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Objective: The aim of the study was to investigate the impact of dipyrone administration on postoperative analgesia and acetylsalicylic acid

(ASA) effect in patients undergoing coronary artery bypass grafting (CABG).

Design: A prospective randomized study.

Setting: Single-university hospital setting.

Participants: Ninety-eight patients who underwent CABG between April 2022 and May 2023.

Interventions: The ASA effect was measured at 6 time points with impedance aggregometry (Multiplate) and thromboelastography

(TEG6s Platelet Mapping). Patients were randomized to 1 of 3 groups: intravenous ASA and dipyrone at the same time (group 1),

intravenous ASA and dipyrone with a 2-hour delay (group 2), and intravenous ASA alone (group 3). Postoperative analgesic effects

(numeric rating scale) and the prevalence of potential ASA non-response (defined as ASPI >40 U and TEG-ASA inhibition <50%)

were recorded.

Measurements and Main Results: Of 90 analyzed patients, 80 took ASA preoperatively. All patients received intravenous ASA 100 mg from

postoperative day 1. The effect of ASA did not significantly differ between the study groups at any time for either platelet function test. NRS val-

ues did not differ between the study groups at any time (p = 0.469). Patients in group 3 received significantly more additional co-analgesics than

patients who received dipyrone (p = 0.005). ASA non-response was detected in 38.9% and 67.8% on the seventh postoperative day, respectively.

Conclusions: Dipyrone given after CABG seems safe and did not show any significant effect on platelet inhibition after ASA administration.

Patients taking dipyrone postoperatively need significantly fewer additional coanalgesics. The ASA effect on platelet function should be checked

at least once after surgery.

� 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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AFTER CORONARY ARTERY BYPASS GRAFTING

(CABG), patients need effective postoperative antiplatelet ther-

apy to avoid graft failure. Acetylsalicylic acid (ASA), which

irreversibly inhibits platelet cyclooxygenase-1 (COX-1), is the
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gold standard for secondary prevention of graft occlusion and

adverse cardiac events after CABG.1,2 In case of intolerance

(eg, stomach upset or non-response) or allergy to ASA, clopi-

dogrel given daily is a reasonable alternative.3,4

Furthermore, patients after CABG need adequate postopera-

tive analgesia due to the high risk of chronic pain disorder.5,6

A multimodal analgesic regimen commonly consists of a com-

bination of opioid and non-opioid analgesics. Guidelines of

the European Society of Cardiology do not recommend the use

of non-steroidal anti-inflammatory drugs (NSAIDs; especially

ibuprofen or diclofenac) in patients with cardiovascular

diseases.7,8 Dipyrone was withdrawn from the market in the

United States and in several European countries following

reports of fatal agranulocytosis in users. However, dipyrone is

still available by prescription and/or over-the-counter in many

countries in Europe, South America, and Asia.9 In Germany,

dipyrone (metamizole) is often used as a comedication with

opioids after CABG10 because of its favorable analgesic, spas-

molytic, and antipyretic effects; thus, the use of dipyrone in

Germany more than doubled between 2008 and 2018.11

However, dipyrone should be used with caution in patients

treated with ASA. In 2007, Hohlfeld and colleagues first

described that dipyrone has a high potential to attenuate or pre-

vent the antiplatelet effect of ASA.12 Dipyrone and its active

metabolite (4-methyl-aminoantipyrine) block the access of

ASA into the substrate binding site of platelet COX-1. In a

recent Germany-wide analysis, the administration of ASA and

dipyrone together was associated with excess mortality and

higher rates of myocardial infarction and strokes compared to

ASA medication alone.13 Another study recommended a strict

order of ASA medication 30 minutes before dipyrone to pre-

serve the antiplatelet effect of ASA in patients with coronary

artery disease.14 Whether differentiated dosing regimens, such

as the recommended adherence to a minimum time interval of

30 minutes or longer between the administration of ASA and
Fig 1. Patient flow chart o
dipyrone, provide sufficient platelet aggregation has not been

proved in clinical studies to date.

In this clinical study, we investigated the timing of dipyrone

administration on the antiplatelet effect of ASA in patients up

to 7 days after CABG. We hypothesized that dipyrone admin-

istered 2 hours after ASA does not affect the antiplatelet

effects of ASA and reduces acute postoperative pain better

than opioid-based treatment alone.
Materials and Methods

Study Design

This prospective, randomized, single-center, single-blind

study (DipASA study: Impact of dipyrone administration on

postoperative analgesia and aspirin effect in patients undergo-

ing coronary artery bypass grafting) was approved by the local

institutional review board (Protocol No. 21-2695-101,

approved on 26 January 2022) and registered with the German

Clinical Trials Register (DRKS00028161, prospectively regis-

tered on 17 February 2022). Written informed consent was

obtained from study patients scheduled for elective CABG at

the Department for Cardiac, Thoracic, and Cardiovascular Sur-

gery at the University Medical Center Regensburg. All patients

were recruited between April 2022 and May 2023. Main exclu-

sion criteria were age older than 85 years, body mass index

greater than 40 kg/m2, American Society of Anesthesia physi-

cal status higher than III, emergency CABG, chronic pain, and

rejection of study participation.
Patient Cohort

The patients were preoperatively randomized to 1 of 3 study

groups, except for patients with known intolerance to dipyrone

who were assigned directly to group 3 (Fig 1):
f the DipASA-study.
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� Group 1: intravenous administration of ASA 100 mg and

dipyrone 1,000 mg at the same time on postoperative day 1

up to day 3; from postoperative day 4, intravenous adminis-

tration of ASA alone once a day
� Group 2: intravenous administration of ASA 100 mg and

dipyrone 1,000 mg with a 2-hour delay on postoperative

days 1 to 3; from postoperative day 4, intravenous adminis-

tration of ASA alone once a day
� Group 3: intravenous administration of ASA 100 mg alone

once a day from postoperative day 1 (opioid-based pain

treatment)
All study patients were observed for 7 days postoperatively.

The study preliminarily included 98 patients. Postoperatively,

8 patients were excluded from analysis (dual antiplatelet ther-

apy after postoperative stenting of coronary vessels or bypass

[n = 7] or retroactive withdrawal of consent [n = 1]). Five

patients with known intolerance to dipyrone were directly

assigned to group 3.

Measurement of Platelet Function

In this study, the effects of ASA on platelet function were

measured with 2 different tests: Multiplate Analyzer (Roche

Diagnostics, Basel, Switzerland) and thromboelastography

(TEG6s Platelet Mapping, Haemonetics, Boston, MA). All

blood samples were left to rest for 30 minutes before the

respective platelet function test.

Multiplate

Multiple electrode platelet aggregometry with Multiplate

Analyzer is an established, fast, convenient method of testing

platelet function.15 One of the Multiplate Analyzer testing

options is the ASPI (platelet function stimulated by ASA) test,

in which platelets are activated by arachidonic acid, which is

converted to the potent platelet agonist thromboxane A2 by

the platelet COX-1. Therefore, platelet activation in the ASPI

test allows the sensitive and specific detection of ASA action

(normal range of ASPI levels without ASA intake: 71-115 U).

For the multiplate analysis, whole blood was collected in hiru-

din-anticoagulated blood tubes and analyzed by trained staff

of the Institute of Clinical Chemistry and Laboratory Medicine

of the University Medical Center Regensburg. The results

were recorded in the laboratory information system (Lauris,

Nexus/Swisslab GmbH, Offenbach, Germany).

TEG6s

The TEG6s Platelet Mapping whole blood assay measures

clot strength as maximum amplitude and can provide a semi-

quantitative analysis of platelet function by evaluating the con-

tribution of the thromboxane A2 receptors to clot formation

(normal range of TEG-ASA inhibition without ASA intake:

0% to 20%).16,17 For TEG6s Platelet Mapping, heparinized

blood tubes were used.
Both platelet function tests were performed at 6 different time

points: preoperatively, 1 hour after surgery, 1 hour after ASA

administration in study groups 1 and 3, and 1 hour after dipyrone

administration in study group 2 on the first, second, and third

postoperative day2. On day 7 after CABG, all study patients

underwent platelet function testing 1 hour after ASAadministra-

tion. In addition, adverse events (major postoperative bleeding,

reoperation rate, ischemic complications, or death) and routine

coagulation and hemostatic parameters were recorded at each

measurement time point: platelet count, hemoglobin, leukocyte

and fibrinogen values, creatine kinase [CK], CK-MB, quick

value, and activated partial thromboplastin time. Furthermore,

we recorded the preoperative ASA administration to identify

potential ASA non-responders. ASA resistance was defined as

ASPI �40 U by Multiplate and <50% ASA-induced whole

blood inhibition byTEG6s PlateletMapping.18-22

Postoperative Analgesia

In all study patients, perioperative anesthesia was induced

with sufentanil (initial bolus 0.5 mg/kg ideal body weight)

before tracheal intubation and maintained with continuous

sufentanil (0.5 mg/kg ideal body weight per hour) until

15 minutes before the end of surgery. Postoperatively, each

patient in groups 1 and 2 received 1,000 mg of dipyrone intra-

venously 4 times a day from postoperative days 1 to 3. At the

postoperative visits (days 1, 2, 3, and 7), each patient was

interviewed about the current level of pain using the numeric

rating scale (NRS). The questioner did not know which of the

3 groups the patient had been assigned to (single-blinded

study). The NRS is a well-established tool for pain assessment

tool that requires patients to rate their pain on a defined scale.

The scale ranges from 0 to 10, where 0 is no pain and 10 is the

worst pain imaginable.23 In addition, the doses of all postoper-

atively administered analgesics, especially opioids (fixed addi-

tional and cumulative opioid doses measured as morphine

equivalents) and comedications (minimum one of the follow-

ing substances: ibuprofen, paracetamol, ketamine, lidocaine,

and dexmedetomidine), were recorded using the inhouse Meta-

vision patient clinical information system (iMDsoft).

Study Aims

The primary aim of the study was to investigate the influ-

ence of dipyrone on sufficient ASA antiplatelet inhibition

defined by ASPI <40 U with Multiplate and >50% with

TEG6s Platelet Mapping.

Secondary aims included the postoperative analgesic effect

of dipyrone compared to opioid-based analgesics, the use of

other analgesic comedication, the rate of adverse events, and

the frequency of potential ASA non-response.

Statistical Analyses

Sample Size Considerations

Sample size was calculated according to the primary end-

point of platelet inhibition defined by ASPI <40 U (binary
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endpoint yes v no) at any postoperative time point. We

assumed a platelet inhibition of 95% in group 3, 90% in group

2, and 50% in group 1. Our primary hypothesis was that groups

3 and 2 have higher proportions of platelet inhibition than

group 1. To detect a difference of 90% (group 2) versus 50%

(group 1) with a power of 80% at a 2-sided significance level

of 2.5% (adjusted for 2 tests), a total of 27 patients needed to

be analyzed for both arms (groups 1 and 2). According to this

calculation, we decided to also include 27 patients in group 3

to achieve the same group size. To account for about 10% of

the patients to become dropouts, we included 30 patients per

group. Sample size was calculated using G*Power.
Statistical Methods

Data are shown as mean (§ SD) or median (IQR) for contin-

uous variables depending on the underlying distribution and as

absolute and relative frequencies for categorical variables. A

p-value <0.05 was considered significant. All analyses were

performed using the software R (Version 3.5.1, www.r-proj

ect.org).

To analyze group differences, we used 1-way ANOVA for

normally distributed variables, the Kruskal-Wallis test for

non-normally distributed variables, and the chi-squared test

of independence or the Fisher-exact-test for categorical var-

iables.

For the primary and secondary endpoints, 2-way ANOVAs

were used to analyze the effects of study group and time on

routine laboratory parameters and platelet function. The chi-

squared test of independence or the Fisher exact test was used

to analyze group differences in the number of ASA non-res-

ponders at each time point. Two-way ANOVA was performed

to analyze the effects of study group and time on NRS pain

score and opioid dose. The Fisher exact test was performed to
Table 1

Patient Characteristics and Surgical and Clinical Details (N = 90)

Group 1 (n = 3

Age (y), mean (§SD) 66 (§10)

Sex

Men, n (%) 28 (93%)

Women, n (%) 2 (7%)

BMI (kg/m2), mean (§SD) 28.6 (§4.3)

SAPS IIa, mean (§SD) 26 (§15)

Surgical and clinical details

Duration of CABG surgery [min], median (IQR) 205 (184-240)

Duration of cardiopulmonary bypass [min], median (IQR) 90 (70-100)

Duration of cross-clamp time [min], median (IQR) 53 (41-60)

Duration of ICU stay [d], median (IQR) 2 (1-3)

Duration of hospital stay [d], median (IQR) 16 (12-21)

Notes: *p < 0.05.

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; ICU

Group 1: intravenous administration of ASA 100 mg and dipyrone 1,000 mg at the s

ASA 100 mg and dipyrone 1,000 mg with a 2-hour delay on postoperative days 1 to
aMeasured 24 hours after ICU admission.
1 One-way ANOVA.
2Kruskal-Wallis test.
3 Fisher exact test.
analyze differences in the treatment with additional analgesics

between the study groups.

Results

Of 98 randomized White patients, who had given their

informed consent, 90 patients were eligible for statistical

analysis. Patient characteristics and surgical details are

listed in Table 1. Eighty patients (88.9%) were male; the

mean age was 65 years (§9 years) with a mean body mass

index of 28.6 kg/m2 (§5.4 kg/m2). The median duration of

CABG was 210 (IQR 187-247) minutes, the median dura-

tion of cardiopulmonary bypass use was 94 (IQR 77-112)

minutes, and the median duration of cross-clamp time on

the heart-lung machine was 55 (IQR 44-66) minutes. All

study patients were treated postoperatively in the ICU. The

median length of the ICU stay was 2 (IQR 1-3) days, and

the median hospital stay was 16 (IQR 13-19) days. All

patients were prepared and waited a median of 5 (IQR 2-7)

days for CABG surgery. The 3 study groups did not differ

in any of the described parameters.

Platelet Function

The Multiplate Analyzer showed a significant difference in

ASPI values between the measurement time points (p <

0.001); the initial median ASPI value decreased after surgery

and increased from the first to the seventh postoperative day.

The ASPI values of each group are shown in Fig 2. No signifi-

cant differences were found between the study groups. No

interaction effect was found. As measured with TEG6s Platelet

Mapping, the inhibitory effect of ASA on platelet function in

each study group is shown in Fig 3. We found a significant

effect of time on ASA inhibition on platelets (p < 0.001), with
0) Group 2 (n = 30) Group 3 (n = 30) p-Value

64 (§9) 65 (§8) 0.7161

27 (90%) 26 (87%) 0.9053

3 (10%) 4 (13%)

29.6 (§6.8) 27.6 (§4.8) 0.6812

24 (§8) 21 (§7) 0.0952

215 (193-247) 211 (189-254) 0.7652

94 (82-104) 97 (81-122) 0.2942

53 (46-62) 59 (44-74) 0.4121

2 (1-3) 2 (1-3) 0.9352

16 (13-19) 15 (13-18) 0.8242

, intensive care unit; SAPS II, Simplified Acute Physiology Score II.

ame time on postoperative days 1 to 3; group 2: intravenous administration of

3; group 3: postoperative intravenous ASA administration alone.

http://www.r-project.org
http://www.r-project.org


Fig 2. Median ASPI levels of each study group at the different measurement time points detected with the Multiplate Analyzer (N = 90, 30 patients in each group).

Notes: Multiplate ASPI-test units: AUC [U]; CABG, coronary artery bypass grafting; group 1: intravenous administration of ASA 100 mg and dipyrone 1,000 mg

at the same time on postoperative day 1 to 3, group 2: intravenous administration of ASA 100 mg and dipyrone 1,000 mg with a 2-hour delay on postoperative day

1 to 3, group 3: postoperative intravenous administration of ASA 100 mg alone; the red line designates an ASPI value of 40 U; no significant differences were

found between study groups at any measuring time point.
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the highest platelet inhibition immediately after surgery

with a significant increase compared to preoperative level

(p < 0.001). No significant differences were detected between

the groups. No interaction effect was found.
Adverse Events and Routine Laboratory

In our study, we registered 6 cases of major postoperative

bleeding with reoperation immediately after surgery (6.7%).
Fig 3. Median ASA inhibitory effect of each study group at the different measurem

each group). Notes: TEG6s Platelet Mapping unit: percent; ASA, acetylsalicylic aci

of ASA 100 mg and dipyrone 1,000 mg at the same time on postoperative day 1 to

with a 2-hour delay on postoperative day 1 to 3, group 3: postoperative intravenous

tion of 50%; no significant differences were found between study groups at any mea
Each of the patients had been treated with ASA preoperatively

without any differences between the study groups. No adverse

events were detected from the first postoperative day up to the

end of the study observation (1 week after CABG). The routine

parameters of each study group are shown in Table 2. We

found significant differences between the time points but no

significant differences between the study groups. No interac-

tion effects were found except for the hemoglobin value

(p = 0.013).
ent time points detected with TEG6s Platelet Mapping (N = 90, 30 patients in

d; CABG, Coronary artery bypass grafting; group 1: intravenous administration

3, group 2: intravenous administration of ASA 100 mg and dipyrone 1,000 mg

administration of ASA 100 mg alone; the red line designates a platelet inhibi-

suring time point.



Table 2

Median Standard Laboratory Parameters at the Different Measuring Time Points (N = 90, 30 patients in each group)

Parameter Before CABG

Surgery

1 Hour after

CABG

1st Postoperative

Day

2nd Postoperative

Day

3rd Postoperative

Day

7th Postoperative

Day

p-Values

Leukocyte count

(n/nL)

Group 1 8.2 (§2.9) 11.6 (§5.3) 10.4 (§4.0) 10.8 (§4.7) 10.1 (§5.1) 9.1 (§3.3) 0.224

Group 2 7.6 (§1.5) 11.3 (§3.7) 10.5 (§2.5) 10.3 (§3.1) 9.3 (§3.5) 9.5 (§2.9)

Group 3 8.8 (§1.9) 11.7 (§4.0) 11.1 (§3.0) 12.5 (§2.9) 10.7 (§2.3) 9.2 (§2.2)

All 8.2 (§2.2) 11.5 (§4.4) 10.7 (§3.2) 11.2 (§3.7) 10.0 (§3.8) 9.3 (§2.8)

Platelet count

(n/nL)

Group 1 242 (§84) 164 (§55) 177 (§54) 161 (§50) 168 (§51) 288 (§98) 0.670

Group 2 248 (§62) 166 (§53) 179 (§51) 155 (§46) 157 (§50) 283 (§104)

Group 3 272 (§79) 168 (§48) 182 (§42) 175 (§37) 176 (§38) 307 (§86)

All 254 (§76) 166 (§52) 179 (§49) 163 (§45) 167 (§47) 293 (§96)

Hemoglobin

(g/dL)

Group 1 13.8 (§1.4) 10.3 (§1.3) 9.9 (§1.2) 9.3 (§1.0) 9.1 (§0.9) 9.9 (§1.1) 0.013*

Group 2 13.9 (§1.8) 10.0 (§1.5) 10.4 (§1.4) 9.8 (§1.3) 9.4 (§1.3) 10.8 (§2.0)

Group 3 14.3 (§1.5) 10.1 (§1.1) 10.1 (§1.4) 9.5 (§1.5) 9.3 (§1.5) 9.7 (§1.3)

All 14.0 (§1.6) 10.1 (§1.3) 10.1 (§1.3) 9.5 (§1.3) 9.3 (§1.3) 10.1 (§1.6)

Fibrinogen

(mg/dL)

Group 1 N/A 273 (§90) 343 (§81) 529 (§111) 624 (§92) 618 (§127) 0.387

Group 2 N/A 269 (§122) 359 (§104) 518 (§109) 616 (§130) 629 (§166)

Group 3 N/A 287 (§74) 368 (§87) 520 (§99) 590 (§129) 601 (§121)

All N/A 277 (§95) 357 (§91) 522 (§105) 610 (§117) 616 (§138)

Creatine kinase

(U/L)

Group 1 241 (§805) 287 (§170) 423 (§236) 627 (§799) 477 (§762) 83 (§63) 0.314

Group 2 115 (§80) 340 (§136) 636 (§607) 746 (§772) 488 (§613) 100 (§95)

Group 3 91 (§78) 343 (§162) 466 (§254) 466 (§268) 390 (§362) 104 (§119)

All 149 (§469) 323 (§157) 508 (§410) 613 (§662) 453 (§601) 96 (§95)

CK-MB (ng/mL) Group 1 21.3 (§99.2) 18.2 (§12.1) 18.9 (§20.5) 8.7 (§9.4) 3.9 (§3.9) 1.8 (§1.0) 0.169

Group 2 3.3 (§3.8) 20.7 (§13.1) 39.0 (§70.7) 15.4 (§28.6) 5.8 (§9.7) 1.9 (§1.1)

Group 3 2.5 (§1.7) 20.5 (§15.3) 30.0 (§52.0) 11.0 (§15.5) 4.2 (§4.5) 1.6 (§1.0)

All 9.1 (§57.3) 19.8 (§13.5) 29.3 (§52.1) 11.7 (§19.5) 4.6 (§6.5) 1.7 (§1.0)

NT-proBNP

(pg/mL)

Group 1 918 (§1,352) 756 (§1,202) 2,096 (§3,096) 2,230 (§1,474) 3,122 (§2,609) 2,516 (§1,828) 0.307

Group 2 1026 (§2,090) 1,330 (§2,568) 2,762 (§3,343) 5,849 (§12,958) 5,502 (§8,694) 4,235 (§6,729)

Group 3 1,034 (§1,167) 1,059 (§878) 2,191 (§1718) 4,277 (§4,135) 4,572 (§4,213) 3,827 (§4,215)

All 992 (§1,570) 1,052 (§1,714) 2,365 (§2,800) 4073 (§7852) 4,381 (§5,782) 3,550 (§4,803)

Quick value (%) Group 1 96.4 (§7.2) 77.4 (§12.8) 84.7 (§10.7) 91.3 (§9.7) 97.5 (§5.4) 97.5 (§4.6) 0.134

Group 2 98.0 (§4.5) 72.0 (§12.6) 85.6 (§9.8) 88.9 (§10.1) 95.4 (§6.8) 94.7 (§9.9)

Group 3 97.3 (§4.4) 76.3 (§12.5) 85.1 (§12.7) 90.6 (§9.8) 95.3 (§6.5) 93.9 (§8.9)

All 97.2 (§5.5) 75.2 (§12.7) 85.1 (§11.0) 90.2 (§9.8) 96.1 (§6.3) 95.4 (§8.2)

Activated partial

thromboplastin

time (s)

Group 1 36.0 (§16.8) 39.9 (§9.8) 40.7 (§10.8) 38.7 (§10.5) 33.6 (§5.7) 30.1 (§8.3) 0.264

Group 2 35.1 (§17.3) 44.8 (§13.0) 38.1 (§9.4) 37.3 (§8.2) 34.1 (§7.3) 31.0 (§9.4)

Group 3 30.9 (§9.0) 44.7 (§19.6) 40.4 (§16.7) 36.9 (§6.6) 35.1 (§6.5) 33.6 (§12.6)

All 34.0 (§14.9) 43.1 (§14.7) 39.7 (§12.6) 37.6 (§8.7) 34.3 (§6.5) 31.8 (§10.1)

Notes: Entries depict the mean (§SD), and p-values compare the 3 treatment arms using repeated-measures ANOVA.

*p < 0.05.

Abbreviations: CABG, coronary artery bypass grafting; CK-MB, creatine kinase-MB; N/A, not available; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Group 1: intravenous administration of ASA 100 mg and dipyrone 1,000 mg at the same time on postoperative day 1 to 3, group 2: intravenous administration of

ASA 100 mg and dipyrone 1,000 mg with a 2-hour delay on postoperative day 1 to 3, group 3: postoperative intravenous administration of ASA 100 mg alone.
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ASA Non-responders

Eighty patients (88.9%) took ASA before CABG surgery.

Of the 80 patients (28.8%) under Multiplate testing who had

taken ASA preoperatively, 23 showed an inadequate ASA

effect (ASPI level �40 U). The distribution of potential

ASA non-response for all patients and in each group is

shown in Table 3. On the seventh postoperative day, 38.9%

(35 of 90) of patients with ASA medication showed reduced

ASA inhibition. No significant differences in the number of

ASA non-responders were found between the groups. As

measured with TEG6s Platelet Mapping, 75% (60 of 80) of

patients showed reduced ASA inhibition before surgery

(Table 4). On the seveth postoperative day, 67.8% (61 of

90) of patients with ASA medication showed reduced ASA

inhibition. No significant differences in the ASA effect were
found between the groups at any of the measurement time

points.

Postoperative Analgesia

A median NRS pain score of 4 (IQR 2-6) on the first postop-

erative day was the highest postoperative pain score, which

continuously decreased during follow-up (Table 5). The 3

study groups did not significantly differ in pain levels

(p = 0.963). Nevertheless, pain decreased significantly over

time (p < 0.001). No interaction effect was found (p = 0.469).

A significant difference in the fixed dose of opioids

(p = 0.002) was found between the time points, but there was

no main effect in relation to group (p = 0.694). Nevertheless,

the difference between the treatment groups changed over

time (interaction term: p = 0.015). Furthermore, patients in



Table 3

Number (and Percentage) of Patients with Multiplate ASPI Level �40 U (N = 90)

Before CABG Surgery 1 Hour after Surgery 1st Postoperative Day 2nd Postoperative Day 3rd Postoperative Day 7th Postoperative Day

Group 1 8 (8.9%) 2 (2.2%) 3 (3.3%) 5 (5.6%) 7 (7.8%) 15 (16.7%)

Group 2 9 (10%) 2 (2.2%) 5 (5.6%) 3 (3.3%) 6 (6.7%) 13 (14.4%)

Group 3 6 (6.7%) 2 (2.2%) 2 (2.2%) 1 (1.1%) 2 (2.2%) 7 (7.8%)

All 23 (25.6%) 6 (6.7%) 10 (11.1%) 9 (10%) 15 (16.7%) 35 (38.9%)

p-Values 0.6161 >0.992 0.5922 0.2312 0.1912 0.0941

Note: *p < 0.05.

Abbreviations: ASA, acetylsalicylic acid; CABG, coronary artery bypass grafting.

Group 1: intravenous administration of ASA 100 mg and dipyrone 1,000 mg at the same time on postoperative days 1 to 3, group 2: intravenous administration of

ASA 100 mg and dipyrone 1,000 mg with a 2-hour delay on postoperative days 1 to 3, group 3: postoperative intravenous administration of ASA alone.
1 Chi-squared test of independence.
2 Fisher exact test.

W. Petermichl et al. / Journal of Cardiothoracic and Vascular Anesthesia 39 (2025) 121�130 127
group 3 required significantly more additional coanalgesics

than patients who received dipyrone (p = 0.005).

Discussion

This study analyzed the timing of dipyrone administration

on the inhibitory effect of ASA on platelet function up to

7 days after CABG surgery. The main findings were (1) plate-

let function was maximally decreased immediately after

surgery and (2) the timing of postoperative dipyrone adminis-

tration did not influence the inhibitory effect of ASA. Second-

ary findings were (1) patients without postoperative dipyrone

medication required more analgesic comedication and (2) over

one-third of the patients showed an inadequate inhibitory

effect of ASA on platelet function after surgery.
Table 4

Number (and Percentage) of Patients with ASA Inhibition <50% with TEG6s Plate

Before CABG Surgery 1 Hour after Surgery 1st Postoperative Da

Group 1 19 (21.1%) 7 (7.8%) 12 (13.3%)

Group 2 21 (23.3%) 7 (7.8%) 15 (16.7%)

Group 3 20 (22.2%) 6 (6.7%) 18 (20%)

All 60 (66.7%) 20 (22.2%) 45 (50%)

p-Values p = 0.861 p = 0.9621 p = 0.3011

Note: *p < 0.05.

Abbreviations: ASA, acetylsalicylic acid; CABG, coronary artery bypass grafting; T

Group 1: intravenous administration of ASA 100 mg and dipyrone 1,000 mg at the s

ASA 100 mg and dipyrone 1,000 mg with a 2-hour delay on postoperative day 1 to 3
1 Chi-squared test of independence.

Table 5

Postoperative Numeric Rating Scale (NRS) Pain Scores (N = 90)

NRS Value 1st Postoperative Day 2nd Postoperative D

Group 1 4.5 (3.5-6) 3 (1-5)

Group 2 4 (2-6) 3 (2-3.75)

Group 3 3 (0.75-5.25) 3 (1-4)

All 4 (2-6) 3 (1-4)

Notes: NRS values are shown as median (IQR); group 1: intravenous administration

1 to 3, group 2: intravenous administration of ASA 100 mg and dipyrone 1,000 mg w

intravenous administration of ASA alone; no significant differences were found betw

Abbreviation: ASA, acetylsalicylic acid.
The administration of dipyrone for 3 days immediately after

CABG surgery seems to be safe and has potential benefits.

Thus, the hypotheses underlying this study could be partially

confirmed. However, patients treated with CABG still have a

notable risk of subsequent major ischemic cardiac and cerebro-

vascular events up to 12 months after surgery.24 Therefore, the

postoperative administration of dipyrone should be as short as

possible to avoid interaction with ASA.

Platelet Function

A consensus statement of the International Society for Mini-

mally Invasive Cardiothoracic Surgery recommends that pre-

operative ASA administration may be continued until

surgery.25 The optimal dose and timing of ASA for the
let Mapping (N = 90)

y 2nd Postoperative Day 3rd Postoperative Day 7th Postoperative Day

14 (15.6%) 17 (18.9%) 19 (21.1%)

18 (20%) 20 (22.2%) 21 (23.3%)

21 (23.3%) 21 (23.3%) 21 (23.3%)

53 (58.9%) 58 (64.4%) 61 (67.8%)

p = 0.1741 p = 0.4051 p = 0.6561

EG6s, thromboelastography.

ame time on postoperative day 1 to 3, group 2: intravenous administration of

, group 3: postoperative intravenous administration of ASA alone.

ay 3rd Postoperative Day 7th Postoperative Day

2 (0-4) 0 (0-2)

2 (0.5-3) 0.5 (0-2)

2 (0.25-3.75) 1 (0-2)

2 (0-3) 0.5 (0-2)

of ASA 100 mg and dipyrone 1,000 mg at the same time on postoperative day

ith a 2-hour delay on postoperative day 1 to 3, group 3: postoperative

een the study groups at any measuring time point.
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antiplatelet therapy of patients after CABG ares controversial.

Early initiation of ASA administration after CABG is associ-

ated with a reduced risk of death and ischemic complica-

tions.26 Currently, ASA is mostly administered without

assessing its effect on platelet function. After CABG, daily

low-dose ASA is a uniformly accepted strategy for secondary

prevention in patients with cardiovascular disease.27 On the

other hand, a systematic review described higher doses of

ASA (�300 mg) that resulted in a higher ASA treatment effect

and a lower prevalence of ASA resistance.28 But higher ASA

dosage is a potential risk factor for postoperative bleeding.29

This is one of the reasons why platelet inhibition should be

monitored with specific blood tests. The incorporation of

point-of-care platelet function tests into transfusion manage-

ment algorithms is associated with reduced blood loss and

transfusion requirements in cardiac surgery patients.30 In a

Polish study, patients received ASA 300 mg immediately after

CABG but before dipyrone, followed by ASA 150 mg daily.

Comparable to our results, that study showed no effect on

ASPI values between the dipyrone/opioid and opioid groups.31

In our study, all patients were treated with low-dose ASA

(100 mg intravenously once per day) starting on the first post-

operative day. Using the Multiplate test, ASPI levels were low-

est nearly 2 hours after CABG surgery, reflecting the negative

effect of a heart-lung machine on platelet function. This fact

could be a possible explanation for the 6 cases of postoperative

bleeding and the necessity of operative revision. Between the

first and seventh postoperative days, the ASPI values increased

slowly but continuously under ASA treatment, with the highest

values one week after CABG (Fig 2). In a retrospective study

of nearly 500 patients after heart surgery, ASPI values <40 U

were associated with higher postoperative drainage, and

values <27 U were associated with higher postoperative red

blood cell concentrate usage.32

Along with standard laboratory testing, the use of TEG can

significantly reduce the amount of blood products given to

patients undergoing CABG as well as the rate of reoperation.33

Furthermore, the TEG allows the detection of the platelet

inhibitory effect of ASA. Platelet mapping has been proved to

be a valuable tool for assessing the level of platelet inhibition

of ASA and detecting potential “non-responders.”34 A study

by Lee and colleagues has also shown that it is possible to

detect platelet disorders with TEG.35 Therefore, TEG is a suit-

able tool for detecting a potential reduction of platelet inhibi-

tion when dipyrone is administered. In our study, we found no

interaction of dipyrone with the inhibitory effect of ASA

between the study groups, but an increased rate of patients

with postoperative ASA inhibition <50%, which is consistent

with previous findings.36

ASA Non-responders

The terms ASA non-responder or resistance have been used

to describe two different phenomena. One is the inability of

ASA to inhibit platelet aggregation as demonstrated by platelet

function tests (named biochemical ASA resistance). However,

the term has also been used to describe the occurrence of
cardiovascular events under therapeutic ASA medication

(named clinical treatment failure). No consensus exists on

whether the terms should be based on laboratory evidence,

clinical outcomes, or both.37,38 For biochemical ASA resis-

tance, the rate of ASA non-response is influenced by the defi-

nition of the cut-off value. There is no universal cut-off for

ASA response and non-response in the Multiplate Analyzer.

Most studies used a cut-off value of 40 U to define ASA

response and non-response.18�21 Furthermore, the ASA effect

of platelet inhibition is dose-dependent as described here. In

our study, we investigated the effect of ASA on platelet inhibi-

tion in 90 patients who received 100 mg ASA once daily up to

7 days postoperatively. Using 2 different platelet function

tests, we found a biochemical ASA resistance in 38.9% and

67.8% of the patients on the seventh postoperative day. These

findings were comparable with a previous review that

described ASA resistance between 10% and over 90% after

CABG.39 In our study, 28.8% and 75.0% of patients receiving

preoperative ASA medication also showed a reduced ASA

effect. ASA dosage and the biochemical method of defining

ASA resistance strongly influence estimated prevalence.28

Postoperative Analgesia

Immediately after CABG surgery, patients reported the

highest level of pain, which gradually decreased after hospital

discharge.5,40 In addition, patients after cardiac surgery with

persistently high pain levels had longer hospital stays.41 In a

study by Lahtinen and colleagues, patients reported postopera-

tive pain as severe (NRS 7-10) in 49% at rest, in 78% when

coughing, and in 62% when moving (on postoperative day

4).42 In our study, the highest pain level was recorded on post-

operative day 1 (median NRS of 4; moderate pain 4 to 6) with

a continuous decrease until postoperative day 7.

The predominant pain management strategy immediately

after CABG is the use of prescribed opioid medication.40 In

our study, patients in groups 1 and 2 received dipyrone as non-

opioid analgesic medication on postoperative days 1 to 3,

4 times a day, in addition to opioids, which were adapted to

the individual patient’s level of pain. Patients without dipyrone

medication (group 3) needed significantly more coanalgesics.

Strengths and Limitations

The strengths of the present study are its prospective design

with 6 measurement time points, the large number of included

patients with a follow-up of 1 week postoperatively, and the

detection of platelet function with 2 different tests. The num-

ber of dropouts in this study was low but may result in small

selection bias. Furthermore, 5 patients with known intolerance

to dipyrone were directly assigned to group 3, which could be

a selection bias. Despite the previously calculated sample size,

the effect of dipyrone on the platelet inhibitory effect of ASA

could be underestimated. Furthermore, this study is not pow-

ered to show the relationship between ASA resistance and

demographic variables. The NRS is a subjective tool for

detecting the level of pain of patients after surgery.
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Conclusion

In summary, dipyrone administration immediately after

CABG until the third postoperative day seems to be safe and

has no significant effect on the antiplatelet effect of ASA.

Patients who receive dipyrone after surgery need significantly

fewer fixed opioids and additional coanalgesics. Because of

the potential risk of ASA resistance, the effect of ASA on

platelet function should be checked at least once after surgery.

Further (prospective) larger studies are needed to better quan-

tify the potential risks of dipyrone administration in patients

treated with ASA after CABG.

Trial Registration

German Clinical Trials Register (DRKS00028161, prospec-

tively registered 17-02-2022). URL https://drks.de/search/de/

trial/DRKS00028161
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