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Abstract

Context: Renal colic is a common, acute presentation of urolithiasis that requires immediate pain
relief. European Association of Urology guidelines recommend nonsteroidal anti-inflammatory drugs
(NSAIDs) as the preferred analgesia. However, the fear of NSAID adverse effects and the uncertainty
about superior analgesic effect have maintained the practice of advocating intravenous opioids as the
initial analgesia.
Objective: The objective of this systematic review and meta-analysis was to compare the safety and
efficacy of NSAIDs with opioids and paracetamol (acetaminophen) for the management of acute renal
colic.
Evidence acquisition: Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE, World
Health Organization International Clinical Trials Registry Platform, Google Scholar, and the reference
list of retrieved articles were searched up to December 2016 without language restrictions. Two
reviewers independently assessed eligible studies using the Cochrane Collaboration tool for asses-
sing and reporting the risk of bias and abstracted data using predefined data fields.
Evidence synthesis: From 468 potentially relevant studies, 36 randomized controlled trials (RCTs)
including 4887 patients, published between 1982 and 2016, were included in this systematic review.
The treatment effect observed indicated marginal benefit of NSAIDs over opioids in initial pain
reduction at 30 min (11 RCTs, n = 1985, mean difference [MD] -5.58, 95% confidence interval [CI]
-10.22 to -0.95; heterogeneity I° = 81%). In the subgroup analyses by the route of administration,
NSAIDs required fewer rescue treatments (seven RCTs, n = 541, number needed to treat [NNT] 11, 95%
CI 6-75) and had lower vomiting rates compared with opioids (five RCTs, n = 531, NNT 5, 95% CI 4-8).
Comparisons of NSAIDs with paracetamol showed no difference for both drugs at 30 min (four RCTs,
n=1325, MD -5.67, 95% CI -17.52 to 6.18, p = 0.35; I? = 89%). Patients treated with NSAIDs required
fewer rescue treatments (two trials, n = 1145, risk ratio 0.56, 95% CI 0.42-0.74, p < 0.001; P = 0%).
Conclusions: NSAIDs were equivalent to opioids or paracetamol in the relief of acute renal colic pain
at 30 min. There was less vomiting and fewer requirements for rescue analgesia with NSAIDs
compared with opioids. Patients treated with NSAIDs required less rescue analgesia compared with
paracetamol. Despite observed heterogeneity among the included studies and the overall quality of
evidence, the findings of a lower need for rescue analgesia and fewer adverse events, in conjunction
with the practical advantages of ease of delivery, suggest that NSAIDs should be the preferred
analgesic option for patients presenting to the emergency department with renal colic.
Patient summary: In kidney stone-related acute pain episodes in patients with adequate renal
function, treatment with nonsteroidal anti-inflammatory drugs offers effective and most sustained
pain relief, with fewer side effects, when compared with opioids or paracetamol.
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1. Introduction

Renal colic is a common abdominal complaint with millions
of emergency department visits worldwide due to excruci-
ating pain. The reported prevalence of kidney stone varies
widely from 0.1% to 18.5% [1], with a recurrence of stone in
about 50% of cases over 5-10 yr.

Acute pain management is the main expectation of
patients in severe pain from renal colic. The most
important factors deciding the choice of initial analgesia
include the safety, efficacy, cost, and availability of a drug,
in addition to patient and clinician preferences [2]. Non-
steroidal anti-inflammatory drugs (NSAIDs) have been
recommended as the first-line analgesic [3-6] based on
the mechanism of action of prostaglandin synthesis
inhibition and supported by the evidence of effectiveness
[7]. However, NSAID use as the first-line analgesic in
clinical practice has repeatedly been challenged, and many
clinicians continue to prefer opioid treatment [8,9]. The
practice of using opioids as the preferred analgesic in renal
colic is advocated based on the advantage of titrating the
dose according to pain severity and lack of adverse events
such as renal failure and gastrointestinal (GI) bleeding
reported with NSAID treatment [8]. Following the last
Cochrane review [7] concluding that NSAID treatment
achieved higher pain reductions with a superior adverse
effect profile compared with opioids, some randomized
controlled trials (RCTs) with contrary evidence have been
published [10-12]. In addition, alternative analgesics
including paracetamol have been studied. Paracetamol
(acetaminophen) has been reported to provide equal
[13,14] or better [15,16] analgesia than opioids for the
treatment of renal colic.

The uncertainty evident in current clinical practice
requires an assessment review of the efficacy and safety
of analgesics commonly used in renal colic. Therefore, we
aimed to compare the efficacy and safety of NSAIDs against
opioids or paracetamol for the management of acute renal
colic.

2. Evidence acquisition

The protocol for this systematic review was registered on
PROSPERO (CRD42016047559), and the detailed methodol-
ogy was published [17] following the Preferred Reporting
Items for Systematic Reviews and Meta-analysis recom-
mendations for reporting of protocols (PRISMA-P).

2.1. Literature search

Previously published Cochrane Collaboration systematic
reviews [7,18] served as the foundation for our search
methodology. The new search strategy was developed and
published online along with the protocol [17]. MEDLINE,
EMBASE, Cochrane Renal Group, and Cochrane database
for systematic reviews and controlled trials were searched
up to December 18, 2016, without language restrictions,
to identify relevant literature. To search for unpublished
or ongoing studies, the World Health Organization Inter-

national Clinical Trials Registry Platform was searched
through February 2017. Finally, a Google Scholar search and
hand search of the reference list of retrieved articles were
performed to identify missing trials or reports not
published in the mainstream literature.

2.2. Inclusion and exclusion criteria

We performed an electronic literature search in identified
databases separately. EndNote X7 reference manager was
then used to combine the results and remove duplications.
Two reviewers (S.A.P. and B.M.) independently screened the
titles, abstracts, and full-text articles to identify potentially
eligible studies (Fig. 1). The inclusion criteria were defined
prior to the search as all RCTs, published in any language,
compared NSAIDs with opioids or NSAIDs with paraceta-
mol, in any dose and by any route, used as analgesia in acute
renal colic. We translated non-English, full-text articles
with the use of professional translators. The summary
information for the included studies and reasoning for the
excluded articles are presented in the Supplementary
material.

2.3. Data extraction

Two reviewers (S.A.P. and B.M.) independently reviewed
manuscripts and abstracted data using predefined data
fields. We extracted data on research information (set-
tings, study design, outcome measuring scale, and fund-
ing), characteristics of participants (age, sex, eligibility
criteria, and stone confirmation method), intervention
details (drug type, dose, and route of administration), and
outcomes reported. The outcomes studied in this review
were as follows: (1) 30-min pain variance based on
patient-reported pain score using a visual analog scale
(VAS 0-100 mm, VAS 10 cm) or numerical rating scale
(NRS-11); (2) proportion of patients with complete pain
relief at 30 min; (3) proportion of patients with >50%
reduction in pain at 30 min; (4) acute adverse events such
as vomiting, allergic rash, dizziness, hypotension, and
respiratory problems; (5) treatment-associated vomiting
rates; and (6) serious adverse events such as anaphylaxis,
need for dialysis, GI bleeding, or intramuscular complica-
tions at the injection site. Long-term side effects such as
cardiotoxic effects or drug dependence were not studied,
as they were not considered to be relevant to single-dose
initial therapy.

24. Assessment of risk of bias

After a calibrating exercise using the Cochrane Collabora-
tion tool for assessing and reporting the risk of bias, two
reviewers assessed each study independently. Reporting
was solely based on the information published in the article
and when the information reported was insufficient to
make any clear judgment, the risk was reported as
“unclear.” Any discrepancies during the process of screen-
ing, identifying eligible articles, or risk assessments were
discussed and resolved by reaching a consensus between
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Fig. 1 - Study flow diagram. NSAID = nonsteroidal anti-inflammatory drug; WHO = World Health Organization.

the reviewers before the final reporting and analyses
(Supplementary material).

2.5. Data synthesis and primary analysis

The VAS or NRS are unidimensional, 10-cm-length scales,
which are anchored by “no pain” (score of 0) and “pain as
bad as it could be” or “worst imaginable pain” (score of
100 in VAS 100 mm, score of 10 in VAS 10 cm, or score of
10 in NRS-11 points) [19,20]. For pain variance, based on the
previous literature and expert opinions, we pooled data
from studies reporting VAS 100 mm, VAS 10 cm, and NRS-11
by converting it to a “0-100-pain measure” using an
appropriate multiplier. We also analyzed pain variance by
reported VAS 100 mm and by NRS-11 or VAS-10 indepen-
dently (Supplementary material).

We performed all comparison analyses based on the
random-effects model using RevMan 5.3 meta-analytic
software (The Nordic Cochrane Centre, Copenhagen,
Denmark). To assess the statistical significance of pooled
results, two-tailed statistical test and probability of type I
error of 0.05 was set. Continuous outcomes were anal-
yzed using inverse variance method, and observed
treatment effect was reported as mean difference (MD)

with 95% confidence intervals (CIs). Categorical outcomes
were analyzed using Mantel-Haenszel method, and ob-
served effect size was reported as risk ratios (RRs) with
95% CIL.

To assess heterogeneity among the studies included in a
pooled analysis, a p value of <0.1 was set, and 7> was
calculated to represent variance between studies included
in a pooled analysis (Table 1). Higgins I statistics was used
to quantify the percentage of variance due to heterogeneity
rather than due to chance [21]. For all unidirectional pooled
results, if significant heterogeneity (p < 0.1 or I > 50%) was
encountered, we recalculated a 95% “prediction interval”
(95% PI) to assess certainty of the observed effect in relation
to the true effect [22,23].

We also performed subgroup analyses based on an a
priori decision to explore the possible sources of heteroge-
neity. Publication bias was examined visually by funnel plot
inspection for any asymmetry around the pooled effect and
formally by Egger’s test to detect statistical significance. All
forest plots and the funnel plots are illustrated in the
Supplementary material. Finally, we reported the quality of
evidence for each outcome according to the Grading of
Recommendation Assessment, Development, and Evalua-
tion (GRADE) methodology.



Table 1 - Effect estimates, heterogeneity, 95% confidence intervals, and prediction intervals

Ref. Comparison by the outcome Studies Participants Summary p value 95% CI for e p value 7 95%
no. or subgroup analysis included included estimate (for pooled observed effect (heterogeneity— statistics prediction
estimate) Higgins 2003) (%) interval

Nonsteroidal anti-inflammatory drugs compared with opioids

11 Pain variance ° 11 1985 MD ¢ 0.02 —5.58 (—10.22, —0.95) 44.07 <0.001 81 —5.21 (—18.49, 8.07)

12 Pain variance by study quality 11 1985 MD 0.06 —4.94 (-10.17, 0.30) 56.15 <0.001 82 —4.78 (—-19.77,10.21)

13 Pain variance by variance estimate 11 1985 MD 0.02 —5.58 (-10.22, —0.95) 44.07 <0.001 81 —5.21 (-18.49, 8.07)

14 Pain variance by reported VAS 100 mm 6 426 MD 0.08 —7.89 (-16.76, 0.98) 99.53 <0.001 86 —7.94 (-27.89,12.01)

1.5 Pain variance by reported NRS-11 or VAS 5 1559 MD 0.16 —0.39 (—0.93, 0.16) 0.26 0.002 76 —0.39 (—1.41, 0.63)
10 cm

1.6 Pain variance by NSAID type 11 1985 MD 0.02 —5.58 (-10.22, —0.95) 44.07 <0.001 81 —5.21 (—-18.49, 8.07)

1.7 Pain variance by opioid quality 11 1985 MD 0.02 —5.58 (—10.22, —0.95) 44.07 <0.001 81 —5.21 (—18.49, 8.07)

1.8 Pain variance by route 8 759 MD 0.01 —7.64 (—13.74, —1.54) 59.76 <0.001 82 —7.72 (-23.18, 7.74)

21 Failure of complete relief 13 943 RR ¢ 0.57 0.96 (0.82, 1.11) 0.02 0.03 49 0.96 (0.72, 1.27)

2.2 Failure of complete relief by study quality 13 943 RR 0.57 0.96 (0.82, 1.11) 0.02 0.03 49 0.96 (0.72, 1.27)

2.3 Failure of complete relief by NSAID type 13 943 RR 0.57 0.96 (0.82, 1.11) 0.02 0.03 49 0.96 (0.72, 1.27)

24 Failure of complete relief by opioid type 12 875 RR 0.44 0.93 (0.77,1.12) 0.04 0.02 49 0.93 (0.62, 1.38)

25 Failure of complete relief by route 9 664 RR 0.63 0.97 (0.85, 1.11) 0.01 0.15 34 -

2.6 Failure to achieve >50% reduction in initial 4 1805 RR 0.26 0.76 (047, 1.22) 0.19 <0.001 82 0.76 (0.31, 1.81)
pain

3.1 Need for rescue analgesia 17 2391 RR 0.01 0.73 (0.57, 0.94) 0.1 0.009 52 0.73 (0.38, 1.37)

3.2 Need for rescue analgesia by study quality 17 2391 RR 0.01 0.73 (0.57, 0.94) 0.1 0.009 52 0.73 (0.38, 1.37)

33 Need for rescue analgesia by NSAID type 17 2391 RR 0.01 0.73 (0.57, 0.94) 0.1 0.009 52 0.73 (0.38, 1.37)

34 Need for rescue analgesia by opioid type 17 2409 RR 0.007 0.73 (0.58, 0.92) 0.09 0.01 49 0.73 (0.4, 1.33)

3.5 Need for rescue analgesia by route 11 1000 RR 0.002 0.75 (0.63, 0.90) 0 0.97 0 -

41 Adverse events 23 2703 RR <0.001 0.53 (0.40, 0.69) 0.19 <0.001 59 0.53 (0.22, 1.26)

42 Adverse events by study quality 23 2703 RR <0.001 0.53 (0.40, 0.69) 0.19 <0.001 59 0.53 (0.22, 1.26)

43 Adverse events by NSAID type 23 2703 RR <0.001 0.53 (0.40, 0.69) 0.19 <0.001 59 0.53 (0.22, 1.26)

4.4 Adverse events by opioid type 23 2721 RR <0.001 0.55 (0.42, 0.71) 0.19 <0.001 60 0.55 (0.23, 1.31)

4.5 Adverse events by route 16 1201 RR <0.001 0.56 (0.42, 0.74) 0.15 0.001 60 0.56 (0.25, 1.21)

4.6 Vomiting as adverse event 14 2300 RR 0.009 0.41 (0.24, 0.70) 0.4 0.009 54 0.41 (0.11, 1.45)

4.7 Vomiting as adverse event by opioid type 14 2300 RR 0.001 0.41 (0.24, 0.70) 0.4 0.009 54 0.41 (0.11, 1.45)

4.8 Vomiting as adverse event by route 8 793 RR <0.001 0.31 (0.20, 0.49) 0 0.8 0 -
Nonsteroidal anti-inflammatory drugs compared with paracetamol

5.1 Pain variance 4 1325 MD 0.35 —5.67 (—17.52, 6.18) 125.38 <0.001 89 —5.67 (—28.06, 16.72)

5.2 Need for rescue analgesia 2 1145 RR <0.001 0.56 (0.42, 0.74) 0.47 0.49 0 -

5.3 Adverse events 4 1325 RR 0.82 1.10 (0.47, 2.58) 0.61 0.92 0 -

54 Vomiting as adverse event 2 1195 RR 0.36 0.54 (0.15, 2.00) 0.11 0.74 0 -

CI = confidence interval; MD = mean difference; NRS-11 = numerical rating scale; NSAID = nonsteroidal anti-inflammatory drug; Ref. = reference; RR = risk ratio.

Pain variance, failure to complete pain relief, or >50% pain relief was reported for 30 min pain reassessment.
2 For the RR, 72 is reported in log units.

b Pain variance denotes pain scores converted to 0-100-pain measure.

€ MD denotes mean difference (inverse variance method, random effects method, 95% CI).

4 RR denotes risk ratio (Mantel-Haenszel method, random effects method, 95% CI).
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Table 2 - Baseline characteristics of the included studies

Study, author, year Groups Trial size Outcome Note
(Country) included
Comparison 1: NSAIDs with opioids
Al-Sahlawi et al e Group 1: indomethacin 100 mg 100 e Complete pain relief at 30 min Group 3 excluded from the
(1996) [24] (Kuwait) IV; 50 (34) e Need for rescue analgesia analysis because of the drug type
e Group 2: pethidine 100 mg IV; e Adverse events (lysine acetylsalicylate)
50 (37)
e Group 3: lysine acetylsalicylate
1.8 g IV; 50 (31)
Arnau et al (1991) e Group 1: diclofenac 75 mg IM; 116 234 e Pain score (VAS 10 cm) at 30 min Groups 3 and 4 excluded from
[25] (63) e Need for rescue analgesia the analysis because of the drug
(Spain) e Group 2: pethidine 100 mg IM; e Adverse events type (dipyrone)
118 (61)
e Group 3: dipyrone 1 g IM;
116 (67)
e Group 4: dipyrone 2 g IM;
101 (57)
Ay et al (2014) [26] e Group 1: dexketoprofen 52 e Pain score (NRS-11) at 30 min
(Turkey) trometamol 50 mg IV; 26 e Need for rescue analgesia
e Group 2: meperidine HCl 100 mg o Adverse events
IV; 26
Cordell et al (1994) e Group 1: indomethacin 100 mg 51 o Adverse events
[27] PR; 31 (18)
(USA) e Group 2: morphine 5-10 mg IV;
20 (18)
Cordell et al (1996) e Group 1: meperidine 50 mg IV; 35 71 e Pain score (VAS 100 mm) at Group 3 was combination
[28] (28) 30 min Analgesia, therefore not included
(USA) e Group 2: ketorolac 60 mg IV; e 50% reduction in initial pain at in the analysis
36 (30) 30 min
e Group 3: combination therapy e Need for rescue analgesia
(both); 35 (25) e Adverse events
Curry and Kelly e Group 1: tenoxicam 40 mg IV; 17 41 e Pain score (VAS 100 mm) at
(1995) [10] e Group 2: pethidine 75 mg IV; 24 30 min
(New Zealand) e Need for rescue analgesia
o Adverse events
Daljord et al (1983) e Group 1: pethidine 75 mg IV; 16 67 e Complete pain relief at 30 min Groups 1, 2 and 3 were combined
[29] e Group 2: fortalin 30 mg IV; 16 e Need for rescue analgesia as opioid; however, Pethidine
(Norway) e Group 3: temgesic 0.3 mg IV; 17 e Adverse events data are separately included in
e Group 4: indomethacin 50 mg 1V; opioid subtype analysis
18
Gonzalez et al (1990) e Group 1: diclofenac 75 mg IM; 20 40 o Adverse events
[30] e Group 2: buprenorphine 0.3 mg
(Spain) IM; 20
Hetherington and e Group 1: diclofenac 75 mg IM; 30 58 e Need for rescue analgesia
Philp (1986) [32] e Group 2: pethidine 100 mg IM; 28 o Adverse events
(UK)
Hosseini et al (2015) e Group 1: diclofenac 100 mg PR; 541 e 50% reduction in initial pain at
[33] (Iran) 266 30 min
e Group 2: pethidine 50 mg IM; 275
Indudhara et al e Group 1: diclofenac 150 mg PO; 33 33 o Adverse events Third group not included in the
(1990) [34] e Group 2: pethidine 50 mg IM; 31 analysis because of drug type
(India) e Group 3: Baralgan 2 tablets PO; 30 (Baralgan)
Jonsson et al (1987) e Group 1: 5 mg oxyconchloride 47 e Adverse events
[35] +50 mg papaverine IV; 26 (24)
(Sweden) e Group 2: 50 mg indomethacin 1V;
35 (30)
Khalifa and Sharkawi e Group 1: diclofenac 50 mg IM; 91 e Complete pain relief at 30 min
(1986) [37] 50 (46) e Adverse events
(Kuwait) e Group 2: (pethidine 50-100 mg
and 20 mg hyoscine butyl bromide)
IV; 41 (36)
Larkin et al (1999) e Group 1: ketorolac 60 mg IM; 70 e Need for rescue analgesia
[38] (USA) 33(26) e Adverse events
e Group 2: pethidine 100-150 mg
IM; 37 (27)
Lehtonen et al (1983) e Group 1: indomethacin 50 mg 1V; 124 e Complete pain relief at 30 min Third group not included in the
(Finland) 93 (69) e Need for rescue analgesia analysis because of drug type

e Group 2: pethidine 50 mg IV;
31(26)
e Group 3: metamizol 2.5 g IV;
45 (33)

o Adverse events

(metamizol)
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Table 2 (Continued )

Study, author, year Groups Trial size Outcome Note
(Country) included
Lund et al (1986) [40] e Group 1: indomethacin 50 mg IV; 32 e Complete pain relief at 30 min
(Denmark) 21 e Adverse events
e Group 2: pethidine 75 mg IV; 11
Lundstam et al e Group 1: diclofenac 50 mg IM; 66 o Adverse events
(1982) [41] 34 (25)
(Sweden) e Group 2: spasmofen 1 ml IM;
32 (25)
Marthak et al (1991) e Group 1: diclofenac 75 mg IM; 25 50 e Pain score (VAS 100 mm) at
[11] (India) 17) 30 min
e Group 2: pethidine 75 mg IM; e Complete pain relief at 30 min
25 (20) e Adverse events
Oosterlinck et al e Group 1: Ketorolac 10 mg IM; 125 e Pain score (VAS 100 mm) at For VAS score analysis, group
(1990) [44] 45 (32) 30 min 2 was chosen as NSAID
(UK) e Group 2: ketorolac 90 mg IM; e Complete pain relief at 30 min representative
37 (29) e Adverse events
e Group 3: pethidine 100 mg IM;
39 (29)
Pathan et al (2016) e Group 1: diclofenac 75 mg IM; 1096 e Pain score (NRS-11) at 30 min Data for Group 2 (paracetamol)
[58] 547 (460) e 50% reduction in initial pain at not included in the comparison 1
(Qatar) e Group 2: acetaminophen 1 g IV; 30 min
548 (446) e Need for rescue analgesia
e Group 3: morphine 0.1 mg/kg IV e Adverse events
(based on measured weight);
549 (456)
Persson et al (1985) e Group 1: indoprofen 400 mg IV; 94 e Adverse events
[45] 48 (35)
(Sweden) e Group 2: (oxicone 10 mg
+ papaverine 20 mg) IM; 46 (35)
Quilez et al (1984) e Group 1: diclofenac 75 mg IM; 38 e Complete pain relief at 30 min
[46] 24 (14)
(Spain) e Group 2: pentazoxine 30 mg IM;
14 (8)
e Group 3: hyoscine N-Butyl
Bromide 20 mg IM; 23 (14)
Safdar et al (2006) e Group 1: morphine 5 mg IV; 86 e Need for rescue analgesia Group 3 was combination
[47] (USA) 43 (29) e Adverse events analgesia, therefore not included
e Group 2: ketorolac 15 mg IV; in the analysis
43 (29)
e Group 3: combined IV; 44 (30)
(the dose was repeated at 20 min in
each arm if need)
Salameh et al (2011) e Group 1: diclofenac 75 mg IM; 97 e Pain score (VAS 10 cm) at 30 min
[48] 48 (38) e Need for rescue analgesia
(Israel) e Group 2: tramadol 100 mg IM;
49 (35)
Sandhu et al (1994) e Group 1: ketorolac 30 mg IM; 154 o Adverse events
[49] (UK) 76 (59)
e Group 2: pethidine 100 mg IM;
78 (58)
Shirazi et al (2015) e Group 1: tramadol 50 mg IM; 80 e Pain score (VAS 10 cm) at 30 min Third group not included in the
[12] (Iran) 40 (23) e Complete pain relief at 30 min analysis because of drug type
e Group 2: indomethacin 100 mg e Need for rescue analgesia (desmopressin)
PR; 40 (22)
e Group 3: desmopressin 40 pg IN;
40 (25)
Snir et al (2008) [50] e Group 1: diclofenac 75 mg IM; 59 e Need for rescue analgesia Group 3 was combination
(Israel) 30 (26) e Adverse events Analgesia, therefore not included
e Group 2: papaverine 120 mg IV; in the analysis
29 (22)
e Group 3: combined analgesia;
27 (20)
Sommer et al (1989) e Group 1: diclofenac 75 mg IM; 56 e Complete pain relief at 30 min
[51] (Denmark) 27 (17) e Adverse events
e Group 2: ketogan (containing
7.5 mg ketobemidone HCI) 3 ml IM;
29 (22)
Thompson et al e Group 1: pethidine 100 mg 58 e Complete pain relief at 30 min

(1989) [52] (UK)

+ prochlorperazine 12.5 mg
injections (?1V ? IM); 29
e Group 2: diclofenac 100 mg PR; 29

e Need for rescue analgesia
o Adverse events



EUROPEAN UROLOGY 73 (2018) 583-595 589

Table 2 (Continued )

Study, author, year
(Country)

Groups

Trial size
included

Outcome Note

Torralba et al (1999) e Group 1: ketorolac 30 mg IM; 24 48

[43] (Spain) e Group 2: tramadol 1 mg/kg SC; 24

Uden et al (1983) e Group 1: indomethacin 50 mg IV; 50
[53] 25 (20)

(Sweden) e Group 2: hydromorphine

chloride-atropine 1 ml SC
+ prochlorperazine 25 mg PR;

25 (22)
Wood et al (2000) e Group 1: ketorolac 30 mg IM; 142
[54] 65 (57)

(Canada) e Group2-50 mg of meperidine with

50 mg of dimenhydrinate; 77 (68)

Zamanian et al (2016) e Group 1: morphine 10 mg PR; 158
[55] (Iran) 79 (50)

e Group 2: indomethacin 100 mg

PR; 79 (52)
Comparison 2: NSAIDs with paracetamol
Grissa et al (2011) e Group 1: paracetamol 1 g IV; 100
[31] 50 (20)
(Tunisia) e Group 2: piroxicam 20 mg IM;

50 (21)
Kaynar et al (2015) e Group 1: diclofenac 75 mg IM; 80
[36] 40 (26)
(Turkey) e Group 2: acetaminophen 1 g IV;

40 (22)

e Group 3: acupuncture; 41 (28)
Narci et al (2012) [42] e Group 1: diclofenac 75 mg IM; 50
(Turkey) 25 (13)

e Group 2: acetaminophen 1 g PO;

25 (14)

e Group 3: combined analgesia;

25 (15)
Pathan et al (2016) e Group 1: diclofenac 75 mg IM; 1095
[16] 547 (460)
(Qatar) e Group 2: acetaminophen 1 g IV;

548 (446)

e Group 3: morphine 0.1 mg/kg IV
(based on measured weight);
549 (456)

e Need for rescue analgesia

o Adverse events

e Pain score (VAS 100 mm) at
30 min

e Complete pain relief at 30 min
e Need for rescue analgesia

o Adverse events

e Pain score (VAS 100 mm) at
30 min

e Pain score (NRS-11) at 30 min
o Adverse events

e Pain score (VAS 100 mm) at
30 min
o Adverse events

e Pain score (VAS 10 cm) at 30 min
o Adverse events

Group 3 excluded from analysis
given the nature of treatment
(acupuncture)

e Pain score (VAS 100 mm) at
30 min

e Need for rescue analgesia

o Adverse events

Group 3 was combination
analgesia, therefore, not included
in the analysis

e Pain score (NRS-11) at 30 min
e 50% reduction in initial pain at
30 min

e Need for rescue analgesia

o Adverse events

Data for Group 3 (morphine) not
included in the comparison 2

IM = intramuscular; IV = intravenous; NRS-11 = numerical rating scale; NSAID = nonsteroidal anti-inflammatory drug; SC = subcutaneous; VAS = visual analog

scale.

3. Evidence synthesis
3.1. Quantity of evidence identified

Atotal of 36 RCTs [10-12,16,24-55] (including 4887 patients),
published from 16 countries between 1982 and 2016, were
included in this systematic review (Fig. 1). Five articles were
published in non-English literature (three in Spanish
[30,43,46], one in Norwegian [29], and one in Danish
[40]). Of the included studies, 32 trials compared NSAIDs
with opioids, three trials compared NSAIDs with paraceta-
mol, and one trial included all three treatments. Only three
RCTs [16,25,33] had >100 participants per treatment arm
(Table 2). Five RCTs [29,31,43,46,52] were open-label trials,
and industry sponsorship was declared in nine RCTs
[10,25,28,32,39,40,49,53,54].

3.2. Characteristics of the included studies

Three trials were crossover studies [27,35,43], and only data
from the pre-crossover period were included in data

synthesis. Most trials conducted pain reassessment at
30 min, and rescue analgesia if needed was initiated after
30 min. In five RCTs [35,38,47,50,55], pain reassessment was
carried out at 20 and 40 min without any reassessment at
30 min, and the rescue analgesia was initiated as early as
20 min [38,55]. Therefore, mean pain scores at 20 or 40 min
from these studies were not included in the pooled analysis.
In 17 out of 36 RCTs, for the primary outcome analysis,
patients were excluded after the randomization mostly
because of failure to confirm the presence of stone.
However, the confirmation techniques used in the trials
varied significantly from clinical examination alone to
computed tomography scan examination.

3.3. Risk of bias assessment of the included studies

Selection bias was judged to be unclear for most of the studies
included in this systematic review. The risk was assessed to
be low in 13 studies for both performance and detection bias.
Of the remaining studies included, all were found to have a
high risk of detection or reporting bias (Fig. 2).
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Al-Sahlawi (1996),

Arnau (1991)

Ay MO (2014)
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Curry (1995)

Daljord (1983)

Gonzalez (1990)

Grissa (2011)

Hetherington (1986)

Hosseini (2015)

Indudhara (1990),

Jonsson (1987)|

Kaynar (2015)

Khalifa (1986),

Larkin (1999)

Lehtonen (1983)

Lund (1986)

Lundstam (1982)

Marthak (1991)

Narci (2012)

Oosterlinck (1990)

Pathan (2016)

Persson (1985)

Quilez (1984)

Safdar (2006)

Salameh (2011)
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Fig. 2 - Risk of bias summary.

34. Pain variance at 30 min

Eleven RCTs [10-12,16,25,26,28,44,48,53,54] (including
1985 patients) compared NSAIDs with opioids using 30-
min pain variance. After converting patient-reported pain
scores into 0-100-pain measure, the treatment effect
observed indicated marginal benefit of NSAID treatment
over opioids (MD -5.58, 95% CI -10.22 to -0.95, p = 0.01);
however, significant heterogeneity was observed across the
pooled studies (p <0.001, I?=81%). Subgroup analyses
performed by reported VAS 100 mm, NRS-11, or VAS
10 cm; study quality; variance estimate; NSAID type; opioid
type; and the route of administration did not identify the
source of this heterogeneity (Table 1). The prediction
interval for 30-min pain variance showed no difference
between NSAID and opioid treatments (MD -5.58, 95% PI
-18.49 to 9.07).

3.5. Complete and >50% pain relief at 30 min

Thirteen trials[11,12,24,29,37,39,40,44,46,47,51-53] (in-
cluding 943 patients) compared NSAIDs with opioids, and
reported complete pain relief at 30 min or next earliest after
the initial treatment. The pooled effect size demonstrated
no difference between NSAID treatment and opioids (RR
0.96, 95% CI 0.82-1.11, p=0.57; P =49%). Four studies
[16,28,33,48] (n=1805) comparing NSAIDs with opioids
reported the proportion of patients achieving >50%
reduction in each treatment arms. The pooled results
showed no difference of NSAIDs over opioids for this
outcome measure (RR 0.76, 95% CI 0.47-1.22, p =0.26;
P =82%).

3.6. Need for rescue analgesia

A total of 17 trials [10,12,16,24-26,28,29,32,38,39,43,
47,48,50,52,53] compared NSAIDs with opioids (including
2391 patients) and reported rescue analgesia treatment
rates. The criteria to use rescue treatment, drug details (type,
dose, and route), and the time for recording observation
varied significantly among the studies included. The pooled
results demonstrated lower requirement for rescue analge-
sia with NSAID treatment compared with opioids (RR 0.73,
95% CI1 0.57-0.94, p = 0.01); however, moderate heterogene-
ity was found across the pooled studies (p = 0.009, I = 52%).
The data were homogenous for the studies comparing the
drugs by intravenous route of administration [10,24,26,
28,29,39,47] (seven RCTs, n=541), and showed consistent
treatment benefit for NSAIDs requiring fewer rescue
treatments compared with opioids (Fig. 3; number needed
to treat 11, 95% CI 6-75).

3.7. Nonspecific acute adverse events

Twenty-three trials [10,11,16,24,28-30,32,34,35,37-41,43-
45,47,49-51,53] (including 2703 patients) compared
NSAIDs with opioids and reported the proportion of
patients with adverse events. Participants treated with
NSAIDs were less likely to have an adverse event than
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NSAIDS OPIOIDS

Study or Subgroup

Risk Ratio

Events Total Events Total Weight M-H, Random, 95% Cl

Risk Ratio
M-H, Random, 95% CI

3.5.1 Intramuscular

Hetherington (1986) 0 30 0 28

Salameh (2011) 17 48 25 49  14.2%
Larkin (1999) 11 33 16 37 8.5%
Arnau (1991) 19 116 23 118 10.4%
Subtotal (95% Cl) 227 232 33.1%
Total events 47 64

Heterogeneity: Tau? = 0.00; Chi? = 0.28, df = 2 (p = 0.87); I = 0%
Test for overall effect: Z = 1.77 (p = 0.08)

3.5.2 Intravenous

Daljord (1983) 5 18 23 49 4.9%
Cordell (1996) 23 36 31 35 42.2%
Safdar (2006) 14 43 18 43  10.2%
Lehtonen (1983) 20 93 8 31 6.2%
Ay MO (2014) 3 26 3 26 1.4%
Curry (1995) 3 17 4 24 1.7%
Al-Sahlawi (1996) 2 50 0 50 0.3%
Subtotal (95% CI) 283 258 66.9%
Total events 70 87

Heterogeneity: Tau? = 0.00; Chi? = 2.58, df = 6 (p = 0.86); I* = 0%
Test for overall effect: Z = 2.62 (p = 0.009)

Total (95% CI) 510

Total events 117 151
Heterogeneity: Tau? = 0.00; Chi? = 2.81, df = 9 (p = 0.97); I = 0%
Test for overall effect: Z = 3.16 (p = 0.002)

490 100.0%

Test for subgroup differences: Chi? = 0.00, df = 1 (p = 0.95), 1> = 0%

Not estimable
0.69 (0.43, 1.11)
0.77 (0.42, 1.42)
0.84 (0.48, 1.46)
0.76 (0.56, 1.03)

0.59 (0.27, 1.32)
0.72 (0.55, 0.95)
0.78 (0.45, 1.36)
0.83 (0.41, 1.70)
1.00 (0.22, 4.50)
1.06 (0.27, 4.13)

5.00 (0.25, 101.58)

0.75 (0.60, 0.93)

—u
—_—
—1

——
L

—

—

0.75 (0.63, 0.90)

0.005 0.1 10 200
Favors (NSAIDs) Favors (opioids)

Fig. 3 - Comparison of NSAIDs versus opioids by route for analgesia requirements. CI = confidence interval; df = degree of freedom; M-H = Mantel-

Haenszel; NSAID = nonsteroidal anti-inflammatory drug.

those treated with opioids (RR 0.53, 95% CI 0.40-0.69,
p < 0.001). Study pooling demonstrated moderate hetero-
geneity (p < 0.001, 2 =59%), and the prediction interval
calculated showed uncertainty about the NSAID benefit
over opioids for having fewer adverse events (RR 0.53, 95%
PI 0.22-1.26).

3.8. Vomiting as an adverse event

Fourteen studies [11,16,25-27,39,41,44,45,47,51-53,55] (in-
cluding 2300 patients) reported vomiting rates comparing
NSAIDs and opioids, and the pooled effect size demonstrat-
ed lower vomiting rates with NSAID treatment (RR 0.41, 95%
Cl 0.24-0.70, p <0.009). Moderate heterogeneity was
detected across the included studies (p = 0.009, I = 54%),
and the prediction interval calculated was 95% PI 0.11-1.45.
The data were homogenous for the studies [11,25,41,44,51]
comparing the drugs by intramuscular route of administra-
tion (five RCTs, n = 531) and demonstrated that NSAIDs have
lower vomiting rates compared with opioids (Fig. 4;
number needed to treat 5, 95% CI 4-8).

3.9. Serious adverse events

Only one study [16] reported data on serious adverse events,
such as anaphylaxis, renal failure, or GI bleeding over 14 d
follow-up, and no event was observed with opioids or
NSAIDs.
3.10. Comparison of NSAIDs versus paracetamol

Four RCTs [16,31,36,42] (including 1325 patients), published
between 2011 and 2016, compared NSAIDs with paraceta-

mol. The treatment effect observed for 30-min pain variance
by 0-100 pain measure did not show any difference
between NSAIDs and paracetamol (MD -5.67, 95% CI
-17.52 to 6.18, p=0.35) and was associated with strong
heterogeneity (p <0.001, F=89%). The pooled results
showed no difference in treatment-related adverse events
(four RCTs, n=1325, RR 1.10, 95% CI 0.47-2.58, p = 0.82;
P = 0%) or vomiting rates (two trials [16,31], n= 1195, RR
0.54, 95% CI 0.15-2.00, p = 0.36; I = 0%). However, partici-
pants treated with NSAIDs had fewer requirements for
rescue analgesia compared with those treated with
paracetamol (two RCTs [16,42], n = 1145, RR 0.56, 95% CI
0.42-0.74, p < 0.001; P = 0%). The number needed to treat
with NSAIDs to avoid an additional event of rescue analgesia
over paracetamol was 11 with 95% CI 8-21 (Fig. 5).

3.11. Publication bias and grading the evidence

Funnel plots generated for pain variance, complete pain
relief, need for rescue analgesia, and adverse events—
outcomes comparing NSAIDs with opioids—were symmet-
rical. Egger’s test was insignificant, confirming a low risk of
publication bias for these outcomes.

The quality of evidence following GRADE methodology
was found to be very low for the outcomes such as pain
variance, complete relief, or >50% reduction at 30 min,
mostly owing to the inconsistencies observed in the
treatment effect and the quality of studies included. There
was low-quality evidence for the requirement of rescue
analgesia with NSAID treatment. Evidence for NSAID benefit
of lower vomiting rates was of moderate quality. There was
high-quality evidence for NSAID benefit over paracetamol
for the requirement of rescue treatments.
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Study or Subgroup

NSAIDS
Events Total Events Total

Opioids

Risk Ratio
Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

4.8.1 Intramuscular

Marthak (1991) 0 25 8 25 2.5% 0.06 (0.00, 0.97)
Sommer (1989) 2 29 7 27 9.0% 0.27(0.06, 1.17)
Oosterlinck (1990) 4 84 7 41  14.4% 0.28(0.09, 0.90)
Arnau (1991) 11 116 38 118 51.4% 0.29(0.16, 0.55)
Lundstam (1982) 3 34 3 32 8.5% 0.94 (0.20, 4.33)
Subtotal (95% Cl) 288 243 85.9% 0.31 (0.19, 0.50)
Total events 20 63

Heterogeneity: Tau? = 0.00; Chi? = 3.56, df = 4 (p = 0.47); 1> = 0%
Test for overall effect: Z = 4.80 (p < 0.00001)

4.8.2 Intravenous

Safdar (2006) 0 43 2 43 2.2% 0.20 (0.01, 4.05)
Lehtonen (1983) 3 93 3 31 8.3% 0.33(0.07, 1.57)
Ay MO (2014) 1 26 2 26 3.6% 0.50 (0.05, 5.18)
Subtotal (95% CI) 162 100 14.1% 0.34 (0.10, 1.12)
Total events 4 7

Heterogeneity: Tau? = 0.00; Chi? = 0.23, df = 2 (p = 0.89); I* = 0%
Test for overall effect: Z = 1.77 (p = 0.08)

Total (95% Cl)
Total events

Heterogeneity: Tau? = 0.00; Chi? = 3.81, df = 7 (p = 0.80); I*> = 0%

24

450

343
70

Test for overall effect: Z = 5.11 (p < 0.00001)
Test for subgroup differences: Chi? = 0.02, df = 1 (p = 0.88), 1> = 0%

100.0% 0.31 (0.20, 0.49)

n 4

4

0.005

0.1 10
Favors (NSAIDs) favors (opioids)

t

200

Fig. 4 - Comparison of NSAIDs versus opioids by route for vomiting as the adverse event. CI = confidence interval; df = degree of freedom; M-
H = Mantel-Haenszel; NSAID = nonsteroidal anti-inflammatory drug.

3.12. Discussion

combined with the pragmatic benefits of ease
administration in the acute care setting and

of drug
lack of

The principal finding of this systematic review is that the
superiority of NSAIDs over opioids or paracetamol, for 30-
min analgesic effect in renal colic, was uncertain. However,
NSAIDs were found to have additional superior analgesic
characteristics compared with opioids, requiring fewer
rescue treatments and having lower vomiting rates.
Equivalence of efficacy and adverse effect profile, when

analgesia abuse or addiction properties, establishes NSAIDs
as the first-line analgesic agents to treat acute renal colic
pain.

End points that are readily understood and expected by
patients are the ideal targets to guide therapy. It must be
accepted that complete resolution of pain could be due to
the natural course of the disease or may not be possible in

NSAIDS
Study or Subgroup

Events Total Events

Paracetamol
Total

Risk Ratio
Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

5.5.1 Need for rescue analgesia
Narci (2012) 2 25 6 25 3.5% 0.33 (0.07, 1.50) -
Pathan (2016) 63 547 111 548 96.5% 0.57 (0.43, 0.76) .
Subtotal (95% CI) 572 573 100.0% 0.56 (0.42, 0.74)
Total events 65 117
Heterogeneity: Tau® = 0.00; Chi? = 0.47, df = 1 (p = 0.49); I* = 0%
Test for overall effect: Z = 4.07 (p < 0.0001)
5.5.2 Adverse events
Grissa (2011) 1 50 1 50 9.6% 1.00 (0.06, 15.55)
Kaynar (2015) 3 40 2 40 23.9% 1.50 (0.26, 8.50) e —
Narci (2012) 0 25 0 25 Not estimable
Pathan (2016) 7 547 7 548 66.5% 1.00 (0.35, 2.84) ——
Subtotal (95% ClI) 662 663 100.0% 1.10 (0.47, 2.58)
Total events 11 10
Heterogeneity: Tau? = 0.00; Chi? = 0.16, df = 2 (p = 0.92); I* = 0%
Test for overall effect: Z = 0.23 (p = 0.82)
5.5.3 Vomiting as adverse event
Grissa (2011) 0 50 1 50 16.8% 0.33 (0.01, 7.99) =
Pathan (2016) 3 547 5 548 83.2% 0.60 (0.14, 2.50) ——
Subtotal (95% ClI) 597 598 100.0% 0.54 (0.15, 2.00)
Total events 3 6
Heterogeneity: Tau? = 0.00; Chi? = 0.11, df = 1 (p = 0.74); I* = 0%
Test for overall effect: Z = 0.92 (p = 0.36)
0.005 . | 200

Test for subgroup differences: Chi? = 2.25, df = 2 (p = 0.32), I = 11.1%

0.1 10
Favors (NSAIDs) Favors (paracetamol)

Fig. 5 - Comparison of NSAIDs versus paracetamol, need for rescue analgesia, adverse events, and vomiting as an adverse event. CI = confidence
interval; df = degree of freedom; M-H = Mantel-Haenszel; NSAID = nonsteroidal anti-inflammatory drug.
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the short term. All three treatments resulted in significant
pain reduction in acute renal colic, and this finding was
consistent with previous systematic reviews [7,56]. Previous
systematic reviews had concluded that NSAIDs achieved
greater pain reduction by pain variance (a statistically
sensitive measure), but the translation of this benefit to a
dichotomous outcome of clinically significant pain reduc-
tion (a practically relevant measure) did not support this
superiority. The findings also emphasize the importance of
reporting patient-centered dichotomous outcomes, such as
complete pain relief or at least 50% reduction in pain along
with pain variance in future trials [57].

It was interesting to note that NSAID benefit over opioids
was route specific for the given outcomes. For rescue
analgesia, the additional benefit was limited to the
intravenous subgroup comparison, whereas for vomiting
rates, the benefit was observed in the intramuscular
subgroup comparison only. In renal colic management,
intravenous administration of analgesics is believed to be
more efficacious and less painful than the intramuscular
route; therefore, it is routinely advocated for ease of
titration. However, the intramuscular route is advantageous
in providing quick and safe analgesia without the need for
establishing intravenous access [58]. The per rectal (PR)
route of NSAID administration is a common practice in
many centers. However, for PR route of NSAID administra-
tion, there were insufficient data to pool the results because
of a lack of common outcome measures or common routes
of drug administration in the studies identified. Therefore,
evidence in form of well-designed, large RCTs is needed to
assess the efficacy of PR route of NSAID administration. It
would seem prudent to carefully consider the route-specific
benefits, discomforts, logistics involved, and patient prefer-
ence while choosing the right analgesic approach.

Significant heterogeneity was noted in the type of opioids
or NSAIDs used as well as the route of drug administration.
Methodological heterogeneity may partly explain the
observed difference in outcome. Recently, there has been
a large volume of literature and concern about opioid misuse
[59-61]. We did not find any advantage of opioid use as the
initial analgesic. However, NSAID use was supported because
of its sustained effect and lower adverse effect profile in
addition to ease of logistics and speed of administration.

Our systematic review was comprehensive in the scope
and search strategy. We adhered to the Cochrane method-
ology and guide for conducting the review, PRISMA guide-
lines for reporting of the review findings, and a previously
published protocol. The review has several limitations to
consider. Heterogeneity among included studies was a
major issue in this systematic review [22]. Small study
effects, methodological variability, higher proportion of
studies with possible risk of selection, and performance or
detection bias are known to cause clinical heterogeneity and
potentially distort the results of a meta-analysis [62,63]. It is
important to interpret meta-analysis results in the light of
these considerations by estimating the prediction interval
[2,22,23]. In addition, most RCTs included were small
studies and had an unclear risk of bias in patient selection.
Adverse events and time to assess this outcome were poorly

defined in most trials. Characteristics of participants could
have varied significantly, as the confirmation methods for
stone and adherence to intention to treat were different
between the studies. In addition to statistical heterogeneity,
clinical heterogeneity was substantial among studies. For
example, in the opioid group, 21 out of 33 trials had used
pethidine or papaverine, both of which are less commonly
used opioids with a worse adverse effect profile, leading to
some centers discontinuing their use [64]. Finally, conver-
sion of pain scores measured using different pain scales to a
0-100 pain measure could have led to the loss of some
precision; however, we believe that it is clinically insignifi-
cant.

4. Conclusions

NSAIDs were at least equivalent to opioids and paracetamol
for the relief of acute renal colic pain at 30 min after
delivery. There was less vomiting and fewer requirements
for rescue analgesia compared with opioids. NSAIDs
required less rescue analgesia compared with paracetamol.
Despite observed heterogeneity among the included studies
and the overall quality of evidence, the findings of lower
need for rescue analgesia and fewer adverse events, in
conjunction with the practical advantages of ease of
delivery, suggest that NSAIDs should be the preferred
analgesic option for patients presenting to the emergency
department with renal colic.
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