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ABSTRACT

ARTICLE INFO

Objective: Intravenous non-steroidal anti-inflammatory drugs (NSAIDs) and opioids,
including dexketoprofen trometamol and tramadol, remain the primary analgesic op-
tions for treating acute renal colic in emergency departments. However, concerns about
respiratory depression associated with opioids can limit the use of tramadol with con-
fidence, and there are limited data on the short-term respiratory and perfusion effects
of these agents. The present study aimed to evaluate the short-term effects of intrave-
nous dexketoprofen trometamol, tramadol, and their combination on tissue perfusion
and respiratory function. The study assessed these effects using EtCO, and related
physiological parameters. The study population comprised hemodynamically stable
emergency department patients presenting with acute renal colic.

Methods: In this prospective, randomized, controlled trial conducted in an academic
emergency department, adults aged 18-55 with acute renal colic received one of three
intravenous regimens: dexketoprofen trometamol (50 mg), tramadol (100 mg), or their
50 mg/50 mg combination. Vital signs, SpO,, and EtCO, were recorded at baseline, 30,
and 60 minutes; arterial blood gases, including lactate, were drawn at baseline and 60
minutes. The primary endpoint of the study was the EtCO, trajectory over time.

Results: In a study of 102 patients (with 34 patients in each group), EtCO,, heart rate,
and blood pressure were found to be similar between the groups at all measured time
points. Furthermore, analysis using mixed-effects models revealed no significant
group-by-time interactions. SpO, levels were found to be lower in the combination
group compared to the dexketoprofen group at the 60-minute mark (93.8% vs.
95.4%; ANOVA p = 0.018; post hoc p = 0.016). In the present study, seven patients, all
in tramadol-containing arms, exhibited transient SpO, levels below 90%, though
none of these patients required oxygen supplementation. The blood-gas parameters
demonstrated stability, while lactate levels exhibited a significant decrease across all
groups, without any observed between-group variation.

Conclusion: In patients with renal colic who were hemodynamically stable, the three
treatment plans resulted in similar short-term effects on EtCO2, hemodynamics, and
blood-gas parameters. The findings of this study demonstrate that modest SpO, de-
clines, accompanied by transient desaturations in the tramadol-containing arms,
provide substantiated support for the implementation of pulse oximetry and capno-
graphy monitoring when tramadol is administered. It should be noted that the study
was not designed to assess comparative safety, and thus the findings should be con-
sidered physiological observations only. The lactate reduction may be indicative of a
resolution of pain-related stress; however, this remains a hypothesis that requires
further investigation.

Trial Registration: The study was registered at ClinicalTrials.gov (ID: NCT07386288).
Registration was retrospective.
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1. Introduction

Acute renal colic is a prevalent cause of emergency
department visits, characterized by its intense and debil-
itating pain. Patients frequently report it to be one of the
most severe pain experiences they have ever endured.
The majority of cases are attributable to an obstructing
ureteral stone, which leads to elevated intraluminal
pressure, the occurrence of ureteral spasm, and the stim-
ulation of visceral nociceptors. The resultant flank pain
is often accompanied by symptoms such as nausea, vom-
iting, and agitation [1,2]. Given its high prevalence
among young and middle-aged adults, renal colic consti-
tutes a substantial clinical and operational burden for
emergency departments worldwide [3,4]. Consequently,
the provision of rapid and effective analgesia constitutes
a fundamental element of initial management.

Non-steroidal anti-inflammatory drugs (NSAIDs) and
opioid analgesics remain the principal pharmacological
options for the management of acute renal colic [5-7].
The analgesic effect of NSAIDs is primarily attributable
to their capacity to inhibit cyclooxygenase-mediated
prostaglandin synthesis, a process that results in a re-
duction in ureteral smooth muscle tone, intrarenal pres-
sure, and inflammatory-mediated pain [5]. A substantial
body of research, encompassing numerous systematic
reviews and meta-analyses, has demonstrated the anal-
gesic efficacy of parenteral NSAIDs to be comparable to,
and in some cases superior to, that of opioids. Further-
more, these studies have shown that parenteral NSAIDs
are associated with reduced rates of vomiting and a de-
creased requirement for rescue analgesia [3,6-9]. Opi-
oids remain a treatment of choice when NSAIDs are con-
traindicated or insufficient. Contemporary guidance, in-
cluding the European Association of Urology recommen-
dations and NICE guideline NG118, positions NSAIDs as
first-line analgesia when not contraindicated, with opi-
oids such as tramadol reserved for second-line or rescue
use; the present study therefore evaluated tramadol
both alone and in combination with dexketoprofen as a
physiological safety comparison rather than as a first-
line efficacy recommendation [3,10]. However, conven-
tional opioids are associated with well-recognised ad-
verse effects, including nausea, vomiting, respiratory de-
pression, and dependence. Tramadol, a synthetic opioid
with weak p-opioid receptor agonism and additional
monoaminergic activity, is often considered an interme-
diate option with a more favourable respiratory safety
profile compared with stronger opioids. Dexketoprofen
trometamol, the active S(+)-enantiomer of ketoprofen, is
a rapidly acting NSAID that has demonstrated efficacy
and good tolerability in the intravenous treatment of
acute pain, including renal colic [9,11]. Despite the ex-
tensive literature comparing the analgesic efficacy and
adverse-event profiles of these agents, data regarding
their short-term effects on systemic hemodynamics and
tissue perfusion are limited. It is acknowledged that acute
pain itself is known to increase sympathetic activity, ele-
vate heart rate and blood pressure, and alter regional
blood flow. Conversely, effective analgesia has been
demonstrated to attenuate these responses. However,
sedative or opioid-based therapies have been demon-
strated to impair ventilation and gas exchange [12].

EtCO,, measured noninvasively via capnography, re-
flects the integrated relationship between ventilation,
cardiac output, and carbon dioxide production. It has
been proposed as a surrogate marker of global tissue
perfusion. Reduced EtCO, levels have been demon-
strated to be associated with decreased cardiac output,
elevated lactate concentrations, and adverse outcomes
in critically ill patients. Nevertheless, the clinical useful-
ness of EtCO, in detecting more subtle perfusion changes
during analgesic treatment in hemodynamically stable
ED patients remains unclear [13-15]. To the best of our
knowledge, no prospective randomised study has specif-
ically evaluated the effects of intravenous dexketoprofen
trometamol, tramadol, or their combination on EtCO,
and other physiological markers of tissue perfusion in
spontaneously breathing patients presenting with renal
colic. The primary objective of this study was therefore
to compare the short-term effects of these three analge-
sic regimens on EtCO,, vital signs, and arterial blood-gas
parameters, including lactate, in adult ED patients with
renal colic. It was hypothesised that none of the three
regimens would induce clinically significant changes in
EtCO; or other global perfusion and respiratory surro-
gates during the first hour of treatment.

Beyond its established role as a global perfusion sur-
rogate, EtCO, has increasingly been recognized as an
early, continuous, and non-invasive indicator of opioid-
induced ventilatory impairment, capable of detecting
hypoventilation before changes become apparent on
pulse oximetry [16,17]. In emergency department set-
tings where opioids such as tramadol are administered
alongside NSAIDs for acute pain, this early-warning ca-
pacity has direct relevance to bedside safety monitoring,
independent of any demonstrable perfusion effect. The
evaluation of EtCO, trajectories following dexketoprofen
trometamol, tramadol, and their combination is a prag-
matic approach to addressing a salient safety concern.
This concern pertains to the question of whether com-
monly utilized ED analgesic regimens carry any discern-
ible respiratory risk signal. This approach diverges from
conventional testing methods that focus exclusively on
perfusion physiology.

2. Materials and Methods
2.1. Study design and setting

This prospective, randomized, single-center study
was conducted in the emergency department of Atattirk
University Faculty of Medicine, Yakutiye Research Hos-
pital, Erzurum, Tiirkiye between November 2024 and
April 2025; the first participant was enrolled on 10 No-
vember 2024. Adults aged 18-55 years presenting with
flank pain and a clinical and imaging-confirmed diagno-
sis of renal colic were eligible. The study received ap-
proval from the Erzincan Binali Yildirim University Clin-
ical Research Ethics Committee (Decision No. 2024-
16/01, dated 7 November 2024), and written informed
consent was reported for all enrolled participants. The
trial was registered retrospectively at ClinicalTrials.gov
(NCT07386288; first submitted on 20 January 2026).

In order to qualify for inclusion in the study, patients
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were required to have a Glasgow Coma Scale score of 15,
intact spontaneous breathing, and the ability to give in-
formed consent themselves. Individuals who met any of
the following criteria were excluded from the study:
those who were pregnant or breastfeeding, those with
chronic kidney or respiratory disease, those with a
known allergy to any of the study drugs, those with he-
modynamic instability, those with acute intoxication,
those with poorly controlled epilepsy, or those who had
recently taken a monoamine oxidase inhibitor.

2.2. Randomisation and interventions

The randomisation process employed a sealed-enve-
lope technique, wherein equal numbers of opaque enve-
lopes, labelled 1-3 (one per treatment arm), were pre-
pared by a physician not involved in treatment admin-
istration and drawn sequentially by the treating physi-
cian. This ensured allocation concealment and balanced
group sizes. The administration of the study drugs was
conducted via intravenous infusions, with each infusion
being administered over a period of 20 minutes. Utilising
a 1:1:1 randomisation scheme, participants were as-
signed to receive one of three intravenous treatments:
dexketoprofen trometamol 50 mg as an individual treat-
ment, tramadol 100 mg as a standalone treatment, or a
combination of both drugs at a ratio of 50 mg and 50 mg,
respectively. Prior to infusion, each dose was diluted in
100 mL of normal saline. In the event that the treating
physician deemed it necessary, intravenous morphine (5
mg) could be administered as rescue analgesia. Partici-
pants were blinded to treatment allocation, as all regi-
mens were diluted in 100 mL of normal saline and ad-
ministered as identical-appearing infusions; the physi-
cian who ordered the treatment and the nurse who pre-
pared the infusions were not blinded.

2.3. Data collection and monitoring

The following parameters were recorded: blood pres-
sure, heart rate, oxygen saturation, and EtCO,. These
were recorded at three time points: baseline (T0), 30
minutes (T30), and 60 minutes (T60). Arterial blood
gases were only drawn at TO and T60. The primary out-
come of the study was the change in EtCO, over time,
with vital signs and blood gas trajectories designated as
secondary outcomes. It is notable that no participant re-
ceived supplemental oxygen during the observation pe-
riod, and no concomitant analgesics other than rescue
morphine were administered.

The primary outcome was defined as the pattern of
EtCO, change across TO0, T30, and T60, which was then
compared between the three analgesic arms. The contin-
uous monitoring of EtCO, was conducted using a Nihon
Kohden Vismo bedside monitor, with the sampling can-
nula employed for this purpose being of the sidestream
nasal type. This was undertaken as an indirect measure
of global perfusion. The secondary outcomes encom-
passed the time-course of heart rate, blood pressure, and
SpO,; the shift in arterial blood gas values (pH, bicar-
bonate, PCO,, lactate, base deficit) from TO to T60; and
the comparison of these physiological responses across
the treatment groups.

2.4. Sample size and statistical analysis

The required sample size was calculated using
G*Power based on a previous study comparing the res-
piratory effects of tramadol and oxycodone [18], in
which EtCO, was 45 + 4 mmHg before and 43 + 4 mmHg
after administration. To detect a within-group difference
of 2 mmHg (SD 4 mmHg; effect size dz = 0.5) using a two-
tailed paired t test with an alpha level of 0.05 and 80%
power, 34 patients per arm were required, for a total of
102 patients.

All analyses were performed using IBM SPSS Statistics
for Windows, Version 25.0 (IBM Corp.; Armonk, NY,
USA). The normality of the data was checked using both
a histogram inspection and the Shapiro-Wilk test. Con-
tinuous variables were reported as the mean + standard
deviation or as the change over time, and categorical var-
iables were reported as counts with percentages. The al-
terations in vital signs and blood-gas measures within
and between the groups were subjected to analysis using
a repeated-measures ANOVA, while the between-group
disparities were assessed through the implementation of
a one-way ANOVA, complemented by Tukey post hoc
comparisons. Paired ¢ tests were used to analyze within-
group TO-to-T60 comparisons, and categorical data
were analyzed with y? tests. For the purpose of this
study, a p value of less than 0.05 was taken to indicate
statistical significance.

As a sensitivity analysis, EtCO,, heart rate, systolic and
diastolic blood pressure, and SpO, were additionally re-
analyzed using linear mixed-effects models with group,
time, and group x time interaction as fixed effects and a
random intercept for participant, in order to directly
evaluate the group x time interaction for each repeatedly
measured parameter. The analysis population com-
prised all randomized participants, with no post-ran-
domization exclusions and no missing data at any
timepoint.

3. Results
3.1. Participant characteristics

A total of 102 patients were enrolled in the study and
randomly assigned equally to one of three treatment
groups (n = 34 per group). The baseline sociodemo-
graphic and clinical characteristics of the patients are
presented in Table 1.

Across the three designated time points (TO0, T30, and
T60), no statistically significant between-group dispari-
ties were observed in EtCO,, heart rate, systolic or dias-
tolic blood pressure. The study found that SpO, levels
were comparable between the groups at TO (p = 0.584)
and T30 (p = 0.635). However, a statistically significant
between-group variation was observed at T60 (one-way
ANOVA, F=4.19, p=0.018). Further post-hoc Tukey test-
ing revealed that this variation was attributable to the
combination group compared to the dexketoprofen
group (93.82 + 2.02% vs. 95.44 £ 2.64%, p = 0.016). No
pairwise comparison involving the tramadol group
reached significance. Nineteen patients (Group 1: n = 4,
Group 2: n = 9, Group 3: n = 6) had at least one SpO,
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measurement below 92% during the observation period,
and seven patients (Group 2: n =4, Group 3: n=3) had at
least one measurement below 90%. No patient received
supplemental oxygen or required a respiratory interven-
tion. Subsequent within-group analyses revealed no sig-
nificant alterations in EtCO, across any of the study
arms. However, a significant decrease in heart rate and
systolic and diastolic blood pressure was observed from
TO to T30 in all three groups, with no further alterations
between T30 and T60. The study revealed a transient de-
crease in SpO, at T30 in the dexketoprofen group (p =
0.024), with a subsequent return to the baseline level by
T60 (p = 0.932 vs. TO). In the tramadol group, a decrease
in Sp0O, was observed at T30 (p = 0.009), with a persis-
tent lower level recorded at T60 (p = 0.004). In the com-
bination group, a significant decrease in SpO, was noted

at T60 (p = 0.003). The hemodynamic values remained
within clinically acceptable ranges throughout the ob-
servation period (see Table 2 and Figs. 1 and 2).

A sensitivity analysis using linear mixed-effects mod-
els confirmed these findings: no statistically significant
group x time interaction was observed for EtCO,, heart
rate, systolic blood pressure, diastolic blood pressure, or
SpO, (likelihood-ratio test, all p = 0.24), indicating that
the trajectories of these parameters did not differ mean-
ingfully between treatment groups over the observation
period. A significant main effect of time was evident for
heart rate, systolic and diastolic blood pressure, and
SpO0; (all p < 0.001), reflecting a decline associated with
analgesia across all three groups equally; no significant
main effect of group was found for any parameter (Fig.
3).

Table 1. Baseline demographic and clinical characteristics of the study population.

. Group 1 Group 2 Group 3
Variable (n =34) (n=34) (n=34) p value
Age (years), mean * SD 34.7 £10.3 36.8 £10.2 355+£94 0.697
Male 22 (64.7) 17 (50.0) 29 (85.3)
Sex, n (%) 0.008
Female 12 (35.3) 17 (50.0) 5(14.7)
Yes 20 (58.8) 23 (67.6) 26 (76.5)
History of stone passage, n (%) 0.298
No 14 (41.2) 11 (32.4) 8(23.5)
Yes 21 (61.8) 18 (52.9) 20 (58.8)
Family history of nephrolithiasis, n (%) 0.755
No 13 (38.2) 16 (47.1) 14 (41.2)
Yes 13 (38.2) 11 (32.4) 12 (35.3)
Analgesic use in previous 24 h, n (%) 0.879
No 21 (61.8) 23 (67.6) 22 (64.7)

Group 1: 50 mg dexketoprofen; Group 2: 100 mg tramadol; Group 3: 50 mg dexketoprofen + 50 mg tramadol
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Fig. 1. Changes in end-tidal carbon dioxide levels over time; mean end-tidal carbon dioxide (EtCO,) values meas-
ured at baseline (T0), 30 minutes (T30), and 60 minutes (T60) following intravenous administration of dexketo-
profen trometamol, tramadol, or their combination. EtCO, levels remained within a narrow physiological range
across all treatment groups throughout the observation period, with no evidence of clinically relevant deterioration
in ventilation or global perfusion.
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Table 2. Comparison of perfusion-related vital signs between treatment groups.
Group 1 Group 2 Group 3
(n=34) (n=34) (n=34)
p value p value p value

End-tidal CO2 (mmHg)
TO 37.65 £ 3.65 0.820 37.68 £ 3.21 0.345 36.76 £ 4.02 0.182
T30 37.88 £4.15 36.91 + 3.60 37.50 £ 2.94
T60 38.0 £ 3.67 37.65+4.17 37.94 +4.04
Heart rate (beats/min)
TO 86.50 + 12.17 0.0352 85.32 + 14.60 <0.0012 82.29 +13.28 0.0022
T30 81.53 +12.70 0.003b 77.26 +11.29 0.001> 76.56 +11.18 0.004>
T60 80.32 + 10.95 1.0¢ 77.44 +12.30 1.0¢ 75.91 +11.53 1.0¢
Systolic BP (mmHg)
TO 131.68 + 14.79 0.0012 130.53 +15.31 0.0042 130.53 + 15.64 < 0.001ab
T30 122.53 +12.85 <0.001b 121.15 +16.66 <0.001> 119.06 + 13.63 1.0¢
T60 122.71 £10.92 1.0¢ 117.82 + 14.48 0.518¢ 117.32 +15.49
Diastolic BP (mmHg)
TO 79.94 £ 11.59 0.0022 83.29 £15.13 0.0142 79.82 £10.35 0.0012
T30 74.09 + 8.57 0.013b 74.88 + 11.87 <0.001b 72.53+9.57 0.015b
T60 74.15 £ 7.93 1.0¢ 72.06 £ 11.39 0.378¢ 73.15+12.24 1.0¢
Sp0, (%)
TO 95.94 +1.78 0.0242 95.59 £ 2.50 0.0092 95.41 +2.08 0.0782
T30 94.74 + 2.59 0.932b 94.12 +3.09 0.004> 94.35 + 2.34 0.003b
T60 95.44 + 2.64 0.209¢ 94.29 + 2.41 1.0¢ 93.82 + 2.02 0.432¢

TO: prior to the initiation of the analgesic infusion. T30: 30 minutes after the analgesic infusion T60: 60 minutes after the analgesic infusion.
Between-group comparison of Sp0O, (one-way ANOVA): TO p = 0.584; T30 p = 0.635; T60 p = 0.018 (Tukey post hoc: combination vs. dexketoprofen, p = 0.016).
a: comparison between T0 and T30; b: comparison between T0O and T60; ¢: comparison between T30 and T60.
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Fig. 2. Changes in vital signs during the observation period: mean values of (a) heart rate; (b) systolic blood pres-
sure; (c) diastolic blood pressure; (d) peripheral oxygen saturation (SpO;) measured at baseline (T0), 30 minutes
(T30), and 60 minutes (T60) following intravenous administration of dexketoprofen trometamol, tramadol, or their
combination. Heart rate and blood pressure decreased from T0 to T30 in all groups and remained stable thereafter.
SpO, decreased transiently in the dexketoprofen group and remained lower at T60 in the tramadol-containing
groups. Because pain scores were not collected, these changes cannot be attributed to analgesic efficacy.
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Fig. 3. Linear mixed-effects sensitivity analysis of repeatedly measured parameters. Point estimates and 95% confi-
dence intervals for the group x time interaction terms (Tramadol x T30, Combination x T30, Tramadol x T60, Com-
bination x T60, each relative to the dexketoprofen group at T0) are shown for EtCO,, heart rate, systolic blood pres-
sure, diastolic blood pressure, and SpO,. All confidence intervals cross zero, indicating no statistically significant
interaction between treatment group and time for any parameter.

No significant between-group differences were ob-
served in arterial pH, bicarbonate, PCO,, lactate, or base
deficit at either TO or T60 (baseline p values: pH 0.227,
bicarbonate 0.647,PCO, 0.266, lactate 0.722, base deficit
0.472; 60-minute p values: 0.190, 0.099, 0.465, 0.448,
and 0.115, respectively). Subsequent within-group anal-
yses revealed a statistically significant decline in lactate
levels from TO to T60 across all three treatment groups
(dexketoprofen p = 0.003, tramadol p = 0.008, combina-

tion p = 0.001). Concurrently, base deficit and other
blood-gas parameters demonstrated stability (see Table
3 and Fig. 4).

Taken together, these findings indicate that dexketo-
profen trometamol, tramadol, and their combination did
not adversely affect surrogate markers of global tissue
perfusion during the first hour of treatment and were in-
stead associated with a modest, consistent reduction in
serum lactate.
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Table 3. Comparison of perfusion-related arterial blood-gas parameters between treatment groups.

Group 1 Group 2 Group 3
Variables (n=34) (n=34) (n=34)
TO T60 TO T60 TO T60
" 7.40 £ 0.05 7.40 + 0.04 7.40 + 0.04 7.40 + 0.04 7.38+0.054 7.39 +0.03
B p 0.909 0.831 0.630
2418+ 2.6 2429 +2.62 23.54+3.3 24.81+2.71 23.99 +2.48 23.52+2.01
HCO, (mEq/L)
0.795 0.102 0.162
39.59 +5.79 39.64 + 4.31 38.45+7.01 40.82 + 5.64 41.15 +7.56 39.49 + 4.39
PCO, (mmHg)
p 0.950 0.117 0.195
1.89 + 0.67 1.55 £ 0.60 1.81+0.79 1.48 +0.59 1.97 £1.05 1.35+0.74
Lactate (mmol/L)
0.003 0.008 0.001
0.18 +£2.28 0.18 £ 2.78 -0.68 +3.8 0.56 £ 2.59 -0.38 £ 2.26 -0.68 £ 1.99
Base deficit (mEq/L)
1.0 0.110 0.348
TO: prior to the initiation of the analgesic infusion.
T30: 30 minutes after the analgesic infusion.
T60: 60 minutes after the analgesic infusion.
pH HCO3- (mEqg/L)
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Fig. 4. Arterial blood-gas parameters before and after analgesic treatment; mean values of arterial blood-gas param-
eters, including pH, bicarbonate (HCO3™), partial pressure of carbon dioxide (PCO,), serum lactate, and base deficit,
measured at baseline (T0) and 60 minutes (T60) following intravenous administration of dexketoprofen trometa-
mol, tramadol, or their combination. Across all treatment groups, arterial blood-gas parameters remained stable
over time, with a consistent reduction in serum lactate levels observed at 60 minutes.
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4. Discussion

In this prospective randomised study of patients pre-
senting to the emergency department with renal colic,
intravenous dexketoprofen trometamol, tramadol, and
their combination had comparable short-term effects on
EtCO2, hemodynamic variables, and arterial blood-gas
parameters, with no significant group x time interaction
for any repeatedly measured parameter. However, Sp02
exhibited a modest decline that persisted at 60 minutes
in the tramadol-containing arms, where all transient de-
saturations below 90% occurred. Notably, none of these
cases necessitated supplemental oxygen or respiratory
intervention. It is important to note that the study was
not designed or powered to assess comparative safety.
Therefore, it is essential that these findings are regarded
as physiological observations only.

The clinical relevance of these findings is evidenced
by the fact that acute renal colic is characterised not only
by severe pain but also by pronounced sympathetic acti-
vation. This, in turn, may transiently influence cardiovas-
cular dynamics and metabolic demand. It is therefore
reasonable to hypothesise that effective analgesia will
attenuate sympathetic tone, which may result in favour-
able changes in physiological parameters. Conversely,
opioid-based analgesia, particularly in higher doses, has
the potential to impair ventilation and gas exchange,
which raises concerns regarding respiratory safety in
spontaneously breathing patients. In the present study,
EtCO, remained unchanged with all regimens at stand-
ard intravenous doses, whereas the modest and sus-
tained SpO, decrease in the tramadol-containing arms
may reflect a mild opioid-related effect on oxygenation
that did not require intervention in this low-risk popula-
tion.

Numerous studies and meta-analyses have compared
the analgesic efficacy and adverse-event profiles of
NSAIDs and opioids in renal colic; however, the majority
have focused primarily on pain scores, rescue analgesia
requirements, and gastrointestinal side effects [6-9,11].
Conversely, data concerning the physiological conse-
quences of analgesic choice, particularly with regard to
perfusion-related markers, remain limited. The present
study extends the extant literature by demonstrating
that commonly used intravenous analgesic regimens for
renal colic exert neutral short-term effects on EtCO,, a
parameter increasingly recognised as an indirect marker
of cardiac output and tissue perfusion.

Extensive validation of EtCO, monitoring has been
undertaken in critically ill populations, where low EtCO,
values are associated with reduced cardiac output, ele-
vated lactate levels, and increased mortality in condi-
tions such as shock, sepsis and cardiac arrest [14,19-22].
In such contexts, EtCO, serves as a dynamic, non-inva-
sive indicator of systemic perfusion and response to re-
suscitative interventions. Nevertheless, the clinical ap-
plicability of EtCO, for detecting more subtle physiolog-
ical changes in stable emergency department patients
remains to be firmly established. The present findings
suggest that, in patients with isolated acute pain and pre-
served hemodynamic stability, alterations in perfusion
induced by analgesia may be too modest to elicit meas-
urable changes in EtCO,.

It is noteworthy that, despite the stability of EtCO,
and other vital parameters, a statistically significant re-
duction in serum lactate levels was observed across all
treatment groups. This consistent finding is likely indic-
ative of a reduction in metabolic stress induced by pain,
as opposed to a direct effect of the analgesics on systemic
perfusion. As serial pain scores and treatment-response
data were not collected in this study, it is important to
regard this explanation as a hypothesis rather than a
demonstrated mechanism linking analgesia to lactate
clearance. It is well established that acute pain increases
catecholamine release, glycolytic flux, and lactate pro-
duction, even in the absence of overt hypoperfusion. It
may therefore be hypothesized that effective pain con-
trol contributes to the normalization of metabolic home-
ostasis, reflected in modest lactate clearance, although
this study cannot establish this mechanism directly.
Given that baseline lactate values in this cohort were
largely within normal or near-normal ranges, the ob-
served reductions should be interpreted as markers of
stress resolution rather than indicators of recovery from
pathological hypoperfusion.

Tramadol is frequently regarded as a comparatively
safer opioid with respect to respiratory depression due
to its weak p-opioid receptor agonism and additional
monoaminergic mechanisms. As demonstrated in previ-
ous clinical studies comparing tramadol with morphine
by the intravenous and epidural routes and in pharma-
covigilance data, clinically significant respiratory de-
pression with tramadol is rare at therapeutic doses [23-
25]. Consistent with this, no participant in the present
study required respiratory intervention; however, the
sustained SpO, decrease observed in the tramadol-con-
taining arms indicates that monitoring remains war-
ranted, as discussed below.

While the absence of between-group differences may
initially appear to be a null finding, in the context of ED
analgesic safety, it carries direct practical value. In clini-
cal practice, tramadol is frequently avoided or under-
dosed because of concerns about respiratory depres-
sion, even at doses well within the recommended limits.
In the present study, intravenous tramadol—either as an
isolated treatment or in combination with dexketo-
profen trometamol— did not alter EtCO, during the first
hour of treatment in non-intubated, hemodynamically
stable renal colic patients. However, SpO, decreased
modestly and remained lower at 60 minutes in the tra-
madol-containing arms, in which all seven transient de-
saturations below 90% occurred. This data therefore
provide reassurance regarding hypercapnic ventilatory
depression but not regarding oxygenation, and, given the
absence of a dedicated safety or non-inferiority design,
they cannot be interpreted as a formal demonstration of
comparative safety. These findings also suggest that cap-
nography and pulse oximetry provide complementary
rather than interchangeable information when tramadol
is administered to spontaneously breathing patients.

From a pragmatic standpoint, these findings suggest
that, in hemodynamically stable patients with renal colic,
the choice between NSAID-based, tramadol-based, or
combination analgesic strategies is unlikely to influence
short-term global perfusion as assessed by EtCO, and ar-
terial blood-gas analysis. Tramadol, at the doses admin-
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istered in this study, did not alter EtCO2; however, given
the Sp0O2 decrease observed in the tramadol-containing
arms, its use should be accompanied by standard moni-
toring and adherence to dosing limits, particularly in pa-
tients with risk factors for respiratory depression
[24,25]. Beyond these considerations, the selection of
analgesics may be more appropriately guided by contra-
indications, anticipated side-effect profiles, prior analge-
sic exposure, and individual patient characteristics, in
line with current guideline recommendations [3,10]. It
can be hypothesized that lactate may be a more respon-
sive short-term metabolic marker than EtCO, in this rel-
atively low-risk population, although its relationship
with pain relief could not be assessed in this study.

Nevertheless, caution is warranted when extrapolat-
ing these results to patients with hemodynamic instabil-
ity, significant cardiopulmonary comorbidities, or those
requiring repeated or higher-dose opioid administra-
tion. In such populations, significant disparities may be
observed in both perfusion dynamics and respiratory
risk profiles, thus rendering EtCO, monitoring a poten-
tially more significant clinical tool.

4.1. Limitations

A significant strength of this study is its prospective,
randomized, three-arm design, which facilitates direct
comparison of NSAID, opioid, and combination analgesia
using objective hemodynamic and metabolic endpoints.
Serial EtCO; and blood-gas measurements further char-
acterize the immediate physiological response to analge-
sia in a real-world emergency department setting.

It is imperative to acknowledge the limitations of the
present study. Firstly, this was a single-center study with
a modest sample size and only 60 minutes of follow-up,
so delayed or cumulative effects could not be assessed.
Secondly, the distribution of sex differed between
groups, with a higher proportion of male subjects in the
combination arm. However, there is no clear biological
rationale to predict sex-specific differences in short-
term EtCO, responses to these drugs. Thirdly, the pain
scores and clinical outcomes (e.g., the use of rescue anal-
gesia or the time to disposition) were not systematically
reported, thus limiting the direct linkage between perfu-
sion markers and analgesic efficacy. It is important to
note that EtCO, and lactate are global indices that may
not detect subtle regional or microcirculatory perfusion
abnormalities that do not substantially alter overall CO,
elimination or lactate production [20-22].

Further research with larger, more heterogeneous
populations, longer follow-up, and combined assess-
ment of pain scores, microcirculatory indices, and clini-
cal outcomes could assist in clarifying whether specific
analgesic choices offer any nuanced hemodynamic ad-
vantages in acute renal colic.

5. Conclusions

In hemodynamically stable adults presenting to the
emergency department with renal colic, intravenous
dexketoprofen trometamol, tramadol, and their combi-
nation had similar short-term effects on EtCO,, hemody-

namic variables, and arterial blood-gas parameters.
EtCO, remained unchanged with all regimens, whereas
SpO, decreased modestly and remained lower at 60
minutes in the tramadol-containing arms, in which all
transient desaturations occurred; capnography and
pulse oximetry should therefore be used together when
tramadol is administered. The observed reduction in
lactate levels across all groups may reflect attenuation of
pain-related stress, But this remains hypothetical be-
cause pain scores were not collected. Within the limits
of a study not designed to assess comparative safety,
these finding suggest that the selection of analgesic
treatment may be guided by efficacy and patient-specific
factors rather than by concerns over short-term perfu-
sion impairment.

Acknowledgements
None declared.

Funding
The authors received no financial support for the research, author-
ship, and/or publication of this manuscript.

Conflict of Interest
The authors declare no potential conflicts of interest with respect to
the research, authorship, and/or publication of this manuscript.

Data Availability

The datasets generated and/or analyzed during the current study are
not publicly available but are available from the corresponding author
upon reasonable request.

Al Assistance

During the preparation of this manuscript, DeepL Translate / Write
was used exclusively for language editing and stylistic refinement. The
authors take full responsibility for the content, interpretation, and con-
clusions of the published article.

Ethics Approval and Consent to Participate

This study was approved by the Erzincan Binali Yildirim University
Clinical Research Ethics Committee (Approval Number: 2024-16,/01;
Date: 07 Nov 2024). The first participant was enrolled on 10 November
2024. Written informed consent was obtained from all participants. All
procedures were conducted in accordance with relevant guidelines and
regulations.

Author Contributions

Giilbahar Demir: conceptualization, data curation, formal analysis, in-
vestigation, methodology, project administration, resources, supervision,
validation, visualization, writing - original draft, writing — review & ed-
iting.

Mevlana Giil: investigation, methodology, writing - original draft, writ-
ing - review & editing.

REFERENCES

1. Patti L, Leslie SW. Acute renal colic. In: StatPearls [Internet]. Treas-
ure Island (FL): StatPearls Publishing; 2026 Jan- [updated 2024
Dec 23; cited 2026 Oct 19]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK431091/

2. Golzari SE, Soleimanpour H, Rahmani F, Zamani Mehr N, Safari S,
Heshmat Y, et al. Therapeutic approaches for renal colic in the


https://www.ncbi.nlm.nih.gov/books/NBK431091/

Demir and Giil / Challenge Journal of Perioperative Medicine (2026) 4(3) 110-119 119

emergency department: a review article. Anesth Pain Med.
2014;4(1):e16222. https://doi.org/10.5812/aapm.16222

3. Skolarikos A, Geraghty R, Somani B, Tailly T, Jung H, Neisius A, et al.
European Association of Urology guidelines on the diagnosis and
treatment of urolithiasis. Eur Urol. 2025;88(1):64-75.
https://doi.org/10.1016/j.eururo.2025.03.011

4. Broder JS, Oliveira ] E Silva L, Bellolio F, Freiermuth CE, Griffey RT,
Hooker E, et al. Guidelines for Reasonable and Appropriate Care in
the Emergency Department 2 (GRACE-2): low-risk, recurrent ab-
dominal pain in the emergency department. Acad Emerg Med.
2022;29(5):526-60. https://doi.org/10.1111/acem.14495

5. Morgan S. Intravenous paracetamol in patients with renal colic.
Emerg Nurse. 2011;18(9):22-5.
https://doi.org/10.7748/en2011.02.18.9.22.c8337

6. Holdgate A, Pollock T. Nonsteroidal anti-inflammatory drugs
(NSAIDs) versus opioids for acute renal colic. Cochrane Database
Syst Rev. 2004;(1):CD004137.
https://doi.org/10.1002/14651858.CD004137.pub2

7. Pathan SA, Mitra B, Cameron PA. A systematic review and meta-
analysis comparing the efficacy of nonsteroidal anti-inflammatory
drugs, opioids, and paracetamol in the treatment of acute renal
colic. Eur Urol. 2018;73(4):583-95. https://doi.org/10.1016/j.eu-
ruro.2017.11.001

8. Cabo JJS, Miller NL. Nonopioid pain management pathways for
stone disease. ] Endourol. 2024;38(2):108-20.
https://doi.org/10.1089/end.2023.0266

9. Ozdemir M, Cigsar G, Bagcioglu M, Ciftci H, Giinal E. Comparison of
the analgesic effects of intravenous dexketoprofen, ibuprofen and
fentanyl in patients suffering from renal colic pain in the emergency
department. Eurasian | Emerg Med. 2023;22(1):18-23.
https://doi.org/10.4274 /eajem.galenos.2022.20633

10. National Institute for Health and Care Excellence. Renal and ure-
teric stones: assessment and management [Internet]. London: NICE;
2019 [cited 2026 Oct 19]. NICE guideline NG118. Available from:
https://www.nice.org.uk/guidance/ng118

11.Gu HY, Luo ], WuJY, Yao QS, Niu YM, Zhang C. Increasing nonsteroi-
dal anti-inflammatory drugs and reducing opioids or paracetamol
in the management of acute renal colic: based on three-stage study
design of network meta-analysis of randomized controlled trials.
Front Pharmacol. 2019;10:96.
https://doi.org/10.3389/fphar.2019.00096

12. Subedi M, Bajaj S, Kumar MS, Yc M. An overview of tramadol and its
usage in pain management and future perspective. Biomed Pharma-
cother. 2019;111:443-51. https://doi.org/10.1016/j.bio-
pha.2018.12.085

13. Aminiahidashti H, Shafiee S, Zamani Kiasari A, Sazgar M. Applica-
tions of end-tidal carbon dioxide (ETCO,) monitoring in emergency
department; a narrative review. Emerg (Tehran). 2018;6(1):e5.
https://pubmed.ncbi.nlm.nih.gov/29503830/

14.Kheng CP, Rahman NH. The use of end-tidal carbon dioxide moni-
toring in patients with hypotension in the emergency department.

Int | Emerg Med. 2012;5(1):31. https://doi.org/10.1186/1865-
1380-5-31

15.Zhang Y, Zhou R. A review of using CO,-derived variables to detect
tissue hypoperfusion during cardiopulmonary bypass. Perfusion.
2024;39(3):445-51.
https://doi.org/10.1177/02676591221151028

16.Burton JH, Harrah JD, Germann CA, Dillon DC. Does end-tidal carbon
dioxide monitoring detect respiratory events prior to current seda-
tion monitoring practices? Acad Emerg Med. 2006;13(5):500-4.
https://doi.org/10.1197 /j.aem.2005.12.017

17.Miner JR, Heegaard W, Plummer D. End-tidal carbon dioxide moni-
toring during procedural sedation. Acad Emerg Med.
2002;9(4):275-80. https://doi.org/10.1111/j.1553-
2712.2002.tb01318.x

18. Tarkkila P, Tuominen M, Lindgren L. Comparison of respiratory ef-
fects of tramadol and oxycodone. J Clin Anesth. 1997;9(7):582-5.
https://doi.org/10.1016/s0952-8180(97)00147-5

19. Narwade G, Chakrabarti S, Kaushik R, Kumar R, Gupta N, Gupta N,
et al. Evaluation of end-tidal carbon dioxide as a marker of fluid re-
sponsiveness in mechanically ventilated patients with shock: a pro-
spective study in a tertiary care center in India. Monaldi Arch Chest
Dis. 2025 [published online 2025 Oct 14].
https://doi.org/10.4081/monaldi.2025.3387

20.Wang ], Weng L, Xu ], Du B. Mean 24-hour end-tidal carbon dioxide
following diagnosis predicts mortality in patients with sepsis.
World J Emerg Med. 2025;16(4):383-6.
https://doi.org/10.5847 /wjem.j.1920-8642.2025.067

21.Dogan B, Kudu E, Danis F, Ozturk Ince E, Karaca MA, Erbil B. Com-
parative analysis of perfusion index and end-tidal carbon dioxide in
cardiac arrest patients: implications for hemodynamic monitoring
and resuscitation outcomes. Cureus. 2023;15(12):e50818.
https://doi.org/10.7759 /cureus.50818

22.Hong KS, Lee JG, Kim TY, Lee JM, Park H, Lee H, et al. Utility of arte-
rial to end-tidal carbon dioxide gradient as a severity index in criti-
cal caree. Am ]  Med  Sci. 2025;369(3):326-33.
https://doi.org/10.1016/j.amjms.2024.10.007

23.Yaddanapudi LN, Wig], Singh B, Tewari MK. Comparison of efficacy
and side effects of epidural tramadol and morphine in patients un-
dergoing laminectomy: a repeated dose study. Neurol India.
2000;48(4):398-400. https://pub-
med.ncbi.nlm.nih.gov/11146613/

24.Park S, Lee GH, Kim S, Kim S, Kim Y, Choi SA. Risk factors for respir-
atory depression associated with tramadol based on the Global
Pharmacovigilance Database (VigiBase). Pharmaceuticals (Basel).
2024;17(2):205. https://doi.org/10.3390/ph17020205

25.Houmes R], Voets MA, Verkaaik A, Erdmann W, Lachmann B. Effi-
cacy and safety of tramadol versus morphine for moderate and se-
vere postoperative pain with special regard to respiratory depres-
sion. Anesth Analg. 1992;74(4):510-4.
https://doi.org/10.1213/00000539-199204000-00007


https://doi.org/10.5812/aapm.16222
https://doi.org/10.1016/j.eururo.2025.03.011
https://doi.org/10.1111/acem.14495
https://doi.org/10.7748/en2011.02.18.9.22.c8337
https://doi.org/10.7748/en2011.02.18.9.22.c8337
https://doi.org/10.1002/14651858.CD004137.pub2
https://doi.org/10.1016/j.eururo.2017.11.001
https://doi.org/10.1016/j.eururo.2017.11.001
https://doi.org/10.1089/end.2023.0266
https://doi.org/10.4274/eajem.galenos.2022.20633
https://www.nice.org.uk/guidance/ng118
https://doi.org/10.3389/fphar.2019.00096
https://doi.org/10.1016/j.biopha.2018.12.085
https://doi.org/10.1016/j.biopha.2018.12.085
https://pubmed.ncbi.nlm.nih.gov/29503830/
https://doi.org/10.1186/1865-1380-5-31
https://doi.org/10.1186/1865-1380-5-31
https://doi.org/10.1177/02676591221151028
https://doi.org/10.1197/j.aem.2005.12.017
https://doi.org/10.1111/j.1553-2712.2002.tb01318.x
https://doi.org/10.1111/j.1553-2712.2002.tb01318.x
https://doi.org/10.1016/s0952-8180(97)00147-5
https://doi.org/10.4081/monaldi.2025.3387
https://doi.org/10.4081/monaldi.2025.3387
https://doi.org/10.4081/monaldi.2025.3387
https://doi.org/10.4081/monaldi.2025.3387
https://doi.org/10.5847/wjem.j.1920-8642.2025.067
https://doi.org/10.7759/cureus.50818
https://doi.org/10.1016/j.amjms.2024.10.007
https://pubmed.ncbi.nlm.nih.gov/11146613/
https://pubmed.ncbi.nlm.nih.gov/11146613/
https://doi.org/10.3390/ph17020205
https://doi.org/10.1213/00000539-199204000-00007



