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ABSTRACT
This study compared patient outcomes following irrigation applied using an automated pressure system (AP) to hand irrigation
utilizing a syringe (HI) during ureteroscopy. Retrospective chart review was performed to evaluate ureteroscopy procedures with-
out a ureteral access sheath. Procedures in which irrigation was applied by AP were compared to those with HI. Statistical anal-
yses included chi-squared tests and Student's t tests. The AP group contained 206 procedures and the HI group, 25. The AP
and HI groups were 54.9% and 36% male, respectively. Mean ages were 53.7 ± 18.9 years in the AP group and 44.0 ± 18.5
years in the HI group. Complication rates were 11.2% in the AP and 8.3% in the HI group (P > 0.99). One stone retrieval fail-
ure and one stone recurrence occurred in the HI group; one patient had residual stone in the AP group. No urinary tract infec-
tions occurred in the HI group; in the AP group, urinary tract infections occurred in 1.9% of cases. The postoperative pain
incidence was equivalent (P¼ 0.498). The AP group had one subcapsular hematoma; no calyceal ruptures occurred in either
group. In conclusion, irrigation applied by an automated setup appears safe, with similar outcomes to irrigation applied with a
handheld syringe.
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U
reteroscopy is commonly performed for a variety
of urological problems. During ureteroscopy, it is
imperative that the physician is able to visualize
the urinary tract to identify and remove stones or

tumors and prevent damage to the urinary tract. A ureteral
access sheath (UAS) is often used to facilitate passage of the
ureteroscope in the ureter, improve visualization, and drain
fluid as it accumulates in the urinary system, which decreases
pressure in the urinary system.1–5 However, UAS may
increase risk of injury to the mucosa of the urinary system, is
not associated with improved outcomes, and cannot be used
with semirigid ureteroscopy.1,6,7 Thus, alternative strategies
for permitting entry and visualization during ureteroscopy
are necessary. In one such strategy, saline irrigation is
applied, either utilizing an automated pressure device or

handheld syringe. Automated pressure system use during ure-
teroscopy/ureteroscope ureteroscopy is well established but
does increase pressure in the urinary system compared to
UAS, which can be damaging and lead to rupture or systemic
inflammatory response syndrome.2,4,8–10 Advantages of the
automated system are that constant pressure is applied, that
the pressure values can be set such that they do not exceed
certain values, and that surgeons are not forced to perform
irrigation themselves during the procedure.8,11 However,
peak pressures are higher with the handheld syringe.2,12

Thus, it is unclear which irrigation technique is better for
patient outcomes. This study sought to evaluate whether the
use of automated pressure during ureteroscopy in the absence
of a UAS is safe and effective and to compare it to hand
irrigation with a syringe.
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METHODS
After receiving institutional review board approval, a

retrospective chart review was performed evaluating patients
who had a ureteroscopy procedure without a UAS, either uti-
lizing pressurized irrigation (AP) or using hand irrigation
(HI), between February 2014 and January 2017. The inclu-
sion criteria were any patient receiving a ureteroscopy regard-
less of indication. Patients in whom a UAS was utilized were
excluded. The primary outcome reviewed was frequency of
complications in each group. Secondary outcomes included
frequency of return visits to the emergency department, uri-
nary tract infections (UTIs), postoperative pain requiring
treatment, procedure length, whether the procedure was suc-
cessful, and occurrence of damage to the urinary tract such
as ureteral ruptures and subcapsular hematomas.

Following the introduction of the ureteroscope, pressure was
applied to aid in visualization during the procedure. In the AP
group, automated external compression was applied to the irri-
gation bag, as shown in Figure 1, with a maximum pressure set
at 150mm Hg. In the HI group, hand irrigation was performed
using a 60mL syringe and intravenous extension tubing, and
the least required irrigation to aid visualization was injected.

Statistics were performed using Prism (GraphPad). Means
and standard deviations were calculated, and chi-squared and
Student’s t tests were performed where applicable. Significance
was indicated by a P value <0.05.

RESULTS
A total of 453 charts were reviewed between February

2014 and January 2017, representing 499 ureteroscopy

procedures. Of these, 268 procedures were excluded because
a UAS was used. In the 231 cases in which a UAS was not
used, 206 patients received AP and 25 patients had HI due
to surgeon’s preference. Patient characteristics by group are
shown in Table 1. The AP group was 54.9% male and the
HI group was 37.5% male (P¼ 0.13). Patients in the HI
group tended to be younger, with a mean age of 44.0 ± 18.5
compared with the mean age of 53.7 ± 18.9 years in the AP
group (P< 0.05). Most patients received ureteroscopy for
the management of ureteral and kidney stones. All patients
in the HI group had ureteroscopies for the management of
stone disease. Of the 206 procedures in the AP group, 182
procedures were performed for stones, 23 were performed to
evaluate or manage tumors, five were performed to manage
strictures, one was performed for a calyceal diverticulum
infundibular dilation, and one was performed for a retained
stent (some procedures had more than one indication). The
difference in stone location by group approached statistical
significance (P¼ 0.052). Of the patients with stones, in the
AP group 75.7% had ureteral stones while 19.9% had kid-
ney stones. In the HI group, 75% had ureteral stones and
41.7% had kidney stones. In both groups, some procedures
were performed for stones at multiple locations. Procedures

Figure 1. Automated pressure system.

Table 1. Patient characteristics of those receiving two types of
irrigation during ureteroscopy

Characteristic

Automated
pressure
(n5 206)

Hand
irrigation
(n5 25) P value

Age (years, mean ± SD) 53.7 ± 18.9 44 ± 18.5 0.02�
Men 54.9% 37.5% 0.13

Body mass index (kg/m2) 29.5 ± 6.7 31.9 ± 9.4 0.12

Stone location 0.05

Ureter 131 13

Kidney 16 5

Both 25 5

No stone 34 1

Scope type 0.04�
Rigid 123 9

Flexible 65 11

Both 12 4

Stone manipulation 0.31

Laser lithotripsy 14 0

Basket extraction 65 12

Both 73 7

Other 7 0

Neither 43 5

�p < 0.05.
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were performed with a semirigid or flexible ureteroscope,
with some patients receiving both. In the AP group, 65.5%
received a semirigid ureteroscope and 37.4% received a flex-
ible ureteroscope, while in the HI group 54.2% received a
semirigid ureteroscope and 62.5% received a flexible uretero-
scope (P¼ 0.04). Procedures for stone management also
included various forms of stone procedures, including laser
lithotripsy, basket extraction, and both. There was no differ-
ence in the rate at which the AP and HI groups received
each of these procedures (P¼ 0.31). Thus, while there were
some differences between the AP and HI groups, the groups
were relatively similar.

It did not appear that the use of HI versus AP altered
operative time; the mean operative time in the AP group was
59.2 ± 44.1 compared with 67.8 ± 35.0minutes in the HI
group (P¼ 0.36). As shown in Table 2, the complication
rate was 11.2% in the AP group and 8.3% in the HI group
(P> 0.99). Rate of return to the emergency department was
14.1% in the AP group and 25.0% in the HI group
(P¼ 0.22). Most of the procedures were successful, with one
failure to retrieve a stone due to the tightness of the ureter in
the HI group and one retained stone in the AP group. In the
AP group, only 1.9% (4/206) of cases were complicated by
UTIs and there was only one case of pyelonephritis, while
there were no instances of UTI in the HI group (P> 0.99).
The incidence of postoperative pain, including bladder
spasms, dysuria, ureteral spasms, and flank pain, was equiva-
lent in the AP and HI groups, affecting 11.2% and 16.7%,
respectively (P¼ 0.498). There was one instance of subcap-
sular hematoma in the AP group but none in the HI group.
There were no occurrences of calyceal rupture or other urin-
ary tract injury in either group (Table 3).

DISCUSSION
The use of pressure during ureteroscopy makes it possible to

instrument and visualize the urinary tract in the absence of a
UAS. However, pressure has the potential to damage the urin-
ary tract and thus must be employed judiciously. This study
sought to compare the use of AP and HI. In this study, there

Table 2. Patient outcomes of those receiving two types of
irrigation during ureteroscopy

Outcome

Automated
pressure
(n5 206)

Hand
irrigation
(n5 25) P value

Complication 11.2% 8.3% > 0.99

Return to emergency
department

14.1% 25.0% 0.22

Postprocedure pain 11.2% 16.7% 0.498

Urinary tract infection 1.9% 0.0% > 0.99

Table 3. Complications among those receiving two types of irrigation during ureteroscopy

Complication

Automated pressure (n5 206) Hand irrigation (n5 25)

N Highest Clavien-Dindo score N Highest Clavien-Dindo score

Subcapsular hematoma 1 II 0 N/A

Urinary tract infection 4 II 0 N/A

Pyelonephritis 1 II 0 N/A

Abdominal pain 0 N/A 2 I

Acute abdomen 1 II 0 N/A

Clostridium difficile infection 1 II 0 N/A

Fever 6 II 0 N/A

Severe hematuria or bleeding requiring intervention 6 IIIa 0 N/A

Acute myocardial infarction 1 II 0 N/A

Chest pain 1 II 0 N/A

Atrial fibrillation 1 II 0 N/A

DVT/pulmonary embolism 1 II 0 N/A

Shortness of breath 1 I 0 N/A

Syncope 1 I 0 N/A

Seizure 1 II 0 N/A

AKI/acute renal failure 0 N/A 1 II

AKI indicates acute kidney injury; DVT, deep vein thrombosis.
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was no difference in complication rates between the groups.
Thus, it seems likely that both approaches are safe and effective.

There has been concern that irrigation may be a risk fac-
tor for UTIs and sepsis.10,13 However, a multivariate analysis
performed by Zhong et al demonstrated that neither use of
irrigation in the absence of a UAS nor irrigation by hand ver-
sus a pump was a risk factor for sepsis.10 This study did
demonstrate that high irrigation flow rate or volume did
increase the risk of sepsis following ureteroscopy. Our find-
ings indicate that the risk of UTI is comparable following
ureteroscopy with AP or HI.

Pain and urinary tract injury are also a concern, especially
if high pressures are used.13 Pain occurred at similar rates in
each group in this study (P¼ 0.498). There were no intra-
operative complications in either group. In the AP group,
one patient had a subcapsular hematoma but there were no
other urinary tract injuries. Irrigation, and especially irriga-
tion with high pressure, has been demonstrated to be a risk
factor for postureteroscopy hematoma formation.14 Despite
these concerns, it has not been demonstrated that the use of
UAS decreases the likelihood of a renal hematoma. Thus,
regardless of approach, it is essential to utilize the minimum
irrigation pressure necessary to visualize the urinary tract to
prevent urinary tract injuries.

Strengths of this study include the large sample size of
the AP group and the heterogeneity of the procedures in
both groups. Weaknesses include the small sample size of the
HI group and the lack of urinary tract pressure measure-
ments. In addition, there were some significant differences in
the two samples, including the fact that the AP group was
younger on average and the HI group had a higher preva-
lence of kidney stones and was more likely to receive a basket
extraction alone than the AP group. Further study is needed
to determine whether there are advantages to using either AP
or HI. In addition, studies should be performed to analyze
pressures found in the urinary tract when different methods
of applying external pressure during ureteroscopy are
employed and to correlate these pressures with outcomes to
further refine pressure application techniques.

In conclusion, when a UAS is not used during uretero-
scopy, the application of pressure with an automated system
appears to have some advantages over irrigation applied by
hand using a syringe. More study is necessary to confirm and
refine this finding.
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