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Sterile water injections for management of renal colic pain: a systematic review
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ABSTRACT
Background: Since the 1950s a small number of centres have used sterile water injections (SWI) to
treat renal colic pain. We undertook this review to determine the efficacy of SWI to manage the pain
of renal colic.
Methods: We searched the electronic databases PubMed, Cochrane Central Register, CINAHL, and
Scopus from database inception to 7 November 2021 for randomized controlled trials that met the
inclusion criteria.
Results: Six trials were included in the review (n¼ 894 patients). Two placebo controlled trials were
included in the meta-analysis. Other trials compared SWI to Diclofenac, Morphine, or oral Paracetamol.
The overall quality of the trial was low. Compared to a placebo SWI demonstrated a significant reduction
in self-reported pain at 30min (Mean difference [MD] ¼ �4.68, 95% Confidence Interval [CI] ¼ �5.21,
�4.15. p< 0.001, I2 ¼ 0%) and at or beyond 60min post-injection (MD ¼ �5.34 95% CI ¼ �5.85, �4.82,
p� 0.001, I2 ¼ 0%). Pain relief provided by SWI was significantly better than oral paracetamol and equiva-
lent to Diclofenac and Morphine. No significant side-effects were attributed to SWI use in any trials.
Discussion/conclusion: SWI could be a suitable alternative for management of renal colic pain where
alternatives such as non-steroidal anti-inflammatory and opioid drugs are either unavailable or contraindi-
cated. However, further research is required to establish the role of SWI in renal colic pain management.
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Introduction

Nephrolithiasis is the most common cause of acute renal
colic pain occurring in up to 12% of the population [1,2].
The typical presentation is severe flank to groin pain caused
by ureteric obstruction, stretching, and compression of the
renal capsule of the pelvis [3]. Migration of the stone causes
inflammatory cascade activation resulting in prostaglandin
release and ureteric spasm with stimulation of Aẟ and C
fibres. Referred pain results from somatovisceral convergence
in the spinal cord. Other symptoms such as tachycardia, nau-
sea and vomiting are also common [3]. As up to 90% of
stones will pass spontaneously, initial management focuses
on providing analgesia. Both non-steroidal anti-inflammatory
drugs (NSAIDs) and opioids are frequently used to manage
acute nephrolithiasis pain [4]. NSAIDs directly address the
prostaglandin mediated origins of the pain, are widely avail-
able and easy to administer. Recent reviews have suggested
that NSAIDs provide superior analgesia to opioids [5].
However, they are contraindicated in patients with a history
of renal failure or gastrointestinal bleeding [6]. Furthermore,
in pregnant women, NSAIDs may have adverse foetal effects
such as premature closure of the ductus arteriosus depend-
ing on gestation at administration [7]. Whilst opioids can
also provide pain relief with the advantage of titration to
degree of pain, they are associated with an increase in nau-
sea and vomiting [5].

A limited number of randomised controlled trials have
explored the use of injections of small volumes of sterile
water into the skin to manage renal colic pain. This method
has been cited in the literature as early as 1949 [8].
Techniques vary from four injections surrounding the area of
pain [9] to a single injection at the most painful trigger point
[10]. The procedure is increasingly used in childbirth to man-
age labour related back pain, which shares similar visceral
and referred pain mechanisms to nephrolithiasis. A large
randomised controlled trial of the use of sterile water injec-
tions (SWI) for labour back pain reported significant analgesia
for up to 90min compared with a saline placebo with no
side effects other than the injection discomfort [11]. Given
the broad availability of sterile water and the lack of contra-
indications to use, the procedure may offer a useful alterna-
tive or adjunct to current pain therapies. We conducted a
systematic review of randomised controlled trials of SWI
compared to placebo, NSAIDs and opioids to assess the evi-
dence for the use of SWI for renal colic pain.

Methods

A prospective protocol was prepared according to the pre-
ferred reporting items for systematic review and meta-ana-
lysis (PRISMA) guidelines [12] and registered with the
PROSPERO register of systematic reviews (CRD42021284882)
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although, due to COVID-19, this registration was not checked
for eligibility by the PROSPERO team.

Search strategy

A systematic search and retrieval of the literature was under-
taken on 7 November 2021 using the PubMed, Cochrane
Central Register of Controlled Trials, CINAHL and Scopus
databases to identify relevant studies. The terms for the
search were ‘renal’, ‘lithiasis’, ‘urolithiasis’, ‘nephrolithiasis’,
‘calculi’, ‘colic’, ‘stone’, uteric, ‘pain’, ‘analgesia’, ‘analgesic’,
‘water’, ‘injection’, ‘inject’, ‘administer’ and variations of these
terms (e.g. lithiasis�). Additional studies were identified by
screening reference lists and citations of articles of interest.
Papers originally published in a language other than English
were included where an English translation version was avail-
able. Each database was searched independently and results
uploaded into Covidence systematic review software (Veritas
Health Innovation, Melbourne, Australia. www.covidence.org)
and duplicates removed.

Inclusion and exclusion criteria

Studies were eligible for inclusion in the review if they were
randomised controlled trials (RCTs) that assessed the use of
SWI compared to a control group receiving either a placebo
or other pain relief medication for the management of renal
colic pain. Non-randomised studies, case reports, trial proto-
cols, conference abstracts, editorials and reviews were
excluded. Study selection was undertaken independently by
two reviewers (NL and LBM) and difference resolved
through discussion.

Data extraction and quality assessment

The full text of eligible studies were retrieved to extract
available data. Extracted data included author, year, country,
sample size, inclusion and exclusion criteria, intervention and
control, outcome measures and results (age range, gender
stone size, mean visual analogue pain scores pre- and post-
treatment and rescue analgesia). We approached study
authors for clarification and/or additional data as necessary.
The Cochrane Risk of Bias Tool included within Covidence
was applied to evaluate the methodological quality of
included studies. Assessment was based solely on informa-
tion published in the article. The Quality assessment was
undertaken independently by two reviewers with differences
resolved by consensus.

Data analysis

The outcomes for this review were reduction in self-reported
pain using a visual analogue scale (VAS) taken prior to treat-
ment and at 30 and �60min post-treatment, and the num-
ber of participants requiring rescue analgesia. The VAS is an
ungraded line anchored at either end by the phrases such as
‘no pain’ and ‘worst pain imaginable’. The VAS can be either
10 cm (score 0–10) or 100mm (score 0–100). All studies were

included in the narrative review based on the relevant con-
trol or comparison group. Where extracted data was suitable
for meta-analysis this was conducted under an intention-to-
treat protocol, with outcomes evaluated based on the treat-
ment allocation following the original randomisation process.
RevMan analytical software (Ver 5.3, The Nordic Cochrane
Centre, 13 June 2014) was used for statistical analysis.
Summarised mean difference (MD) was used to compare
continuous VAS data and risk ratio (RR) with 95% confidence
interval were used for dichotomous variables. A two-sided
p< .05 was considered to be statistically significant. The I2

test was used to assess for heterogeneity due to the limited
number of studies available with a random effects model
used if significant (I2 > 50%). Conversely, a fixed-effects
model was adopted if there was no evidence of significant
heterogeneity.

Results

Included studies

Six RCTs from four countries and involving 894 patients met
the inclusion criteria and were included in this review
[9,10,13–16] (Figure 1). The trials took place between 1981
and 2021. Four studies were published in English [10,13–15]
and one in Danish [9]. Five trials used SWI to treat acute epi-
sodes of renal colic pain [9,10,13–15] and one for ongoing
renal colic pain relief immediately prior to and during shock-
wave lithotripsy [16]. Two trials compared SWI to a normal
saline placebo [9,10], one trial compared SWI to both a nor-
mal saline placebo and Diclofenac (75mg intramuscular
injection) [13], one compared SWI to Diclofenac only [16],
one compared SWI administered with Morphine to Morphine
only (0.1mg/per kg intravenously) [14] and one trial com-
pared SWI to Paracetamol (1 gram orally) [15]. Five studies
recruited males and females [9,10,13,14], Inclusion in one
study was limited to pregnant women, though gestation was
not specified [15]. Confirmation of renal stone by radiological
imaging or ultrasound was an inclusion for all studies. Stone
size was reported in four studies, three as mean± SD)

Figure 1. PRISMA flow diagram.
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[10,15,16] and one as a range (<5mm, 5–10mm and
<10mm) [13]. In these studies there was no difference in
stone size between comparison groups (Table 1).

Risk of bias assessment

The overall quality of the six studies assessed was low, only
one study was rated as low risk of bias in all seven catego-
ries [13]. The randomisation process and blinding of partici-
pants, clinicians and outcome assessors was not fully
described in most studies. Two studies were described in the
text as double blind, though no process for how this was
achieved was detailed [10,14]. In one study blinding was not
possible due to the difference in medication administration
(parenteral versus oral) [15] (Figure 2).

SWI compared to placebo

Three studies compared SWI to a normal saline 0.9% placebo
[9,10,13]. Two trials consisted of two arms (SWI versus pla-
cebo) [9,10] and one study used three arms (SWI or
Diclofenac versus placebo) [13]. From the latter study we
extracted the SWI and saline placebo data for meta-analysis.
Both trials used a single injection of 0.5 mLs intracutaneously
[10,13]. In these two studies the single injection was given at
the most painful point, however it is not clear if this was a
point indicated by the patient or a palpated trigger point.
One trial used four intracutaneous injections of 0.1mL in a
rhombus bound by the L2, posterior superior iliac spines and
the iliac crest and 12th costal margin [9]. Two studies
reported pre- and post-treatment VAS pain scores [10,13].
The study by Bengtsson et al. [9] used a dichotomous scale
of Positive (participants reporting full or good effect for at
least 10min) and Negative (partial or no effect).

In the study by Ahmadnia and Youseni the pre-treatment
VAS scores were not significantly different (Mean± SD; SWI ¼
9.86 ± 0.4 versus placebo ¼ 9.96 ± 0.19, p¼ 0.12) [10].
However, in the trial by Moussa et al. [17] the authors
reported that the pre-treatment VAS scores for the three
groups were not statistically different although the cited
data (SWI ¼ 9.6 ± 0.61, Diclofenac ¼ 9.72 ± 0.64, Placebo ¼
9.20 ± 0.89, p¼ .006) suggests a statistical difference between
the control and both intervention groups. However, previous
studies have suggested that differences in VAS scores of less
than 1 cm may not be clinically relevant [18].

Post-injection VAS scores or two studies for SWI and pla-
cebo groups at 30min and �60min were included in the
meta-analysis [10,13]. The difference between SWI and pla-
cebo was significant at both 30min (–4.68 [–5.21 to �4.15],
p< .0001) and �60min (–5.34 [–5.85 to �4.82], p< .0001)
(Figure 3). In the study by Bengtsson et al. [9], 16 of the 18
patients in the SWI group (89%) reported a positive effect
compared to five of 14 in the control group (36%).

Two studies were included in the meta-analysis of rescue
analgesia [10,13]. Participants in the SWI group were signifi-
cantly less likely to use rescue analgesia compared to the
placebo group (RR ¼ 0.11, 95% CI ¼ 0.05� 0.23, p< 0.0001)

(Figure 4). The study by Bengtsson et al. [9] did not report
on rescue analgesia.

SWI compared to diclofenac

Two studies compared SWI to Diclofenac. In the three arm
RCT conducted by Moussa et al. [13] participants (n¼ 50)
received 75mg of Diclofenac intramuscularly compared to
the SWI group who were given a single 0.5mL injection
intracutaneously at the most painful point. The VAS in the
Diclofenac group reduced from 9.20 (±0.89) pretreatment to
1.88 (±1.19) 30min post-injection compared to the SWI
group of 9.6 (±0.61) to 1.98 (±1.41) pre- and post-treatment,
respectively. The difference between the two groups at
30min post-treatment was not statistically significant
(p¼ .702). At 60min the post-treatment VAS for Diclofenac
was 1.88 (±1.58) and for SWI it was 1.58 (±1.05), again the
difference between groups at this time point was not signifi-
cant (p¼ .266). Four participants in the SWI group (8%) and
seven in the Diclofenac group (14%) required rescue anal-
gesia (RR ¼ 0.57; 95% CI ¼ 0.17–1.83; p¼ 0.346).

The trial by Gul and Gul [16] compared a SWI of 2–3mL
intracutaneously (n¼ 216) to 75mg of Diclofenac intramus-
cularly (n¼ 308) for renal colic pain experienced prior to
shock-wave lithotripsy (SWL). No reason for the difference in
group sizes was provided in the manuscript though there
was no significant difference between groups in the baseline
variables. The VAS prior to injection was 6.4 (±2.9) in the SWI
group and 6.6 (±3.2) with Diclofenac. At 30min post-injection
and prior to SWL treatment the VAS were 1.8 (±1.1) SWI and
1.69 (±1.2) Diclofenac, the difference between groups was
not significant (p¼ 0.397) [16]. We did not review the differ-
ences in pain reported during the SWL as the origins and
quality of this pain may relate more to the treatment itself.
Three participants in the SWI group and four in the
Diclofenac group required rescue analgesia (p¼ 0.272)
though the timing of this in relation to the injections was
not reported [16].

SWI compared to morphine

Mozafari et al. [14] compared a single water injection of
0.5mL intracutaneously administered at the most painful
point (n¼ 49) with both 0.1mg/kg Morphine diluted with
0.5mL of sterile water administered intravenously and a sin-
gle SWI of 0.5mL intracutaneously (n¼ 49). No rationale for
the morphine/SWI combination was provided in the manu-
script. We were unable to contact the authors via email. The
VAS prior to treatment was 8.1 (±1.26) for the SWI and 9.46
(±1.0) for the morphine/SWI group. At 30min post-injection
the VAS scores were 2.97 (±1.51) SWI and 2.34 (±1.89) mor-
phine/SWI (p¼ 0.035). At 60min post-injection the differen-
ces were 1.89 (±1.7) SWI and 0.52 (±0.79) morphine/SWI
(p< 0.001). Rescue analgesia was not reported [14]. Side-
effects such as itching and nausea were more common in
the SWI group. It was not reported if the itching was local-
ized to the injection site or generalized. Nausea is commonly
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Figure 2. Risk of bias assessment.

Figure 3. Comparison of SWI versus placebo, VAS scores at 30 and � 60min after treatment.

Figure 4. Comparison of SWI versus placebo, rescue analgesia administered after treatment.
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reported with renal colic so it would not be certain that this
was specifically a reaction to the SWI.

SWI compared to paracetamol

A single SWI of 0.5mL administered at the most painful
point was compared to 1 g paracetamol orally in the RCT by
Xue et al. [15]. The study population consisted of pregnant
women (n¼ 21 SWI, n¼ 24 paracetamol). The VAS prior to
injection in the SWI group was 90.48 (±11.17) and 85.42
(±10.62) in the paracetamol group. Post-injection scores at
30min were 14.76 (±11.23) SWI and 45.42 (±12.5) paraceta-
mol (p< 0.000) and 10.48 (±8.65) SWI, 32.08 (±14.44) para-
cetamol at 60min (p< 0.000). One participant in the SWI
group (5%) and eight in the paracetamol group required res-
cue analgesia (RR ¼ 0.14; 95% CI ¼ 0.019� 1.05, p¼ 0.55).

Discussion/conclusion

The main finding of the systematic review and meta-analysis
is that SWI as an analgesic for renal colic pain was superior
to a normal saline placebo and oral paracetamol for over
60min after treatment. The pain relief experienced following
SWI was comparable to Diclofenac injection (75mg).
Compared to placebo and diclofenac, fewer participants in
the SWI required rescue analgesia. The evaluation of SWI to
morphine is less certain as the comparison group included
both SWI and morphine given in conjunction. A systematic
review and meta-analysis concluded that non-steroidal anti-
inflammatory drugs (NSAIDs) (predominantly diclofenac)
were equivalent to opioids and intravenous paracetamol in
analgesic effect with fewer side-effects such as vomiting and
less need for rescue analgesia [5]. While the volume of evi-
dence presented in our review is limited, it does suggest
that SWI can play a role in pain management in renal colic.

The analgesic effect of SWI is thought to be based on the
mechanisms of counter-irritation [19,20], the noxious stimula-
tion, tissue distension and increased osmotic pressure of SWI
triggers pain gate-control cells within the dorsal horn and
the stimulation of endorphins suppressing the transmission
from pain receptor neurons within the spinal cord [21,22].
This has led to it being described as using ‘referred stimula-
tion’ to relieve referred pain [23]. The effect of SWI suggests
a strong referred component of renal colic pain. A number
of theories have suggested for the phenomenon of referred
pain largely based on the concept of nociceptive dorsal horn
neurons receiving convergent inputs from various tissues
though many of these theories do not explain particular fea-
tures of referred pain such as the time delay between the
original stimulus and the perceived pain [24]. The quantum
tunneling of potassium ions and the time taken for the fre-
quency of action potentials referred to neurons to increase
to the point where pain is experienced has been theorised
to contribute to the time delay characteristic of referred pain
[25]. Interestingly, Di Maio [8] reported that injections of
‘twice distilled water’ given at painful trigger points provided
almost complete relief from renal colic pain; however, when
this was given for pain associated with congenital

hydronephrosis or chronic pyelonephritis the pain relief
lasted only a few minutes, suggesting a different pain path-
way in these conditions.

Most of the studies cited in this review used a single ster-
ile water injection ranging from 0.5mL [10,13–15] to 2–3mL
[16]. Only Bengtsson et al. [9] describe using four injections.
None of the studies provide a specific rationale for choice of
number of injections. Gul and Gul [26] state they used the
single injection technique described in a previous study. All
the studies exploring the best techniques for delivering SWI
consider low back pain experienced during childbirth. These
studies have compared both numbers of injections, location
in relation to area of pain and depth of injections (intracuta-
neous versus subcutaneous). The four injections are usually
positioned at points bordering the area of pain or specified
anatomical landmarks, whereas single injections are situated
over the most painful point, or trigger point, indicated by
the patient [27], as was the case in the trials in this review
that used a single injection. A trial comparing a single to a
four injection technique reported a significantly greater anal-
gesic effect from four injections with a longer duration, up
to 2 h, though the perceived injection pain was also greater
with four injections [28]. The number of injections appears to
have a greater influence over the degree of analgesia rather
than specific sites or volume of water administered [27].

While all of the studies in this review employed an intra-
cutaneous injection, the anatomical depth of the injection,
i.e., intracutaneous or subcutaneous, is a technique consider-
ation in mitigating the injection pain, a known deterrent to
repeated use [27]. Trials comparing intracutaneous to subcu-
taenous suggest no difference in resulting pain relief. A
reduction in perceived pain with subcutaneous injection was
noted in non-clinical participants [29], however this could
not be confirmed in clinical practice [30]. This may have
been due to the competing labour pain or the concurrent
use of other analgesics such as nitrous oxide inhalation at
the time the injections were given. A recent study reported
reduced water injection pain following prior application of
topical anesthetic cream [31], however the use of such
agents has not been tested in clinical practice trials. Similarly,
it is not known if reducing the degree of noxious stimulus
will impact on the resulting analgesia. The current weight of
evidence suggests that four injections, either intracutane-
ously or subcutaneously, provided by two clinicians simultan-
eously, is the technique most likely to produce an effective
and sustained period of analgesia [27].

The broad availability of sterile water, lack of side-effects
other than the injection pain, and the simplicity of adminis-
tration would offer some distinct advantages in certain clin-
ical scenarios. NSAIDs may be contraindicated in pregnant
women and patients with a history of chronic renal disease.
Rural and remote areas of Australia often have poor access
to kidney disease management services and a potentially
higher rate of nephrolithiasis due to the drier climate [32,33].
Remote Australian Indigenous populations have a higher
incidence of chronic renal disease and failure [32]. Renal colic
pain is also one of the most common urological medical
events on commercial airlines, with Paracetamol often the
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only available analgesic [34]. A review of the management of
renal colic in low resource conditions advises that onsite
conservative surveillance is reasonable in the presence of
safe and effective pain relief [35]. Intracutaneous or subcuta-
neous injections of sterile water require a low level of train-
ing and skill with no risk of overdosage or adverse systemic
reaction, making it an ideal first line procedure where alter-
natives are either unavailable or contraindicated.

This review has a number of limitations. Overall, the num-
ber of available trials was small and the majority had a high
or unclear risk of bias particularly in relation to blinding of
participants and clinicians. This could contribute to a treat-
ment bias and inaccurate reporting. Varying techniques con-
tribute to the overall heterogeneity of the included studies.
Therefore, the results of the review should be viewed with
some caution.

Conclusions

This review suggests that SWI provides better analgesia than
no treatment (placebo) and comparable pain relief to
Diclofenac and morphine with a considerably lower potential
for contraindications and side-effects. However, the current
supporting evidence is small with a number of methodo-
logical inconsistences. Further trials are needed to explore
the analgesic potential of SWI across populations and clinical
settings. The use of topical agents to mitigate the injection
pain and subsequent effect of quality of pain relief are also
areas for future research.
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