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POST-OPERATIVE CARE
By JOHN BEARD, M.D., D.A.

Consultant Anaesthetist to the Londoni and Surrey County Councils

A good strategist regards battles as incidents
in campaigns, he precedes them by careful pre-
parations and knows only too well that even if
successful, unless they are well consolidated and
exploited, complete victory may easily slip through
his fingers. I-We, too, cannot separate pre-
-operative, operative and post-operative phases of
surgical care, and you will forgive me for re-
minding you that post-operative care should begin
long before the operation and that at every stage
we should keep in mind the possible complicatioDs
of anaesthesia (and surgery) and endeavour to
minimize their incidence and effects. Prophy-
laxis being the first and the most important part
of treatment.

Immediate Post-Operative Care
The pharmacological control which has been

maintained during anaesthesia is relaxed at its
conclusion as we withdraw our agents, and until
this weaning is complete we, like mothers, cannot
safely hand over our responsibilities to the nurse.
This withdrawal should be so complete that
firstly, short periods of obstruction or apnoea with
its resulting anoxia, and secondly, morphine
given to control restlessness due to painful stimuli,
may not dangerously depress vital centres. This
latter consideration is an argument in favour of
the practice of giving morphine initravenously
toward the end of an operation to reinforce and
allow the earlier withdrawal of other anaesthetic
agents leaving its analgesic effect to operate in the
post-operative phase. Morphine given sub-
cutaneously to patients with peripheral stasis is
slowly absorbed and may remain as a depot to
be released in unwanted amount when peripheral
circulation is speeded up.

Before moving the patient the airways should be
cleared. During a long operation nasal secretions
collect and unless removed by suction through a
rubber catheter may be inhaled either initiating
laryngeal spasm with its hypoxia or predisposing
to chest complications. If an endothracheal tube
has been in place for long in the presence of
known upper or lower respiratory disease it may
well be considered wiser to pass a suction catheter
down the lumen before its withdrawal. Such a
catheter will usually enter the right main bronchus,

ana I have employed a coude or better a Tiemann
catheter in attempts to empty the left main
bronchus. In cases, however, with so much
secretion as to necessitate this measure, broncho-
scopy is justified and, in my opinion, advisable. A
thorough aspiration of secretions is performed,
care being taken to avoid occluding the bronchi by
the suction tubes which might produce atelectasis.

After major operations the circulatory efficiency
is maintained only with difficulty and for this
reason any change of position of the patient should
be carefully and gradually made under the super-
vision of the anaesthetist.
On the way back to bed, the administration of

oxygen by a B.L.B. mask, preferably of oro-nasal
type, is a valuable supporting measure and a
useful indication to the nursing staff of adequate
respiratory ventilation.
The patient's position in bed should be pre-

ferably on the side allowing the jaw to fall forward
away from the post pharyngeal wall and allowing
any secretions to drain into a towel rather than the
lower respiratory tract. The raising of the foot of
the bed, by increasing venous return, maintains
cardiac output and diminishes venous stasis in
the legs and pelvis which might favour thrombosis.
As soon as possible the nurse encourages the

patient to cough and breathe deeply with a view to
the prevention of atelectasis and to move his legs
to empty the deep veins. These manoeuvres per-
formed as soon as the patient responds to com-
mands, but before full consciousness returns are
not painful or are not remembered, and should be
repeated as often as is practicable.

Fowler's position is discredited nowadays as a
treatment of peritonitis and in many ways it is
undesirable. Any secretions from the lungs have
to be raised against gravity and tend to pool in
the lower bronchi. Similarly flexion of the thighs
in this position favours venous stagnation in the
pelvis and the legs-the latter being increased by a
'donkey' pillow.

Later, however, we should remember the in-
creased pulmonary vascular congestion of the
prone position which may diminish pulmonary

Part of a lecture delivered at the Royal College of
Surgeons in April, I948.
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ventilation and may be most undesirable in
cardiac decompensation. We should, however,
discourage the continuance of its use soon after
operation. Let the patient remain on his side,
changing position and moving the limbs as soon
and as often as is possible.
Up to this point there can be little dispute as to

the extent of the responsibilities of the anaesthetist
for the patient's post-operative care. Many, in-
cluding some anaesthetists, say that he has now
played his part and should return to the theatre to
resume the technical tasks of his craft, leaving the
further care of the case to the clinicians. To do so,
however, deprives the patient of the special skill
of the anaesthetist in intravenous, oxygen, anal-
gesic and hypnotic therapy, of which he should be
the acknowledged master. It limits the an-
aesthetist's activities to the actual operating theatre
to the detriment of his health and his clinical
education.
The surgeon is head of a team performing com-

plex tasks demanding increasingly high standards
of after care. Anaesthetists who wish to play a
part in this care must prepare themse,lves to
assume any responsibilities which may be dele-
gated to them.

Blood Transfusion
It is now not unusual for the anaesthetist to be

responsible for intravenous therapy during and
after operation, and it may be useful to consider
some recent work on blood transfusion.

It will be agreed that extensive surgical pro-
cedures are best postponed until the patient has
had the benefit of reasonably normal blood values
for at least a week. This is not always possible,

in which case th replacing of any blood lost during
and after operation is more than usually urgent,
especially in cases of chronic sepsis or malignant
disease where it is usual to find -not only
a low haemoglobin and red cell count but also
a reduced blood volume. This reduced blood
volume has been emphasized by Champ Lyons in
America and Janet Vaughan in this country; the
state being referred to as ' chronic shock.' It is
part of a general picture of hypoproteinaemia and
as such requires not only transfusion, but high
proteip ntake for its correction.
Any considerable blood loss should be re-

placed as soon as possible, preferably during the
operation. Here there is considerable scope for
judgement. In the first place the estimation of the
amount of' blood lost is not easy and it may prove
helpful occasionally to copy Wangensteen's pro-
cedure of using dry swabs and packs and weighing
before and after operation. By this method the
following figures have been found:

ml.
Combined abdomino-perineal re-

sections (Coller, et al.) .. .. 410 average
Complicated gastric resections

(Coller, et al.) .. .. .. 6oo average
Gastrectomies (Wangensteen) .. 300-500
Major thoracic operations (Buxton
and White) .. .. .. 700-1I,600

Radical mastectomy .. .. ,272
Ventral hernia .. .. .. 306
Brain operations .. .. 22-2,050
Inguinal herniae .. .. 54-1477
Appendicectomy .. .. ..
Haemorrhoidectomy .. .. 8

These figures include some where the operative
technique includes meticulous haemostasis as well
as figures from more rapid surgeons. It must be
remembered that these figures are only those of
the blood lost at the time of operation-they do
not, of course, include any post-operative loss;
thus they do not represent the fluid need of a
patient for the day of operation.

During the last few years important new
problems have been revealed by work on the Rh
factor (Taylor and Race, I944). This antigen is
present in about 85 per cent. of whites, 95 per
cent. of negroes and 99 per cent. of Chinese. If
patients not possessing this antigen (Rh negative)
receive a transfusion of Rh-positive blood they
may develop anti-Rh agglutinins, which will
cause a haemolysis if further Rh-positive cells enter
the circulation. This sequence of events may
occur when repeated transfusions are given, the
reactions are usually mild at first being perhaps
manifested only by an absence of the expected
rise in haemoglobin value after transfusion. If the
significance of this sign be not appreciated the
ensuing reactions may be expected to increase in
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severity and may finally resemble the haemolytic
reactions of ABO incompatibility. The highest
titres of anti-Rh agglutinins develop in Rh-
negative women pregnant with an Rh-p6sitive
foetus, and here violent reactions may occur.

Since the possibility exists that a single trans-
fusion of Rh-positive blood may sensitize an
Rh-negative woman, any female patient (who
might later become pregnant) must only be given
Rh compatible or Rh-negative blood lest she
become pregnant with an Rh-positive baby. Any
woman who has been pregnant may have become
highly sensitive to Rh-positive cells and serious
reaction might follow Rh-positive blood trans-
fusion. Mollison (personal communication) has
told me that in a high proportion of cases of
haemolytic disease of the newborn brought to
him the mothers have been transfused in the past.
The time will come when someone will seek com-
pensation in the courts on this account, and in
view of the known possibilities it behoves us to
take reasonable precautions in the case of all
repeated transfusions and most women patients.

Water Balance
Today the maintenance of water balance of

surgical patients is much to the fore. In the I943
Archives of Surgery, two out of 88 articles were on
water balance and related biochemical problems.
By I945 it was four out of 88, and by now 5 per
cent. of all articles in American Journals of
Surgery are on this subject.

First let us recall some normal figures. A
healthy man drinks on the average 2,000 ml. daily,
and the fluid content of a full hospital diet is
about i,000 ml., 'the soft diet' containing only
500 ml. (Coller and Maddock).
The fluid loss of a normal person is stated by

Starling (1936) to be approximately as follows

ml.
Urine .. .. 1,500
Lungs }o Insensible loss I ,ooo ml.

Faeces .. .. IOO

2,6oo

The normal intake of salt is about I-2 gm. in
food and this is increased to 3-I0 gm. by the
addition of condiments. In the past the giving of
large volumes of intravenous fluid too often in-
volved overdosage of sodium chloride. Since each
litre of isotonic saline contains 9 gm. of salt the
custom of giving the fluid requirement as isotonic
saline involved doses of 30-40 gm. This is not
too much for a healthy kidney but the ill patient
cannot manage to excrete this amount and will re-
tain much of it. This being (unlike protein)

diffusible will escape into the tissues, there re-
taining water and causing oedema. It will be
seen that one pint or half a litre provides sufficient
salt for the daily need of the normal person.
The volume of fluid escaping into the alimentary

canal is much larger than is commonly realized.

TOTAL VOLUME OF DIGESTIVE SECRETIONS PRODUCED IN
24 HOURS BY ADULT OF AVERAGE SIZE (Gamble, I939)

ml.
Saliva .. .. .. .. .. 1,500
Gastric secretions .. .. .. 2,500
Bile ... ...500
Pancreatic juice .. .. .. 700
Secretion of intestinal mucosa .. .. 3,000

8,200
Blood plasma volume .. .. 3,500

These figures are not listed by Starling as fluid
loss of a normal person since in health reabsorbtion
in the lower part of the alimentary tract is almost
complete, only about ioo ml. escaping in the
faeces. In abnormal conditions, however:-

i. Vomiting and gastric and duodenal suction,
2. Fistulae;
3. ,Dilatation of the stomach, ileus and obstruction

of the intestines;
4. Diarrhoea;

all result in very considerable losses which must
be as accurately as possible assessed and made
good by a corresponding volume of noxmal saline.
Should this not be done salt depletion will be
added to dehydration. Salt depletion by its
lowered plasma electrolyte concentration results in
reduction of blood volume and increased viscosity.
It is associated with raised blood urea values and
manifests itself by lassitude, apathy, some nausea
and vomiting, and in some cases stupor and
circulatory failure. The plasma chloride estima-
tion is insufficiently sensitive as an index of
severity and is unreliable in the presence (as is
usual) of dehydration. A more useful test is the
presence of chloride in the urine. A simple test
consists of acidifying the urine with nitric acid
and adding silver nitrate solution when a definite
cloudy deposit should form and indicates a
sufficiency of urinary and hence blood chloride.
Recently, in Marriott's Croonian Lectures in 1946,
he gave details of Fantus' quantitative test which
can be done in a minute. The requirements
are:-a small test tube, a small pipette (' fountain
pen filler'), 20 per cent. potassium chromate
solution, 2.9 per cent. silver nitrate solution, some
distilled water for rinsing the pipette. It is
essential that the same pipette shall be used
throughout so that the size of the drops shall be
the sanp.

Technique. Ten drops of urine are measured
into the test tube. The pipette is rinsed and one
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drop of potassium chromate solution-the in-
dicator-added. The pipette is rinsed again, and
then the silver nitrate solution is added a drop at
a time and the test tube shaken after the addition
of each drop. The end point is a sharp colour
change from yellow to brown. The number of
drops needed to produce the end point gives the
concentration of chloride in the urine expressed
as grammes of NaCl per litre-for example, 5
drops = 5 gm. of NaCl per litre. It is important
to make a preliminary test with distilled water to
make sure that there is no contamination of the
chromate with chloride.

This very simple test is most useful not only in
diagnosis but also in the control of treatment.
The presence of 5 gm./litre, except in Addison's
disease or during intravenous saline administra-
tion, makes salt depletion unlikely.

Sweating
During and after operation sweating is markedly

increased, especially in febrile or overheated
patients, while in hyperthyroidism insensible loss
may be anything from 2-3 litres. (The salt content
of sweat is 0.2 per cent., but since chloride cannot
be retained in blood, the excess left behind on
sweating is excreted by the kidney and it is
reckoned that for every litre of sweat there is lost
to the body I litre of isotonic saline.)
The skin, the lungs and the alimentary tract

together with the tissues responsible for oedema
formation and exudates all have a prior claim over
the kidney for fluid, and may leave the latter in-
sufficient to excrete the waste matter of the body.
This amounts to some 35 gm. daily. The healthy
kidney can concentrate to I,032 S.G., but at that
maximal concentration it requires 500 ml. The
diseased kidney excreting at i,oio S.G. requires
the full 1,500 ml. if normal blood urea clearance is
to be maintained.

Coller and Maddock (I940) have suggested the
following figures as meeting the requirements of
the surgical patient for 24 hours.
UNCOMPLICATED CASES ml.
Water for vaporization .. .. i,ooo-1,500
Water for urine.. .. .. .. i,0ooo-,ooo

2,000-2,500

COMPLICATED CASES
Fever, hypertheroidism, hot weather
Water for vaporization .. .. 2,000-2,000
Water for urine .. .. .. .. i,000-,500

3,000-3,500

These are amourts required for the patient who
is not losing fluids by bleeding or from or into
gut, and who is not dehydrated.

Dehydration
A patient markedly dehydrated has lost 6 per

cent. of his body weight and this must be replaced.
Weight 6 per cent. in ml.

22 lb. .. .. .. .. 6oo
44 lb. 1.... . . . ,200
x40 lb. (io stone) .. .. .. 3,900
176 lb. (I2z stone) .. .. 4,800

Maddock and Coller (I937).

Since the amounts involved are large these
cannot be safely replaced except over a period of
days. In practice a satisfactory routine is the
giving of 3,60o ml. on the day of operation, and
3,000 ml. on the following days. This would be
most safely given by mouth, but since this is
usually impossible at first, the rectal route may be
employed and an intermittent drip will allow
absorbtion of amounts up to 5 litres in the 24
hours. The solution used may be tap water or
else one-fifth strength saline.
By vein one-fifth normal saline in 4 per cent.

glucose (prepared by adding one part of isotonic
saline to four parts of 5 per cent. glucose) is
satisfactory, and being isotonic is less irritating
than 5 per cent. glucose in normal saline.
The majority of patients can get along after the

average operation in quite tolerable comfort
without this fluid until they are able to drink:
as anaesthetists we can do much to help by having
them fit enough to drink early. But in most cases
the patient has been, and will be, deprived of his
normal food (i,ooo ml.) and drink (2,000 ml.) and
he will have sweated more than usual and will
have lost some blood. Thus, even if he does not
d,sperately need 3,600 ml. of parenteral fluid, he
hay be saved much thirst and the necessity of
early drinking (and thus risking vomiting) if he is
given one or two pints of tap water per rectum as
he recovers consciousness. But, if there has been
much blood lost, much vomiting or gastro-
intestinal loss of fluid, this should be replaced by
an equal volume of normal saline (or blood) in
addition to the normal requirement of 3,600 ml.
The total amounts may be large and, as Marriott
has put it, 'the approach is often too homeo-
pathic.'

For maintenance of the ill patient a unnary
excretion of one pint in every eight hours with a
salt content of 3-5 gm./litre should be our aim.
The eight hour period, with its more frequent
assessment of output is an improvement over the
24 hours estimate.

Chest Complications
The closer study of post-operative chest com-

plications in recent years has resulted in an
apparent increase in their frequency.
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The pulm6nary complications which may
follow operation include bronchitis, atelectasis,
bronchopneumonia, lung abscess, empyema, sub-
phrenic abscess and embolism (Brock).
Of these bronchitis is the mildest and is of little

importance apart from its role in increasing
secretions which may in turn result in atelectasis.
Typically atelectasis occurs within the first 36 to
48 hours and like bronchopneumonia is charac-
terized by fever, tachycardia and cough with
sputum. Leucocytosis occurs in both but in
atelectasis the patient while often anxious and dis-
tressed is not so toxic as in the cases of pneumonia.
In 'atelectasis the areas of collapse may be lobular,
lob-ar or massive involving the whole lung, and
areas of dullness of varying size with absent or
weak air entry and sticky rales are commonly de-
tected. The change from absent air entry to
bronchial breathing is sometimes interpreted as
pneumonia, but is more often the result of the
expectoration of a mucous plug allowing breath
sounds to reach the stethoscope through the still
collapsed parenchyma. Later it expands, allowing
normal breath sounds to be heard.
The X-ray appearances of the lobular form of

collapse may be difficult to distinguish from
bronchopneumonia but it may be easier if the
volume of the affected lung is obviously reduced
as shown by mediastinal shift, raising of the dia-
phragmatic cusp or narrowing of the rib spaces.
The more extensive atelectases are easily
diagnosed.
Bronchopneumonia is a serious infection with a

high mortality occurring especially in debilitated
subjects. This mortality is as high as 30 per cent.
in spite of chemotherapy, but will not be furt er
discussed here.

Chest complications are statistically twice as
common in men as in women and there is a wide-
spread feeling that they are much commoner in
the presence of pre-operative respiratory disease
and in heavy smokers. They certainly occur most
frequently after laparotomies and herniorrhaphies
(13 per cent. of 3,000 cases compared with i per
cent. in 4,ooo non-abdominal operations) and
especially in cases of upper abdominal operations
and in operations on the intestines, in perforations
and in sepsis. In the non-abdominal group, half
the cases occur in thyroidectomies, possibly due to
tracheal irritation increasing secretions and pain
preventing coughing.
The type of anaesthesia apparently plays little

part and it is difficult to prove from statistics that an
endotracheal tube either increases or reduces their
incidence, but it seems to many of us that tubes
should be employed whenever excess secretions are
present to allow their removal by aspiration.
The pathogenesis of atelectasis is considered to

be the absorption by the blood stream of the gases
retained behind a bronchial plug of mucus. It is
to retard this absorption that some gas such as
atmospheric nitrogen, or less often helium, can be
admitted at the end of the operation to the
anaesthetic circuit in order to replace the too-
readily-absorbable nitrous oxide or oxygen. While
this is probably the main factor, it has been shown
that ciliary activity can move a bronchial plug
towards the larynx sufficiently powerfully to
produce behind the plug negative pressures that
are capable of causing alveolar collapse. This has
been beautifully demonstrated by Hilding (i944)
who, taking the trachea from a newly-killed hen,
collected the bronchial secretions from several
fowls, made a mucous plug and watched its rapid
movement toward the larynx. Then attaching a
water manometer to a cork, he plugged the cut
end of the trachea and recorded the negative
pressures produced by the plug travelling up the
trachea. These varied with the distance moved
and in one case amounted to -40 mm. of water.
The nature of the secretions is most important,

and it is found that a small amount of tenacious
mucus, as in chronic bronchitis, is more harmful
than a larger but more fluid collection such as is
found in bronchiectasis. On this account, manv
prefer hyoscine to atropine and most consider the
post-operative and repeated use of any belladonna
derivative unwise. Should bronchospasm occur,
a piece of mucus too small to obstruct a normal
bronchus may form a plug, and if this be of
tenacious consistency it may remain as a film
across the bronchial lumen after its relaxation.
Pentothal and cyclopropane both tend to cause
bronchospasm. On the other hand, the bronchial
cdilatation which accompanies the use of ether more
than compensates for the excess secretions pro-
duced. This may be one reason why the use of
the so-called non-irritant agents has not been
followed by any marked reduction in the number
of atelectases.

In health, mucus is raised by the ciliary actiou
alone (Negus, 1933). When secretions are ex-
cessive the cough-reflex is stimulated, often by
the movement of mucus, by tidal air currents,
to a different and more sensitive area of mucous
membrane. After operation, the cough-reflex may
be depressed during a prolonged recovery-period
or by heavy sedation, but far more important is the
effect of pain from the site of operation which
restricts the movements of the diaphragm and
intercostal muscles, thus diminishing pulmonary
ventilation. Moreover the coughing is itself painful
and tends to be voluntarily restrained or in-
effective. This is reflected in the high incidence
of atelectasis after operations on the thorax and
abdomen, particularly those near the diaphragm,
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which contrasts strongly with the rarity of this
complication after operations elsewhere-particu-
larly on the head and limbs.
Many points in prophylaxis have been suggested

above. Breathing exercises supervised by a
physiotherapist before operation and resumed
post-operatively have been found a most useful
routine in upper abdominal and thoracic surgery.
The avoidance of operation in the presence of
respiratory infection and careful post-operative
'toilet' of upper and lower respiratory passages
should be practised. Morphine, although it
depresses the cough-reflex, is indicated in care-
fully individualized dosage to relieve pain; by
so doing it allows greater respiratory excursions and
makes the clearing of the bronchi by coughing less
painful. Intravenous novocaine may prove useful
for this purpose.

Brock (I936) advocates that when the patient is
turned on his side and all pillows have been re-
moved for attention to the skin of the back, the
nurse, while supporting any operative incision on
the chest wall or abdomen, should induce the
patient to make purposeful coughs to raise any
sputum. This may be more effectively carried out
if preceded on the first few occasions by an in-
jection of morphine. This manoeuvre is also the
most effective means of treating established
atelectasis. It should be personally supervised by
the anaesthetist or surgeon, who may give the
small dose of morphine intravenously and should
encourage the apprehensive patient to make the
effort which is usually rewarded by the expectora-
tion of tenacious mucus or mucopus.

If this procedure is unsuccessful or impractical,
a Magill tube may be passed under local an-
aesthesia through the nose into the trachea, and a
suction catheter may then be introduced to
evacuate the secretions-the coughing evoked
probably contributing largely to the success of the
practice. Alternatively, bronchoscopy performed
with the patient sitting up in bed is not difficult
and th2 suction, being under direct vision, is likely
to be even more effective. The relief given to the
patient by these methods is marked and can be
life-saving. Moreover it must be remembered
that persistent atelectasis is probably not in-
frequently followed by infection with resulting
purulent bronchitis and pneumonitis. Although
the latter often respond to chemotherapy, the
dangers of pulmonary sepsis with resistant or-
ganisms are so grave that every effort at prophy-
laxis must be made. Nosworthy's paper
' Bronchoscopy in the prevention and treatment
of traumatic and post-operative pulmonary
lesions' (x944), summarizes his views and practice,
and shoild be read.
The tendency of atelectasis to spread to fresh

areas and to recur after treatment, is not un-
expected in view of its pathogenesis. McGrath
(1945) emphasizes that the initial episode should
be taken as a warning of possible recurrences and
urges prompt treatment. The treatment of this
primary condition is important prophylactically
and should be continued to promote re-expansion
and to prevent the spread of collapse. It should be
modified in accordance with the patient's general
state. In view of the long period during which
atelectasis may persist, and the comparative rarity
of pneumonitis following it, prophylactic chemo-
therapy should be withheld until the latter occurs.
The possible role of pulmonary infarction in the

causation of pneumonia is undecided. In addition
to those cases due to peripheral thrombophlebitis,
there is the pulmonary infarction which results
from cardiac failure, especially in old people.
The inhalation of vomitus can follow an opera-

tion on a patient with a full stomach and com-
monly results in a pneumonitis which may pro-
gress to abscess-formation. This may be the
result of the delayed gastric emptying which
accompanies apprehension in some patients-
more especially children. Impatience and the
pressure of work have resulted in catastrophe in
many out-patient departments. When it is
essential to proceed with an anaesthetic, the
stomach should be emptied-in children by an
emetic and in adults by a tube. To withhold
gastric lavage in cases of obstruction to the
alimentary tract or of gastric or intestinal dilatation
where vomiting may be expected, involves taking
an unjustifiable risk. Patients too ill for this
procedure are possibly moribund for lack of it
and certainly too ill for general or spinal an-
aesthesia. Unorthodox techniques such as pento-
thal and curare may serve in specially skilled
hands but, in general, few exceptions can be made
with any safety.
The anaesthetist's attention is usually so

sharply focused on providing ideal operating
conditions for the surgeon, that factors con-
tributing to a smooth convalescence for the patient
may not always receive due emphasis. It is hoped
that a sound knowledge of the aetiology and
prophylaxis of post-operative complications will
help in remedying this.
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