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 270 

 271 

Background and rationale  272 

Pain is a common condition among prehospital patients [1]. In Australia, Jennings et 273 

al. reported that 34.5% of prehospital patients experienced pain, the majority 274 

presenting with traumatic or medical etiology (40.1% and 39.1%, respectively). Pain 275 

of a cardiac nature only accounted for 17.0% of presentations [2]. Rapid and efficient 276 

management of acute pain is pivotal in the prehospital setting. However, Jennings et 277 

al. found that a large percentage of patients arrived in the emergency department 278 

(ED) without significant pain reduction [2]. In France, Galinski et al. reported that, 279 

overall, 51% of the patients experienced pain relief during prehospital management, 280 

and that inadequate pain control is more frequent in patients with traumatic or 281 

gynecologic/obstetric pain [3].  282 

 283 

Opioids are the most frequently prescribed analgesics in the prehospital 284 

setting [3, 4]. However, several issues should be highlighted. First, opioids are highly 285 

addictive, and some patients may develop opioid dependence, even if they are 286 

exposed to brief opioid treatments during inhospital pain management [5–7]. Second, 287 

opioids prescription may be associated with severe adverse events, including oxygen 288 

desaturation and respiratory depression, hypotension, bradycardia, and 289 

oversedation, that may worse a patient’s condition [8, 9]. Other common acute side 290 

effects of opioids include dizziness, nausea, and vomiting [10]. Therefore, alternative 291 

non-opioid analgesia strategy, using agents at lower risk of dependence, should be 292 

proposed to manage pain in the prehospital setting [11]. 293 

 294 

Ketamine is a non-competitive N-methyl-D-aspartate and glutamate receptor 295 

antagonist that decreases central sensitization, “wind-up” phenomena, and pain 296 

memory [12–14]. Ketamine is commonly used at a dissociative dose for procedural 297 

sedation [15]. Used at a subdissociative dose (i.e., low-dose ketamine, 0.1 to 0.6 298 

mg/kg and, most commonly, 0.3 mg/kg), ketamine provides analgesic effects, 299 

accompanied by preservation of protective airway reflexes, spontaneous respiration, 300 

and cardiopulmonary stability [14, 16, 17].  301 

 302 



Relatively few studies have reported the use of low-dose ketamine alone for 303 

analgesia in the prehospital setting. Losvik et al. conducted a retrospective cohort 304 

study of trauma patients, in a low cost rural trauma system in Iraq [18]. They reported 305 

that in patients with Injury Severity Score > 8, ketamine will be associated with a 306 

significantly better effect on the systolic blood pressure compared to opioid analgesia 307 

(p = 0.03). Tran et al. performed a cluster randomized trial to compare the analgesic 308 

effects of ketamine and morphine in trauma patients, in a prehospital low-resource 309 

setting [19]. A total of 169 trauma patients will be treated outside hospital settings 310 

with ketamine (administered as slow intermittent intravenous injections of doses of 311 

0.2–0. 3 mg/kg), while 139 patients will be treated with morphine (administered in 312 

one single intramuscular dose of 10 mg for adult patients and 5 mg for child 313 

casualties). Visual Analogue Scale (VAS) ratings will be measured by district 314 

physicians at the first in-field encounter before the administration of analgesic, and 315 

then by trained physicians and nurses at ED admission. The mean effect, as 316 

measured by VAS reduction, will be 3.5 points for ketamine and 3.1 points for 317 

morphine (95% CI for a difference of − 0.8–0.09). The rate of vomiting will be 318 

significantly lower in the ketamine group (5%) than in the morphine group (19%, 95% 319 

CI for difference 8– 22%). The rate of hallucinations and agitation will be higher in 320 

ketamine-treated patients (11%) than in the morphine-treated patients (1.5%, 95% CI 321 

for difference 4–16%). 322 

 323 

Study rationale  324 

 325 

To do methodological limitations of the previous studies, well-designed multicenter 326 

clinical studies to further examine the potential applicability and benefits of 327 

subdissociative-dose ketamine in the prehospital setting in trauma and non-trauma 328 

patients are needed.  329 

 330 

In this context, we will carry out a randomized, controlled, open label 331 

multicenter trial to compare a subdissociative-dose ketamine alone to morphine 332 

alone to provide pain relief in the prehospital setting in patients with traumatic pain. 333 

Here, we hypothesize that ketamine 20 mg, titrated during a 30-min period with an 334 

objective of verbal rating scale pain score of 3 or less, will provide non-inferior 335 



analgesia to morphine 3 mg, titrated during the same period, in a group of patients 336 

suffering moderate to severe pain in the prehospital setting. 337 

 338 

 339 

Study design 340 

This is a randomized non-inferiority trial comparing two treatments (morphine 341 

versus ketamine) used for prehospital pain management. The study is a single blind 342 

study (patient blinded) (patient). 343 

 344 

Randomization will be defined without block but will be stratified by center. 345 

Numbered, opaque and sealed envelopes will be used in each ambulance for the 346 

assignment of the type of treatment (ketamine or morphine). 347 

 348 

This study (KETAMORPH trial) is a prospective, randomized, parallel-group, 349 

controlled, single-blinded, nationwide, noninferiority multicenter study to compare the 350 

effect of intravenous ketamine alone with that of morphine alone in the treatment of 351 

moderate (verbal numeric rating score between 5 and 7) to severe (verbal numeric 352 

rating score of 8 or greater) traumatic pain before arrival at hospital (Figure 1). The 353 

study patients are blinded to intervention assignment, but the physicians conducting 354 

the pain management are not blinded. We perform a single-blind trial as side effects 355 

associated with ketamine can easily be observed (dizziness, mood change). 356 

Therefore, blinding may not be complete as it might be possible to determine arm 357 

during administration. Moreover, the primary outcome is be assessed by the patient 358 

using the verbal rating scale, without any possible intervention of the physician in 359 

charge of the patient. This study will involve 11 prehospital emergency medical 360 

services (EMS) centers in France. These centers are ambulance base stations 361 

equipped with 1 or more mobile intensive care units, consisting of an ambulance 362 

driver, a nurse, and an emergency physician as the minimum team. All EMS 363 

personnel included in this study have experience conducting randomized trials. 364 

French out-of hospital medical systems are 2-tiered EMS response systems with 365 

advanced life support responders, including trained emergency physicians attending 366 

the scene by ambulance. The Comité de Protection des Personnes Sud-367 

Méditerranée 2 ethics committee approved the trial protocol (ref IRB sudmed 2, 368 



approval number 217 R26). Patients with out-of-hospital trauma with moderate to 369 

severe pain are most often not able to provide informed consent, because patients 370 

need urgent pain management and because acute pain impairs the ability to provide 371 

informed consent. Whenever a patient will be included without written informed 372 

consent, such consent will be promptly sought, according to the French Law of 373 

Ethics, subsequently from the patient when the pain has decreased. This study is 374 

registered at ClinicalTrials.gov (NCT03236805). 375 

 376 

 377 

 378 

https://clinicaltrials.gov/ct2/show/NCT03236805


 379 

 380 

Figure 1. Standard Protocol Items: Recommendations for Interventional Trials 381 

(SPIRIT) Figure for the KETAMORPH trial. Schedule of enrollment, interventions, and 382 

assessments. 383 

Patient Population 384 

Patients will be eligible for enrollment if they will be assessed by the attending 385 

EMS as having all of the following: aged 18 years or older, conscious (Glasgow 386 

Coma Scale [GCS] score=15), reporting traumatic pain with a verbal numeric rating 387 

scale pain score greater than or equal to 5 on a standard 11-point (0: no pain, to 10: 388 

worst possible pain) numeric rating scale, and speaking and able to rate their pain 389 

with the verbal numeric rating scale.  390 

 391 

Patients will be excluded if any of the following applied: unstable vital signs 392 

(systolic blood pressure < 90 or > 200 mmHg, pulse rate < 50 or > 150 beats/min, 393 

and respiration rate < 10 or > 30 breaths/min, Glasgow Coma Scale score < 15), 394 

pregnancy, breast-feeding, unable to give numeric rating scale scores, allergy to 395 

morphine or ketamine, acute pulmonary edema or acute heart failure, acute coronary 396 

syndrome or unstable ischemic heart disease, renal or hepatic insufficiency, patients 397 

who received morphine for the same acute pain or acute psychiatric illness, patients 398 

who require emergency fracture or joint reduction, head injury with acute intracranial 399 

hypertension, patient using buprenorphine, nalbuphine, pentazocine or naltrexone. 400 

  401 

Study Intervention 402 

Patients will be randomized in a 1:1 ratio to the ketamine or the morphine 403 

group using a computer-generated list (Figure 1). Development of the randomization 404 

list, confirmation of written consent acquisition for all participants, and statistical 405 

analyses will be conducted by the research manager and statistician, who will be 406 

independent of any data collection. The randomization list will be generated before 407 

commencement of the study. We will used computer generated random numbers to 408 

generate the allocation sequence, without blocking. Numbered and sealed opaque 409 



envelopes will be then generated from those lists and used by emergency physicians 410 

in each ambulance to assign patients to the morphine or ketamine group. 411 

 412 

Morphine 10 mg will be diluted in 9 mL of normal saline solution, resulting in 1 413 

mg/mL of solution. Morphine will be administered by intravenous push, 2 mg (patient 414 

weight < 60 kg) or 3 mg (patient weight ≥ 60 kg) every 5 min [ref]. Ketamine 200 mg 415 

will be diluted in 18 mL of normal saline solution, resulting in 10 mg/mL of solution. 416 

Ketamine will be administered by intravenous push of 20 mg followed by intravenous 417 

push of 10 mg every 5 min [ref]. Emergency physicians used their clinical judgment 418 

on dosing according to patient age and body size. Either morphine or ketamine 419 

continued to be administered according to this schedule until the patient became pain 420 

free (rating scale score of less or equal to 3), there will be a serious adverse event 421 

(eg, profound hypotension, unconsciousness, respiratory depression requiring 422 

ventilatory support), or the patient arrived at the receiving emergency department 423 

(ED). If a patient reports a pain numeric rating scale score of 5 or greater at 30 min, 424 

45 min, 60 min or at ED admission, rescue analgesia will be administered to the 425 

patient for additional pain relief. The choice of drugs and dose will be left at the 426 

discretion of the emergency physician, as previously reported [ref]. For patients with 427 

a blood oxygen saturation level (SpO2) below 94% during the procedure, oxygen will 428 

be administered with nasal cannulae-delivering flow rate of 2 L/min, and will be 429 

adapted based on SpO2 follow-up.  430 

 431 

Each physician will complete a paper case report form onsite. Later, to ensure 432 

the quality and completeness of the study data, a clinical research associate at each 433 

center verified the case report form data from the source medical file on-site and 434 

recorded the data to a centralized database. All 11 participating sites will complete 435 

identical case report form for each patient enrolled in the study. 436 

 437 

Objectives 438 

 439 



Main objective 440 

The primary objective of the trial will to show that low-dose ketamine alone is 441 

not inferior to morphine alone at 30 min, in prehospital patients who experience 442 

moderate to severe, acute, traumatic or non-traumatic pain, defined as a numeric 443 

rating scale score greater or equal to 5.  444 

 445 

Secondary objectives 446 

Secondary endpoints will be:  447 

- between-group difference in mean change in numeric rating scale pain scores 448 

among patients receiving ketamine or morphine, measured from the time 449 

before administration of the study medication to 15, 45, 60 min later, and at 450 

ED admission,  451 

- the incidence of rescue analgesia at 30, 45, and 60 min, and at ED admission, 452 

- the change in vital signs at 15, 45, 60 min and at ED admission,  453 

- the incidence of adverse events at 15, 45, 60 min and at ED admission,  454 

- the need to withdraw morphine or ketamine and the use of specific drugs to 455 

antagonize severe adverse events at 15, 45, 60 min and at ED admission,  456 

- weight based dose of study drug (mg/kg dosing) received during the 30-min 457 

period,  458 

- number of doses of study drug received during the 30-min period. 459 

Outcomes 460 

Primary outcome 461 

The primary outcome will be the between group difference in mean change in 462 

verbal rating scale pain scores among patients receiving ketamine or morphine, 463 

measured from the time before administration of the study medication to 30 min later.  464 

 465 

Secondary outcomes 466 

Secondary endpoints will be:  467 

- between-group difference in mean change in numeric rating scale pain scores 468 

among patients receiving ketamine or morphine, measured from the time 469 

before administration of the study medication to 15, 45, 60 minutes later, and 470 

at ED admission,  471 



- the incidence of rescue analgesia,  472 

- the change in vital signs at 15, 45, 60 minutes and at ED admission,  473 

- the incidence of adverse events,  474 

- the need to withdraw morphine or ketamine and the use of specific drugs to 475 

antagonize severe adverse events, 476 

- the weight based dose of study drug (mg/kg dosing) received during the 30-477 

min period 478 

Eligibility criteria 479 

Inclusion criteria 480 

Patients will be eligible for enrollment if they will be assessed by the attending EMS 481 

as having all of the following:  482 

- will be aged 18 years or older,  483 

- conscious (Glasgow Coma Scale [GCS] score=15),  484 

- reporting traumatic pain with a verbal numeric rating scale pain score greater 485 

than or equal to 5 on a standard 11-point (0: no pain, to 10: worst possible 486 

pain) numeric rating scale, 487 

- and speaking and able to rate their pain with the verbal numeric rating scale.  488 

Non-inclusion criteria 489 

Patients will be excluded if any of the following applied:  490 

- unstable vital signs  491 

o systolic blood pressure < 90 or > 200 mmHg,  492 

o pulse rate < 50 or > 150 beats/min,  493 

o respiration rate < 10 or > 30 breaths/min,  494 

o Glasgow Coma Scale score < 15,  495 

- pregnancy,  496 

- breast-feeding,  497 

- unable to give numeric rating scale scores,  498 

- allergy to morphine or ketamine,  499 

- acute pulmonary edema or acute heart failure,  500 

- acute coronary syndrome or unstable ischemic heart disease,  501 

- renal or hepatic insufficiency,  502 



- patients who received morphine for the same acute pain or acute psychiatric 503 

illness,  504 

- patients who require emergency fracture or joint reduction,  505 

- head injury with acute intracranial hypertension,  506 

- patient using buprenorphine, nalbuphine, pentazocine or naltrexone. 507 

Sample size 508 

Hypotheses for sample size calculations integrated the results of 2 randomized 509 

clinical trials of this subject in the emergency department. These trials used a 510 

between-group difference for change in mean pain score of 1.3 to define a 511 

statistically difference. After assuming a noninferiority margin of 1.3, based on studies 512 

that focused on acute extremity pain in the emergency department using the same 513 

main outcome, with a type I error of 5%/2 and type II error of 10%, it will be 514 

determined that 112 patients will be needed in each group. We set targeted 515 

enrollment at 248 patients to take into account risks of protocol deviations in this 516 

emergency randomization context, considering 10% of non-evaluable subjects. Thus, 517 

we planned to include 124 patients in each group.  518 

Descriptive analyses 519 

Characteristics of patients in each group will be summarized in a descriptive 520 

table. Descriptive statistical analysis will include for each quantitative variable: the 521 

mean, the standard deviation, the minimums and maximums, as well as the median 522 

and the quartiles.  523 

 524 

The qualitative variables will be expressed as frequencies and proportions. 525 

The standardized difference between the two groups will also be calculated for each 526 

variable and presented in this same table. 527 

Statistical analyses 528 

Analyses of the primary outcome and the secondary outcomes will be 529 

presented in a summary table. Qualitative variables will be presented as frequencies 530 

and proportions.  531 

 532 



Quantitative variables will be presented as mean and standard deviation. The 533 

ordinal variables will be presented as median and quartiles. Analyses will be done 534 

using SAS software version 9.4. 535 

Analysis of primary outcome 536 

The non-inferiority between the difference in mean change in verbal rating 537 

scale pain scores among patients receiving ketamine or morphine, measured from 538 

the time before administration of the study medication to 30 minutes later.  539 

 540 

The equivalence test will be a one-sided test based on the assumption of a 541 

non-inferiority margin of 1.3. The one-sided confidence interval at 97.5% of the 542 

difference will also be calculated using Wald's method.  543 

 544 

This method allows control of Type I error in a non-inferiority setting. The 545 

analysis will be performed per protocol, as recommended for non-inferiority trials, and 546 

supplemented with an intention-to-treat analysis. 547 

Analyses of secondary outcomes 548 

Vital sign changes during out-of-hospital management  549 

The comparison of proportions for each complication will be performed using a 550 

Chi2 test or an exact Fisher test according to the conditions of application. 551 

 552 

Adverse events 553 

The proportions of adverse events (serious and non-severe), their intensity, 554 

study imputation, and outcome will be described in a summary table, and compared 555 

between the two treatment arms, using a Chi2 or Fisher's exact test depending on 556 

the conditions of application. 557 

Subgroup analyses 558 

No subgroup analysis will be performed. 559 

Interim analysis  560 

No interim analysis is planned. 561 



 562 

Prohibited concomitant care 563 

No prohibited concomitant care, and based on up-to-date clinical practice 564 

guidelines and recommendations. 565 

 566 

Intervention delivery 567 

No run-ins and washouts periods or other specific aspect of time schedule of 568 

the intervention delivery will be made in the Ketamorph trial. 569 

 570 

Identification of all data sources not included in the medical record 571 

Data from the study may be compiled directly in the CRF. These data will not 572 

be reported in the source folder.  573 

 574 

Discontinuation and withdrawal 575 

Once a subject will be randomized in the study, every reasonable effort will be 576 

make to follow the subject for the entire study period even if there is a deviation from 577 

the intervention protocols, an early discontinuation of study treatment or if a 578 

participant misses one follow-up visit. 579 

 580 

A subject may be discontinued from study treatment at any time if the subject, 581 

the investigator, or the Sponsor feels that it is not in the subject’s best interest to 582 

continue. If a subject is withdrawn from treatment due to an adverse event, the 583 

subject will be followed and treated by the Investigator until the abnormal parameter 584 

or symptom has resolved or stabilized. All subjects who discontinue study treatment 585 

should be encouraged to complete all remaining scheduled visits and procedures. 586 

 587 

Early discontinuation of study treatment is not a reason for withdrawal from the 588 

study. 589 

 590 



All subjects are free to withdraw consent from participation at any time, for any 591 

reason, specified or unspecified, and without prejudice. Reasonable attempts will be 592 

made by the investigator to provide a reason for subject withdrawals. The reason for 593 

the subject’s withdrawal from the study will be specified in the subject’s source 594 

documents, in that event no further data will be collected for this participant, excepted 595 

the follow-up of ongoing serious adverse events, required by the patient’s safety. 596 

 597 

Nevertheless, data previously collected for this participant will be used. 598 

However, previous safety information which involved public health remained in 599 

sponsor anonymized data base. 600 

 601 

Withdrawals from the study can only be effective after confirmation by the 602 

investigator and the sponsor. These withdrawals are always definitive. 603 

 604 

Criteria in respect of discontinuation of all or part of the study 605 

(excluding biostatistical considerations) 606 

The end of the study corresponds to the end of the collection of all the data 607 

necessary to the primary and secondary outcomes analysis, i.e. 6 months after the 608 

last visit of the last subject undergoing the trial. 609 

 610 

A definitive or temporary discontinuation of all or part of the study may be 611 

decided by ANSM, the ERB.  612 

In any case:  613 

- A written confirmation of this early discontinuation of the study shall be sent to the 614 

coordinating investigator of the study (specifying the reasons for the early 615 

discontinuation) and to the principal investigator of each centre. 616 

- All the patients included in the study shall be informed and should attend their early 617 

withdrawal visit. 618 

 619 



Role of the funding source 620 

The funding source will have no role in the study design, data collection, data 621 

analysis, data interpretation or writing of the report. All authors agreed to submit for 622 

publication. 623 

 624 

Data handling 625 

Data collection 626 

Access to data 627 

Prior to the trial initiation, study personnel will undergo training sessions on 628 

data collection and will be individually tested on data entry as well as outcome 629 

assessments. Study data will be collected and managed using Ennov clinical 630 

electronic data capture tools hosted at Nantes University Hospital. Ennov clinical is a 631 

secure, webbased application designed to support data capture for research studies, 632 

providing: (1) an intuitive interface for validated data entry; (2) audit trails for tracking 633 

data manipulation and export procedures; (3) automated export procedures for 634 

seamless data downloads to common statistical packages; and (4) procedures for 635 

importing data from external sources. 636 

The investigator will prepare and maintain adequate and accurate source 637 

documents designed to record all observations and other pertinent data for each 638 

subject of the study. 639 

 640 

The sponsor is responsible for obtaining the agreement of all the parties 641 

involved in the study in order to guarantee direct access in all the sites where the 642 

study is being conducted to source data, source documents and reports, so that he 643 

can control their quality and audit them. 644 

 645 

The investigator is responsible for all information collected on subjects 646 

enrolled in this study. All data collected during the course of this study must be 647 

reviewed and verified for completeness and accuracy by the Investigator. 648 

 649 



Source data and source document 650 

Any original document or object helping to prove the existence or accuracy of 651 

a piece of information or fact recorded during the study is defined as a source 652 

document. 653 

 654 

 655 

Data collection tool 656 

Study personnel with their own access right to the study database, will 657 

enter/capture data from source documents corresponding to a subject into the 658 

protocol-specific electronic Case Report Form (eCRF).  659 

 660 

Each person responsible for the filling of the eCRF will have to be identified in 661 

the table of delegations of responsibilities of each center (see investigator’s file) and 662 

will have a “user” account with specific computer rights linked to his role. 663 

All the information required by the protocol will be entered in an eCRF and an 664 

explanation will be provided for each missing piece of information. The data must be 665 

collected as they are obtained and transcribed into these forms in a clear manner. 666 

 667 

If a correction is required for an eCRF, the time and date stamps track the 668 

person entering or updating eCRF data and create an electronic audit trail. 669 

 670 

Confidentiality of data 671 

In accordance with the legislative provisions in force (articles L.1121-3 and 672 

R.5121-13 of the French Public Health Code), people with direct access to source 673 

data will take all necessary precautions to ensure the confidentiality of information 674 

relating to study intervention, research studies and people taking part in them, 675 

particularly as regard to their identity and the results obtained. These people, such as 676 

investigators themselves, are subject to professional secrecy. 677 

 678 

During the biomedical research study or when it is over, the information 679 

collected on the people taking part in it and forwarded to the sponsor by the 680 

investigators (or any other specialized staff member involved) will be made 681 



anonymous. Under no circumstances may the uncoded names or addresses of the 682 

people concerned appear in it. 683 

 684 

For coding subjects in the database or any study documents, the first letter of 685 

the first name and first letter of the last name of the subject will be recorded, 686 

accompanied by a code showing the order of inclusion of the subject in a centre. 687 

 688 

The sponsor will ensure that each person taking part in the study has given his 689 

agreement in writing for access to the individual data concerning him which is strictly 690 

necessary for quality control of the study. 691 

 692 

Data management procedures 693 

Data management will be performed by the Data management plateform of 694 

the Delegation for Clinical Research and Innovation (DRCI) of Nantes University 695 

Hospital. An eCRF will be developed using Ennov Clinical. eCRF will be managed in 696 

agreement with the Standardized Operating Procedures (SOP) of the Data 697 

management plateform of the DRCI of Nantes University Hospital. Clinical Research 698 

Associate (CRA) in charge of the study will be trained to the eCRF and in charge of 699 

the investigator’s training. Data will be entered in investigating centers through a 700 

secure web site, monitored by CRAs and queries will be edited by data managers, in 701 

agreement with a specified data management plan.  702 

 703 

A data review will be done prior locking the database. The database will be 704 

locked in agreement with the SOPs of the Data management plateform of the 705 

Delegation for Clinical Research and Innovation (DRCI) of Nantes University Hospital 706 

and data will be extracted in a SAS format or other, according to statistical 707 

requirements. Raw data will be stored in a XML format. 708 

 709 

Data validation 710 

After data have been entered into the study database, a system of 711 

computerized data validation checks will be implemented and applied to the 712 

database on a regular basis. After inconsistencies review, queries are entered, 713 



tracked, and resolved through the electronic data capture system directly (omissions 714 

and discrepancies will be forwarded to investigator and CRA for resolution).  715 

The study database will be updated in accordance with the resolved queries. 716 

All changes will be documented. 717 

 718 

Security and archival of data 719 

The database is safeguarded against unauthorized access by established 720 

security procedures; appropriate backup copies of the database and related software 721 

files will be maintained.  722 

 723 

Databases are backed up by the database administrator in conjunction with 724 

any updates or changes to the database. 725 

 726 

Evaluation of security  727 

List of expected ARs 728 

Within the scope of this protocol, the expected ARs are associated with the study 729 

treatment and comparator, the protocol (procedures of the study) and auxiliary 730 

treatment.  731 

All drugs involved in the study are used according to the indication of their 732 

authorization or according to professional guidelines.  Consecutively the reference 733 

documents for ADR identification are the Summary Product Characteristics (SmPC). 734 

The drug related adverse reactions are most often related to their pharmacological 735 

properties and dose dependent; the most frequent are summarized below and, all 736 

reaction expected with treatment under study and its comparator are detailed in each 737 

SmPC. 738 

 739 

Description of safety evaluation parameters 740 

According to regulation, each AE/AR reported by the patient or identified by the 741 

investigator must be collected and reported to sponsor, as soon as he is aware, if it 742 

meets to seriousness criteria from inclusion of the subject, to the end of the 743 

participation.  744 



Safety evaluation is a secondary objective and adverse effects of special interest are 745 

listed in §4.3. 746 

 747 

Procedures and timing for the measurement, collection and analysis of the safety 748 

evaluation parameters 749 

 Any AR/AE whether expected or unexpected, serious or not, must be real-time 750 

collected in the study eCRF. 751 

 752 

Reporting of non-serious adverse events 753 

Non-serious adverse events or reactions must be reported in the e-CRF with their 754 

date of occurrence, a description, their intensity evaluation (using the classification 755 

provided in Appendix 3), outcome and duration, method of resolution, aetiology, 756 

causal relationship with special regard to the research and any decisions made.  757 

 758 

Procedures in place for the documentation and the reporting of serious adverse events  759 

All SARs/SAEs, whether expected or unexpected, must be reported immediately 760 

(from the day the investigator is becoming aware of the event) to the sponsor by the 761 

mean of the eCRF.  762 

The information mentioned on the notification form present in the eCRF and 763 

on joined documents must be complete, accurate, clear (no abbreviation…) and 764 

coded (no name, address or hospital number). 765 

Serious adverse events that do not need to be reported -include: 766 

 Some circumstances requiring hospitalization that are not covered by the 767 

hospitalization / prolongation of hospitalization criterion related to the study inclusion 768 

and planned in the protocol, 769 

 Admission for social or administrative reasons, 770 

 Hospitalization for routine treatment or monitoring of the disease studied that 771 

is not related to the deterioration of the participant's condition, 772 

 Hospitalization for medical or surgical treatment scheduled before the start of 773 

the research. 774 

 Pregnancy, overdose, misuse, medication errors or potential medication 775 

errors, quality defects should be reported by the investigator to the sponsor even if 776 

there is no adverse reaction associated. 777 



 778 

Procedure to follow for the patient concerned by an event/reaction and reporting 779 

period 780 

All events/reactions, serious or not serious, expected or unexpected, must be 781 

followed up until recovery, consolidation or death (event closed). 782 

All SAE/SAR must be reported to the sponsor if it happens for a research participant: 783 

• Since the consent signature date, 784 

• During all the participant follow up period scheduled by the study 785 

• After the end of the patient follow-up and without any time limit if the 786 

investigator becomes aware of a delayed adverse reaction (malformation, secondary 787 

cancer, etc.) possibly linked to the experimental treatment. 788 

 789 

 790 

 791 

Procedures in place for the documentation and the reporting of serious adverse events  792 

In accordance with the regulations, the promoter will declare any suspicion of 793 

SUSAR to the competent authorities according to the regulatory deadlines (without 794 

delay in the case of a death or life-threatening case, 15 days for the other criteria of 795 

seriousness). 796 

 797 

 798 

 799 

Quality control – Monitoring visits 800 

A clinical research associate appointed by the sponsor will regularly visit each study 801 

centre during the process of setting up the study, one or more times during the study 802 

depending on the frequency of inclusions, and at the end of the study. During these 803 

visits, the following aspects will be reviewed: 804 

 informed consent, 805 

 compliance with the study protocol and the procedures set out in it, 806 

 quality of the data collected in the case report form: its accuracy, missing data, 807 

consistency of the data with the source documents (medical records, appointment 808 

diaries, the originals of laboratory results etc.), 809 



 adequate management of medicinal products. 810 

The on-site monitoring visits shall be organised after making arrangements with the 811 

investigator. The CRAs should be able to consult on each site: 812 

- the enrolled patients' data compilation records, 813 

- the patients' medical and nursing files, 814 

- the investigator file, 815 

- the treatment storage and dispensation place. 816 

Each monitoring visit will be performed according to the monitoring plan and 817 

then, a monitoring report will be written.  818 

The protocol has been classified according to the estimated level of risk for the 819 

patient taking part in the study. It shall be monitored as risk B (foreseeable risk 820 

similar to that of standard care). 821 

 822 

Audit and inspection 823 

Within the scope of this study, an inspection or audit may be conducted. The sponsor 824 

and/or participating centres should be able to provide inspectors or auditors with 825 

access to the data. 826 

An audit may be performed at any time by people appointed by the sponsor 827 

who are independent of those responsible for the study. The aim of an audit is to 828 

ensure the good quality of the study, that its results are valid and that the law and 829 

regulations in force are being observed. 830 

The investigators agree to comply with the requirements of the sponsor and 831 

the relevant authority for an audit or an inspection of the study. 832 

The audit can apply to all stages of the study, from development of the protocol to 833 

publication of the results and filing the data used or produced in the study. 834 

 835 

Storage of documents and data at the end of the study 836 

The following documents relating to this study are archived in accordance with Good 837 

Clinical Practice: 838 

By the investigators: 839 

 For a period of 15 years following the end of the study: 840 



- The protocol and any amendments to the protocol. 841 

- The case record forms. 842 

- The source files of participants who signed a consent form. 843 

- All other documents and letters relating to the study. 844 

- The original copies of informed consent forms signed by participants 845 

At the end of the study, the investigator shall also receive a copy of the data 846 

for each patient in the investigator's centre sent by the sponsor. 847 

The investigator is responsible for all these documents for the regulation 848 

period of archiving. 849 

By the sponsor: 850 

 For a period of 15 years following the end of the study: 851 

- The protocol and any amendments to the protocol. 852 

- The originals of the case record files. 853 

- All other documents and letters relating to the study. 854 

- Documents relating to serious adverse events 855 

The sponsor is responsible for all these documents for the regulation period of 856 

archiving. 857 

No removal or destruction may be carried out without the sponsor's 858 

agreement. At the end of the regulation archiving period, the sponsor will be 859 

consulted regarding destruction. All the data, all the documents and reports could be 860 

subject to audit or inspection. 861 

 862 

Administrative, ethical, regulatory considerations 863 

The sponsor and the investigator or investigators undertake to conduct this study in 864 

compliance with the principles of the "Declaration of Helsinki", international (ICH) and 865 

French good clinical practice regulations and guidelines (Règles de bonnes pratiques 866 

cliniques pour les recherches biomédicales portant sur des médicaments à usage 867 

humain) as well as European regulations and/or national laws and regulations 868 

relating to clinical trials. 869 

The study will be conducted in accordance with this protocol. With the 870 

exclusion of emergency situations necessitating taking specific therapeutic actions, 871 

the investigator or investigators undertake to observe the protocol in all respects, in 872 



particular as regards obtaining consent and the reporting and follow-up of serious 873 

adverse events. 874 

This research is registered in the European EudraCT database under n° 875 

registration number in accordance with art. L1121.15 of the French Public Health Act. 876 

 877 

 878 

Information and consent forms 879 

The emergency physician in charge of the patient (investigator) agrees to 880 

provide the subject with clear and precise information about the protocol and request 881 

from him/her a written and signed consent form. The investigator shall give the 882 

subject a copy of the information form and consent form.  883 

The investigator shall also sign and date the consent form. Both documents 884 

should be issued at least in duplicate hard copy format so that the patient and the 885 

investigator can each keep a copy. The investigator's original shall be placed in the 886 

investigator file. If the consent form is signed in duplicate, the investigator keeps the 887 

original and gives the copy to the subject. 888 

 889 

CNIL 890 

The data compiled during the trial may be processed electronically in 891 

compliance with CNIL requirements. 892 

 893 

Research ethics committee  894 

The protocol, informed consent form, subject information sheet will be 895 

reviewed and approved by a French ethic committee (CPP) prior to study initiation.  896 

 897 

Regulatory authorities 898 

The sponsor will send an authorization request to French health authority 899 

(ANSM). 900 

 901 



Protocol amendments 902 

Requests for substantial modifications should be addressed by the sponsor for 903 

approval or notification to ANSM and/or the Ethical Review Board concerned in 904 

compliance with the law and its implementing decrees. 905 

The amended protocol should be a dated updated version. 906 

Any amendments to the protocol must be made known to all the investigators 907 

participating in the study. The investigators undertake to comply with the contents. 908 

Any amendment modifying the management of participants or the benefits, 909 

risks or constraints of the study, etc. will be the subject of a new Participant 910 

Information and Informed Consent form which must be completed and collected 911 

according to the same procedure as used for the previous one. 912 

 913 

Registration 914 

The study protocol will be registered on ClinicalTrials.gov before recruitment of 915 

the first trial participant. Recorded data will be updated regularly.  916 

 917 

Study funding and Insurance 918 

The sponsor shall fund the study and take out an insurance policy covering the 919 

financial consequences of its civil liability in compliance with the regulations. 920 

 921 

Dissemination policy 922 

Authorship 923 

Any written or oral communication of the results of the study will be previously 924 

agreed by the coordinating investigator and, if necessary, by the scientific committee 925 

constituted for the study. Publications regarding projects financed by the French 926 

Ministry of Health must include the following statement: "This study was supported by 927 

a grant from the French Ministry of Health (programme acronym, year and registered 928 

number)". 929 

A copy of the publication shall be delivered to Nantes University Hospital, the 930 

study sponsor, which shall necessarily be cited.  931 



We will follow the Recommendations for the Conduct, Reporting, Editing, and 932 

Publication of Scholarly Work in Medical Journals (updated in December 2014) from 933 

the International Committee of Medical Journal Editors (ICMJE). All investigators not-934 

cited in the authorship will be listed as non-author contributors. 935 

 936 

Communication of the results to participants 937 

In accordance with the law n° 2002-303 of 4th March 2002, participants will be 938 

informed, at their request, of the overall results of the study. 939 

 940 

 941 

 942 
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Study design 37 
This is a randomized non-inferiority trial comparing two treatments (morphine versus ketamine) used for 38 

prehospital pain management. The study is a single blind study (patient blinded) (patient). 39 

Randomization was defined without block but was stratified by center. Numbered, opaque and sealed envelopes 40 

were used in each ambulance for the assignment of the type of treatment (ketamine or morphine). 41 

 42 

Objectives 43 
Main objective 44 
The primary objective of the trial will to show that low-dose ketamine alone is not inferior to morphine alone at 45 

30 min, in prehospital patients who experience moderate to severe, acute, traumatic or non-traumatic pain, 46 

defined as a numeric rating scale score greater or equal to 5.  47 

 48 
Secondary objectives 49 
Secondary endpoints will be: (1) between-group difference in mean change in numeric rating scale pain scores 50 

among patients receiving ketamine or morphine, measured from the time before administration of the study 51 

medication to 15, 45, 60 min later, and at ED admission, (2) the incidence of rescue analgesia at 30, 45, and 60 52 

min, and at ED admission, (3) the change in vital signs at 15, 45, 60 min and at ED admission, (4) the incidence 53 

of adverse events at 15, 45, 60 min and at ED admission, (5) the need to withdraw morphine or ketamine and the 54 

use of specific drugs to antagonize severe adverse events at 15, 45, 60 min and at ED admission, (6) weight 55 

based dose of study drug (mg/kg dosing) received during the 30-min period, and (7) number of doses of study 56 

drug received during the 30-min period. 57 

 58 

Outcomes 59 
Primary outcome 60 
The primary outcome will be the between group difference in mean change in verbal rating scale pain scores 61 

among patients receiving ketamine or morphine, measured from the time before administration of the study 62 

medication to 30 min later.  63 

 64 

Secondary outcomes 65 
Secondary endpoints will be: (1) between-group difference in mean change in numeric rating scale pain scores 66 

among patients receiving ketamine or morphine, measured from the time before administration of the study 67 

medication to 15, 45, 60 min later, and at ED admission, (2) the incidence of rescue analgesia at 30, 45, and 60 68 

min, and at ED admission, (3) the change in vital signs at 15, 45, 60 min and at ED admission, (4) the incidence 69 

of adverse events at 15, 45, 60 min and at ED admission, (5) the need to withdraw morphine or ketamine and the 70 

use of specific drugs to antagonize severe adverse events at 15, 45, 60 min and at ED admission, (6) weight 71 

based dose of study drug (mg/kg dosing) received during the 30-min period, and (7) number of doses of study 72 

drug received during the 30-min period. 73 

 74 

Eligibility criteria 75 
Inclusion criteria 76 
Patients were eligible for enrollment if they were assessed by the attending EMS as having all of the following:  77 

- were aged 18 years or older,  78 



- conscious (Glasgow Coma Scale [GCS] score=15),  79 

- reporting traumatic pain with a verbal numeric rating scale pain score greater than or equal to 5 on a 80 

standard 11-point (0: no pain, to 10: worst possible pain) numeric rating scale, 81 

- and speaking and able to rate their pain with the verbal numeric rating scale.  82 

 83 

 84 

Non-inclusion criteria 85 
Patients were excluded if any of the following applied:  86 

- unstable vital signs  87 

o systolic blood pressure < 90 or > 200 mmHg,  88 

o pulse rate < 50 or > 150 beats/min,  89 

o respiration rate < 10 or > 30 breaths/min,  90 

o Glasgow Coma Scale score < 15,  91 

- pregnancy,  92 

- breast-feeding,  93 

- unable to give numeric rating scale scores,  94 

- allergy to morphine or ketamine,  95 

- acute pulmonary edema or acute heart failure,  96 

- acute coronary syndrome or unstable ischemic heart disease,  97 

- renal or hepatic insufficiency,  98 

- patients who received morphine for the same acute pain or acute psychiatric illness,  99 

- patients who require emergency fracture or joint reduction,  100 

- head injury with acute intracranial hypertension,  101 

- patient using buprenorphine, nalbuphine, pentazocine or naltrexone. 102 

 103 

Sample size 104 
Hypotheses for sample size calculations integrated the results of 2 randomized clinical trials of this subject in the 105 

emergency department. These trials used a between-group difference for change in mean pain score of 1.3 to 106 

define a statistically difference. After assuming a noninferiority margin of 1.3, based on studies that focused on 107 

acute extremity pain in the emergency department using the same main outcome, with a type I error of 5%/2 and 108 

type II error of 10%, it was determined that 112 patients were needed in each group. We set targeted enrollment 109 

at 248 patients to take into account risks of protocol deviations in this emergency randomization context, 110 

considering 10% of non-evaluable subjects. Thus, we planned to include 124 patients in each group.  111 

 112 

Population definition 113 
 114 

Populations 

Population Definition 

Intention-to-treat (ITT) 

 

All randomized patients will be analyzed, including those for whom the ethical 

and administrative criteria have not been verified (for these patients, the data 

will be deleted, and all data used to calculate the primary endpoint will be 

imputed). 



 

Modified Intention-to-

treat (mITT) 

 

The following are removed from the mITT population: 

- Patients who withdrew consent to participate 

- Patient under guardianship 

- Patient under 18 years old 

- Patient admitted to ED before 30 minutes without primary endpoint 

measurement 

 

Per Protocol (PP) Removed from the PP population: 

- Patients excluded from the mITT analysis 

- Patients not meeting major inclusion/non-inclusion criteria 

- Patients receiving rescue analgesia before T30 

- Patients for whom the primary endpoint was not available 

- Patients who did not receive the treatment assigned to them by 

randomization  

 

 115 
 116 

Descriptive analyses 117 
Characteristics of patients in each group will be summarized in a descriptive table. Descriptive statistical 118 

analysis will include for each quantitative variable: the mean, the standard deviation, the minimums and 119 

maximums, as well as the median and the quartiles. The qualitative variables will be expressed as frequencies 120 

and proportions. The standardized difference between the two groups will also be calculated for each variable 121 

and presented in this same table. 122 

 123 

Management of missing data 124 
Prior to the analyses, a completion of the missing data of primary outcome will be carried out, if necessary. 125 

Imputations will be made for the primary outcome by the average of the values of the patients in the same group. 126 

No imputations will be made for secondary endpoints. The hypothesis adopted regarding the mechanism of 127 

occurrence of the missing data will be a so-called Missing At Random (MAR) hypothesis. 128 

 129 

Statistical analyses 130 
Analyses of the primary outcome and the secondary outcomes will be presented in a summary table. Qualitative 131 

variables will be presented as frequencies and proportions. Quantitative variables will be presented as mean and 132 

standard deviation. The ordinal variables will be presented as median and quartiles. Analyses will be done using 133 

SAS software version 9.4. 134 

 135 

 136 

Analysis of primary outcome 137 
The non-inferiority between the difference in mean change in verbal rating scale pain scores among patients 138 

receiving ketamine or morphine, measured from the time before administration of the study medication to 30 139 

minutes later will be tested using the confidence interval method. The confidence interval at 97.5% of the 140 

difference will be calculated using mixed linear regression adjusted on center as random effect. The upper 141 

bounds of these confidence intervals must not exceed the non-inferiority limit defined at 1.3. This method allows 142 



control of Type I error in a non-inferiority setting. The analysis will be performed per protocol, as recommended 143 

for non-inferiority trials, and supplemented with a analysis on intention-to-treat population. 144 

 145 

Analyses of secondary outcomes 146 
Vital sign changes during out-of-hospital management  147 
Secondary outcomes will be analyzed on modified intention-to-treat population. The comparison between the 148 

two treatment arms will be performed using a mixed logistic regression adjusted on center as random effect for 149 

proportions for binary variables, and mixed linear regression adjusted on center as random effect will be used for 150 

quantitative variables.  151 

 152 

Adverse events 153 
The proportions of adverse events (serious and non-severe), their intensity, study imputation, and outcome will 154 

be described in a summary table, and compared between the two treatment arms, using mixed logistic regression 155 

adjusted on center as random effect.  156 

Subgroup analyses 157 
No subgroup analysis will be performed. 158 

 159 

Interim analysis  160 
No interim analysis is planned. 161 

 162 

Tables templates 163 
The table templates are shown below. 164 

Table 1. Demographic data and injury characteristics of patients. 165 

Characteristics All patients (n=) Ketamine Group (n=) Morphine Group (n=) 

Female, No. (%)    

Age, y 

Median (IQR) 

Minimum, maximum 

  

 

 

 

 

 

 166 

 167 

Table 2. Vital sign changes during out-of-hospital management for pain by study group. 168 



Parameter Ketamine Group 

(n=) 

Morphine Group 

(n=) 

Risk Difference (Ketamine-

Morphine Group) 

p-

value 

Pulse rate, mean 

beats/min 

T0 

T30 

Mean change* 

95% CI 

 

 

 

 

  

 169 

Table 3. Frequency of adverse effects observed, by study group. 170 

  

  

  

  

Adverse 

Effect 

Ketamine Group (n=) Morphine Group (n=) Risk Difference (Ketamine–

Morphine Group) 

Frequency Risk, 

% 

95% 

CI 

Frequency Risk, 

% 

95% 

CI 

Risk Difference, % 95% CI 

Nausea         

 171 

 172 

Role of the funding source 173 
The funding source will have no role in the study design, data collection, data analysis, data interpretation or 174 

writing of the report. All authors agreed to submit for publication. 175 

 176 
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