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Objectives: Acute renal colic is one of the common causes of referral to the hospitals. The aim of this study is to
compare the efficacy of nebulized fentanyl with that of intravenous ketorolac in renal colic patients.
Materials & methods: This double-blinded clinical study included 186 patients with acute renal colic who were
referred to the emergency department of BesatHospital, Iran. Patient selection. After selecting patients, according
to study inclusion and exclusion criteria, they were divided into 2 groups of 93 using random block allocation
method. The patients in the groupswere treatedwith either nebulized fentanyl or intravenous ketorolac. The se-
verity of painwas measured using the Numeric Pain Rating Scale (NPRS) of pain. The severity of pain at different
times and demographic data were recorded.
Results:One hundred and thirty fourmales and 52 femaleswith amean age of 42.95±13.13 yearswere included
in the study. The two groupswerematched in terms of age, sex, and the severity of the pain before the treatment.
Fifteen minutes following the treatment, the severity of pain was decreased in the ketorolac group but did not
change in the nebulized fentanyl group. Thirty minutes after the administration of the drug, the severity of
pain in the nebulized fentanyl group decreased. At any time, the severity of pain in the ketorolac group was
lower than that of the nebulized fentanyl group.
Conclusion: Intravenous ketorolac had better analgesic effects in renal colic patients compared with nebulized
fentanyl. Further studies that include complications and combinational therapy are required.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Urinary tract stones are a common urological problem where renal
colic is the most common clinical manifestation of urinary stones [1].
Renal colic often presentswith severe unilateralflank pain and accounts
for a significant number of hospitalizations and referrals to the emer-
gency department [2]. It is estimated to affect 1.2 million people each
year in the world [3]. Acute renal colic is caused by increased pressure
within the upper urinary system or dilated kidney and pelvic capsule
above the obstruction site [4].

Following the preliminary diagnosis, since most urinary stones are
removed by expectant treatment, pain relief is one of the most impor-
tant therapeutic priorities in the acute phase [5]. Opioid and non-
steroidal anti-inflammatory drugs (NSAIDs) are recommended as
first-line therapeutic agents for the management of renal colic [6,7].
ergency Medicine, Hamedan

hoo.com (R. Salimi).

, A. Kalantari, et al., Comparis
mergency Medicine, https://d
The analgesic effects of NSAIDs equivalent to that of opioids are usually
seen 20–30 min following the administration [8,9]. The antinociceptive
effects of NSAIDs are as the result of the inhibition of the production and
release of prostaglandinswhich reduce vasodilatation, increase the per-
meability, impose diuretic effects on the kidneys [10] and decrease the
pressure in pelvis and the urinary collecting system [11]. They also re-
duce swelling and inflammation and contractile activity of the ureter
muscles [12]. The gastric and renal effects of non-steroidal anti-
inflammatory drugs have limited their use. Nonetheless, IV administra-
tion has minimized these side-effects [13].

Along with analgesic effects of opioids, their side effects on central
nervous system are well-known [14]. They can cause ureteral spasm
and prevent the possible progression of stone excretion. The dose of
the opioids requires repeated administration, and they can also cause
severe nausea, vomiting, constipation, drowsiness at higher doses, re-
spiratory weakness, and hypotension. Fentanyl is a synthetic opioid an-
algesic that has rapid action of mechanism due to its high solubility in
fats [15]. Fentanyl can be administered intramuscularly, intravenously,
neuro-axially (epidural and intrathecal), transdermally and trans-
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Table 1
Comparison of pain intensity between treatment groups at different times.

Time Severity of pain
Standard deviation ± mean

Ketorolac Nebulized fentanyl

Before treatment 7.44 ± 1.49 7.24 ± 1.74
15 min 5.70 ± 1.75 7.09 ± 1.80
30 min 3.95 ± 1.32 6.46 ± 1.55
45 min 3.73 ± 1.37 4.88 ± 1.75
60 min 3.18 ± 1.35 4.80 ± 1.91
75 min 2.93 ± 1.22 4.37 ± 1.68
90 min 2.22 ± 1.28 4.03 ± 1.69
105 min 1.26 ± 1.10 3.30 ± 1.61
120 min 0.65 ± 0.91 2.83 ± 1.49

Fig. 1. Comparison of the process of pain reduction in treatment groups. The rate of pain
reduction in the ketorolac group was higher than that of the fentanyl nebulizer group.
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mucosally. Studies have shown that nebulized fentanyl is effective in
controlling pain in cases of acute emergencies [16]. Therefore, based
on the aforementioned discussion, the present studywas aimed to com-
pare the efficacy of nebulized fentanyl with intravenous ketorolac for
renal colic in patients over 12 years of the age at the Emergency Depart-
ment of Besat Hospital.

2. Methods

This double-blind clinical studywas conducted in the emergency de-
partment of Besat hospital, Hamadan-Iran. All patients suspected of
having renal colic and with acute pain (flank pain radiating inferiorly
and anteriorly), nausea and vomiting along with a history of urinary
stone aged over 12 years were included in the study. Written consent
was obtained from the patients or their parents/guardian and the proce-
dure of the study was briefed to them. Patients presented with abdom-
inal pain, hypersensitivity to opioid and NSAIDs, inaccurate diagnosis of
renal colic, receiving other analgesics, sedative, antidepressants, preg-
nancy, lactation, asthma, renal failure, bleeding disorders, age
b12 years and those unwilling to participate in the studywere excluded.
Each included patient was then randomly assigned to receive ketorolac
(block A) or fentanyl (block B). The physician was unaware of the type
of the block given to each patient. The method of administration was as
follows:

Nebulized fentanyl: Patients received 50 μg/1 mL fentanyl in 5 mL
normal saline at a dose of 3 μg/kg (0.06 mL/kg) given in nebulized
form in 15min and 0.03 mL/kg normal saline intravenously over 2 min.

An ultrasonic nebulizer (Hikoneb Home-Type) having vapor capac-
ity of 5 ml and a reservoir of 400 ml was used for nebulizing fentanyl.

Ketorolac group: Patients received 0.9 mg/kg ketorolac by slow in-
travenous injection. Patients in this group received nebulized 6 ml of
normal saline for 15 min. This study was double-blind because all pa-
tients and examiner were not aware of the type of intervention. Pain
was measured according to the Numeric Pain Rating Scale (NPRS) be-
fore the commencement of the treatment, at the time of drug adminis-
tration, and at 15, 30, 45, 60, 75, 90, 105 and 120 min after the
administration of the drug. The intensity of the pain, measured by a
scale consisting of a horizontal line numbered from 0 to 10, with 0 indi-
cating no pain and 10 indicating severe pain was the primary outcome
measured [25]. The demographic information of the patients was also
recorded in the form.

After data collection, data was computerized and analyzed with
SPSSv21 software. The frequency and percentage were used to describe
qualitative data andmean and standard deviationwere used to describe
quantitative data. Chi-squarewas used for the comparison of categorical
variables between the two groups whereas, paired t-test was used for
the comparison of normally distributed variables. The independent t-
test was used for the comparison of the mean of the two groups.
P b 0.05 was considered as the level of significance in all statistical
tests. This study was approved by the Research Ethics Board of
Hamedan University of Medical Sciences.

3. Results

Of 186 patients presenting with acute renal colic, 134 males (72%)
and 52 females (28%) were included with the mean age 42.95 ±
13.13 years. The mean age in nebulized fentanyl was 42.33 ±
13.92 years and in intravenous ketorolac group was 45.56 ±
12.33 years. There were 70 males and 23 females in ketorolac group
and 69 males and 29 female in fentanyl group. The mean age, gender
and the intensity of the pain before the intervention was similar in the
two groups (p-valueb0.05).

The intensity of the pain is shown in Table 1. At all times after the
treatment, pain intensity was significantly higher in the ketorolac
group compared to nebulization fentanyl group (p b 0.001). Paired t-
test results showed that pain severity decreased significantly in
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ketorolac group at 15 min. But in the fentanyl group, the reduction
was not significant (p-value˃0.05). According to the pain intensity aver-
ages, pain intensity in the ketorolac group at 60 min after the adminis-
tration of the drug reduced to 57% and within the first 120 min, 91.26%
reduction in the painwas seen. Also, pain intensity in the fentanyl group
decreased by 70.33% at 1 h post-injection and 91.60% following 120min
of the drug administration. The overall trend of pain reduction was sig-
nificant in both groups. However, the intergroup comparison test
showed that often this pain repeats intermittently and its severity
changes in the ketorolac group was significantly more than that of the
fentanyl group (p-valueb0.001) (Fig. 1).

In Table 2,we compare the number of patientswhowere completely
pain-free following the 2 h of the intervention. The number of patients
who had a complete pain relief were significantly higher in the
ketorolac group (p-valueb0.001).

4. Discussion

Annually about 1.2million people in theworld are reported to suffer
from renal colic, which accounts for about 1% of hospitalization. In the
United States, 2 million people referred to the emergency department
are suspected to have renal colic, annually [17]. Renal colic often pre-
sents with a severe onset of sudden pain in the flank region that spreads
to the front and the thigh. This pain is repeated intermittently in the pa-
tients and its severity increaseswith time [18]. The primary principles of
renal colic treatment are to alleviate the pain and treat water and elec-
trolyte imbalance [7,19].
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Table 2
Comparison of pain relief after 2-h of drug administration.

Pain status Treatment groups
Frequency (%)

Chi-Square test
P-value

Nebulized fentanyl Ketorolac

No pain 51(54.8) 9(9.7) 0.000
Painful 42(45.2) 84(90.3)
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According to the findings from the present study, the group treated
with intravenous ketorolac and fentanyl nebulization was matched for
sex distribution, mean age, and mean severity of pain before the treat-
ment. In this study, we attempted to make the treatment procedures
in the two groups as similar as possible. These factors, along with the
study being double-blind, ensure that the effects observed in the treat-
ment groups are due to the effects of the drugs and the differences ob-
served between the groups are due to the differences in the effects of
the drugs [20]. In the present study, a greater number of our patients
were male with the male to female ratio of 2.5 which was similar to
findings from our study.

In the study of Qasemi Basir et al., out of 500 patients referred to
teaching hospitals in Hamadan, 348 were males (69.6%) and 152 fe-
males (30.4%). The ratio of male to female was 2.3, which is close to
the value reported in our study [21].

In their study, Habibi and colleagues reported that the prevalence of
renal colic in the general population was about 12% in males and 4% in
females [22], a male to female ratio of 3. In the Shakir et al. study,
from a total of 300 patients, male to female ratio reported was 2.5,
which is consistent with our study.

In the Qasemi Basir et al. study, themean age of patients referring to
the hospitals in Hamadan was 40.36 years, which is similar to the find-
ings of our study. The mean age of patients referred was 8.11 ±
20.4 years [23]. The mean age in the Shaker et al. study was 39.7 ±
16.8 years in the ketorolac group and 38.4± 15.6 years in themorphine
group. In the study by Rajaee et al., the mean age of patients was 9.8 ±
2.35 years [8]. However, our study was conducted on the patients aged
over 12 years. Imamoglu, Aygün [24], in comparing the effects of intra-
venous fentanyl with nebulized fentanyl reported an average age of
33.1 ± 10.2 and 35.7 ± 10.8 years in the two group, respectively. The
study concluded that nebulized fentanyl is more effective analgesic,
with fewer side-effects in patients presenting renal colic as compared
to its intravenous (IV) administration. Nonetheless, IV fentanyl is stron-
ger and acts rapidly [25].

In the present study, the mean severity of pain before the treatment
was 7.44 ± 1.49 in ketorolac and 7.24 ± 1.74 in nebulized fentanyl
group In the study of Habibi et al., the mean severity of pain in patients
with renal colic in the intervention and control groups was 7.8 ± 1.1
and 8± 1.0, respectively. Sirus et al., reported that the primary pain se-
verity in patients in the two groups of the study was 8.08 ± 1.74 and
8.12 ± 1.51, respectively [26]. In the Etteri et al. Study, the severity of
primary pain in patients with renal colic was 8.93. In these studies, vi-
sual analogue scale was used to evaluate the intensity of the pain
whereas, we utilized numeric pain rating scale in our study.

The results of this study showed that pain reduction in the ketorolac
groupwas significant 15min after the administration of the drug, but no
such findings were seen in nebulized fentanyl group.

In both the groups, the overall trend of pain reduction was signifi-
cant, but the decrease in the ketorolac group was significantly more
than that of the fentanyl group.

To our knowledge, no previous studies have compared the analgesic
efficacy of nebulized fentanyl and ketorolac in renal colic patients. Kim,
Jang [27] conducted a study to compare the post-operative effects of IV
fentanyl and IV ketorolac in eye surgery patients. The results from the
study indicated that fentanyl has superior analgesic outcomes over
ketorolac. Furthermore, ketorolac was significantly associated with the
greater incidence of postoperative nausea and vomiting, despite the
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administration of antiemetic agents. The nature of this study was en-
tirely different from that of ours, nonetheless, the outcomes of our
study contradicts the one presented by Kim and colleagues [28]. A
study has also reported that combinational effects of NSAID (ketorolac)
and opioid (fentanyl) are superior as compared opioid alone, in terms of
analgesia and postoperative nausea and vomiting [26]. Etteri et al.
showed that concomitant administration of ketorolac and fentanyl
had the same therapeutic effects whether administered intravenously
or inhaled [29].Several studies have also compared the effects of nebu-
lized fentanyl with intravenous morphine to relieve acute colic, such
as the ones presented by Furyk et al. [19,30], Farahmand et al. [18]
and Deaton et al. 21 (cited above).Overall, the results of these studies
suggest that the efficacy and safety of intravenous morphine and nebu-
lized fentanyl are similar for pain relief in patients with renal colic.
Shaker et al. report the superiority of intravenous ketorolac over mor-
phine against renal colic. Holdgate has shown that pain relief from
NSAID is better thanmorphine and there is less need for salvage therapy
[31].

A study by Safdar et al. showed that combination of morphine and
ketorolac is more effective for the management of renal colic than
with solo use of these agents [32].In a study by Wood et al., it has
been shown that pain relief after pethidine or ketorolac is significant,
but the ability to return to routine work after ketorolac is better [33].

As can be concluded from the above studies, in general, ketorolac re-
duces the pain effectively and rapidly in patients with acute colic com-
pared to opioids, including morphine. Therefore, since previous
studies have equated the analgesic effects of nebulized fentanyl and
morphine whereas, ketorolac is known to be more effective that mor-
phine, it can be hypothesized that ketorolac is likely to have superior an-
algesic effects than fentanyl [34].

IV ketorolac is one of the few NSAIDs whose IV administration is
Food andDrug Administration approved [35]. Ketorolac is characterized
by significantly lesser side-effects as compared to opioids. However, it
reduces renal blood flow and decreases glomerular filtration and is
therefore, not recommended in patients with renal failure. Also, this
drug is not recommended in patientswith a history of bleeding or active
bleedingdiseases and can lead to increased bleeding. Our study does not
report the side effects or combinational effects of these two analgesics.
Our pain measurement data was self-reported by the patients. Adding
further variables could help researchers to reach a better conclusion.

5. Conclusion

Both intravenous ketorolac and nebulized fentanyl were able to sig-
nificantly reduce the severity of pain, but the amount of pain reduction
was greater in the ketorolac-treated patients. Further studies and opti-
mization of the doses along with the optimization of nebulization time
should be conducted.
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