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Effects of different surgical procedures on stress hormones, vascular
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Abstract

Objective: To investigate the effects of Percutaneous Nephroscope Ultrasonic Lithotripsy (PNUL) and
Percutaneous Nephroscope Pneumatic Lithotripsy (PNPL) on stress hormones, vascular inflammatory
factors and tissue damage inflammatory factors in patients with renal calculi.

Methods: 120 patients with renal calculi in our hospital from January 2016 to June 2017 were divided
randomly into observation group (PNUL group) and control group (PNPL group), 60 cases in each
group. At 24 h before and after operation, the levels of Angiotensin-II (Ang-II), Adrenocorticotropic
Hormone (ACTH), Cortisol (Cor), Norepinephrine (NE), Prostaglandin E2 (PEG2), Substance P (SP),
Bradykinin (BK), Nitric Oxide (NO), Advanced Oxidation Protein Products (AOPP) and Lipid Peroxide
(LPO) were compared in all patients.

Results: There were no statistical differences in the levels of Ang-II, ACTH, Cor, NE, PEG2, SP, BK,
NO, AOPP and LPO before operation between the two groups (P>0.05); at 24 h after operation, the level
of each index was higher than that before operation in both groups. The levels of above-mentioned
indexes in the observation group were (53.38 + 4.65 pg/ml), (27.28 + 3.06 pg/ml), (172.76 + 10.65 ng/ml),
(276.19 + 24.12 ng/ml), (161.51 + 16.70 pg/ml), (4.71 = 0.51 pg/ml), (8.32 + 0.64 pg/L), (13.42 + 1.56
pmol/L), (202.38 + 31.74 umol/L), (4.29 + 0.63 mmol/ml) respectively, were lower than those during the
same period in the control group and the differences were statistically significant (P<0.05).

Conclusion: PNUL has a less effect on stress hormones, vascular inflammatory factors, tissue damage
inflammatory factors in patients with renal calculi and has a smaller trauma than PNPL. Thus, PNUL is
recommended to be widely used in clinical practice.
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Introduction

Renal calculi are clinically common urinary system disorders.
Patients with renal calculi often present with clinical symptoms
such as renal colic, hematuria and urination disorders; in
addition to above-mentioned symptoms, over half of them are
also accompanied by different degrees of lumbagos, which
seriously affect daily lives of patients [1,2]. Prolonged
retention of renal calculi can lead to atrophy of nephron and in
more severe cases, it can lead to renal failure [3]. Timely
surgery is the main method for clinical treatment of renal
calculi when expectant treatment fails. In recent years, with the
development of minimally invasive surgical technology in
urology, there is a tendency for traditional open lithotomy to be
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replaced gradually by minimally invasive lithotomy. Common
surgical techniques include minimally invasive percutaneous
nephroscope lithotripsy, Percutaneous Nephroscope Ultrasonic
Lithotripsy (PNUL) and postlaparoscope pelviolithotomy.
Clinically, so long as surgical techniques are selected according
to surgical indication, the clinical efficacies of the above-
mentioned surgical techniques can be affirmed [4]. PNUL and
Percutaneous Nephroscope Pneumatic Lithotripsy (PNPL) are
the two main lithotomies in China, have the advantages of
clear surgical views, convenient and fast operations and high
stone free rate, and the clinical efficacy of either has been
generally recognized in clinical practice [5]. However, few
studies have assessed the effects of the two surgical techniques
on physical stress and inflammatory factors [5,6]. As a
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traumatic therapeutic method, operations will inevitably lead to
stress reaction in patients by activating the adrenalin,
angiotensin system or stimulating the hypothalamo-pituitary-
adrenal axis etc. [7,8]. Inflammatory reaction is an important
mechanism in stress reaction, and an inevitable
pathophysiological process after operation as well. Because the
changes in stress and inflammatory state can further affect the
postoperative  rchabilitation of patients, stress and
inflammatory reaction have also become important indexes to
operative efficacy [9,10]. In this study, the effects of PNUL
and PNPL on stress hormones and inflammatory factors in
patients with renal calculi were compared and analysed in
order to provide a scientific basis for the optimization of
operative selection.

Data and Methods

General data

120 patients with renal calculi in our hospital from January
2016 to June 2017 were randomly divided into observation
group and control group, 60 cases in each group. The
observation group received PNUL and the control group
received PNPL. Selective requirements were as follows:

Inclusive criteria: Patients were diagnosed with renal calculi by
uronoscopy and ultrasonic imaging inspection; the maximum
diameter of single renal calculus was more than 2 cm; there
was no contraindication for operative treatment; patients had
been approved by the Ethics Committee in our hospital
(No:AK15092853) and had signed the informed consents.

Exclusive criteria: Renal calculi with severe nephroptosis;
renal calculi patients with concurrent hepatorenal dysfunction,
universal hemorrhagic disease, endocrine diseases or mental
obstructive diseases; conditions of hypertension and diabetes
mellitus were uncontrolled.

Rejection criteria: Patients who asked to quit the study, or were
automatically discharged or abandoned the treatment were
rejected.

The general data of patients such as gender, age and disease
course were compared between the two groups, the differences
were not statistically significant (P>0.05), and all general data
were comparable. The detailed information was shown in
Table 1.

Operative methods

The patients in the two groups were given general endotracheal
anaesthesia. At first, after retrograde from lithotomy position,
F5 or F6 ureteral catheter was carried to affected pelvis renalis,
"artificial hydronephrosis" was established by injecting
physiological saline; the lumbar regions of patients were
elevated, meanwhile, patients were put in the prone position,
and then, percutaneous puncture was performed in intercostal
locations of patients under the condition of ultrasonic dynamic
monitoring, after puncture needle reached into targeted renal
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calices, core needle was removed. When there was a urinary
discharge, Zebra wire was led in immediately. Then, skin was
incised by operating knife and fascial dilator was put in. After
fascia was dilated to location F16, Peel-Away Introducer Set
was placed in and percutaneous renal pathway was established.
Then, percutaneous nephroscope set was put in, and at this
moment, the size, number and location of renal calculus were
observed. In the observation group, ultrasonic lithotrite was
used to dilate and fragmentate renal calculi, then fragmented
calculi were absorbed and removed; in the control group,
pneumatic lithotrite was used to fragmentate renal calculi and
fragmented calculi were drawn off by vacuum aspiration
technique.

Table 1. Comparison of the general data between the two groups
(mean + SD).

Items Observation Control X2t P
group (n=60) group (n=60)

Age 4190+588 42.01+6.10 0.101 0.920

Gender (Male/ 38/22 39/21 0.036 0.849

female)

Disease 1.13+0.53 1.15+ 0.50 0.213 0.832

course (y)

Diameter of 3.31 £0.59 3.28+0.49 0.303 0.762

renal calculus

(cm)

Number of 0.051 0.822

renal calculus

Solitary 12 13

Multiple 48 47

Location  of 0.307 0.858

renal calculus

Left kidney 1 10

Right kidney 17 15

Double kidney 32 35

Main outcome measure

At 24 h before and after operation, fasting venous blood in the
morning was collected from patients in both groups
respectively and centrifuged at the rate of 3000 r/min for 10
min. After centrifugation of blood, the following indexes were
detected: (1) Stress hormones: Angiotensin-II (Ang-II),
Adrenocorticotropic Hormone (ACTH), Cortisol (Cor) and
Norepinephrine (NE) were determined by enzyme linked
immunosorbent assay. (2) Vascular inflammatory factors:
Prostaglandin E2 (PEG2), Substance P (SP) and Bradykinin
(BK) were determined by enzyme linked immunosorbent
assay. (3) Tissue damage inflammatory factors: Nitric Oxide
(NO), Advanced Oxidation Protein Products (AOPP) and Lipid
Peroxide (LPO) were determined by spectrophotometer. All
kits were purchased from Shanghai Enzyme-linked
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Table 2. Comparison of stress hormones between the two groups (mean + SD).

Time Group Number of Ang-ll (pg/ml) ACTH (pg/ml) Cor (ng/ml) NE (ng/ml)
cases
Before operation  Observation group 60 45.52 + 3.60 20.26 + 1.43 160.60 + 15.63 246.14 £ 21.23
Control group 60 45.48 + 3.57 20.30 + 1.50 162.73 £ 15.14 24530 +21.28
t 0.061 0.150 0.758 0.216
P 0.951 0.881 0.450 0.829
At 24 h after Observation group 60 53.38 + 4.65° 27.28 + 3.062 172.76 £ 10.652 276.19 £+ 24.122
operation
Control group 60 62.93 + 4.802 35.46 + 3.962 230.95 + 13.452 352.39 + 33.052
t 11.069 12.661 26.273 14.426
P 0.000 0.000 0.000 0.000

Note: Compared with the preoperative levels in this group, 2P<0.05.

Statistical analysis

The statistical analysis was performed by using the SPSS 19.0
statistical software. The numerical data were expressed as
frequency (n) or percentage (%), the y> test was used for group
comparison, the measurement data were expressed as mean =+
standard deviation, the independent T-test was used for group
comparison and the paired t-test was used for intra-group
comparison. Differences with a P value of less than 0.05 were
considered statistically significant.

Results

Comparison of stress hormones between the two
groups

Before operation, there were no statistically significant
differences in the levels of Ang-1I, ACTH, Cor and NE
between the two groups (P>0.05); at 24 h after operation, the
levels of Ang-1I, ACTH, Cor and NE in the two groups were
significantly higher than those before operation, the levels of
Ang-1I, ACTH, Cor and NE in the control group were higher
than those in the observation group, and the differences were
statistically significant (P<0.05). The detailed information is
shown in Table 2.

Comparison of vascular inflammatory factors
between the two groups

Before operation, there were no statistically significant
differences in the levels of PEG2, SP and BK between the two
groups (P>0.05); at 24 h after operation, the levels of PEG2,
SP and BK in patients in the two groups were significantly
higher than those before operation, the levels of PEG2, SP and
BK in the control group were higher than those in the
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observation group, and the differences were statistically
significant (P<0.05). The detailed information is shown in
Table 3.

Table 3. Comparison of vascular inflammatory factors between the
two groups (mean + SD).

Time Group Number PEG2 SP BK (ug/L)
of cases  (pg/ml) (ug/ml)
Before Observatio 60 120.37 + 3.18 + 5.89 +
operation n group 12.62 0.39 0.45
Control 60 120.34 + 3.21 + 577 +
Group 12.67 0.27 0.48
t 0.013 0.490 1.413
P 0.990 0.639 0.160
At 24 h after Observatio 60 16151 + 4.71 + 8.32 +
operation n group 16.702 0.512 0.642
Control 60 19995 + 7.01 + 11.75 +
Group 25.262 0.622 1.462
t 9.833 22.192 16.667
P 0.000 0.000 0.000

Note: Compared with the preoperative levels in this group, 2P<0.05.

Comparison of tissue damage inflammatory factors
between the two groups

Before operation, there were no statistically significant
differences in the levels of NO, AOPP and LPO between the
two groups (P>0.05); at 24 h after operation, the levels of NO,
AOPP and LPO in all patients were significantly higher than
those before operation, the levels of NO, AOPP and LPO in the
control group were higher than those in the observation group,
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and the differences were statistically significant (P<0.05). The
detailed information is shown in Table 4.

Table 4. Comparison of tissue damage inflammatory factors between the two groups (mean + SD).

Xiao/Shi/Xu

Time Group Number of cases NO (umol/L) AOPP (umol/L) LPO (mmol/ml)
Before operation Observation group 60 9.36 £ 0.97 161.50 £ 21.95 2.70+0.29
Control Group 60 9.34 +£1.01 163.91 £ 24.92 2.67 £0.21
t 0.111 0.562 0.649
P 0.912 0.575 0.537
At 24 h after operation Observation group 60 13.42 + 1.562 202.38 + 31.742 4.29 £0.63°
Control Group 60 17.86 + 1.422 220.41 +31.782 7.29 £0.692
t 16.303 3.109 24.871
P 0.000 0.002 0.000

Note: Compared with the preoperative levels in this group, 2P<0.05.

Discussion

Renal calculi are one of the frequently occurring diseases in
urinary system. In recent years, due to influencing factors such
as bad dietary habits, work stress and environmental changes,
the invasion of renal calculi increasing to critical situation and
its incidence is rising year by year [11]. The clinical symptoms
of renal calculi include low back pain, renal colic, paruria and
so on. In more severe cases, it can lead to hydronephrosis by
urinary tract occlusion, and even cause urinaemia and kidney
tumors, so when pain cannot be relieved by drugs or diameter
of renal calculus is bigger, operations should first be
considered to avoid the deterioration of diseases [12,13]. The
main operations for the treatment of renal calculi currently
include PNUL and PNPL. Although different operative
techniques have the same effect in removing calculi, and there
is few relevant research about this issue [14]. Therefore, the
detection of stress hormones and inflammatory factors have
important clinical implications for evaluating the effects of
different operative techniques.

Traumatic stimulus caused by operative treatment can be
introduced into central nervous system by peripheral nerves,
activate renin-angiotensin system and hypothalamo-pituitary-
adrenal axis, and then lead to significantly increase in serum
stress hormone level. The Ang-II, ACTH, Cor and NE are the
representative indexes to stress hormones and important
indexes to physical stress reaction, and have many advantages
such as fast and easy test methods and good sensitivity [15-17].
Inflammation is an important mechanism in stress reaction, and
a postoperative inevitable pathological process as well. Of
large number of inflammatory factors, vascular inflammatory
factors and tissue damage inflammatory factors are closely
associated with inflammatory reaction during stress and have a
certain reference value in the evaluation of stress reaction
degree [18]. PEG2, SP and BK are inflammatory factors that
reflect vascular state: PEG2 as an important physiological
active substance in organism can play a important role in
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regulating and controlling vangiogenesis [19,20]; SP as a
vasoactive mediator can dilate blood vessels, improve
permeability and cause inflammatory reactions such as edema
[21]; BK as a Substance P9 peptide, may also dilate blood
vessels, and is closely associated with inflammatory pain [22].
NO, AOPP and LPO are important indexes to tissue damage:
NO can regulate the barrier function of vascular endothelial
cells, when inflammatory tissue damages are observed,
Induced Nitric-Oxide Synthase (INOS) in endothelial cells is
activated and produces a large number of NO [23,24]; AOPP is
a lipid peroxide produced by increased oxygen radical and
decreased antioxidation, and peroxidation can lead to lesion in
renal cell membrane [25,26]; LPO is also a lipid peroxide
produced by the action of oxygen radical, can be aggregated to
cell membrane and vessel wall, and then cause the lesions such
as sclerosis and fibrous pathologic changes [27].

The study showed that there were no statistical differences in
the levels of Ang-1I, ACTH, Cor, NE, PEG2, SP, BK, NO,
AOPP and LPO before operation between the two groups
(P>0.05); at 24 h after operation, the levels of Ang-II, ACTH,
Cor, NE, PEG2, SP, BK, NO, AOPP and LPO were higher than
those before operation in all patients (P<0.05), and the levels
of each index in the control group was higher than that in the
observation group (P<0.05). The results suggested that there
were inflammatory stress reaction caused by operative stimulus
in all patients, but PNUL caused less abnormal changes in
stress hormones and inflammatory factors than PNPL. That
was mainly because the fragmentation of renal calculi by
ultrasonic vibration in PNUL effectively avoided the
mechanical irritation to renal calices, and then vacuum
aspiration technique was wused to adsorb and remove
fragmented calculi, even micro-calculus could also be aspirated
out [27]. Because throughout the procedures, stone forceps and
operating mirror had no need to come into and out of the
lithotomy pathway repeatedly any more, this technique
protected nephridial tissue against damages to the most extent,
meanwhile, significantly reduced stimulation of residual
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calculi on kidney [28]. In contrast, because PNPL was more
likely to damage the nephridial tissue during the fragmentation
of calculi, especially a longer irrigation was needed when
removing bigger calculi, and the pressure in pelvis renalis was
also increased accordingly, this was better for the absorption of
bacterial toxin, and also increased the stimulation on organism
[29,30].

In conclusion, PNUL has a less effect on stress hormones,
vascular inflammatory factors and tissue damage inflammatory
factors in patients with renal calculus and has a smaller trauma
than PNPL. Thus, PNUL is recommended to be widely used in
clinical practice.
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