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nomenon but at least in Nottingham it seems to encompass
heart attacks in the lay mind. Our study suggests that there is
no point in sending a coronary ambulance in response to an
emergency call for a patient with anything other than a collapse,
and if the telephone operator can elicit a history with an absence
of chest pain it looks as if it will be unprofitable to despatch
the special vehicle.

Initial experience suggests that our method of identifying
patients with heart attacks from emergency calls made by
members of the public is working reasonably well. As it is
virtually only such calls that involve patients with symptoms
for a very short period we believe it is particularly important
to use our special vehicle in this way.

Possibly a call-selection system might be further refined if
the general public were educated about the symptoms of heart
attacks and the need for urgent treatment, but any educational
programme would probably increase the number of calls (both
genuine and false) for the ambulance and the service might well
become swamped. We do not believe that the value of a coronary

ambulance service is yet sufficiently well established to justify
a programme of mass education.

We thank the personnel of the Nottingham city ambulance
service for their help, Dr. W. H. Parry (at the time of this study
Medical Officer of Health, Nottingham), Mr. P. Weston (con-
sultant in charge of the accident and emergency department at
Nottingham General Hospital), and the physicians of the Notting-
ham General Hospital.

Requests for reprints should be addressed to Dr. J. R. Hampton,
Department of Medicine, Nottingham General Hospital, Notting-
ham NG1 6HA.
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Summary

Two groups of critically ill patients were transferred by
ambulance from other hospitals to a central intensive
therapy unit. The effect of transport was reviewed re-
trospectively in 46 patients and prospectively in 20
patients. Of the 46 patients reviewed retrospectively six
became hypotensive, six became hypertensive, and seven
developed delayed hypotension. One patient developed
fits and six out of 13 patients had a rise in arterial Pco2
of 16-41 kPa (12-31 mm Hg).
Of the 20 patients reviewed prospectively, one patient

became hypertensive due to overtransfusion, one had a
fit, but none became hypotensive. Three out of four cases
of delayed hypotension were related to starting inter-
mittent positive pressure ventilation. Arterial Pco, fell
in one patient and arterial Pco2 rose in two, each change
being related to changed oxygen therapy or narcotics.
There were no changes in other cardiovascular or re-
spiratory indices, body temperature, or urine production.

Earlier transfer, resuscitation before transfer, con-
tinuing medical care during the journey, and hence a
slower smoother journey seemed to be important fac-
tors in the management of these patients. Our findings
may have important implications in the future regional
organization of the care of critically ill patients.

Introduction

With categorization of hospitals and increasing specialization
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transfer of critically ill patients between hospitals is likely to
become more frequent. Thus detailed knowledge of the effects
of transport is essential.
Most previous studies have dealt with primary evacuation of

patients in an unstable condition from roadside or home.'-3
Isolated instances of collapse seem to have been related to
sudden jolting of the ambulance,2 4 5 but the lack of any pre-
transfer baseline data makes conclusions difficult. Secondary
evacuation between hospitals of selected groups of ill patients is
reported in several French studies.5-10 Serious collapse,
arrhythmias, cardiac arrest, acute respiratory insufficiency, or
fits occurred in 5% of such patients, and 15-30% developed
mild hypotension. These reports, however, were generally
retrospective clinical studies and gave few objective data.

Retrospective Review

In six years 67 patients were transferred by ambulance from
other hospitals to the intensive therapy unit of the Western
Infirmary, Glasgow. Adequate records were available on 46.
The primary clinical conditions for which transfer was deemed

necessary are indicated in table I. Though there were no
statistically significant changes in mean heart rate or systolic
blood pressure as a result of the journey considerable variation
in haemodynamic response occurred from patient to patient.
Twenty-seven patients had no change in heart rate or systolic
blood pressure. In six patients a raised systolic blood pressure of
30-50 mm Hg occurred which settled spontaneously in two to
four hours (fig. 1). In six patients a fall in blood pressure of
more than 40 mm Hg occurred. Since urgent treatment was
required to correct this hypotension spontaneous recovery could
not be assessed (fig. 2). A delayed fall in systolic blood pres-
sure of 20-30 mm Hg occurred one to one and a half hours after
transfer in seven patients (fig. 3), possibly related to a change in
treatment after arrival at the intensive therapy unit. One pre-
viously stable patient developed fits and tachycardia 14 minutes
after the journey. The distribution of these patterns of response
within the series is shown in table I. Septic shock seemed partic-
ularly likely to be associated with either hypertension or hypo-
tension, and patients with chest injuries seemed more likely
to develop hypertension.



387BRITISH MEDICAL JOURNAL 15 FEBRUARY 1975

TABLE I-Primary Condition and Cardiovascular Response to Ambulance.Journey in Two Study Groups. Results are Numbers of Patients

Retrospective Study (n = 46)

Primary No Hypertension:
Condition Change

1- _
Hypotension Delayed

Hypotension
No

Change

Flying-squad Study (n = 20)

Hypertension Hypotensi on

Cardiac Shock 4 0 0 1 1 0 0 0
Haemorrhagic

Shock 2 0 1 1 3 0 0 0
Septic Shock 3 2 3 0 5 1 0 1
Respiratory

failure 7 0 2 1 4 0 0 2
Chest injury 5 4 0 1 0 0 0 0
Coma 5 0 0 2 1 0 0 1
Renal failure 1 0 0 1 1 0 0 0

27 6 6 7 15 0

In the 13 patients for whom complete data were available
there were no statistically significant changes in mean respira-
tory rate or arterial blood gases (table II), but six of the patients
had a rise in arterial Pco, of 16-4-1 kPa (12-31 mm Hg). In
28 patients with temperature readings mean oral temperature
before transfer was 36-5°C and mean rectal temperaure after
transfer was 36-8°C. Patients whose temperature was 36-10C
or less had a higher incidence of immediate cardiovascular
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FIG. 1-Retrospective study. One patient's hypertensive
response to ambulance journey.
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FIG. 2-Retrospective study. One patient's hypoten-
sive response to ambulance journey.

response to the journey, but this was not statistically significant.
No other pretransfer index was of any prognostic value.
No deaths occurred within 20 hours of the journey. The

final mortality of transferred patients was comparable to that
of similar patients treated in the unit who had initially been ad-
maitted to the Western Infirmary. The mortality in patients
who developed hypertension (67%) or hypotension (50%) was
significantly higher (P <0 05) than in patients with no change
(31%) or delayed hypotension (29%). This may simply mean
that more severely ill patients are more likely to show an im-
mediate cardiovascular response to the journey.

Prospective Study
The intensive therapy unit "flying squad" consisted of one or two
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FIG. 3-Retrospective study. One patient's delayed
hypotensive response to ambulance journey.

members of a previously described "shock team."'" When the in-
tensive therapy unit received a request for a transfer the flying squad
travelled to the referring hospital, set up monitoring equipment, and
began treatment. They accompanied the patient in an ambulance of
standard design and continued treatment on arrival at the unit.

Readings of heart rate, blood pressure, central venous pressure
(C.V.P.), toe temperature, and respiratory rate were made every
quarter of an hour for one hour before the journey, in the ambulance
at the start and finish of the journey, and for two hours thereafter.
Heart rate was measured by palpation of the pulse or counting from
the E.E.G. Blood pressure was measured by arm cuff, mercury mano-
meter, and auscultation. C.V.P. was measured by a saline manometer
connected to a central venous catheter whose position was confirmed
by chest x-ray examination. The zero reference was the mid-axillary
line in the fifth interspace. Toe temperature was measured by a Grant
thermometer with a small thermistor taped to the big toe (accuracy
i 0 3°C). Respiratory rate was counted.
Rectal temperature was recorded on the Grant thermometer using

a rectal thermistor taped in position (accuracy ± 0-3'C). Readings
were made one hour before, immediately before, immediately
after, and one and two hours after the journey. A 20-second, lead-II
E.C.G. was recorded at the same intervals on a portable battery-
operated recorder (Transite II). The bladder was catheterized and
emptied and urine production measured over the hour before trans-
fer, the period of the journey, and two hours afterwards. Fluid trans-
fused was recorded over the same periods.
A 2-ml heparinized sample of arterial blood was taken by radial

stab immediately before the journey. The syringe was sealed with a

plastic cup and stored in a vacuum flask containing ice and water. A
second sample was taken immediately after the journey. Blood gases
on the two samples were measured using standard apparatus (Radio-
meter system). Preliminary experiments showed that storage in this
manner for up to two hours did not introduce clinically significant
errors in pH, Pco2, or Po2.
Two groups of patients were studied prospectively-21 critically

ill patients transferred from other hospitals to the intensive therapy
unit of the Western Infirmary, Glasgow, and 20 convalescent sur-

gical patients.

Total

Delayed
Hypotension

41
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In the first group one patient was considered unsuitable for trans-
fer-after ventricular fibrillation during tonsillectomy. She was un-
responsive to pain, had fixed dilated pupils, no spontaneous respiration,
a systolic blood pressure of 40-50 mm Hg, a bizarre E.C.G., and a
rectal temperature of 35°C. She died within 30 minutes of this de-
cision. The clinical conditions in the 20 patients who were transferred
were comparable to those of patients in the retrospective study except
that there were no chest injuries. Fifteen patients were transported
two miles and five from four and a half to 13 miles. The average
ambulance ride was 12 minutes and the total time from bed to bed
33 minutes.
The 20 convalescent surgical patients were studied over the same

two-mile distance as that covered by the 15 patients of the first group.
Similar but non-invasive measurements were made of heart rate,
blood pressure, E.C.G., respiratory rate, and rectal and toe tempera-
tures.

TABLE II-Mean Respiratory Rate and Arterial Blood Gases Before and After
Transfer in Two Study Groups

Retrospective Study (n = 13) Flying-squad Study (n = 20)

Before After Before After
Transfer Transfer Transfer Transfer

Respiratory
rate/min 33 30 26 28

pH 7-35 7-35 7-35 7-39
Pco, (kPa) 6-1 6-9 5-5 5.5
P02 (kPa) 8-0 8-7 13-6 12-9
Base excess

(mmol/l) -2 0 -2 -1

Conversion: SI to traditional Units
Blood gases: 1 kPa W 7-5 mm Hg.
Base excess: 1 mmol/l = 1 mEq/1.

Results

The 20 convalescent surgical patients did not show clinically
significant changes in any variable, either individually or mean.
There was no change in the mean cardiovascular values of

the 20 critically ill patients transferred (fig. 4). Unlike the
patients in the retrospective survey, variations in haemodynamic
response from patient to patient in the prospective study were
minimal. In no patient did the E.C.G. pattern alter. One
patient became hypertensive but the blood pressure had begun
to rise before the journey, and the rise seemed to result from an
intravenous infusion of plasma and mannitol. No patient be-
came hypotensive. Four patients developed delayed hypoten-
sion similar to that described previously (see fig. 3), but in
three this was related to starting intermittent positive pressure
ventilation (I.P.P.V.).
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FIG. 4-Prospective study. Mean cardiovascular
values of 20 critically ill patients.

There was no change in mean respiratory rate or arterial
blood gases in the critically ill patients (table II). Po, fell in
one patient, and Pco, rose in two, apparently because of with-

drawal of oxygen therapy during the journey or the use of
intravenous morphine.

Transfusion requirements slowly diminished with pro-
gressive resuscitation (fig. 5), the rate being uninfluenced by
the journey. Urine production slowly increased, again unin-
fluenced by the journey.
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FIG. 5-Prospective study. Mean fluid balance of
critically ill patients.

There' was no change in mean rectal temperature in either
the critically ill or the convalescent surgical group (fig. 6). No
patient had a change of more than 0 5°C. Both the critically
ill and convalescent surgical groups had a comparable slight
fall in toe temperature. Ambient temperature is also illustrated,
the sharp falls corresponding to the moves to and from the
ambulance.
One patient with a post-partum intracerebral haemorrhage

had a fit 15 seconds after the ambulance moved off. Fits had
been controlled with muscle relaxants and I.P.P.V. for the
previous three hours.
A general comparison of the critically ill patients in the re-

trospective and prospective series is made in table III.

TABLE III-Comparison of Retrospective and Flying-squad Patients

Retrospective Flying-squad
Study Study

Number of patients . .46 20
Mean age (years) .42 57
Percentage of men .. 61 65
Percentage with pretransfer systolic blood

pressure < 100 mm Hg 28 40
Percentage on I.P.P.V. before transfer- 22 10
Percentage of deaths within 24 hours of

transfer. 6-5 5
Final mortality (%)..39 45

Discussion

The effect of an ambulance journey may be either direct or
indirect.2 Discomfort, pain, and other stimuli may directly
affect the patient's condition while lack of facilities and the
motion of the ambulance may reduce the ability of the at-
tendants to provide treatment.

In our retrospective study the incidence of major cardio-
vascular changes was comparable to that reported by other
authors dealing with similar patients.5 8 No previous reports,
however, have been made of hypertension or delayed hypo-
tension though the former seems a natural response to the stress
of transport. Delayed hypotension, though not strictly an
effect of transport, can be regarded as a consequence of transfer
to a different unit. The high incidence (46%) of a raised arterial
Pco2 after transport confirms the difficulty in assessing and
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FIG. 6-Prospective study. Mean rectal and toe temp-
eratures of 20 critically ill intensive therapy unit
(I.T.U.) and 20 convalescent surgical patients (con--
trols).

maintaining inspired oxygen and ventilatory requirements
under these circumstances. The occurrence of fits has been
noted previously. 5 7

In the prospective study there was a marked reduction in the
number of patients who became hypertensive, and none became
acutely hypotensive. Three of the four cases of delayed hypo-
tension were related to beginning I.P.P.V. shortly after the
patient reached the intensive therapy unit. All the instances of
altered blood gases were related to changes in oxygen therapy
or the administration of narcotics. The fit seemed to be a direct
consequence of ambulance movement. It was rapidly controlled
but might have been prevented by increased sedation before
transfer, as shown by Poisvert.7 The slight fall in great toe
temperature suggested mild peripheral vasocontriction,"2 but
the clinical significance of this observation is difficult to ascertain

when ambient temperature is changing. All these effects, though
potentially harmful, subsided either spontaneously or promptly
in response to treatment. Thus, the 20 critically ill patients in
the prospective study showed less frequent and less serious
effects of the journey than those studied retrospectively. Most
of the minor effects could be accounted for by changes in treat-
ment during the journey or after arrival at the intensive therapy
unit; evidence for the direct stress effects of the journey itself
was minima.

Several changes in procedure for the transfer of critically ill
patients were introduced at the start of the prospective study.
These included careful resuscitation before transfer, continuing
medical care during the journey, and a slow gentle journey. The
relative importance of each of these factors is uncertain but
it is clear that their combined effect prevented the occurrence
of serious complications in this group of seriously ill patients.
The value of an experienced and properly equipped intensive
therapy flying squad seems obvious. More detailed investiga-
tion of the in-transit phase of the ambulance journey and of
journeys from more distant hospitals is in progress.
We are indebted to the medical and nursing staff of the intensive

therapy unit, Western Infirmary, Glasgow, and the referring hospitals.
The cardiology department of the Western Infirmary and the physio-
logy department of Glasgow University kindly lent equipment. The
ambulance and portering staff, especially at the Western Infirmary
and Gartnavel General Hospital, Glasgow, were unfailingly helpful
and patient.
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Any Questions?

We publish below a selection of questions and answers of general interest

Triamcinolone in Hay Fever

Under what circumstances is intramuscular triancinolone ad-
tate indicated for the treatment of hay fever in adults and
children? What are the possible comnplications of using this
treatment in children?

I assume that the questioner refers to triamcinolone acetonide
(Kenalog), which is a "depot" corticosteroid similar to methyl-
prednisolone acetate (Depo Medrone). Both of these are ad-
veitised for the treatment of hay fever. They are highly active
systemic corticosteroids and are administered by subcutaneous
inection in doses which will suppress the pituitary-suprarenal
axis. The oral prednisone equivalent of 1 ml of either of the
above compounds would be 50 mg. The treatment of hay
fever by corticosteroids in any form should seldom be neces-
sary. The drugs should be reserved (on the grounds of their

suprarenal suppressive side effects) for those patients who do
not respond to simpler and safer methods of treatment, such
as antihistamines and sodium cromoglycate. In some over-
riding social circumstances-for, instance, for honeymoons
or important exm ations, both of which are favoured during
the "hay fever season" in June and July-there may be a cawe
for the depot corticosteroids, but this is a matter of opinion.
These drugs should, be treated with the same respect and
cauion as is necessary when prescribing a course of oral cor-
ticosteroids for allergic disease. There are no reported side
effects other than suprarenal suppression when they are given
only once or twice, which is all that is required, or recom-
mended, in hay fever. Under these circumstances there is no
differece between adults and children. Long-term treatment
with these drugs in perennial rhinitis is notr.
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