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Background: The treatment of severe pain is one of the basic procedures of emergency medicine. In rural regions, longer arrival 
times of the emergency doctor prevent the earliest possible treatment of pain. Since 2014, a project for independent analgesia by 
ambulance personnel has been introduced in our ambulance service area.
Methods: Over a period of 7 years the mission protocols were recorded and statistically evaluated within the framework of an 
observational study. Among other things, the attendance and transport times, vital signs, pain level, symptom groups (body region) and 
classification according to disease or accident mechanism were recorded. Treatment data by medication, including dosages, were 
recorded for fentanyl (monotherapy), morphine (monotherapy) and a combination (change from morphine to fentanyl, additional 
application of esketamine, metamizole or butylscopolamine).
Results: In 659 patients, the opioids fentanyl and morphine were used by the ambulance staff, 596 data sets could be evaluated. When 
an emergency physician was requested, the average time of presence at the scene was 34.8 +- 11.7 min, in cases of unavailability it 
was 29.0 +-9.8 min (p<0.0001). Analgesic therapy resulted in a reduction of pain from NRS 8.4 (+-1.3) to NRS 3.5 +-1.8 (p<0.0001). 
Pain intensity after treatment by emergency paramedics compared to emergency physicians was not significantly different with NRS 
3.5 +- 1.7 versus NRS 3.6 +-1.9 (p=0.788). Fentanyl was used at a mean dose of 0.18mg +- 0.11 and morphine at a mean dose of 
4.4mg +- 3.6mg. There was no clinically relevant decrease in oxygen saturation or respiratory rate in any of the treatment groups. 
Antagonisation of the opioid effect with naloxone was not necessary in any case.
Conclusion: Analgesia with morphine and fentanyl by specially trained ambulance personnel according to defined rules of use is 
a safe and necessary procedure for patients, especially in rural regions.
Keywords: prehospital, analgesia, opioids, paramedics

Introduction
The treatment of severe pain (NRS ≥ 6) is one of the basic procedures in emergency medicine. The incidence of acute (moderate 
to severe) pain is in the order of 20% to 30% of patients treated.1–3 The need to improve analgesic therapy in the ambulance 
service arises from clinical studies.2,4,5 The use of effective medication by the emergency physician is part of this procedure; until 
August 2023, only the licensed physician in Germany was allowed to apply opioid analgesics.6 In the amending resolution for the 
Narcotic Drugs Act and the Narcotic Drugs Ordinance, the independent administration of opioids by emergency paramedics is 
now permissible if an emergency doctor is not available in time, there is a risk to the patient due to secondary damage (eg to the 
myocardium due to pain-induced tachycardia/hypertonia) or there is an unreasonable (traumatising) disturbance of the patient’s 
state of mind due to the strongest pain.6 In rural areas, longer arrival times of the emergency physician interfere with the earliest 
possible treatment of pain. With a lower density of emergency physician bases, the availability of the emergency physician is not 
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guaranteed at any time. The longer distances between the emergency physician’s base and the scene of the emergency as well as 
the distances to the next suitable clinic lead to an increased time commitment of the emergency physician. The number of 
physician-assisted transfers from the hospitals of the districts to specialized centres, for which no rescue vehicle (intensive care 
ambulance, rescue helicopter) is separately available, is also greater in rural regions than in conurbations.7

Therefore, a situation arises again and again in which patients suffer from severe and most severe pain without adequate 
medicinal pain treatment being able to be carried out in a reasonable time by an emergency physician.7 Several working 
groups investigated the use of strong painkillers by non-medical ambulance staff.7–15 Telemedicine-guided analgesia is 
currently only possible at a few locations due to demanding technical requirements and uneven mobile network coverage.16,17

Objective
The aim of this study is to investigate the safety and effectiveness of the use of strong opioid analgesics fentanyl and 
morphine by non-physician paramedics. In addition, factors influencing the quality and course of prehospital pain 
management (eg duration of deployment, additional analgesia by the emergency physician.) were investigated.

Materials and Methods
Since the beginning of the project (2014), training (script for 4-week self-study, 8-hour advanced training) and 
examinations of the participating rescue service personnel have taken place annually; the approval is valid for two 
years in each case.

Opioids are administered according to defined algorithms, which are updated every two years. Morphine is 
administered in a dosage of 2 mg and fentanyl in boluses of 0.05–0.1 mg every 3–5 minutes with the goal of an NRS 
<3 (maximum dose: fentanyl 0.3 mg, not defined for morphine).

The evaluation of the application protocols in the period from 01.01.2016 to 31.12.2022 (DIVIDOK® version EPRO- 
01030801 as well as DIVI versions 6.0) was carried out within the framework of quality management.

The times in the protocol were automatically recorded via radio for authorities and organizations with security tasks 
(BOS), the following data were transmitted: alarm and departure time, arrival at the scene, start of transport and arrival of 
the patient at the hospital. From this, the variables “presence time on scene” (from arrival to start of transport) and 
“transportation time” (from start of transport to arrival at the hospital) were calculated.

The categorization of the missions was done according to symptom groups (trauma pain, thoracic pain, visceral pain, 
colic, back pain and other pain), according to diagnosis groups or accident mechanisms (acute coronary syndrome, acute 
abdomen, lumbago, other thoracic diseases, traffic accident, other accident, fall, burns/scalds and other) as well as in the 
emergency categories (disease and injury). Pain intensity before and after analgesia on handover in the hospital was 
assessed using the numerical rating scale (NRS scale), with 0 corresponding to no pain, 3 to 4 to an acceptable level of 
pain, and 10 to the most severe pain imaginable.

Treatment data by medication, including dosages, were recorded in a total of three groups: fentanyl (monotherapy), 
morphine (monotherapy) and combination (change from morphine to fentanyl, additional application of esketamine, meta
mizole or busocopane). Opioids were administered exclusively via sufficient i.v. access. The data sets with incomplete 
documentation of the dosages were excluded from the group analysis. Statistical analysis of the data was done using IBM 
SPSS version 20. Comparison of the non-normally distributed dependent variables (before and after treatment) was done using 
Wilcoxon signed-rank test (NRS, GCS, RR, BPsys, HR, spO2). Group comparison of the independent non-normally 
distributed variables was calculated using the Mann–Whitney U-test (NRS initial and at handover, medication doses). 
Prehospital operating times in different groups were examined using Kruskal–Wallis test and ANOVA. The influence of 
gender, NACA, emergency category, symptom or diagnosis/accident mechanism groups on analgesic therapy was assessed 
using a chi-square test and Bonferroni correction for significant values in the post-hoc analysis.

Ethics Approval
The Ethics Committee of the Lower Saxony Medical Association gave a positive vote for the retrospective evaluation of 
the anonymised intervention data (statement by the Ethics Subcommittee of the Lower Saxony Medical Association 
dated 12 January 2017).
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Results
Population, Mission Times and Development Numbers
In the investigated period of 7 years (01.01.2016 to 31.12.2022), the opioids fentanyl and morphine were used in 659 patients, 
596 data records could be evaluated. There was a steady increase in the independent use of opioids by ambulance staff from 18 
uses in 2016 to 200 in 2022. The ambulance service area under study consists of 3 ambulance + emergency physician vehicle 
sites (I to III), each of which is located at the hospital, and one ambulance site (IV). The number of applications of opioids was 
304 (51.0%), 42 (7.0%) and 138 (23.2%) at sites I to III and 112 (18.8%) at site IV (Table 1). Of the 596 patients, 279 (46.8%) 
were male and 317 (53.2%) female. The mean age of the patients was 52.6 +- 22.9 (min. 8 and max. 97) years, with male patients 
being significantly younger (p<0.0001/Mann–Whitney U-test) at 47.9 +- 22.0 years than females at 56.6 +- 23.0 years (Table 1).

Symptom Groups, Diagnosis Groups and Accident Mechanisms
The most common symptom group for analgesic therapy was “trauma pain” (n=376/63.1%) followed by “visceral pain” 
(n=73/12.2%), “back pain” (n=69, 11.6%), “thoracic pain” (n=28/4.7%), other combined pain (n=26/4.3%) and with 
n=24/4.0% “colic” (Table 1).

The most frequent diagnosis groups/accident mechanisms were “fall” (n=249/41. 8%), “acute abdomen” (n=96/16.1%), 
“other accidents” (n=66/11.1%), “lumbago” (n=65/10.9%), “traffic accidents” (n=50/8.4%), “other diagnoses” (n=36/6.0%), 
“acute coronary syndrome” (n=24/4.0%), “burns/scalds” (n=6/1.0%) and “other thoracic diseases” (n=4/0.7%) (Table 1).

Table 1 Population, Mission Times and Pain Intensity

Population N M +-SD Min Max p-value

Age and Gender
Male 279 (46.8%) 47.9 +- 22.0 <0.0001
Female 317 (53.2%) 56.6 +- 23.0 (MWU)

Total 596 (100%) 52.6 +- 22.9 8.0 97.0

Symptom groups N

Trauma pain 376 (63.1%)
Thoracic pain 28 (4.7%)

Visceral pain 73 (12.2%)

Colic 24 (4.0%)
Back pain 69 (11.6%)

Other pain 26 (4.3%)

Total 596

Diagnosis groups and accident mechanisms N

Acute coronary syndrome 24 (4.0%)

Acute abdomen 96 (16.1%)

Other thoracic diseases 4 (0.7%)
Other accident 66 (11.1%)

Fall 249 (41.8%)

Burns/scalds 6 (1.0%)
Traffic accident 50 (8.4%)

Lumbago 65 (10.9%)

Others 36 (6.0%)
Total 596

(Continued)
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Time on Scene
A time of presence at the place of emergency could be determined in 565 (85.7%) cases, which amounted to an average 
of 33.6 +- 11.6 min (Figure 1 and Table 1). The emergency doctor could be called to the scene in 473 cases (79.4%). In 
123 cases (20.6%), the emergency physician was unable to reach the scene within a reasonable period of time due to 
various reasons (unavailability, supra-regional request). In the case of a successful request for an emergency doctor, the 
average time of presence at the scene was 34.8 +- 11.7 min, in cases of unavailability this was significantly shorter at 
29.0 +-9.8 min (p<0.0001/Mann–Whitney-U-Test).

With an average presence time of 37.6 (+-12.5) min, the time of operation at the site with supraregional emergency 
physician vehicle coverage was significantly longer compared to the other sites (p<0.0001/Kruskal–Wallis test). 
However, in the case of non-availability of the emergency physician, a significant reduction of the attendance time 
was shown for this site (29.0 +-11.0 min/n=13 vs 38.8 +- 12.3 min/n=94 when waiting for the emergency physician/ 
p=0.01/Mann–Whitney U-test). No correlation could be found between symptom groups and the time spent at the scene 
of the accident (p=0.072/Kruskal–Wallis test or p=0.154 ANOVA). A significant difference in the time spent on site 
(p<0.0001/Kruskal–Wallis test or p<0.0001/ANOVA) was only found between the accident mechanism “fall” (n=232/ 
35.6 +-11.6 min) and “other accident” (n=64/28.7 +-9.9 min).

Table 1 (Continued). 

Mission times N M +-SD Min Max p-value

Time on scene of emergency 565 (94.8%) 33.6 +- 11.6 2 73
Ambulance sites

I 288 (48.3%) 33.0 +- 11.3 4 71

II 40 (6.7%)* 36.1 +- 10.9 17 66
III 130 (21.8%) 30.9 +- 10.6 2 65

IV 107 (18.0%) 37.6 +- 12.5 8 73 <0.0001 (KW)

Time not determined 31 (5.2%) – – –

With EP 452 34.8 +- 11.7 2 55 <0.0001 (MWU)
Without EP 113 29.0 +- 9.8 4 73

Site Number IV 107

With EP 94 38.8 +- 12.3 12 48 p=0.010 (MWU)
Without EP 13 29.0 +- 11.0 8 73

Pain intensity N M +-SD Min Max p-value

NRSi 591 8.4 +- 1.3 3 10 p<0.0001

NRSh 582 3.5 +- 1.8 0 10 (WVR)
NRSi

EP on scene 461 8.4 +- 1.3 3 10

EP not on scene 120 8.2 +- 1.3 4 10 P=0.240 (MWU)
NRSh

EP on scene 461 3.5 +- 1.7 0 10
EP not on scene 120 3.6 +- 1.9 0 9 P=0.788 (MWU)

NRSi

EP applied analgesics 197 8.8 +- 1.2 3 10
EP applied no analgesics 384 8.2 +- 1.3 3 10 P<0.0001 (MWU)

NRSh

EP applied analgesics 197 3.8 +- 1.9 0 10 P=0.036 (MWU)
EP applied no analgesics 384 3.4 +- 1.6 0 9

Abbreviations: EP, emergency physician; NRSi, numeric rating scale at initial contact with patient; NRSh, numeric rating scale at handover in the 
hospital; M, mean; SD, standard deviation; KW, Kruskal–Wallis test; WVR, Wilcoxon signed-rank test; MWU, Mann–Whitney-U test.
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Transportation Time to the Hospital
The average transport time to the destination hospital was 20.6 +- 13.0min, with a significantly longer transport time at 
the site with supraregional emergency physician vehicle coverage (27.7 +- 11.5min, p<0.0001/Kruskal–Wallis test).

Medical Discipline and Target Department
The majority of patients were assigned to trauma surgery (n=452/75.8%) followed by internal medicine (n=68/11.4%), 
visceral surgery (n=40/6.7%) and urology (n=21/3.5%). The other specialties each accounted for less than 1% of all 
patients. 6.7% of patients (n=40) were referred to surgical shock room management, in 7 cases the destination department 
was not clear.

Pain Intensity
In the entire patient collective, the initial NRS value was 8.4 (+-1.3) and 3.5 (+-1.8) after analgesic therapy at handover in 
hospital (p<0.0001/Wilcoxon sign rank test) (Table 1).

There was no significant difference in baseline NRS between patients who received analgesic treatment only by 
ambulance personnel when the emergency physician was not available (n=120/20.7%, NRS 8.2+- 1.3) and those who had 
an emergency physician present at the scene (n=461/79.3%, NRS 8.4 +- 1.3; p=0.24/Mann–Whitney U-test). Pain 
intensity was also not significantly different between the two groups at handover at the hospital (emergency physician 
on site: NRS 3.5 +- 1.7 vs no emergency physician on site: NRS 3.6 +-1.9, p=0.788/Mann–Whitney U-test) (Figure 2). In 
65.9% of the patients (n=393), analgesia was provided exclusively by the emergency paramedics. In 203 cases (34.1%), 
patients were additionally treated with analgesia by the emergency physicians. There was a higher baseline NRS in 
patients who required additional analgesic therapy by emergency physicians (NRS 8.8 +-1.2 vs 8.2 +- 1.3; p=0.0001/ 
Mann–Whitney U-test) (Figure 2 and Table 1).

There was also a significant difference in pain intensity between these two groups when the patients were handed over 
at the hospital, with the patients who received additional treatment from the emergency physician showing a higher pain 
level of NRS 3.8 +- 1.9 compared to the patients without the need for emergency medical therapy (NRS 3.4 +- 1.6/ 
p=0.036 /Mann–Whitney-U-Test) (Table 1 and Figure 2).

Factors Influencing Additional Analgesia by Emergency Physicians
The next question to be answered was which factors influence the need for additional analgesia by emergency physicians. 
Patient sex (p=0.301/Chi-square test), emergency category (p=0.583/Chi-square test) and NACA (p=0.229/Chi-square test) 

Figure 1 Time on scene (min)P. 
Abbreviations: EP, emergency physician; PM, paramedic.
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showed no influence on the need for additional analgesia by emergency physicians. No significant association could be found 
between the need for additional analgesia by the emergency physician and the diagnosis/accident mechanism groups 
(p=0.249/Chi-square test) or symptom groups (p=0.117/Chi-square test). The transport time to the hospital showed no 
influence on the total dose of fentanyl (p=0.571/Pearson’s correlation) or morphine (p=0.757/Pearson’s correlation) adminis
tered by the emergency paramedics. Likewise, there was no correlation between the dose of fentanyl (p=0.075/Pearson) or 
morphine (p=0.955/Pearson) administered by the emergency physicians and the transport time to the hospital.

Combination Therapy of Analgesics
In 23 patients (3.9%), several analgesics were used simultaneously. In all 23 cases, morphine was the primary analgesic 
used by the emergency paramedics and was combined with another analgesic in the further course (metamizole: n=8, 
butylscopolamine: n=8). In 2 cases, the emergency physician switched to the use of fentanyl, in 10 patients metamizole 
was additionally applied and in 2 cases butylscopolamine.

In the combination therapy group, although there was no significant difference in pain level between monotherapy 
with morphine or fentanyl and combination of multiple analgesics simultaneously (3.5 +- 1.7 and 3.7 +- 2.3, respectively; 
p=0.942) at handover in hospital, there was a significantly higher baseline pain level in patients treated with multiple 
analgesics (9.1 +- 1.2 vs 8.3 +- 1.4; p=0.005/Mann–Whitney U-test).

Dosages
Fentanyl
The opioid fentanyl (monotherapy) was used by paramedics and emergency physicians in 512 (85.9%) patients at a mean dose 
of 0.18mg +- 0.11mg. The mean total dose administered to patients treated by paramedics alone (n=341/66.2%) was 0.15mg 
+- 0.07 mg, and to patients treated by emergency physicians (n=171/33.4%) was 0.25mg +- 0.13mg (p<0.001/Mann–Whitney 
U-test). There was no correlation between the dose of fentanyl administered by the emergency paramedics and the need for 
additional analgesia by the emergency physicians (p=0.051/Chi-square test). The algorithm released for the emergency 
paramedics provides for a maximum dose of 0.3mg fentanyl, this was exceeded in a total of only 8 cases (1.6%) by the 
emergency paramedics after telephone consultation with the emergency physician in charge. When looking at the total dose of 
fentanyl administered, it was also found that patients with the most severe pain at handover in hospital (NRS>6, n=23) actually 
received higher doses of more than 0.3mg of fentanyl (p<0.0001/Chi-square test). Overall, a fentanyl dose greater than 0.3mg 
was used in 9.4% (n=56) of cases.

Figure 2 Pain level. 
Abbreviations: EP, emergency physician; PM, paramedic; EP analgesia, emergency physician applied analgesics; EP no analgesia, emergency physician applied no analgesics; 
NRSi, numeric rating scale at initial contact with patient; NRSh, numeric rating scale at handover in the hospital.
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Morphine
The opioid morphine was used by paramedics in 84 cases in total (14.1%) and of these, as sole agent in 61 cases during 
the period studied. When used alone, the average dose was 4.4mg +- 3.6mg. There was a significant difference in total 
dose between patients treated by paramedics alone (n=45) (3.2mg +- 2.3mg) and those receiving an additional dose of 
morphine from the emergency physician (n=16) (7.9mg +- 4.3mg/p<0.001/Mann–Whitney U-test).

Vital Signs and Critical Side Effects
An overview of the vital signs before and after analgesic therapy is shown in Table 2.

Critical situations and side effects were evaluated in the entire patient population (n=659). During the study period, 
after analgesia by emergency paramedics, 7 patients had to be instructed to breathe (command breathing). In no case was 
mask ventilation or antagonisation of the effect of opioids with naloxone necessary.

Accompaniment of the Transport by Emergency Physician
71.1% (n=424) of patients were not accompanied by emergency physicians during transport to hospital after analgesia, 27% 
(n=161) were transported to hospital, in 1.8% (11 cases) the status of transport was not clear. No significant difference in 
baseline pain intensity was found between the accompanied and unaccompanied patients (8.2 +- 1.3 vs 8.4 +- 1.6, p=0.186/ 
Mann–Whitney U-test). There was also no difference in pain intensity between the groups on arrival at hospital (3.4 +- 1.9 Vs 
3.6 +- 1.7, p=0.205/ Mann–Whitney U-test). The patients in the morphine group were significantly more often accompanied to 
the hospital by the emergency physicians (p<0.001/ Chi-square test).

Especially for symptom groups “chest pain” and the accident mechanism “traffic accident” as well as for the diagnosis group 
“acute coronary syndrome”, the association with accompanied transport was highly significant (p<0.001/Chi-square test).

With regard to the initial vital signs GCS (14.96 vs 14.95, p=0.38), systolic blood pressure (140.79 vs 139.33, 
p=0.803), heart rate (89.38 vs 88.60, p=0.927) and spO2 (97.59% vs 97.23%, p=0.295), there were no significant 
differences in the question of accompanying patients to hospital. For the parameter respiratory rate (15.56 vs 16.06, 
p=0.031), the difference was borderline significant, but not clinically relevant (Mann–Whitney U-tests).

Table 2 Vital Parameters of Patients Before and After Analgesia

Vital parameters N M +-SD Min Max p-values

GCSi 595 14.96 +- 0.24 12.00 15.00 0.134

GCSh 572 14.95 +- 0.25 12.00 15.00

RRi 518 15.77 +- 2.96 10.00 30.00 <0.0001

RRh 438 13.58 +- 1.79 10.00 20.00

BPsysi 585 140.16 +- 23.97 70.00 220.00 <0.0001

BPsysh 541 135.73 +- 20.71 68.00 200.00

HRi 590 88.81 +- 18.05 42.00 150.00 <0.0001

HRh 583 80.80 +-15.44 40.00 150.00

spO2i 590 97.48 +-2.56 81.00 100.00 0.293

spO2h 579 97.16 +-5.44 85.00 100.00

Abbreviations: GCSi, Glasgow Coma Scale at the initial contact; GCSh, Glasgow Coma Scale 
at handover in the hospital; RRi, respiratory rate at initial contact; RRh, respiratory rate at 
handover in the hospital; BPsysi= systolic blood pressure at initial contact; BPsysh= systolic 
blood pressure at handover in the hospital, HRi, heart rate at initial contact; HRh, heart rate at 
handover in the hospital; spO2i, oxygen saturation at initial contact; spO2h, oxygen saturation 
at handover in the hospital; M, mean; SD, standard deviation.
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Inadequate Pain Management
Inadequate analgesic therapy was defined as an NRS value at handover > 4. The target NRS of ≤ 4 was achieved in 442 
patients (74.2%). In 23.5% (n=140) of the cases, the specified target NRS was not achieved, so that insufficient pain 
treatment can be assumed.

Telephone Fallback
Within the framework of the project, the possibility of a telephone consultation with the emergency physician on duty was 
made possible. Contact was made in 24 cases (4%), with fentanyl being used by the emergency paramedics in 23 cases and 
morphine in combination with other analgesics in one case. In 22 contacts, a maximum of 0.3 mg of fentanyl was used and in 
one case more than 0.3 mg of fentanyl. Contact with the emergency physician was made almost exclusively in cases of 
unavailability (n=20, p<0.001/Chi-square test), in 4 cases for consultation during the emergency physician’s journey to the 
scene. 11 patients in this group (1.8%) had an NRS>4 at handover, 4 of whom suffered from severe pain (NRS > 6).

Discussion
From the perspective of the emergency patient, immediate and adequate analgesic treatment must be given for severe and 
most severe pain. Whether an effective medication is administered by a licensed physician or, if one is not available, by 
specially trained emergency service personnel, is of secondary importance for the patient.

To ensure that pain treatment can be initiated as early as possible even in rural areas with limited availability of emergency 
doctors, a project on the use of strong analgesics (fentanyl and morphine) was started in 2014 with a group of 13 paramedics. 
From 2016 onwards, the project was extended to the entire ambulance service area with additional questions.

Before the start of the project phase in 2014, no “proven implementation strategy” could be adopted due to a lack of 
publications on opioid use by non-physician emergency service personnel in Germany. Later, studies on this issue were 
published,7–16 but these did not result in the need for corrections in the project described here. The opioid analgesics 
morphine and fentanyl were chosen because of the good experience with these µ-agonists in the medical emergency 
service. The combination of a high analgesic potency of the µ-agonists with problem-free antagonisability offers, in our 
opinion, an advantage of these substances over the other analgesics.

Considerations for the selection of substances for the prehospital treatment of severe and most severe pain always 
include the substance (es)ketamine (in combination with midazolam) because the risk of respiratory depression is lower 
with this substance. However, in contrast to opioids, there is no possibility of antagonisation, so that if the border 
between analgosedation and anaesthesia is crossed, the effect cannot be reversed. In this respect, it may also be necessary 
to secure the airway by endotracheal intubation for (es)ketamine, as with the use of strong opioids (fentanyl, morphine, 
sufentanil).14,15 In a review article by Sobieraj et al, the quality of analgesia was compared between opioids and 
(es) ketamine, showing fewer side effects for opioids compared to (es)ketamine with equivalent pain reduction.18 The 
increasing number of opioid applications from 16 in 2016 to 200 in 2022 reflects, on the one hand, the actual need for 
prehospital pain therapy on the part of the patients and, on the other hand, the increasing acceptance of the measure 
among the emergency service personnel. Participation in the project is voluntary, but all emergency paramedics in our 
rescue service area now take part in the training program and the examinations.

In rural regions, where arrival, presence and transport times are already prolonged, waiting times for the emergency 
doctor should be critically questioned as to their unavoidability.19 Fok et al studied the presence time at the scene of 506 
patients in Australia. The mean time from arrival to start of transport of 34 minutes was comparable to the presence time 
of our patient collective. Procedures such as intubation, creation of an arterial line. significantly prolonged the duration of 
the operation.20 In our study, waiting for the emergency physician prolonged the time of presence at the scene by an 
average of 5.8 minutes, and at the location with supraregional emergency physician vehicle coverage even by 9.8 
minutes. The pain intensity at handover in hospital was not significantly different with and without the presence of the 
emergency physician at the scene, but the length of stay at the scene was on average 5 min shorter when the emergency 
physician was not available.
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Both emergency physicians together with paramedic personnel and emergency paramedics alone achieved a target NRS of 
≤ 4 in the majority of cases. Thus, with regard to the quality of analgesia, there seems to be no significant difference between 
physician and nonphysician pain management. An improvement in pain therapy with fentanyl can be achieved if the lower 
time limit (3 minutes) and the upper single dose limit (0.1mg) are chosen for application by emergency paramedics. For the 
patients with insufficient pain relief, the dosages chosen by the emergency physician arriving later were still below the 
guidelines of the algorithm for emergency paramedics and obviously below the need. Basically, the question arises why 
fentanyl was not administered in sufficient dosage by the emergency physicians. A total dose of significantly more than 0.3mg 
may be necessary in certain cases (eg fracture in malposition.) to achieve sufficient pain relief.

The same applies to the use of morphine; here, too, neither the approved framework of upper dosage limits for 
emergency paramedics nor the possibilities of increasing the dose by emergency physicians were exhausted in patients 
with NRS > 4 at handover in hospital. Studies name as factors for the quality of prehospital analgesia, among others, the 
qualification and specialization of emergency physicians,21 lack of guidelines and knowledge deficits.22 In the context of 
this project, morphine was originally provided as an opioid analgesic for visceral pain, but due to poorer treatment results 
in an interim evaluation and a lack of rationale (no literature evidence), it has now been replaced by fentanyl in the 
algorithm.

In our patient collective, 23.5% of patients with an NRS > 4 were inadequately treated with analgesics at handover in 
hospital; this is a reason for further development of our treatment algorithms. However, these NRS values are of a similar 
order of magnitude in other studies.2,5,7,13 Analgesic therapy showed no clinically relevant change in important vital 
signs. Other research groups showed similar results.7,23 No critical side effects were observed during the project. With 
a decreasing effect of the analgesics during a longer transport time, we would have expected a higher total dose of 
opioids. The reason for the independence of the total dosage from the transport time is most likely to be found in the long 
duration of action of the substances used and sufficient immobilisation of the patients. Particularly in rural areas, the 
reduction of the commitment times for the emergency ambulance vehicles to the necessary level (in order to be ready for 
a mission again) has a special significance.

By increasing the dosages of fentanyl and morphine within the framework of the algorithms for emergency 
paramedics, the need for the presence of the emergency physician at the scene and thus the commitment time of the 
emergency physician vehicle can be significantly reduced. For conditions requiring initial emergency physician medical 
care, the accompaniment by the physician is independent of the pain event and the use of opioids (eg ACS.).

Limitations
One source of error in recording the level of pain is the subjectivity of the information. The principle of the NRS scale 
must be explained to the patient.

In a prospective study design, the possibility of comparing strong-acting opioids with (es)ketamine/midazolam would 
be given.

Conclusions
1. Adequate analgesia (NRS ≤ 4) was achieved by emergency paramedics in 65.9% of cases.
2. Analgesic therapy with opioids by emergency paramedics is safe.
3. The time of presence at the scene of the emergency is reduced by an average of about 5 min when the emergency 

physician is not available, and by about 10 min in rural regions.
4. The quality of analgesia was inadequate in about 20% of patients regardless of the presence of the emergency 

physician at the scene.
5. A higher baseline pain level is associated with more severe pain on handover in hospital.
6. The majority of patients are not accompanied to hospital by emergency physicians after analgesia. Accompaniment 

by the emergency physician is significantly more frequent in the symptom group “chest pain”, the accident 
mechanism “traffic accident” and the diagnosis “acute coronary syndrome”.
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Abbreviations
NRS, numeric rating scale; NRSi, numeric rating scale, at initial contact with patient; NRSh, numeric rating scale at handover in the 
hospital; BOS, radio for authorities and organizations with security tasks; EP, emergency physician; PM, emergency paramedic; 
GCSi, Glasgow Coma Scale at the initial contact; GCSh, Glasgow Coma Scale at handover in the hospital; RRi, respiratory rate at 
initial contact; RRh, respiratory rate at handover in the hospital; BPsysi, systolic blood pressure at initial contact; BPsysh, systolic 
blood pressure at handover in the hospital; HRi, heart rate at initial contact; HRh, heart rate at handover in the hospital; spO2i, oxygen 
saturation at initial contact; spO2h, oxygen saturation at handover in the hospital; NACA, National Advisory Committee for 
Aeronautics score; MWU, Mann–Whitney-U test; KW, Kruskal–Wallis test; WVR, Wilcoxon signed-rank test.
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