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Abstract: Objective: To explore the clinical significance of ambulatory monitoring of intrapelvic pressure in retro-
grade intrarenal lithotripsy with holmium laser (RIRS) and adjusting the perfusion pressure by manual irrigation.
Methods: A retrospective analysis was made on 189 patients with upper tract urolithiasis undergoing retrograde
intrarenal lithotripsy with holmium laser in The First People’s Hospital of Yulin from August 2014 to August 2017,
including 136 patients with ambulatory monitoring of intrapelvic pressure during the operation (the monitoring
group) and 53 patients without monitoring (the control group). According to the intrapelvic pressure, patients in
the monitoring group were divided into the high-pressure group (intraoperative renal pelvis pressure > 40 c¢cmH,0
and accumulative time > 1 min) and the low-pressure group, which were 49 cases and 87 cases, respectively. The
therapeutic effects of the monitoring group and the control group were compared, and a fever (> 38 C) in 3 days
after the operation was observed in each group. Results: The phase | stone-free rate in the monitoring group was
88.97% (121/136), and there was no prominent difference compared with the control group (88.67% (47/53), P
= 0.954). No notable difference in mean operative time between the monitoring group and the control group was
observed (56.8 + 8.3 min VS 57.2 + 5.5 min, P = 0.746). The incidence of fever after the operation in the control
group was apparently higher than that in the monitoring group (P = 0.038), and the postoperative fever incidence in
the high-pressure group was noticeably higher than that in the low-pressure group (P < 0.001).Conclusion: Ambula-
tory monitoring of renal pelvis pressure during RIRS and low-pressure perfusion to control intrapelvic pressure have
positive significance for postoperative recovery and help to reduce postoperative fever.
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Introduction urologists of upper urinary tract lithotomy [3, 4].
As for retrograde intrarenal surgery, lavage

Stone is a common disease in the Department endoscopically in renal pelvis is the main meth-

of Urinary Surgery, with an incidence up to
4%-10% in the population [1]. At present, mini-
mally invasive treatment has replaced open
stone surgery as the first choice for the treat-
ment of urolithiasis. The European Association
of Urology recommended in the guidelines for
the treatment of renal calculi that extracorpo-
real shockwave lithotripsy should be the first
choice for calculi less than 2 cm, while percuta-
neous nephrolithotomy is the first choice for
those more than 2 cm [2]. However, in recent
years, with the continuous developments of
endoscopic urologic techniques, retrograde
intrarenal surgery (RIRS) are gradually becom-
ing mature and replacing other minimally inva-
sive surgeries due to improved safety, efficien-
cy and more micro-invasion. Furthermore, it
has become the preferred treatment among

od to keep good vision during the operation, but
it has disadvantages, such as the relatively
closed working environment, fine working chan-
nels, relatively narrow drainage pathway of the
perfusate, and changes of intrapelvic pressure
easily caused by the perfusate during the oper-
ation. Higher intrapelvic pressure can lead to a
number of complications, such as fever, urine-
associated bacteremia, hemorrhage due to rup-
ture of the renal pelvis, and even infectious
shock, or death [5]. Therefore, it is vital to moni-
tor and control the changes of renal pelvis pres-
sure in RIRS. In the meantime, the effective low
perfusion flow is also a precondition for the low
pressure of the renal pelvis [6]. Intraoperative
control of perfusion flow is mainly determined
by the way of lavage. There are mainly two kinds
of lavage, including low-pressure irrigation and
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irrigation with infusion pump (through ureter or
kidney transdermally). Low-pressure irrigation
is now widely adopted in major hospitals.
Assistants can better control perfusion flow
according to the operation process and the
visual field of the operator. Especially when
dealing with infectious stones, intermittent
manual irrigation is a safe option [7, 8]. How-
ever, there are few studies on the pressure of
renal pelvis in RIRS at home and abroad.
Hence, in this study, 189 patients undergoing
retrograde intrarenal surgery were studied,
with the hope to provide a better solution for
adjuvant treatments of renal calculi.

Materials and methods
General data

This study was approved by the Ethics Com-
mittee of The First People’s Hospital of Yulin
and informed consents were obtained. A total
of 189 patients with upper tract urolithiasis
undergoing retrograde intrarenal lithotripsy
with holmium laser in The First People’s
Hospital of Yulin from August 2014 to August
2017 were enrolled, including 136 patients
that received ambulatory monitoring of intra-
pelvic pressure during the operation (the moni-
toring group) and 53 patients without moni-
toring (the control group). The definition of high-
pressure irrigation was that the total time (T)
for unilateral renal pelvis pressure was not less
than 40 cmH,0 and longer than 1 min during
the surgery (1 mmHg = 1.33 cmH,0). Then
patients in the monitoring group were subdi-
vided into the high-pressure group and the low-
pressure group [9]. A controlled study was con-
ducted for postoperative fever in the monitoring
group and the control group, in the high-pres-
sure group, and the low-pressure group.

All patients underwent preoperative urinary
B-scan ultrasonography and non-contrast CT to
determine the diameter and location of stones,
and degree of hydronephrosis. Piperacillin-
tazobactam was used to prevent infection 30
minutes before operation and 24 hours after
operation [10].

Inclusion criteria: (1) Patients were diagnosed
with nephrolithiasis and in need of surgical
treatments. (2) Patients without surgical con-
traindication were selected. (3) Patients with
negative preoperative urine culture were re-
cruited. (4) Patients without preoperative fever
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were enrolled (body temperature < 38°C). Ex-
clusion criteria: Patients were diagnosed with
coagulation disorders, serious cardiopulmo-
nary diseases, severe hypertension, uncorrect-
ed diabetes mellitus, morbidly obesity, bilateral
calculi, and solitary kidney.

Treatments

Retrograde intrarenal lithotripsy with holmium
laser: The operation was performed according
to the literature [11]. After general anesthesia,
the lithotomy position was taken. The affected
ureter was examined by a rigid ureteroscope.
If there was a Double-) stent staying in place,
it should be removed. The renal pelvis was
reached by ureteroscope; after the ureteral
lesion was excluded, the zebra guidewire was
placed and the ureteroscope was drawn out
slowly. Subsequently, the 14/16F COOK ureter
sheath (Cook, USA) was gently placed along
the zebra guidewire and the renal pelvis was
reached by a Storz electronic flexible uretero-
scope (STORZ, Germany) through ureter shea-
th. Calculi were found and lithotripsy was per-
formed with holmium laser (Lumenis, USA) after
200 um optical fiber was placed. The diameter
of stones of less than 2 mm was favorable. In
the operation, one end of the blood transfusion
device was connected with the perfusion junc-
tion of flexible ureteroscope, and the other end
was connected with the 50 mL syringe. Manual
injections of saline by assistants could ensure
the clarity of the operation field. A new plain
film of the urinary tract and CT were performed
one day after surgery and three months after
surgery respectively. If there were no retained
stones or the diameter of retained stones was
no more than 2 mm without clinical symptoms,
it was defined as a phase | stone-free success.
A Double-J stent (7F) stayed in place conven-
tionally for 1 month [12, 13]. Nineteen patients
were unable to be operated on due to ureter
orifice stenosis. A Double-J stent was retained
on the affected side for two weeks and then a
surgery would be performed.

Monitoring of intraoperative intrapelvic pres-
sure: The operation was performed accord-
ing to the literature [14]. The renal pelvis was
reached by the 2F manometry tube with ureter
sheath and the lumen was filled with normal
saline. A German ANDROMEDA urodynamic in-
strument was connected with manometry tube
and an adjustment to zero was achieved at kid-
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Table 1. General data

(18.71 + 2.29) mm. Th-

ere were 64 cases of left

Variables Monitoring group Control group  T/X?> P value ) '
Number of cases 136 k:cdn_eg/hfalkc_zll, 2 C?Sﬁ_s
of ri idney calculi,
Gend 0.074 0.786
ender which all located in the
Male 74 .
renal calices. There were
Female 62

Age (years)

51.43+1.56 51.88+0.96 1.959 0.052
Mean stone diameter (mm) 18.71 +2.29 1854 +1.78 0.486 0.628

30 males and 23 femal-
es in the control group,
with an average age of

Stone location 0.061 0.805 (51.88 + 0.96) years and
Left kidney 64 an average stone diame-
Right kidney 72 ter of (18.54 + 1.78) mm.

There were 26 cases of
left kidney calculi, 27

Table 2. Comparison of efficacy in two groups cases of right kidney cal-

Variables Monitoring group Control group T/X?> Pvalue culi, which all located in

First-trimester stone-free rate 88.97% 0.003 0.954 the renal calices. There

Mean operation time 56.8 £ 8.3

572+55 0.324 0.746

was no apparent differ-

ney level. If the patient underwent micro-neph-
rostomy before surgery, the fistula would be di-
rectly connected in order to measure pressure
(The nephrostomy tube in The First People’s
Hospital of Yulin was SPECATH CF-B 18Gax20
cm disposable central venous catheter, and the
diameter of the tube was the same as that of
the 2F manometry tube). Retrograde intrarenal
lithotripsy with holmium laser was performed
after the urodynamic instrument was adjusted
to zero. The intraoperative pressure of the re-
nal pelvis could be obtained directly from the
urodynamic instrument. The basal value and
maximum value of renal pelvic pressure were
recorded (IPPO and IPPmax).

Statistical analysis

All statistical analyses was performed with
SPSS18.0 software. Measurement data are
expressed as mean * standard deviation (mean
+ SD) and the Student’s t-test was used for
comparisons between two groups; while quan-
titative data were expressed in terms of rate
and Chi-square test was adopted for compari-
sons among groups. The statistical significance
level was 0.05 for bilateral alpha.

Results
General data
There were 74 males and 62 females in the

monitoring group, with an average age of (561.43
+ 1.56) years and an average stone diameter of
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ences in gender, age,
mean stone diameter,
and stone location between the two groups (all
P > 0.05). See Table 1.

Efficacy

The phase | stone-free rate in the monitoring
group was 88.97% (121/136), while that in the
control group was 88.68% (47/53), without
noticeable differences (P = 0.954). Of the
remaining patients, 18 of them underwent a
second retrograde intrarenal lithotripsy without
any retained stones and 3 received conserva-
tive treatments due to retained stones of 3 mm
in diameter. No major surgery-related complica-
tions such as ureter rupture occurred in both
groups. There was no outstanding difference in
the operation time between the monitoring
group and the control group (56.8 + 8.3 min VS
57.2 £ 5.5 min, P = 0.746). In the monitoring
group, intraoperative IPPO was 20.6 + 12.8
¢mH,0 and IPPmax was 23.2 + 9.1 cmH,0. See
Table 2.

Postoperative fever

The incidence of postoperative fever in the
monitoring group was 9.56%, and that in the
control group was 20.75%. The difference was
statistically significant (P = 0.038). In the moni-
toring group, the fever incidence in the high-
pressure group was 22.45% and that in the
low-pressure group was 2.30%. The difference
was statistically significant (P < 0.001). See
Tables 3, 4.
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Table 3. Comparison of postoperative fever in the monitoring group and the control group

The number of postoperative fever

Iltems Number of cases (n) Total incidence of fever (%)
Day 1 Day 2 Day 3

Monitoring group 136 4 6 3 9.56%

Control group 53 5 3 3 20.75%

X2 4.312

P value 0.038

Table 4. Comparison of postoperative fever in the high-pressure group and the low-pressure group

The number of postoperative fever

Iltems Number of cases (n) Total incidence of fever (%)
Day 1 Day 2 Day 3

High-pressure group 49 5 3 22.45%

Low-pressure group 87 1 0 2.30%

X2 14.72

P value <0.001

Discussion vis pressure during RIRS and manual perfusion

Currently, retrograde intrarenal lithotripsy with
holmium laser, which is popular, is one of the
best options for the treatment of renal calculi
because of its minimal invasion, better stone
fragmentation, safety and effectiveness [3, 4].
In the relatively closed working environment,
because of fine working channels and continu-
ous perfusions during the operation, flexible
ureteroscope can easily lead to excessive renal
pelvis pressure and the perfusate back into the
vein, resulting in a series of serious complica-
tions, such as urinary septicemia or even septic
shock [5]. Hence, intraoperative detection and
control of renal pelvic pressure are of great
importance.

In this study, patients were assigned into the
monitoring group and the control group, and
intraoperative perfusion was performed by
manual low-pressure irrigation. In the monitor-
ing group, the renal pelvis pressure was ambu-
latory monitored during the operation. The real-
time change of renal pelvis pressure and the
accumulative time were recorded and the per-
fusion pressure was controlled. The same
instruments and procedures were adopted dur-
ing the operation of the control group, but the
intraoperative pressure of the renal pelvis was
not monitored. The results of the experiment
showed that the fever incidence in the control
group was prominently higher than that in the
monitoring group. We believe that this may be
due to the ambulatory monitoring of renal pel-
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control of intrapelvic pressure, which has a
positive effect on postoperative recovery and
reduces postoperative fever and infection. Th-
eoretically, a notable increase in intraoperative
pressure of the renal pelvis can cause a seri-
es of postoperative complications [15, 16].
Intrarenal pressure is associated with the refl-
ux of the perfusate, which brings bacteria and
toxins into blood circulation, leading to an in-
creased incidence of postoperative infectious
complications [17]. In vitro studies have shown
that renal pelvis pressure of greater than 46.55
c¢mH,0 can cause persistent reflux of the renal
pelvic veins and lymphatic vessels, and pres-
sure of 20-24 ¢mH,0 can cause reflux in the
presence of infection [18]. Jung et al. consid-
ered that the critical value of intrapelvic venous
reflux in RIRS was 40 cmH,0 [19]. Zhong et al.
monitored intrarenal pressure in percutaneous
nephrolithotomy and concluded that the pres-
sure of renal perfusion of greater than 40
cmH,0 was related to the postoperative fever
[20]. In this study, we defined that the renal pel-
vis pressure > 40 cmH, 0 and accumulative
time > 1 min were the high-pressure group and
the remainder were the low-pressure group.
The incidence of fever in the high-pressure
group was higher than that in the low-pressure
group (P < 0.001). It showed that an in-
crease of postoperative fever incidence would
present if the renal pressure was greater than
40 cmH,0 for more than 1 minute. In the study
of flexible ureteroscopic lithotripsy, Yang et al.
also illustrated the relationship between renal
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pressure and the risk of postoperative fever,
which is consistent with our conclusion [14].

Common causes of fever after operation are
preoperative infections, long operation time,
and increased absorption of the perfusate
resulting from high-pressure perfusion during
the operation [21, 22]. Postoperative fever not
only increases the hospital stay and hospital-
ization costs, but also may cause septic shock
or even death in severe cases [23]. Related
studies have demonstrated that although we
strictly adhere to the aseptic technique and
preoperative application of antibiotics to pre-
vent infections in the course of surgery, we can-
not completely and effectively inactivate pa-
thogenic bacteria in infectious stones. Besides
the bacteria itself, the endotoxin produced by
the bacteria remains partially in the stone.
Therefore, some patients still have systemic
infections after surgery, or severe complica-
tions such as systemic inflammatory response
syndrome (SIRS) and sepsis [24]. Furthermore,
even under the control of perfusion flow, the
chances of the toxin into blood will increase if
the operation time is too long. At the same
time, if the stone is too large and the lithotripsy
time is too long, to maintain clarity of the surgi-
cal field, extra perfusate will be injected by the
assistant. The more extra perfusate injected,
the greater changes of renal pelvis pressure,
which will increase the risk of infection as well.
Chen et al. concluded that surgery for more
than 192 minutes was more likely to develop
severe bacteremia, consistent with our conclu-
sion [25].

Several limitations about our study should be
addressed, such as insufficient sample size,
inadequate observation indexes, and a retro-
spective study. A larger sample size and more
observation indexes will be warranted in the
future study. To further verify our conclusions,
a prospective and more in-depth study will be
carried out.

Collectively, ambulatory monitoring of the intra-
pelvic pressure should be carried out in retro-
grade intrarenal lithotripsy and the pressure of
the renal pelvis is controlled by manual low-
pressure irrigation. This treatment has a posi-
tive effect on postoperative recovery and can
reduce the incidence of postoperative fever
and even severe infection.

8638

Disclosure of conflict of interest
None.

Address correspondence to: Chengbei Liu, Depart-
ment of Urology, The First People’s Hospital of Yulin,
No.495 Jiaoyu Middle Road, Yulin 537000, Guang-
xi Zhuang Autonomous Region, China. Tel: +86-
13877591598; E-mail: liuchengbei06@163.com

References

[1]  Koyuncu HH, Yencilek F, Eryildirim B and Sari-
ca K. Family history in stone disease: how im-
portant is it for the onset of the disease and
the incidence of recurrence? Urol Res 2010;
38: 105-109.

[2] Uyeturk U, Gucuk A, Kemahli E, Dagistan E,
Yildiz M, Yilmaz B and Metin A. Factors influ-
encing the duration of urine leakage following
percutaneous nephrolithotomy. European Urol-
ogy Supplements 2014; 13: e1451-e1451.

[3] ChenS, Xu B, Liu N, Jiang H, Zhang X, Yang Y,
Liu J, Sha G, Zhu W and Chen M. Improved ef-
fectiveness and safety of flexible ureteroscopy
for renal calculi (2 cm): a retrospective study.
Can Urol Assoc J 2015; 9: E273-277.

[4] Prabhakar M. Retrograde ureteroscopic intra-
renal surgery for large (1.6-3.5 cm) upper ure-
teric/renal calculus. Indian J Urol 2010; 26:
46-49.

[5] Zhong ZG and Pan TJ. Effects of high-intrapel-
vic pressure during micro-channel percutane-
ous nephrolithotomy. Journal of Clinical Sur-
gery 2016; 24: 313-315.

[6] WuYJ,LilJ, Zhang JF and Liu F. Clinical analysis
of intrapelvis pressure and charge pump ca-
pacity in postoperative infectious patients un-
dergoing retrograde intrarenal lithotripsy with
holmium laser. Zhejiang Journal of Traumatic
Surgery 2017; 22: 661-662.

[71 He JY, Wu HR and WF. Application of low-pres-
sure washing in the minimally invasive percu-
taneous renal lithotripsy. Chinese Journal of
Primary Medicine and Pharmacy 2012; 19:
835-836.

[8] LilY, Tan W and Xu F. The application analysis
of low-pressure flushing in the minimally inva-
sive percutaneous nephrolithotomy lithotripsy.
Chinese Journal of Clinical Rational Drug Use
2013; 6: 30-31.

[9] Gao WH. Effects of changes of intrapelvis
pressure on renal fuction in patients undergo-
ing percutaneous nephrostolithotomy. Jiangxi
Medical Journal 2015.

[10] XiaoYS, ZhuYS, Hu WL, L J, Wang W, Zhang LC,
Yang JH and Zhao YB. Comparative study be-
tween three antibioticses (cerftriaxone, cefo-

Int J Clin Exp Med 2018;11(8):8634-8639


mailto:liuchengbei06@163.com

(11]

[12]

[13]

[14]

[15]

(16]

(17]

Determination of intrapelvic pressure and significance of adjusting perfusion

perazone sulbactam, piperacillin-tazobactam)
and the bacterial infection during periopera-
tion of renal transplantation. Clinical Journal of
Medical Officer 2009; 37: 833-835.

Xu XL, Fang YQ, Shi XM, Su YF and Yuan HF.
Percutaneous nephrolithotomy vs flexible ure-
teroscopic lithotripsy with holmium laser for
renal stones. Academic Journal of Guangzhou
Medical College 2015; 43: 52-53.

Yang JA, Deng GX, Zheng J, Song SJ, Li QW, Yao
JW, Dai LY, Li WB and Zhou ZS. Curative obser-
vation of polyscope modular flexible uretero-
scope combined with holmium laser lithotripsy
in the treatment of renal calculi. Journal of Re-
gional Anatomy and Operative Surgery 2014;
458-459.

Dong J, Ao JH, Shi LX, Wang W, Lu JS, Xiao XR
and Hong BF. Ureteric stenting for short time in
kidney transplantation. Journal of Clinical Urol-
ogy 2008; 23: 274-275.

Yang SX, Zheng F, Ke Q, Song C, Liu LQ, Liao
WB and Wu TP. Monitoring of renal pelvic pres-
sure and its siginifcance during flexible ure-
teroscopic lithotripsy. Chinese Journal of Urol-
ogy 2014; 35: 575-578.

Chen SN, Tang H, Lu CL, Yang SH, Huang HW
and Wu XP. The clinical significance of monitor-
ing the renal pelvic pressure in lithotripsy
through flexible ureteroscope. China Medicine
and Pharmacy 2016; 6: 191-193.

Gan L, Zhao L, Duan QL, Huang GX and Li WD.
Correlation between elevated renal pelvic
pressure and postoperative complications in
percutane-ous nephrolithotripsy. Chinese Jour-
nal of Practical Medicine 2016; 43: 51-53.
Zhong W. Minimally invasive percutaneous
nephrolithotomy. Guangzhou Medical Univer-
sity 2007.

8639

(18]

(19]

[20]

(21]

[22]

(23]

(24]

[25]

Low RK. Nephroscopy sheath characteristics
and intrarenal pelvic pressure: human kidney
model. J Endourol 1999; 13: 205-208.

Jung H and Osther PJ. Intraluminal pres-
sure profiles during flexible ureterorenoscopy.
Springerplus 2015; 4: 373.

Zhong W, Zeng G, Wu K, Li X, Chen W and Yang
H. Does a smaller tract in percutaneous ne-
phrolithotomy contribute to high renal pelvic
pressure and postoperative fever? J Endourol
2008; 22: 2147-2151.

Wu JL, Li QX, Zheng HF and Huang ZH. Analysis
and prevention of risk factors of concurrent in-
fection after percutaneous nephrolithotomy.
Systems Medicine 2017; 2: 91-93.

Li Q. Analysis of related factors of complica-
tions in patients with urinary lithiasis under-
going percutaneos nephrolithotomy. World Lat-
est Medicine Information (Electronic Version)
2047; 77-77.

Zhao W. Analysis of risk factors of complicai-
tons of septic shock after laparoscopic litho-
tripsy in patiets with urinary lithiasis. Journal of
Chinese Physician 2016; 18: 115-116.
Kreydin El and Eisner BH. Risk factors for sep-
sis after percutaneous renal stone surgery.
Nat Rev Urol 2013; 10: 598-605.

Chen L, Li JX, Huang XB and Wang XF. Analysis
for risk factors of systemic inflammatory re-
sponse syndrome after one-phase treatment
for apyrexic calculous pyonephrosis by percu-
taneous nephrolithotomy. Beijing Da Xue Xue
Bao Yi Xue Ban 2014; 46: 566-569.

Int J Clin Exp Med 2018;11(8):8634-8639



