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SUMMARY

Aims:

1o to document the patho-physiological effects of movement on

eritically i1l patients,

2 to determine the feasibility of transporting crlitically ill

patients to a central ITU,

Studies

Initial retrospective reviews (Part I) helped to plan the main
prospective study (Part II) on oritically ill patients transferred
by ambulence to a central ITU, An ITU flying squad was developed,
Initially, clinical monitoring of haemodynamio, respiratory, fluild

balance and temperature variables was carried out on 20 patients
before, during and after transfer, Similar measurements on 20
convalescent patients showed no changes Thereafter 18 critically
111 patients were studied with continuous electronic monitoring of
intra-arterial blood pressure, ECG and an acceleronetor record of
movement, The organisation and function of the ITU flying squad
was analyseds The findings were supported by original studies (Part
III) on dogs with haemorrhagic shock and on eritically ill patisnts

and post-operative patients moved within hospital.

Conclusions

Serious effects of transport are a problem only in critically
ill patients, Patients with chest injuries or intra-thoracic
bleeding seem to be at particular risk., The effects of transport

may be caused directly by movement or indirectly by changed treat-

il



ment during movement. These indirect ceffects appear to be
clinically more important and can be significantly reducod by an
ITU flying squad. Sustained effects soem to be caused indirectly
while direct effects are transient. Although not previously
reported, hypertension appears to be a much more common response to

movement than hypotension. Despite previous concentration on ths

ambulance ride, the present studies suggest that movement to and

from the ambulance or within hospital may be at lcast as hazardous,

If ITU facilities are to be made generally available, it is
suggested that they could be organised on an area basise An ITU

flying squad working from an Area ITU has been shovm to be cne
feasible method,




Clinical:
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atrio-ventricular
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electrocardiograph
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Battle casualtioesn:

DOW dicd of wounds (after reaching medical
aid)

Hospitals:

Gartnavel Gartnavel Goneral Hospital, Glasgow

Vestern Infirmary Vestern Infirmary, Glasgow
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INTRODUCTION

The Western Infirmary, Glasgow was a 667 bed general teaching
hospitale In 1973 the elective and convalescent wards were
redeveloped two miles distant at Gartnavel General Hospltal, The
jdea for the prosent study arose as the Intensive Therapy Unit (ITU)
remained at the Vestern Infirmary and oriticaily' 111 patients had
to be transferred between the two hospitals, The five bed ITU

opened in 1968 and has always accepted patients from district and
speciallsed hﬁspitals in the area, It has a particular interest in

shock and respiratory failure. There are separate units for

coronary care, renal dialysis and burns and routine post-operative

care is carried out in separate recovery rooms, No neurosurgery

nor cardio-pulmonary by-pass is performed in the hospital,

Since 1971 the resuscitation of shocked patients has been
primarily the responsibility of the Shock ']Jea.ufI which conslists of a

consultant clinical physiologlst and three post-fellowship

registrars (one from each of the divisions of surgery, anaesthetics
end orthopaedics, and normelly seconded for a period of one year).
Five technicians are also integrated into the service. In addition

to laboratory and clinical investigation of shock, the team has
clinical responsibility for resuscitation problems and works closely

with the ITU and the orthopaedic services The opportunity for the
present study arose when the Shock Team assumed responsibility for

transferring patients from Gartnavel to the ITU,

The initial literature rcview showed that many questions about

the effect of transport on critically ill patients remained

(o



unanswercds Changes due directly to transport needed to be

distinguished from those that were caused indirectly or were
coincidentals The detailed patho=-physiology, incidence and
importance of the reported phenomena required clarification. Could
patients at high risk be identified? Which characteristics of

transport and movement were most harmful? Did prior resuscitation
influence the risk? leasures to prevent or at least to reduce the

incidence and severity of these effects remained to be developed.

The alms of the present study were two=-fold:

1« to document the patho-physiological effects of movement on
critically 11l patients,

2. to determine the fefa.sibil:!.ty of transporting critically 11l

patients to a central ITU,

¢

Before starting the main study three retrospective reviews (Part
I) were made of Scottish mountain rescus transport, obstetric f{lying
squad transport and transfers from other hospitals to the ITU 4¢

the Western Ihfirmary in previous years.

The main prospective clinical study (Part II) was of the effeots
of ambulance transport. An ITU flying squad was developed.
Initially, clinical measurements were made on 20 eritically ill
patients before, during and after transfor to the ITU. Most of these
transfers were over short distances, Similar but non-invasive
measureme;lta were made on a control group of convelescent surgical
patients, Thereafter, electronic equipment was introduced to r
permit continuous intra-asrterial monitoring snd the scheme was

extended to include two more distant district hospitals. 11

16



patients with full intra-arterial monitoring provided the main data

in this phase. The organisation and function of the ITU flying
~ squad over the entire period was also analysed,

Further prospective studies (Part IIX) were made on the effect
of movement. Dogs with haemorrhagic shock were sub.jecte_d to
jolting and tilting, Clinical studies were carried out on routine

post=operative patients and on ocritically 111 patients moved within

hOSpitalo

In all studies several basic criteria were adopted. Reliable,
objective measurements were recorded inmedﬁ.ately, with detailled
timing of events, Proof of stability was obtained by baseline
readings before movement, Extraneous factors which might have

produced similar effects were excluded as far as possible,

especlally by maintaining treatment unchanged and uninterrupted

throughout the movement,

Previous literature on ambulance transport consisted mainly of
limited observations on large numbers of patients, isolated
clinical reports or general clinical impression, In the present

studies, detalled examination of specific problems by comprehensive
physiological measurements of relatively small numbers of patlents

ylolded many original observations,

17
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LITERATURE RIVIEY : BATTLE CASUALTIES

The concept and indeed the contempc;rary meaning of the word
"apbulance" originated from Larréyz, Surgeon=General to Napoleon's
armies,s Since then, military surgeons hﬁve acoepted responsiblility
for battle casualties from the time and place of wounding,

Civilian hospital dbctors, in contrast, generallj regard their

responsibility as beginning only when the patient enters hospital,
while i'a.mily doctors regardh theirs as ending when thetpa.tient

enters the ambulance, This hiatus in medical ree;ponsibility during

transport is beginning to diminish with the develdﬁment of
obstetr103 ’ accidentl" and ooronarf flying squads and mﬁss disaster

achemes6.

The Second Auxiliary Surgical Group7 clearly showed that delay .
in reaching medical aid is harmful, In 2863 abdominal wounds
mortality increased 0.,5% per hour of delay between wounding and
surgery although severity of wounding, as judged by the number of
organs damaged, was much more important, In 2,71 arterial injuries,
37 of those treated within ten hours wers amputated, vhile aftor
20 hours 63% required amputation, WVith this clear confirmation of.

general experience considerable effort hes resulted in earlier

resuscitation and faster evacuation -~ in Vietnam the average time

from wounding to reaching full hospital facilities was 35 minufese’9.

Figure 1 is compiled from official British and American
| statistics10"15 with corputer-dramn regression lines. Diminishing
sickness and the lower mortality of the wounded are the result of

improved medical and nursing services, hyglens and surgical

19



technique, Surprisingly, howover, the 20% of those hit who die on.
the battlefield has remained unchanged. from the Crimea to Vietnanm,
Faster efacuation might have been expeccted to save many lives or at
1eas¥ transfer the statistical allocation of death from "Killed in
‘Aotion" (1.e. before reachingmédical aid) to "Died of Vounds"
(DOW i.e. aftor reaching medical aid)e That this has not occurred
suggests that faster evacuation is outweighed by the many other

factors - medical, military and statistical -~ which influence this
statistice As with road traffic accidents, there appecars to be a
considerable proportion of "unsalvageable" cases whose wounds are

so severe that they will almost inevitably die on the battlefield,

The law of diminishing returns is likely to apply to efforts to

save such cases,

Despite the wealth of experience, the crude statistical nature .

of military data and the multiple aetiological factors limit the
extractable information, Battlefields are unsuited to scientific

investigations,
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LITERATURE REVIEVY : CIVILIAN CLINICAL DATA

Despite a general clinical impression that movement or transport
of seriously ill cr injured patients can be harmful, factual

information is scattered and fragmentary, The avallable data falls

into five categories:

1, data on road accident victimse. This is very similar to and

suffers meny of the disadvantages of battle casualty datae Unstable
patients, the unfavourable environment, lack of facilities and the

nebessity for speed have led to poor evaluation of results and

little scientific information.

2, Mobile Coronary Care Units have produced a large volume of ECG
data, mainly limited to patients with acute myocardial infarctlon.

3, more detailed clinical data on patients being transferred to
specinlised or intensive care unitse Most publications in this

field are in French from the Parisian Department d'Anesthesiologle
and the Laboratoire Experimental de Physique de l'Assistence

Publiquo. Some of those papers give the best data available.

he very limited information on the movement of patients within

hospital.

5o very linited information on the effects of tilting 1ll patients,

1, Road accidents

Adams16 reviewed deaths on contry roads in Au&stralia. An
analysis of place of death according to injury and eccording to
location of accident suggests that death in transit may be a

reflection of time from injury and probably unrelated to the



Journey. Mackayn, roviewing post mortems of road accident
victims, conaidered some 43% might have had a groater chance of

survival if medical treatment had been availlable at the scene of

18, however, in a siwilar

review, considered that only 3% might have been saved. London19 ’

the 'aocident within ten minutes, Smith

reviewing the ambulance Jjourney to hospital of injured patients,
found little evidence of inadequate care during the Jjourney.
Nancekievillzo s providing medical care within two minutes of racing

car accidents, concluded that severely injured drivers may die at

the scene of the accident or in hospital, but “i:hey should not die

during transport to hospital”,.

Sm::okzjl pointed out that the effect of movement could be direct

or indirect, Anxiety, pain and the physical stimull of movement
could directly affect the patient's condition. Indirectly, lack of

facilities and the motion of the ambulance could reduce tho ability
of attendants to provide life-support, affecting the patient by
changed or inadequate treatment, Many of the changes seen during
the transport of road accident victims may be eithoer coincidental .
due to their rapidly changing condition so soon after the accident
or caused indirectly, The wide divergence of opinion summerised in
the previous paragraph may simply be differing estimates of what
‘standard of care is "reasonable", London22 emphasised the neod for
"unusually accurate and conscientious records before and after
reaching hospital” if any conclusions were to be drawm about
transportation. The lack of such records makes it almost impossible
to prove any direct effect of the Journey to hospitale It 1is,
however, striking that Nancekievillzo, who probably provided close

to the ideal initial treatment for road accident victims , found

23



1ittle effect of the journeye A good acoount of the practical

provision of basic care dwring transport was provided by Paoy‘?‘3 .

Snoc:rkz1 reported one patient with multiple injuries in whom
movement of a severely crushed lovwer leg repeatedly caused a "sharp
fall" in BPe Cullen ot a1 reported one patient with multiple
fractures who had already had two cardiac arrests and was on IPFV,

Vhile being transferred to another hospital vertical jogging
appeared to cause clinical shock and a fall in SBP from 140 to 90
mm Hge They attributed this to movement of a leg fracture, lis
condition improved soon after the Jjourney. Snm:kz1 recorded. three

further patients in whom spasm and pain were associated with
movement at a femoral shaft fracture during transporte No other

documented case could be found to confirm this generally accepted
phenomenon.s JIn fractures of the shaft of the femur the intro-
duction of the Thomas splint in World Viar I was a major
contributing factor to the reduction of portality during initial
evacuation from an estimated 407 to 25}‘525 o The Tobruk splint in
World Var II also appeared to reduce mortality and greatly improve
general condition during long evacuation?'é’ 27. It thus appears
almost certain that movenent of majer fractures during transport

can, at least on occasion, cause a detericration in general

condition and even deathes It certainly causes incroased suffering,

2o lyocardial in:['arctio.pz ILCG monitoring

Patients with myocardial infarction have a high incidence of

errhythria and death in the first few hours”?2>?%7, Of cardizo
patien{:s monitorqd. by a mobile coronary care unit, 23%30 to 35%31

have arrhythmias when firat seen. Unlike hospital oxperience, many

24



of these arrhythmias are bradycardias31 or AV dissocia.tion3 2. One .
of the mein aimg of mobile corcnary care units is to provide early
treatment of such a.rrhythmias5 29252 3.‘ Adgey et 9.13 2 state that
"the. transport to hospital of patients with AV block prior to
definitive treatment is clearly hazardous", Lambreu} 0 found a
‘higher incidence of clinical deterioration en route to hospital in
patients whose initial rhythm was abnormal, By providing initial
treatment of those arrhythmias prior to transport the 175529 of pre-

hospital deaths occurring in the ambulance can be reduced” » 2.

In addition a mobile coronary care unit provides cardio-
pulmonary resuscitation for patients who suffer cardiac arrest
before or during transport to hospital, MlMost such arrests aro due
to ventricular fibrillation, In several series 8% of 214-631", 1355
of 2853 2 and 300 of 2629 patients with ventricular fibrillation in -
the ambulance survived to leave hospital. These patients would
certainly have died without treatment, In addition, earlier
treatment of other arrhythmias appears likely to have prevented
gsome cases of cardiac arrest developing, The‘ total effeect of o

mobile coronary care unit on ambulance deaths in cardiac cases can

be seen from the claim of Pentridge and Geddess to have reduced the

proportion of pre-hospital deaths in the ambulance from approximately

10% to none in 155 casess In a more accurate study Crampton et a129

reduced such deaths by 6057 (P L 0,0007).

Lambrew37 found that the introduction of improved training for

ambulance personnel, ECG telemetry and voice communication hotween
ambulance and hospital markedly reduced the number of collisions in

which ambulances were involved, This 'was presunably due to less



urgent dashes to hospital permitted by improved treatment,

The above data proves conclusively that improved standards of
care during transport and avoidance of the usual delay in starting

treatment during transport can save the lives of patients with acute
myocardial infarction. This is the best documented example of the
effect of standards of care during trensport. However, this could

be entirely a matter of dealing with the indirect effects of
transport. As already indicated, immediately after & myocardial
infarction patients have a high incidence of arrhythmias and

cardiac arrest quite 1apart from any effect of transport, There

does not appear to be any evidence that transport causes these

arrhythmias and cardiac arrests: they may well be coincidental,

Similarly LambrevP 0 found an 8,7% incidence &f significant
ari‘hythmias during transport in 4334 medical and surgical patients
(excluding chest pain) and 4.2% in 274, trauna patients. The
| incidencel of such arrhythmias in similar patients in hospital or
similar age groups in the geﬁeral population is unknowns It
appears that these arrhythmias are related to the onset of disease

or injurys there is no evidence that . they have any relationship to

transpy orte

From this work the only evidence for a direct effect of transport
is c¢linical impression. Cra,.'npton3,6 noted an apparent increase in
the frequency of extrasystoles when patients wore 1lifted on to the

stretcher, La.mbrew} ! noted an increase in HR when the ambulance

siren was switched on, presumably an effect of anxietye.

26
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Je Secondary transfer between hosgitals

With the possible cat:sgorisation of hospitals and the creation
of specialised units, inter-hospital transfer of ill patients is
unavoidable. Such secondary transfers (Fige 2) have two .
advantages over the initial transport of patients to hospital: it
1s possible to identify patients at high risk who merit intensive

allocation of limited resources; there is usually tiwe for

adequate preparation for the journey, hence patients can be

stabilised before transfer and pre~transfer baseline readings can

be obtained.

ot

An excellent review of the problems of organising and ruhning

air evacuations 1is given in the report of a Seminar of the Erench
Association of Anaesthetist33 8. They emphasise the need for
adequate preparation for the journey.’ Endotrach;al tubes,
tracheostony, intra=pleural drainage ) naso-géstrio tubes, intra-
venous lines and urinary catheters should all be inserted befors
the journey if likely to be required. Transport should not be
regarded as an unavoidable and risky gep in treatment, but as a
further Posi‘cive phase of continuing therapy. Nevertheless, theo
practical problems and limitations during transport must be clearly

recognised as they can only be overcome by adequate planning and

preparatiop. They argue that there is a case for transport being
organised and supervised by doctors with a particular interest and

experience in this field,

The best analysis of the clinical effect of transport is the
review by Pichard et a13 7 of ill patients transferred by them in the

‘Paris arca in a one year period, Of 430 patients transfefred by
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ambulance, 29% had some incident en route, more than half being a .
fall in SBP of at least 20 mm Hgo 6.7% had more serious deterior-
ation: arrhythmias, cardiovascular collapse, cardiac errest,
respiratory insufficiency or fits. Smaller groups transferred by
helicopter and fixed wing aircraft had no cases of cardiac arrest*

or arrhythmia: the total incidence of serious incidents however was

no different. Lack of detail on patient'selection for the

different forms of transport makes comparison difficult, thcugh the
authors f'elt that the higher incidence by road was related to

higher levels of acceleration and vibration,

The majority of patients were seriously ill and required life-
support. Although as far as possible their clinical condition was

stabilised before transfer, no baseline data was presented. Some
of the changes could be coincidental and there was little proof
that they were caused by transport, Nevertheless the authors drew

the following conclusions about the changes which did occurs

symptoms arise wnexpectedly and do not exiét, or are treated, before
departure, |

they do not appear to be related to insufficient treatment before
transpdrt (my'emphasis).

they occur after a period of travelling time has elapsed, often
related to periods of more violent movement of the vehicle.

they generally settle spontaneously when travel is over.

Patients most susceptible were:

those with cardiovascular instability, especially pulmonary emboli
or massive blood losse

those with serious neurological states, especially conditions liable
to fits, encephalopathies or high cervical fracturess



Throe patients were reported in more detail:

& six month old baby with whooping cough who had convulsions in a
helicopter, apparently related to air turbulence.

a moribund 40 year old man unconscious from an intra-cerebral
haemorrhage whose SBP progressively fell from 90 to 50 mm Hg

during the last five minutes of an ambulance ride,

an 80.year old woman with a myocardial infarction and AV dissoci-
ation on an isoprenaline infusion who had a cardiac arrest when
the ambulance was traversing a particularly rough section of

roade

Cara et 3140 reviewed 130 patients with respiratory

~insufficliency transferred by ambulance. They suggest that higher
speeds put a greater strain on the patient and advocate police
escorts for & smoother journey. Conversely, they also sugzgest that
Journeys lasting more than 30 minutes impose a greater cardio-
respiratory strain, No evidence was presented for these statemonts.

Two patients died en route, one a child with tetanus who had &

cardiac arrest when the vehicle sustained severe joltings

Transport of unconsclous patients betweon hospitals was reviewed
by Hu:n"ta.udz"‘l and Radiguet & Picardl"z. They emphasise the need for
safeguarding the airway, if necessary intubating the patient before
setting off, for a secure intra-venous line and for smooth rather
than fast progress, HurtaudM found that the neurologlecal state
deteriorated during the ambulance journey in six of 53 patients
with head injuries. - Howevor, 20 of the.53 deteriorated while
awaiting transport. There was no evidence that the journey caused

deterioration,

Ca:rcloau::l"'3 reviewed BP before, during and after an ambulance

G2
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jowrney in 581 patients., SBP fell 20 mm Hg or more in 15% of 349
patients with an initial unsupported SBP ovér 100 mnm Hge A similar
fall was seen in 18% of 72 with an initial SBP maintained over 100mm Hg

by noradrenaline end in 31% of 160 whose initial SBP was less than

100 mm Hg desplte noradrenaline, Two cardiac arrests occurred in

tranéito

Poisver'bu" pointéd out the risks of transporting patients

hyper—-exclitable due to tetanus, He reported one case of a 53 year old
man who developed generalised and laryngeal spasm when the ambulanco

engine was étarted. In a five year o0ld child the intravenous infusion

containing his drugs waé dislodged unnoticed when he was moved to the

arbulance, 15 minutes later cardiac arrest occurred duriné transport,
As a result of those experiences they ensured the following before
satting off:

& clear airﬁway"by intubatibn or tracheostomy,
adequate sedation for several hours before the Jjourney.

transport under general anaesthesia, neuroleptanalgesics or if
- necessary curare and IFPrV,

As a result of these measures they transported ten consecutive cases

vithout incident, except that one 3 year old female had an increase
in HR end a fall in SBP from 110 to 80 mm Hg when the ambulance

suffered sudden Jjolting, Further sedation restored her condition,

Sevéfal genoerel conclusions may now be drawn from the literature
on ambulance transport, Delay in reaching medical aid is harmful
vhile faster provision of care and improved care in the ambulance
cen save lives. Clinical deterioration during transport may take

the fora of hypotension, arrhythmias, fits or acute respiratory
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insufficiencye 15 = 20% of selocted groups of 11l patients may
deteriorate during embulance transporte Cardiac arrest during
transport may occur in 0.3 = 1.7% of ill patients. Patients at
highest risk are:

a) those with cardiovascular instability, especially acute
myocardial infarction, massive blood loss or pulmonary emboliy

b) those with serious neurological states, especially conditions
1liable to fits, tetanus, encephalopathies or high cervical

fractures.

There is little evidence that these effects are caused by transport:
meny may be caused indirectly or may be coincidental, There is,

however, a small but consistent number of reports of isolated

patients suffering sudden deterloration when the ambulance

sustained severe jolting,

L, Movement within hospital

Taylor et all"5 , monitoring high risk cardiac patients moved
vithin hospital, found 907 had a rise in HR and two of 50 appeared
to develop arrhythmias in response to movement, Wellerl"s , moving
patients to ITU after cardio-pulmonary by-pass, found 11 out of 22
had a rise in BP while three had a fall of up to 15 mm lge. There

was a varilable change in HR and no appreciable change in ECG.

5. Tilting
_ I | |

Pugh"-?, reviewing mountaineering hypothermia, found suggestive
evidence that head up tilt during transport led to fits and death
in two patients, Cullen et 8122.. claimed that head up tilt has "well-
kmown 1ll-effects on the blood supply to the brain, which would in

many cases be sufiicient to cause respiratory arrest and death",
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They did not, however, report any cases nor experimental evidence,
Stabler;" reported a woman shocked after an abortion who suffered
prolonged fainting each time she was tilted head up. Ca.rnpbt;'alll"8

found no change in BP or COP when cats with haemorrhagic shock were
tilted head up or haad dom.
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LITERATURE REVIEW ¢ EXPERIMENTAL STUDIES ON MOVIMENT

&

. i'he conventional naming of the body axes in the supine position

ise

X: vertical (up - positive)
Y: transverse (usually left - positive)
Z: longitudinal (head = positive).



Amhulance measurements

Plchard et a.l'3 J measured acceleration and vibration in ambulances
by acceleromsters strapped to the patient's chest, Sustained
acceleration of up to 0,7 g for 20 seconds occurred in the Y axis
on cornering and up to 0,85 g for three seconds or 0.3 g for 25
seconds in the Z axis on braking, At 25 = 30 km/hr peak vibration
in all axes was in the 1 - 4 Hz range with secondary peaks up to

10 Hz and much less above that level, Peak amplitude of vibration was

1ok, 142 and 0¢6 g in tkhe X, Y and Z axes respectively. Snook21a

neasuring X axis vibration in ambulances, reported 0 = 14 Hz with

main peaks of 1 - 3 Hz and amplitude comparable to Pichard et a.l3 9¢
Snot::lf;zl found X axis vibration in a research ambulance to increaso with
speed: 30 mph = 0,095 geremese; 4O mph = 0,0104 gereMese; 50 mph =
O¢135 gereloso. The amplitude of vibration on the near-~side of the

vehicle was greater then on the off-side, Both Pichard ot .fza.lj’9
and Snc:»okz1 found marked variation in vibration with different ambulance

designe Pichard et 9.139 found both sustained acceleration and vibraticn

much more pronounced in ambulances than in helicopters or aeroplanes,

ld:I.llsl*9 found that 90% of the time, noise in ambulances was under

75 dBAe On accelerating through the gears pesks of 86 dBA were

recordeds Sirens produced peaks up to 95 dBA21. In comparison,
hospital in-patients tolerato 60 dBA while healthy persons tolerate

{0 = {5 dBA on long coach journeys and 75 - 80 dBA on short urban
Journeyso Lambrew ! noted a rise in HR in myocardial infarction

patients when the ambulence siren was twmed on,
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Bicmechanical measurenments

Experimental data on human response to vibration in the supine
position is limited, most relating to the aerospeco environment,
All refers to healthy, young adult male subjects (often only one or
two), and the conclusions do not necessarily apply to ill or

injured patientss The sustained,' single frequency, single axls
50

vibration used is not comparable to an ambulance ride” , most

reported cases of clinical deterioration being related to sudden

jolting-

Ten papers report investigations into human biophysicel response

N =
in the senzi-supin951 “'!" s Supine but restrained55 56 and supilne,

mwestrained*position57-60, All concern X or 2 axis vibration and

none the Y axis, though one58 used subjects lying on one side
undergoing vibration in the vertical axi;. Frequencies of 1 « 20 Hz
were used, Measurements of hip, abdominal or thoracioc displacement
and célonio pressure showed a principal resonsnce of 2.5 = 9 Hz
with often one or more secondary resonances dp to 19 Hze The

frequency of the principal resonance varies with the build of the

individual, position of the body, muscle tensing and peek
60

acceleration « Coermann et a15 6 found that rigid or semi-rigid
envelopes around the trunk increased the frequency of principal
resonance of abdomen and thorax and lowered the frequency and

amplitude of resonance of air at the mouthe This may be relevant

to Military Anti-Shock Trouser361 .

Psychophysical aspects

62~65

Four papers report Investigations into subjeotive tolerance

of short-~term vibration in all three axes, Tho main limiting
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factors were thoraco=-abdominal discomforv, dyspnoea and headache
whioch at frequencies below 10 Hz limived tolerance to

appreximately 2 - 5 ge The evidence on relative tolerance of
vibration in the differenv axes is mixed, but at frequencies below
7 Hz toleration of vibration in the Z axis may be lower than that in
the X axis. Head restraint, relative head/body movement and the
degree of body/couch coupling may influence 'l:olerancea". The

supine position may not be best for tolerating 1.ribr.9.1::i.on,63 65 , but

with ill patients there is often little choice, Discomfort,

moreover, bears little correlation with fhysiological harm66.

Phxsiological mneasurements

Threo papers report the cardiovascular response of supine

humans on a vibration table, Mandei63 found & uniform increase in
HR irrespective of body position or axis of vibration., Pichard et
a13 ) studied groups of five to eight subjects exposed to vibration
in the X axis at 5 and 7 Hz for 30 minutes a.:t amplitude 0.5 g and
et 10 and 15 Hz for one hour at 0.7 g¢ No vibration was less than
5 Hz although the main peaks in ambulances lie belowv this level.
BP and COP were measured by non—iﬁvasive techniques, the COP
measurements being of doubtful accuracy. With 5, 7 and 10 Hz
.vibration nearly all subjects showed bradycardia and a fall in BP
and COP, AT 15 Hz four subjects reacted as above, but the other

four had a rise in HR, BP and COP, Hood et 8.167 report the best

study, Four restrained, semi-supine subjects were exposed to soven
minutes vibration in the X axis at 2, 4, 6, 8, 10 and 12 Hz with
peak accelerations of 0.6 and 1.2 g, Intravascular pressure

monitoring showed somo artefact and COP was measured by the dye



~dilution technique. HR, mean arterial pressure, mean CVP and COP .

all increased, most markedly at 8 « 10 Hz and at 1.2 go These
changes were very similar to those produced by mild leg exercise.

The differing results of Hood et a.167 and Pichard et a139 are
unlikely to be explained by their relatively minor variations in the
. a139

supine position. No report other than Pichard et suggests

that vibration causes bradycardia, In sustaired acceleration of

69

supine human368 or vibration of sitting humans, © and anaesthetised

dogs,67’ 69,70 HR consistently increases.

Measurement of BP during vibration is fraught with artefact70’71.

The integral of a sine wave is zero, so if sinusoidal vibration is

added to the BP in a simple algebraic fashion the integrated mean

pressure should not be altered appreciably, The ‘pulse wave however

is a complex harmonic and each harmonic will be affected by the
vibration, The physical effect of vibfation on the elastic
reservoir formed by the vascular system is shown by the rise of up

to 40 mm Hg in arterial pressure on vibratlng dead dogs71. Catheteor

whip may produce an increment of up to 5 mm Hg when ths axis of

11
vibration is perpendicular to the catheter . The transducer itself
may be markedly affected by vibration or acceleration7o , though more

recent transducers are likely to be less affected, Finally, if =
physical print-out system is exposed to vibration this may introduce
another artefact, while electro-magnetic recording might experience

"noise™ in an ambulance environrent.

. The above problems in intravascular pressure recording probably

make the reported -changes in CVP meaningless, They may also
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partly explain the disagreement of reported changes in BP, MNost |
artefacts increase the observed reading and it is striking that the
group who devoted most attention to eliminating artefact70’ 1
roported aslight fall in BP in anaesthetised dogs, It may be that
the relatively unsophisticated clinical measurement of BP by
Pichard et 9.139 is as reliable as the intravascular measurements of

Hood et 3167. The fall in BP reported by Pichard et a.l3 I was

.supported by the simultaneous appearance of pallor, cold sweats and
a feeling of fainting,

The fall in COP reported by Pichard et al”? differs from most

other reports and is derived from an unsatisfactory technique. Hood
et 9.167 reported a rise in COP which is supported by the rise

observed on vibration of seated human369 and anaesthotised d05567’69‘

The above changes in BP and COP are consistent with a fall in
peripheral resiatances7. In contrasting the differing results it
should be noted finally that the results of Pichard o% a.l3 7

disagree with those of virtually all other reports.

The mechanism of these cardiovascular changes is not clearly
understood. Possibilities are: increased muscular activity in

reslisting movementss; stimulation of muscle stretch receptors giving

& reflex increase in muscle ton367’69 ; Or a venous pump ef‘i‘ect67.
There may be a more central stimulation of intra-abdominal or

pulmonary stretch receptor369 or baroreceptors in the great veins,

eortic arch or carotid ainu339’69. There 1s sensory input from

skin and locomotor sf:.r'uc:ture:-z3 ? and from the semicircular canals72.
Finally, in conscious humans, there are important psychological

5 :
influen0935 e All are hypotheses and no single mechanism is likely,
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The observed changes in different circumstances are probably due to

varying corbinations of many or all of theso factorse

Hood et a167, using similer measuring techniques, found that
conscious semi-supine humans and anaesthetised dogs showed .a
comparable rise in HR, BP, COP and oxygen consumption in response
:l:o vibfation. Clark et a169 found that the initial response
differed, anaesthetised dogs having a fall in mean arterial pressure
of 27 mm Hg within 30 seconds and unsedated, sitting humans having

no falle Once a steady state was reached however, their findings
confirmed those of Hood et a167.

Two papers report respiratory changes in supine humans on a

vibration table, Hood et a.l67 found a rise in minute volume and
cxygen consumption, but no significent change insarterial pl_{ s
P002 and Poz. Dixon et al?j reported increased minute volume and
oxygen consumption which was lowest in the supine position. They
elso found that in some subjects ventilation was in excess of
metabolic demand with a fall in end-tidal CO, tension. ZErnsting

2
( quoted by Dixon et a173 ) found hyper-ventilation to increase with

amplitude and frequency of vibration. The above changes are

05
similar to those reported in sitting humansw*"?‘) o The mechanism

of the respiratory changes is unknown, but may be similar to those

discussed for the cardiovascular changes,

Motion sickness

Manning and Stewart72 found that on a swing the supinc position

hed the lowest indicence of motion siclmess, Walsh found that

sensations aroused by slow oscillations (0.1 Hz) were incorrect in



their timing which may influence motion sickness, DBoth studies

found less motion sickness if visual orientation was permitted.

Relative head/body movement may also-he important5 O.



PART I : RETROSPECTIVE REVIEWS

a) Mountain rescue transport

b) Obstetric flying squad transport

c) ITU transfers
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Ia ¢ MOUNTAIN RESCUL TRANSPORT

luiouﬂtain rescue provides the most prolonged and arduous
strétcher journeys in civilian practice. Seriously ill or injured
meuntaineers lie unattended for some hours before he<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>