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Abstract
B ackground: To determine the advanced life support procedures provided by an Em ergency Medical Service
(EMS) and a Helicopter Emergency Medical Service (HEMS) for vitally compromised children. Incidence and success
rate of several procedures were studied, with a distinction made between procedures restricted to the HEMSphysician and procedures for which the HEMS is more experienced than the EMS.
M e th o d s : Prospective study of a consecutive group of children examined and treated by the HEMS of the eastern
region of the Netherlands. Data regarding type of emergency, physiological parameters, NACA scores, treatment,
and 24-hour survival were collected and subsequently analysed.
Results: O f the 558 children examined and treated by the HEMS on scene, 79% had a NACA score of IV-VII. 65% of
the children had one or more advanced life support procedures restricted to the HEMS and 78% of the children
had one or more procedures for which the HEMS is more experienced than the EMS. The HEMS intubated 38% of
all children, and 23% of the children intubated and ventilated by the EMS needed em ergency correction because
of potentially lethal complications. The HEMS provided the greater part of intraosseous access, as the EMS
paramedics almost exclusively reserved this procedure for children in cardiopulmonary resuscitation. The EMS
provided pain m anagem ent only to children older than four years of age, but a larger group was in need of
analgesia upon arrival of the HEMS, and was subsequently treated by the HEMS.
Conclusions: The Helicopter Em ergency Medical Service of the eastern region of the Netherlands brings essential
medical expertise in the field not provided by the em ergency medical service. The Emergency Medical Service
does not provide a significant quantity of procedures obviously needed by the paediatric patient.

Background
A dvanced Life Support (ALS) for the pre-clinical m an 
agem en t of vitally co m p ro m ised ch ild ren consists of
endotracheal intubation and ventilation, intravenous or
intra-osseous access w ith fluid replacem ent and adm in
istration of medication. The purpose of on-site advanced
interventions is to stabilise the patient before transport
to the hospital. These procedures are expected to reduce
physiological deterioration, and thus to reduce mortality.
However, this has never been proven on the basis of evi
dence. O ne of th e co n fo u n d in g facto rs could be the
(lack of) ex p erien ce an d th e tra in in g re q u ire d to
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perform the advanced interventions in a pre-clinical set
ting [1].
T he H elicopter Em ergency M edical Service (HEMS)
was introduced in the N etherlands to provide optim al
pre-clinical care for traum a patients by the D utch gov
ernm ent. The HEMS, consists of a physician (anaesthesiologist or traum a surgeon), a flight nurse and a pilot/
driver. W hen the HEMS became operational, the Em er
gency Medical Service (EMS) frequently asked for assis
tance in stabilizing vitally com prom ised children. There
were no paediatric HEMS data available in the N eth er
lands, research in o th er countries could n o t be easily
ex tra p o la te d due to th e in te rn a tio n a l d ifferen ces in
HEMS and EMS organisations. H ow ever, th ere was a
necessity to characterize the children involved to am e
liorate HEMS and EMS care. The objective of this study
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was to evaluate the advanced medical interventions per
form ed by the EMS and the HEMS in vitally com pro
m ised children, and to exam ine how often the HEMS
p ro v id ed a d d itio n a l m ed ical care w h ich w as n o t or
could not be provided by the EMS.
Methods
Prospective cohort analysis of all HEMS calls for all pae
diatric em ergencies for w hich the HEMS in the eastern
p art of the N etherlands (HEMS N etherlands-East) was
called out, in th e years 2001 to 2009. O nly ch ild ren
u n d er th e age of 16 on th e day of th e em ergency call
w ere included. A pproval from the ethical board of the
R ad b o u d U n iv ersity N ijm eg en M ed ical C e n tre was
obtained prior the onset of the study.
T he HEMS T rau m a Region N etherlands-E ast covers
one of the four HEMS regions in the N etherlands, and
covers an area of about 10,088 square kilom etres in the
eastern p art of the N etherlands w ith 4.5 million inhabi
tants. Approximately 19.5% of the population in this area
is u nder 16 years of age. T he HEMS is called out either
by the EMS dispatch centre (primary call) or by the EMS
at the incident location (secondary call). The helicopter
was active from January 2001 u n til S eptem ber 2006 in
daylight, and a physicians car was available during night
and adverse w eather. From Septem ber 2006 until today
the helicopter crew is equipped w ith night vision goggles
and fully operatio n al 24 h o u rs each day by helicopter.
The physicians car is still available for foggy weather, and
incidents close to the HEMS base (<10 kilometres).
HEMS physicians have received additional, extensive
training (more than six m onths) in adult and paediatric
emergency care, pain m anagem ent and extrication tech
niques. HEM S physicians are a u th o rise d to p erfo rm
advanced interventions that the paramedics of the Emer
gency Service (EMS) are n o t legally allowed to perform
in the N etherlands. T he param edics of the EMS in the
N eth erlan d s are reg istered n u rses w ith an additional
training consisting of 175 hours of lectures concluded
by exams. T he EMS p ro to co l in th e N eth erlan d s is a
national protocol with precise description of procedures
to follow. The param edics of the EMS have only limited

training and experience in vitally compromised children.
H ow ever, the EM S-am bulance will be at the incident
location in 15 minutes, due to the geographical distribu
tion of EMS stations and tim e limits set by the govern
ment. The HEMS is called out according to a structured
list of injury m echanism s or suspected m orbidity. The
HEMS can be cancelled before arrival if the vital signs
of the patient are (almost) norm al or if the patient has
died. All m edical procedures are applied in accordance
w ith the ap p ro p riate advanced life su p p o rt p ro tocols
(National EMS protocol for the EMS, guidelines of the
Advanced Paediatric Life Support for the HEMS).
The registered data include age, sex, type of incident,
physiological param eters (respiratory rate, h eart rate,
b lood p ressu re, capnography), G lasgow C om a Scale
(GCS), the pre-hospital treatm ent given, diagnosis in the
emergency ward and survival until 24 hours after hospi
tal admission. All patients examined by the HEMS were
assessed according to the M unich m odification of the
NACA (National Advisory Com m ittee for Aeronautics)
score [2] (Table 1). T he NACA score is a sim ple and
b oth internationally and nationally established scoring
system for grading disease and injury severity of patients
in the preclinical setting. The worst clinical condition of
the p a tie n t d u rin g p re -c lin ical m an a g em e n t was the
determ ining factor for classification, as described by the
M unich modification of the NACA score [3]. It was also
docum ented w hich of the pre-clinical advanced proce
d u res w ere p e rfo rm e d by th e EMS o r th e HEM S.
A dvanced m edical procedures were classified in three
groups: procedures w hich are restricted to physicians
u n d er D u tch law (and th u s re stric te d to the HEMS),
procedures for w hich the HEMS is m ore experienced
than the EMS and procedures for which the HEMS and
EMS are equally experienced. T his classification was
created after a structured discussion between the HEMS
and EMS m anagem ent teams.
All data was recorded in an electronic p a tie n t data
m anagem ent system, custom m ade for the HEMS. The
results were transferred into a data sheet (Excel™, M icro
soft Seattle, USA), after which all data underw ent statis
tical analysis and g rap h ical d e p ic tio n w ith SPSS

Table 1 NACA Score
S co re level

P a tie n t status

N e ce ssary in te rve n tio n

I

Slight injury or illness

No m edicalintervention

II

Moderately heavy injury or illness

Ambulatory m edicaltreatm ent

III

Heavy, but not life threatening injury or illness

Stationary m edicaltreatm ent

IV

Heavy injury or illness, life threat cannot be excluded

Emergency m edicalm easures

V

Acute m ortaldanger

Em ergency m edicalm easures

VI

Acute cardiac or respiratory arrest

Em ergency resuscitation

VII

Death

The National Advisory Comm ittee for Aeronautics (NACA) developed a simple scoring system for patients receiving air transport during the Vietnam W ar.2
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Statistics 16.1™(SPSS Inc., Chicago, IL, USA). Pearson
chi square was used for statistical com parisons, signifi
cance was defined as p < 0.05. Since the tables contain
one or m ore cells w ith zero frequency, the exact signifi
cance of the obtained Chi square value was used instead
of the asymptotic approximation.
Results
The HEMS had 803 calls involving children. In all cases
the EMS was the first to arrive at the incident location.
The average flight tim e of the HEMS was 9,6 m inutes,
ranging from 1 to 31 m inutes. T he tim e from HEMS
alert to take-off of d ep artu re from th e vehicle was an
additional 2-5 m inutes. O f these 803 calls, 245 (27%)
w ere cancelled by th e EMS b efore th e arrival of the
HEM S (199 ch ild ren had n o rm al physiological p a ra 
m eters, 27 ch ildren died and 19 calls o th e r reasons).
The HEMS examined and treated 558 children on scene
with a m ean age of 6.9 years (SD 5.3). O f these 558 chil
dren, 390 (70%) child ren had a tra u m a -re late d em er
gency and 168 (30%) ch ild re n a n o n -tra u m a -re la te d
em ergency. O f the children involved 115 (20.6%) had
N A C A sco res o f I-III, an d 443 (79.4%) h a d N A CA
scores of IV-VII (medical cases 11% versus 89%, traum a
cases 25% versus 75% respectively). (Pearson chi square
p < 0.05). The youngest group of children (<1 year) had
the relatively highest percentage of NACA scores IV to
VII. (Figure 1).
Nine percent of all children were given cardiopulm on
ary resu scitatio n in th e field (w ith a 2 4 -h o u r survival
rate of 26%). Ninety-five (17%) children died in the first
24 hours after the incident, of w hich 64 at the incident

location. The emergency types with above-average m or
tality were all the non-traum a emergencies (except con
vulsions), near-drow nings and burns. T he em ergency
type 'congenital' includes all congenital disorders: car
diac, pu lm o n ary or m etabolic in a group of children
with a wide variety of ages. The age range varied widely
in the trau m a related HEMS indications (Table 2). O f
the 494 children who were tra n sp o rted from the inci
dent location, 103 children (21%) w ere tran sp o rted by
helicopter. Children transported by am bulance w ithout
the HEMS physician had a significantly low er NACA
score (Table 3).
A to ta l of 1649 advanced m edical p ro ced u res w ere
provided by the HEMS to the 558 children, an average
of 3.0 procedures per child (table 4). Advanced medical
procedures (n = 818) restricted to the HEMS were given
to 65% (n = 365) of the children. M edical procedures
(n = 831) for w hich th e HEMS is m o re ex p erienced
th an the EMS w ere provided to 78% (n = 438) of the
children (Table 4). In 482 children (86%) a medical pro
cedure from one or both of these groups was performed
by the HEMS.
A m edical p ro c e d u re in w hich th e HEM S is m ore
experienced th an the EMS is endotracheal intubation.
EMS paramedics arriving at the incident location before
the arrival of the HEMS intubated 86 children, w ith a
success rate of 77% (n = 66). A p art of these children
have been further described in a previous publication by
th ese a u th o rs [4]. In tw enty of th ese 86 ch ild re n an
emergency correction of the endotracheal tube or venti
lator settings was perform ed by the HEMS upon arrival:
oesophageal in tubation (n = 13), inappropriately sized

F ig u re 1 A g e - d e p e n d e n t d istrib u tio n o f N A C A scores, d iffe re n tia te d a c co rd in g to n u m b ers o f in fa n ts (<1 y e a r), to d d le rs (1-5 years),
sch o o lch ild re n (6-11 ye ars), ad o le sce n ts (12-15 years). Pearson chi square p < 0.05
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Table 2 Paediatric HEMS incident according to initial EMS call
Initial H E M S call

Incid ents
n

M e a n ag e (ag e ran g e)
Y ears

G C S (SD )

% 24-hour su rvival

79

1. preclinicalchildbirth/neonatal

29

0.1 (0-0.25)

7 (5 )

2. congenital

14

4.9 (0.25-15)

4 (2.4)

29

3. infectious

27

2.0 (0.25-15)

6 (2.8)

67

4. convulsions

18

3.4 (0.4-15)

7 (3.8)

94

5. asphyxia

35

5.5 (0.1-14)

10 (5.0)

71

6. CPR general(non-neonatal)

45

4.9 (0.1-15)

5 (5.7)

49

7. Near-drowning

40

4.3 (0.6-15)

7 (3.8)

80

8. Burns

12

4.5 (0.2-11)

13 (4.6)

50

9. Pedestrian versus motor vehicle

60

8.1 (0.2-15)

9 (5.0)

85

10. Cyclist versus motor vehicle

67

11.3 (0.3-15)

8 (4.7)

90

11. Passenger in motor vehicle

88

8.2 (0.3-15)

12 (4.9)

91

12. Moped

30

13.3 (1-15)

11.2 (5.3)

97

13. Fall

55

6.7 (0.3-15)

11.7 (4.7)

95

14. Equestrian

14

10.7 (4-15)

7.9 (5.2)

100

15. Other

24

7.5 (0.4-15)

12 (5.4)

92

558

6.9 (0-15)

8.9 (5.0)

83

Total

endotracheal tube w ithout cuff making positive pressure
ventilation impossible (n = 5) and potentially lethal ven
tilator settings (n = 2) (>300% of recom m ended ventila
to r settings). T he HEMS in tu b ated 214 children w ith
100% success. Successful intubation was defined as sym
m etrical breath sounds by auscultation, and a positive
m ainstream capnography, followed by m echanical venti
latio n w ith n o rm al airway p ressures. T hese m easures
only partially eliminate the presence of bronchial intuba
tion, b u t w ould m ake it m ore rare. A n acknow ledged
and corrected prim ary esophageal intubation by HEMS
was registered as a success. Oxygen saturation was often
difficult to register during the medical intervention, and
the fall of saturation was not registered during the endo
trach eal in tu b atio n . In cardiopulm onary resu scitation
w ithout any capnography reading, the endotracheal intu
bation was confirm ed by repeat laryngoscopy. The dif
feren ce in th e n u m b e r of su ccessfu l e n d o tra c h e al
in tu b a tio n s by th e EMS and th e HEM S is significant

Table 3 Transportation of patients
n

N A C A I-

N A C A IV-

III@

VII@

No transportation, dead on scene

64

0

64

Ambulance, with HEMS physician

273

20

253

Ambulance, without HEMS physician

118

95

23

Helicopter transport because of distance
to hospital

25

0

25

Helicopter transport because of condition

76

0

76

2

0

2

of patient
Interhospital transfer
@NACA groups: Pearson chi square p < 0.05

(Chi square p < 0.05). Twelve p ercen t (n = 39) of the
children w ith a GCS > 7 w ere intubated by the HEMS
(com prom ised airway, pain m anagem ent or to facilitate
transportation by helicopter).
Intraosseous access was obtained in 99 children, 68 by
the HEMS and 31 by the EMS. Eighty-seven percent (n
= 27) of all children provided w ith intraosseous access
by the EMS were in cardiopulm onary arrest, versus 28%
(n = 19) in the HEMS group.
Pain m anagem ent was given to 35% (194/558) of the
ch ild ren . T he m e d ic a tio n of choice w as fentanyl or
alfentanyl, occasionally lidocaine for infiltration anaes
thesia and levobupivacaine for peripheral nerve blocks.
The youngest child provided w ith pain m anagem ent by
an EMS param edic was four years old; by the HEMS
two m onths old. No detrim ental effects of the pre-clinical application of analgesics were recorded.
Discussion
There are no studies that show convincingly that a phy
sician-based EMS leads to a decrease in overall mortality
or m orbidity of pre-clinically treated patients [5]. H ow
ever, in those patients requiring advanced airway m an
agem ent or o ther invasive procedures, as well as fluid
m anagem ent and pharm acotherapy, adding a specialist
p h ysician to th e p re -h o sp ita l em ergency care can
increase survival and improve outcome [5].
T he children in this study w ho w ere exam ined and
treated by the HEMS constitute a particularly com pro
m ised group. N ine p ercen t of all children w ere given
cardiopulm onary resuscitation in the field (with a 24h o u r su rv iv al ra te o f 26%). E ich d e sc rib e d 2271
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Table 4 Pre-hospital medical procedures
R estricted to
HEM S

H E M S m o re exp erien ced

HEM S

EM S

n

n

n

Hypnotics*

147 Unsuccessful endotracheal
intubation®

0

20

Muscle relaxants#

146 Successful endotracheal
intubation®

214

66

Chest tube

5

Peripheral venous canula

272

304

Central venous
line

12

Intraosseous access

68

31

Hypertonic fluid&

104

Intraosseous access and CPR

19

27

AntibioticsV

26

Pain management**

149

45

Medication for A L S i

109

28

831

521

Physician transfer

376

Venous cutdown

2

Total

818

*Hypnomidate, midazolam, propofol, s-ketamine (hypnotic dose)
#Suxamethonium, rocuronium
&Mannitol, hyperhaes
V Cefazolin, ceftriaxon
**Fentanyl, Alfentanyl, locoregional anaesthesia, s-ketamine (analgetic dose)
i Amiodarone, atropine, dobutamine, epinephrine
® Successful versus unsuccessful endotracheal intubation: Pearson chi square
p < 0.05

paediatric em ergencies in a com parable study on EMS
and HEMS in G erm any [6]. In this study, 72.7% of the
child ren had a NACA score of I-III and 27.3% had a
N A C A sc o re o f IV -V II (v ersu s 20.6% an d 79.4%
re sp e c tiv e ly in o u r stu d y ). (P e a rso n chi sq u a re p <
0.05). This discrepancy may be caused by profound dif
ferences betw een the N etherlands and G erm any in the
p re-clin ical em ergency care for vitally co m p rom ised
children, due to differences in infrastructure, dispatch
ing protocols, geography or training of EMS. Still, the
conclusions stated in the study of Eich are even m ore
valid to th e HEMS in the N etherlands. T he HEMS in
o u r stu d y e n c o u n te rs a h ig h in cid en ce of p aed iatric
emergencies in children, therefore "...skills in paediatric
airw ay m an ag em en t, c a rd io p u lm o n a ry re su sc ita tio n
an d in tra o s s e o u s c a n u la tio n in all age g ro u p s are
essential..." [6].
The youngest patients have the highest NACA scores.
Certain causes of a preclinical vital threat occur only in
early childhood, like unexp ected ch ild b irth and ductdependent congenital heart disease. O th er causes of lifeth re a te n in g events, like sepsis, convulsions and neardrowning, occur especially in toddlers and younger chil
dren [6]. These life-threatening events have a low rate
of survival in this study. As advanced life support proce
dures are co nsidered to be m ore difficult in younger
children, special training in these cases should be p ro 
vided for optim al perform ance of the HEMS. As shown
in the age range variation in table 2, young children can
be involved in any kind of traum a incident.

Zautcke e.a. studied the am ount of skill deterioration
in 40 paramedics after graduation [7]. Examination con
sisted of the practical aspects of airway m anagem ent,
spinal im m obilization and intravenous fluid therapy in
relation to th eir final school exam ination. As a group,
the study scores were significantly lower th an the gra
d u a tio n sco res excep t in sp inal im m o b iliz atio n and
extrem ity im m obilization. A continuing education and
recertification process is necessary to identify and cor
re c t deficiencies in p erfo rm an ce. T he n u m b e r of 20
failed intubations or lethal ventilator settings is unacceptably high. The rate of failed endotracheal intubations by
the EMS-paramedics has relatively diminished in the last
years of this study in com parison to our previous publi
cation on this subject [4]. The reasons for this trend are
unknow n, still any not-recognised oesophageal in tu b a
tion can have catastrophic consequences.
It has been clearly shown that experience is crucial for
successful preclinical endotracheal in tu b atio n [8,9]. A
far better option for the param edics in the EMS would
be the m aintenance of oxygenation by bag-valve-m ask
ventilation until the arrival of an HEMS or arrival in the
emergency ward [4,10,11]. Theoretically, there are clear
advantages to preclinical endotracheal intubation: facili
tation of artificial ventilation, protection against aspira
tion, facilitation of transport by helicopter. This should,
however, never com prom ise the application of supple
m ental oxygen and adequate ventilation.
Intraosseous access is recom m ended in vitally com 
prom ised children if intravenous access is difficult or
im possible, and can also be effective in adults. As
in trao sse o u s access by E M S -param edics is p re d o m i
n antly used in ch ildren in card io p u lm o n ary a rrest, a
potentially large group of vitally com prom ised children
were left w ithout this useful device. The HEMS in this
study did provide intraosseous access to children outside
th e CPR gro u p . A lth o u g h th e EMS p aram e d ics are
trained in intraosseous access, it is n o t widely applied:
only 31% of all intraosseous access was provided by the
EMS param edics. T he in freq u e n t use of in traosseous
infusion com pared to other advanced life support skills
in h o sp ita l and by p ara m e d ic s and HEM S has been
described [12,13]. Still, several studies have shown that
the placem ent of an intraosseous line is easy, fast and
has a high success rate [14-16].
The num ber of children who needed pain m edication
b u t did n o t receive it from the EMS is high: 77%. No
child under the age of four years (e.g. the burn victims)
received any pain m edication from the EMS. T he safe
delivery of adequate analgesia is a priority in pre-hospi
tal care; ketam ine is relatively safe w hen used by physi
cians [17]. In a review by T h o m as, clear evidence
supporting the safety of pre-hospital analgesia was pro
vided. Pain relief can be im proved in an EMS or HEMS
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by balancing the desire to do no harm, and the unaccep
table fact of allowing needless suffering [18]. This clearly
calls for additional education and standards to improve
pre-clinical pain m anagem ent. The potential fear of the
EMS of cau sin g v e n tila to ry d e p re ssio n has to be
addressed.
There are several lim itations to this study. Due to the
nature of the health care provided, a blind prospective
stu d y was n o t feasible. T he added value of adding a
HEM S to th e EMS was q u an tified by th e n u m b er of
medical procedures, with special attention for the proce
dures for which the EMS is neither certified nor experi
enced. T h e re was no follo w -u p a fte r 24 h o u rs of
admission, so actual survival until hospital discharge was
unknown. The reason for this was the transportation of
patients to hospitals out of the prim ary HEMS region.

♦ The use of intraosseous access devices and the appli
cation of analgetics in the field can be improved.

A bbreviation s
EMS: Em ergency Medical Service; HEMS: Helicopter Em ergency Medical
Service; NACA: National Advisory Com m ittee for Aeronautics; SPSS: Statistical
Package for the Social Sciences; ALS: A dvanced life support; GCS: Glasgow
Coma Scale; CPR: Cardiopulm onary resuscitation; SD: Standard deviation.
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Conclusion
The HEMS of the eastern p art of the N etherlands p ro 
vides essential additional medical expertise not provided
by the EMS. T he only form al paediatric indication for
HEMS at this m om ent is the paediatric cardiopulmonary
resuscitation. This study calls for a lower threshold for
HEMS activation in any serious incident involving chil
dren, preferably based on the type of primary emergency
call.
Sixty-five percent of the vitally com prom ised children
received a preclinical m edical procedure restricted to a
physician, 78% received a medical procedure for which a
physician was m ore experienced. T he m ajo rity of all
patients encountered by the HEMS had a NACA score
of IV-VII. As the younger patients had a higher NACA
score, special attention should be given to training and
th e provision of advanced life su p p o rt proced ures for
younger children.
Successful en d o trach eal in tu b a tio n and su b seq u en t
appropriate ventilation in children is a difficult task for
EMS paramedics; preclinical endotracheal intubation of
children calls for an experienced physician. T he use of
intraosseous access devices and the use of analgesics by
EMS param edics could be improved. F urther investiga
tion into the pre-hospital care for vitally com prom ised
children is necessary.

Nijmegen, the Netherlands.
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