsy.

2. Materials and Methods

Thirty patients (19 males, 11 females), mean age of 47 (range:
26–68) with ureteral lithiasis treated with ureteroscopic
lithotripsy, and 10 healthy volunteers serving as the control
group were studied. The demographic characteristics of both
groups are shown in Table 1. None of the patients treated with
URS had received previous treatment for stones (URS, PCNL,
or ESW) and none had a history of systemic or immunosup-
pressive disease. Other exclusion criteria included age less
than 18 or more than 80, previous insertion of a ureteral
stent or nephrostomy tube, neoplasmatic disease, and renal
insufficiency. Urine cultures, before and after URS, were
routinely obtained in all patients in order to exclude the
presence of urinary tract infection. All URS cases were
performed at the dedicated Stone Center of the University
Hospital of Alexandroupolis. All cases were performed under
general anesthesia. A 8.5 F semirigid ureteroscope (Olympus
Medical Systems Europa GmbH) was used and lithotripsy
was performed using a Holmium Laser lithotripter (Dornier
Medilas Med tech EMEA). Standard rigid forceps or dispos-
able baskets (COOK Medical, Bloomington, IN, USA) were
selectively used for retrieval of stone fragments. A double-
J catheter was usually left after the surgical intervention
depending on the surgeon’s discretion.

Serum levels of both TNF-𝛼 and IL-6 were measured
in all patients before the procedure (previous day) and at
certain time points following the URS. TNF-𝛼 was measured
at 1 hour postoperatively and again at 24 and 48 hours
postoperatively, while IL-6 levels were measured at 2 hours
postoperatively and again 24 and 48 hours after the case.
The samples were centrifuged at 4000 rpm for 10 minutes at
4∘. The serum samples were divided into aliquots and stored
at −85∘C for the assessment performed in weekly intervals.
Serum interleukin-6 concentrations weremeasured using the
commercial Biosource Europe SA IL-6- IRMA and TNF-
𝛼- IRMA (Rue de l’Industrie 8 B-1400 Nivelles, Belgium)
kit (code 30 126 00 for IL-6 and 30 175 20 for TNF-𝛼) by
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Figure 1: Distribution of serum TNF-𝛼 levels.
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Figure 2: Distribution of serum IL-6 levels.

immunoradiometric assay (IRMA) methods. The reference
range for IL-6 normal values was 6–31 pg/mL for healthy
controls and for TNF-𝛼 5 pg/mL, respectively.

3. Statistical Analysis

Statistical analysis was performed using the statistical pack-
age SPSS V.11. Statistical analyses of serum TNF-𝛼 and IL-6
values of control group and 1 (or 2 for IL-6), 24, and 48 hours
after URS were performed using bivariate linear correlation
model between the groups of interest (Pearson’s test). The
dependence of serum TNF-𝛼 and IL-6 values with the other
variables (blood sample collections after URS) was assessed
using paired samples t-test with confidence interval 95%. A 𝑃
value of less than 0.01 was considered statistically significant.

4. Results

We found significant differences between the cytokine levels
in the serum samples taken before and two hours after URS
(independent variable the control group) (Table 2).

Correlations and 𝑃 values <0.001 are shown in Figures 1
and 2. Some changes in serum cytokine levels were observed
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Table 2: Paired samples 𝑡-test with confidence interval 95%. Independent variable the control group of IL-6 and TNF-𝛼 before and 1 or 2, 24,
and 48 hours after ureteroscopy (statistically significant when 𝑃 value < 0.01).

Paired differences Std. deviation Std. error mean 95% confidence interval of the difference
𝑡 df Sig. (2-tailed)

Mean Lower Upper
Interleukin-6

Before URS-CG 24,0490 19,2386 6,0838 10,2865 37,8115 3,953 9 .003
2 h after URS-CG 41,7824 39,7444 12,5683 13,3510 70,2138 3,324 9 .009
24 h after URS-CG 36,8700 19,0497 6,0240 23,2427 50,4973 6,120 9 .000
48 h after URS-CG 66,5490 46,0981 14,5775 33,5724 99,5256 4,565 9 .001

TNF-𝛼
Before URS-CG 19,9040 12,7945 4,0460 10,7514 29,0566 4,919 9 .001
1 h after URS-CG 40,0930 32,4138 10,2501 16,9056 63,2804 3,911 9 .004
24 h after URS-CG 17,1900 9,6078 3,0383 10,3170 24,0630 5,658 9 .000
48 h after URS-CG 26,2840 13,3134 4,2101 16,7602 35,8078 6,243 9 .000

in bivariate linear correlation between the groups of interest
(Pearson’s test) and are shown in Table 3. Serum TNF-𝛼
levels were significantly increased after one hour (𝑃 =
0.0083) and 28 hours (𝑃 < 0.001) after URS. IL-6 was also
significantly increased after 2 and 24 hours of URS (𝑃 <
0.001). Macroscopic hematuria was observed in 4 patients,
while in the remaining 26 patients microscopic hematuria
was detected.

Postoperative fever (>38.5∘C) was developed in 2 patients
(6,6%) and was managed with i.v antibiotics (ciprofloxacin
1 gr/day for 7 days). Both patients had negative urine culture
both before and after URS and both had double-J stents
inserted at the end of the case. In these two patients the
preoperative values for TNF-𝛼 were 30 pg/mL, 22 pg/mL for
TNF-𝛼, and 50 and 48 pg/mL for IL6. Postoperatively in one
hour for TNF-𝛼 the serum values increased to 40, 45 pg/mL
and in two hours for IL increased to 62, 59 pg/mL.

5. Discussion

URS although highly effective in the treatment of ureteral
stones may be associated with certain complications [8].
Complications related to inflammation and infection are
those more commonly seen after URS lithotripsy. In an effort
to predict the patients that are more prone to inflammatory
complications following URS a number of potential markers
have been proposed [9].

Activation of local and systemic metabolic response 𝜎
to trauma and systemic inflammatory response syndrome
(SIRS) is mediated mainly by activation of interleukins (IL)
and tumor necrosis factor-𝛼 (TNF-𝛼) [10].

Once IL and TNF are secreted, they activate several other
reactions exacerbating the host inflammatory response. In
vitro human blood monocytes produce IL and TNF-𝛼 when
they are exposed to 25 to 50 pg/mL of endotoxin concen-
tration. These endotoxin levels have been reported in the
bloodstream of patients during septic shock [11].

In a clinical report of 97 consecutive patients, 56%
developed sepsis with about 26 pg/mL of TNF-𝛼 37% had
20 pg/mL of IL-1 and in 80%; 415 pg/mL of IL-6 was detected,
including a LPS mean concentration of 2.6 endotoxin units
(EU)/mL (1 EU/mL = 0.6 ng/mL) [12].

In our study we observed that patients with a postopera-
tive fever showed a higher preoperative expression of serum
TNF-𝛼 and IL6. These high levels were maintained and
increased in one hour (for TNF-𝛼 40 and 45 pg/mL) and
two hours (for IL 62 and 59 pg/mL). These two patients were
treated with intravenous antibiotics and required more days
of hospitalization (4 additional days). Infection and fever
were considered as an unpleasant postoperative complication
possibly unrelated to the minimally invasive nature of URS.

Serum IL-6 level is a suitable indicator for clinical pur-
poses, because its peak can be measured even on the day
after the operation (14 to 20 hours after surgery). In the
study by Igarashi et al. serum IL-6 levels differed according to
operative procedures. Briefly, open surgery resulted in the
most exaggerated increase in serum IL-6 levels, followed by
laparoscopic surgery, endoscopy, and ESWL [4].

On the other hand TNF levels increase within 1 hour
and then return to baseline within 3 hours after endotoxin
administration [13]. Also the plasma concentration of IL-6
showed an increase in 2 to 4 hours following intravenous
endotoxin [14]. IL-1 was detected in 60min and high levels
occurred in 3 hours following lipopolysaccharide stimulation
of monocytes [15]. Peak levels of IL-1b were also observed at
3 hours during experimental endotoxemia [16]. Based on this
data, in our study the cytokine levels were measured at the
first and second hour for TNF-𝛼 and IL-6, respectively, after
URS. The significance in the increase of serum TNF-𝛼 and
IL-6 levels may be due to the sampling method, which serum
once at a specific time. Serum TNF-𝛼 levels were statistically
significant, increased 1 hour (𝑃 = 0.0083) and 48 hours (𝑃 <
0.001) after operation. IL-6 levels were found statistically
significant, elevated after 2 and 24 hours from the URS (𝑃 <
0.001). Furthermore our series revealed that the serum IL-6
and TNF-𝛼 levels differed according to postoperative timing
of blood collection. As indicated in Table 2 themean value for
serum IL-6 before URS was 24 pg/mL and 41,74 36,87 66,54
for 2, 24, and 48 hours after URS and for TNF-𝛼 the values
were 19,90 40,09 17,19 and 26,28 before URS 1, 24, and 48
hours postoperatively.

Limitations of our study include its small size and also the
lack of data on stone composition and culture. However we
were able to show that cytokines could be helpful as markers



4 ISRN Urology

Table 3: Bivariate linear correlation between the groups of interest (Pearson’s test).

Before URS 1 h after URS 24 h after URS 48 h after URS
TNF-𝛼

Before URS
PC
𝑃 value
𝑁

1 h after URS
PC
𝑃 value
𝑁

472∗
.0083
0

24 h after URS
PC
𝑃 value
𝑁

.228
225
30

.045
.813
30

48 h after URS
PC
𝑃 value
𝑁

.858∗∗
.000
30

.565∗∗
.001
30

.140
.462
30

Interleukin-6

Before URS
PC
𝑃 value
𝑁

2 h after URS
PC
𝑃 value
𝑁

.630∗∗
.000
30

24 h after URS
PC
𝑃 value
𝑁

.611∗∗
.000
30

.483∗∗
.007
30

48 h after URS
PC
𝑃 value
𝑁

.409∗
.025
30

.281

.132
30

.676∗∗
.000
30

∗∗Correlation is significant at the 0.01 level (2-tailed).
∗Correlation is significant at the 0.05 level (2-tailed).
PC: Pearson correlation.
𝑃 value: Sig. (2-tailed).

of inflammation and potential infectious complications fol-
lowingURSwithmore accuracy than urine culture.Therefore
despite the above mentioned limitations, we consider that
our results may be helpful in designing future studies that
will address the clinical significance of serum markers of
inflammation in the management of patients with stones.

6. Conclusions

Serum IL-6 and TNF-𝛼 levels are affected in ureteroscopic
lithotripsy. High preoperative levels of serum TNF-𝛼 and IL-
6 may be indicators of an inflammatory predisposition and
could be used as preoperative markers. Further studies that
measure the cytokine levels at various intervals before and
after URS lithotripsy treatment may help to investigate the
possible association between preoperative serum values and
postoperatively infectious complications.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] J. E. Lingeman, D. Newman, J. H. O. Mertz et al., “Extracorpo-
real shock wave lithotripsy: the Methodist Hospital of Indiana

experience,” Journal of Urology, vol. 135, no. 6, pp. 1134–1137,
1986.

[2] O.M. Elashry, A. K. Elgamasy,M.A. Sabaa et al., “Ureteroscopic
management of lower ureteric calculi: a 15-year single-centre
experience,” BJU International, vol. 102, no. 8, pp. 1010–1017,
2008.

[3] A. B. Alexandroff, A.M. Jackson, G. D. Chisholm, and K. James,
“Cytokine modulation of epidermal growth factor receptor
expression on bladder cancer cells is not a major contributor
to the antitumour activity of cytokines,” European Journal of
Cancer A, vol. 31, no. 12, pp. 2059–2066, 1995.

[4] T. Igarashi, H. Takahashi, M. Tanaka, and S. Murakami, “Serum
interleukin-6 levels after urologic operations,” International
Journal of Urology, vol. 3, no. 5, pp. 340–342, 1996.

[5] U. Junker, C. C.Haufe, K. Nuske et al., “Elevated plasmaTGF-𝛽1
in renal diseases: cause or consequence?” Cytokine, vol. 12, no.
7, pp. 1084–1091, 2000.

[6] T. Hirano, T. Teranishi, B. Lin, and K. Onoue, “Human helper T
cell factor(s). IV. Demonstration of a human late-acting B cell
differentiation factor acting on Staphylococcus aureus Cowan
I-stimulated B cells,” Journal of Immunology, vol. 133, no. 2, pp.
798–802, 1984.

[7] K. J. Tracey, B. Beutler, and S. F. Lowry, “Shock and tissue injury
induced by recombinant human cachectin,” Science, vol. 234,
no. 4775, pp. 470–474, 1986.

[8] S. T. Tanaka, J.H.Makari, J. C. Pope IV,M.C.Adams, J.W. Brock
III, and J. C. Thomas, “Pediatric ureteroscopic management of



ISRN Urology 5

intrarenal calculi,” Journal of Urology, vol. 180, no. 5, pp. 2150–
2154, 2008.

[9] L. Hang, B. Wullt, Z. Shen, D. Karpman, and C. Svanborg, “Cy-
tokine repertoire of epithelial cells lining the human urinary
tract,” Journal of Urology, vol. 159, no. 6, pp. 2185–2192, 1998.

[10] M. Triantafilou and K. Triantafilou, “The dynamics of LPS rec-
ognition: complex orchestration of multiple receptors,” Journal
of Endotoxin Research, vol. 11, no. 1, pp. 5–11, 2005.

[11] C. A. Dinarello and J. G. Cannon, “Cytokine measurements in
septic shock,” Annals of Internal Medicine, vol. 119, no. 8, pp.
853–854, 1993.

[12] L. C. Casey, R. A. Balk, and R. C. Bone, “Plasma cytokine and
endotoxin levels correlate with survival in patients with the
sepsis syndrome,”Annals of InternalMedicine, vol. 119, no. 8, pp.
771–778, 1993.

[13] H. R. Michie, K. R. Manogue, D. R. Spriggs et al., “Detection of
circulating tumor necrosis factor after endotoxin administra-
tion,”The New England Journal of Medicine, vol. 318, no. 23, pp.
1481–1486, 1988.

[14] H. F. Rosenberg and J. I. Gallin, “Inflammation,” in Fundamental
Immunology, W. E. Paul, Ed., pp. 1051–1066, Lippincott-Raven,
Philadelphia, Pa, USA, 1999.

[15] M. Santos-Rosa, J. Bienvenu, and J. Whicher, “Cytokines,” in
Tietz Textbook of Clinical Chemistry, C. A. Burtis and E. R.
Ashwood, Eds., pp. 541–617, WB Saunders, Philadelphia, Pa,
USA, 1999.

[16] J. G. Cannon, R. G. Tompkins, J. A. Gelfand et al., “Circulating
interleukin-1 and tumor necrosis factor in septic shock and
experimental endotoxin fever,” Journal of Infectious Diseases,
vol. 161, no. 1, pp. 79–84, 1990.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


