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High altitude haemofiltration

P E STEVENS, L L BLOODWORTH, D J RAINFORD

Abstract
Evacuating people in acute renal faihure by air is difficult because
the hazards of fluid overload and anaemia are potentiated by
altitude. In two-such patients continuous arteriovenous haemo-
filtration was used to control their fluid problems duning aero-
medical evacuation. In the first case, a patient with renal failue
and blast lung, haemofiltration was performed at 500 ml/h over a
four hour journey; in the second, a woman with severe pre-
eclamptic toxaemia who developed acute renal failure after
caesarean section, haemofiltration was performed at 200 mi/h
over a 14 hour flight. Both-patients recovered fully.

In these two cases haemofltration permitted control of
the intravascular volume during aeromedical evacuation. The
technique represents a major advance in the safe transfer of
casualties.

Introduction

The practical difficulties of aeromedical evacuation of casialties in
acute renal failure include the nature of the underlying illness,
electrolyte abnormalities, fluid overload, and low haemoglobin.
The hazards of fluid --overload and anaemia are poteniated by
altitude.
With the advent-of continuous arteriovenous haemofiltration the

potential for controlling fluid problems in flight has been realised,
thus enabling early evacuation of patients in acute renal failure. We
describe two patients moved safely by air using this technique; to
our knowledge they are the first such cases.

Case.1
A 31 year old man received multiple injuries in a culvert bomb attack.

Despite receiving prompt and appropriate treatment,' he developed acute
renal failure and blast lung. A Scribner shunt was inserted in his left wrst
and he was ventilated via a nasotracheal tube. Haemofiltration was started
using 500 units ofheparin an hour as anticoagulation.
He was then aeromedically evacuated to the renal unit at Princess Mary's

RAF Hospital, Halton; haemofiltration was continued at 500 mi/h through-

Data on both pamnts bWfore and afer theiwights

Case I Cae 2

Before After Before After

Urea (mmol/V) 26 29 21 28
Creatinine (Iumol/l) 577 609 736
Potassium(mmol/l) 5-2 5-2 4-1 4-3
Haemoglobin (g/l) 106 106 78 61
Albumin (g/1) 38 22 22
Po2 (kPa) 9* 20* 103t
Cenal venous pressure(cm H2O) 10 6-5 6 3

*Inapred oxygen cometaa ofo(040 and tof0-21.
Cona SI to audio.a unts--Urea: 1 mmoN-6 mg/l00 ml. Creainine: 100

pmo1/l-I08 mg/100 ml. Po2: 1 k-7-6mm Hg.

-Depar_et of Med"ie, P sMary's RAF HaNon,
Ducks HP22 5PS

P E STEVENS, mc, uRci, senaot speialst
L L BLOODWORTH, Ms, MRCP, consult physia
D J RAINFORD, Ms,-C,con t in renal mediine
Corespondence to: Flight Lienant Stev.

out the four hour journey, a total of 2 litres being removed (table). He
subsequently made a full recovery.

Case 2

A 20 year old FaLkland Islander with severe pre-eclamptic toxaemia
developed acute renal failure after delivery by caesarean section. Peritoneal
dialysis was started and after 48 hours she was aeromedically evacuated to
Ascension Island. Peritoneal dialysis was suspended in flight and fluids
resticted.
At Ascension Island a Scribner shunt was inserted in the left wnst and

haemofiltration was started with 500 units ofhepann an hour as anticoagula-
tion. She was then aeromedically evacuated back to Halton. Haemoflltrion
continued throughout the flight at a rate of200 ml/h, a total of2*8 litres being
removed. Shewas given 800 ml ofhuman plasma protein fraction during the
flight to mantai her plama albumin (table). She subsequently made a ful
recovery.

Discussion

Aeromedical evacuation ofpatients in acute renal failure in peace
time is indicated either ifno local facility is available or for security
reasons. Many of these patients have severe underlying disorders
and fluid balance problems which may make transfer to a renal unit
azardous.
The major concern in moving these patients is safe control offluid

balance and fluid shifts in cramped-conditions with a minimum of
sophisticated equipment. Fluidoverload and-resultant hypoxia may
occur either becuse of the underlying condition or because of the
particular problems of altitude.
The development of pulmonary oedema is related to left atrial

pressure and plasma oncotic pressure2 and may be enhanced by a
reduction in atmospheiic pressure.3 The administration ofalbumin
to an oedematous anuric patient will lead to fluid shift to the
intravascular compartment and aggravation of fluid overload. The
use of haemofiltration allows us to control the intravascular volume
while administering albumin to offset the tendency to pulmonary
oedema. Haemofiltration also permits the use of intravenous
dextrose and insulin to control catabolism and potassium during the
journey.

Peritoneal dialysis is not a safe alternative to haemofiltration in
the air because ofhypoventilation due to splin ofthe diaphragm
and the potential hazards of catheter blockages and dulties in
fluid retrieval. Obligatory protein loss may also aggrvate the
problems ofhypoalbuminaemia.
The renal unit at Halton has 30 years' experience of treating

patients with acute renal failure by the use ofa mobile team. There is
no doubt that the facilities availablein-a speciaise unit improve e
potential for survival. Early movement back to base is therefore
preferable when feasible
We believe that the use ofham t is a major advance in

the safe transfer ofcasualties and wilIallow us to effect early transfer
in most cases.

We thank the Director General Medical Services (RAF) for permission to
report these cases.
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