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THE PRE-OPERATIVE AND POST-OPERATIVE
CARE OF PATIENTS RECEIVING CORTISONE

OR OTHER STEROID THERAPY
By ROBERT R. DE MOWBRAY, D.M., M.R.C.P.

Senior Medical Registrar, St. Bartholomew's Hospital, London

Surgical operations may be hazardous on
patients who are being treated with steroid hor-
mones or who have recently received such therapy.
This is a problem which is likely to occur more
frequently now that cortisone and the A,-steroids,
prednisone and prednisolone have been made
generally available. The situation may arise in
one of two ways. First, the patient may be re-
ceiving small (physiological) doses of cortisone as
replacement therapy for adrenal insufficiency, due
either to Addison's disease, to panhypopituitarism
or to total adrenalectomy. Secondly, patients
may be receiving large (pharmacological) doses of
cortisone or A,-steroids for the treatment of
such conditions as rheumatoid arthritis, collagen
disease or ulcerative colitis. Such patients may
have to undergo surgical operations on account
of some incidental disease or for specific compli-
cations of steroid therapy such as perforation of a
peptic ulcer. While they are receiving steroid
hormones in large doses, and for some months or a
year or more after steroid therapy has been dis-
continued, these patients are suffering from
potential adrenal insufficiency due to suppression
of endogenous adrenal cortical function. Careful
pre-operative assessment and management of
patients with actual or potential adrenal in-
sufficiency is of vital importance. Post-operative
care is but a continuation of the pre-operative
regime; to postpone treatment until after the
operation may be to court disaster, for it is often
difficult to resuscitate the patient once profound
adrenal failure has supervened.

Physiological Background
The Adrenal Response to Surgical Stress. It has

been known for many years that patients with
adrenal insufficiency are incapable of responding
adequately to surgical operations. This applies
even to minor procedures such as dental ex-
tractions. Thorn (I951) stated that no major
surgical operation had been performed success-

fully in a patient with classical signs and symptoms
of Addison's disease until deoxycortone acetate
was introduced in 1938. The role of the adrenal
cortex in response to stress was elaborated by
Selye from I936 onwards and since then evidence
of increased adrenal cortical activity has been
demonstrated during and after surgical operations
on otherwise healthy individuals. This is shown
by the fall in the eosinophil count in the blood
(Laragh and Almy, 1948; Roche et al., I950;
Hardy, I955),. by the increase in plasma levels of
17-hydroxycorticoids (Tyler et al., I953, 1954;
Sandberg et al., 1954; Franksson et al., 1954,
I955; Elman et al., 1955; Hammond et al.,
I956; Steenburg et al., I956; Helmrich et al.,
1957; Virtue et al., I957) and by the increased
output of corticoids and 17-ketosteroids in the
urine (Venning et al., I944; Browne and Venning,
1947; Forbes et al., I947; Thorn et al., I953;
Cope and Hurlock, I954; Moncrieff et al., 1954;
Tompsett and Smith, I954; Hardy, 1955; Moore
et al., 1955; Hammond et al., 1956; Jepson et al.,
I956). The adrenal cortical response to stress is
thought to be due to stimulation of the
hypothalamo-hypophyseal pathways, resulting in
an increased output of corti cotrophin (ACTH) by
the anterior lobe of the pituitary gland (Thorn et
al., 1953). Increased corticotrophic activity has
in fact been demonstrated in the blood after
operations (Taylor et al., I949; Bornstein and
Trewhella, I950).

Suppression of Adrenal Cortical Function by the
administration of Steroid Hormones. The ad-
ministration of steroid hormones leads to sup-
pression of endogenous adrenal cortical activity.
This is shown by the occurrence of symptoms of
adrenal insufficiency after sudden withdrawal of
the hormone, by the fall in output of 17-
ketosteroids in the urine during steroid therapy,
and by atrophy of the adrenal cortex and depletion
of its lipid at autopsy. The capacity of the
adrenal cortex to respond to stimulation by
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DE MOWBRAY: Care of Patients Receiving Cortisone

corticotrophin is also impaired by intensive
steroid therapy. This accounts for the poor re-
sponse to surgical stress which patients are liable
to show after prolonged and intensive administra-
tion of steroid hormones (Sprague et al., I950;
Thorn et al., 1953). The risk is probably no
less in patients receiving corticotrophin (ACTH)
than in those who are being treated with cortisone
(Salassa et al., 1953; Hayes, 1956). Prolonged
treatment with corticotrophin leads to degranu-
lation and later hyaline changes in the basophil
cells of the anterior pituitary lobe, similar to those
induced by cortisone therapy, together with
basophil stippling of the chromophobe cells
(Golden et al., 1950; Bennett, 1954). These
changes suggest that the administration of either
cortisone or corticotrophin interferes with the
release of endogenous corticotrophin by the
anterior pituitary lobe. Furthermore, the in-
creased secretion of adrenal steroids under the
influence of exogenous corticotrophin is likely to
depress the output of endogenous corticotrophin.
However, adrenal insufficiency resulting from
withdrawal of corticotrophin therapy is likely
to be less prolonged than after withdrawal of
cortisone (Thorn et al., I953). It is possible that
the operative risk will prove to be greater in
patients receiving treatment with prednisone or
prednisolone than in those being treated with
cortisone, since the former steroids are meta-
bolized more slowly (Slaunwhite and Sandberg,
I957) and are more potent in inhibiting the output
of steroids in the urine than are equivalent doses
of cortisone (Nabarro et al., 1955; Spence et al.,
I956).

Post-operative Collapse in Patients Receiving
Steroid Therapy
The risk of operating on patients with Addison's

disease has already been emphasized and it still
exists in patients who are receiving replacement
therapy, unless the dose of cortisone is sub-
stantially increased over the period of the opera-
tion. The same applies to patients with adrenal
insufficiency secondary to hypopituitarism (In-
graham et al., I952; Kyle et al., 1953; Troen
and Ryneasron, I955). The operative risk is less
easily appreciated in patients who are receiving
pharmacological doses of corticotrophin or steroid
hormones, for such patients may show some of
the features of Cushing's syndrome, as a result of
excessive endocrine therapy, and yet may fail to
produce an adequate adrenal response to surgery
or other forms of stress (Thorn et al., 1953).
Most authors stress the dangers of operating on

patients during or after pharmacological steroid
therapy, yet, as Salassa et al. (1953) point out, many
thousands of these patients must have undergone

surgical operations and comparatively few disasters
have been reported. The writer has succeeded in
collecting from the literature only 33 cases of
post-operative shock in patients who have received
corticotrophin or steroid therapy in pharmaco-
logical doses. Fifteen of these cases were reported
by Hayes (1956) and were drawn from a group of
28 patients who underwent surgical operations
during or after endocrine therapy; that is to say,
the incidence of post-operative shock in patients
who had received corticotrophin or steroid
therapy in pharmacological doses was just over 50
per cent. In contrast, there was no episode of
post-operative shock among 25 patients who were
suffering from diseases amenable to steroid
therapy but who had not been treated with steroid
hormones. Five of the patients developed post-
operative shock at intervals of 3 to 24 months
(mean i I months) after steroid therapy had been
withdrawn. One patient collapsed after an
operation while still receiving corticotrophin
(ACTH) in unchanged doses and post-operative
shock occurred in another patient from whom
corticotrophin had been withdrawn two months
previously. Slaney and Brooke (I957) reported
seven cases, of which six occurred in patients
with ulcerative colitis. These patients had re-
ceived total doses of 2 to 9 g. of cortisone over
periods of 2 to 6 weeks. Three of their patients
had no operative cover with steroid hormones,
although two of them had received corticotrophin
for 5 to I4 days before operation, and all three died
in post-operative shock. The other four patients
received extra doses of cortisone during the
operative period, and although they all collapsed
after operation they were resuscitated by further
doses of cortisone or intravenous hydrocortisone;
one of them died after a second operation which
was complicated by a burst wound. Slaney and
Brooke subsequently performed ten operations on
eight patients with ulcerative colitis who had pre-
viously been treated with steroid hormones; in
all these patients the operation was systematically
covered with intensive doses of intramuscular
cortisone and intraveneous hydrocortisone and no
post-operative complications ensued. Nicholas et
atl. (1955) reported two cases (one of them fatal),
Salassa et al. (1953) reported two fatal cases and
Fraser et al. (1952), Lewis et al. (1953) reported
one fatal case each of post-operative shock, after
total doses of 8 to I4 g. of cortisone or more over
periods of four months to five years. Allanby
(I957) recorded a similar case after a total dose
of 56o mg. of prednisolone over a period of four
weeks. Forbes (1952) reported death soon after
a partial gastrectomy in a patient with a gastric
ulcer who had recently been given cortisone, ioo
mg. daily for three weeks, but he did not describe
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the mode of death. Kern (I957) mentions a
patient with rheumatoid arthritis who died of
adrenal failure 24 hours after the incision of an
infected olecranon bursa under local anaesthesia.
Only two of these last nine patients received
adequate doses of steroid over the operative period
(Nicholas et al., I955). In three of the cases
steroid therapy had been discontinued two days,
four days and five months respectively before
operation (Fraser et al., 1952; Allanby, I957;
Salassa et al., I953). The possibility of adrenal
failure was apparently considered in only four of
the patients and they were given additional
cortisone intramuscularly and hydrocortisone in-
travenously (Salassa et el., 1953; Nicholas et
al., 1955). Thus in i i out of I7 cases the outcome
was fatal, only one of these patients having had
adequate steroid therapy over the operative period.
Harnagel and Kramer (I955) reportpd acute
adrenal failure in a man aged 21 years with
spondylitis, I2 hours after manipulation of the
spine under thiopentone anaesthesia. The patient
had received a total of i.9 g. cortisone over the
previous month, the last dose being given i8 hours
before the manipulation. The patient was
resuscitated only after four days' intensive therapy
with intravenous corticotrophin and cortical
extract and intramuscular cortisone. The, I7-
ketosteroid output in the urine was still only 2.2
mg. per 24 hours at the end of this time. Hayes
(1956) does not mention the outcome of his I5
cases but Hayes and Kushlan (I956) describe
four patients (presumably included in the same
series) all of whom recovered with the help of
additional corticotrophin over the period of the
operation.
The writer has recently had experience of a

man aged 6i years with rheumatoid arthritis who
had been receiving steroid therapy for 21 years
(cortisone 75 mg. daily for the first year and sub-
sequently prednisone 25 mg. daily). After i i
months' treatment an arthrodesis of the right
ankle and foot was performed uneventfully. After
a total of 26 months he developed broncho-
pneumonia, at which time he ceased to take his
prednisone tablets; he developed anuria and
adrenal failure but was revived with ioo mg. in-
travenous hydrocortisone and oral cortisone I50
mg. daily. Six weeks later amputation of the right
leg was performed on account of a persistent dis-
charging sinus in the right ankle. Although he
was given corticotrophin zinc 8o units daily in-
tramuscularly for three days before operation, he
developed post-operative pneumonia and signs of
adrenal insufficiency. He eventually recovered
with the aid of antibiotics, 200 mg. intravenous
hydrocortisone, prednisone 40 mg. daily and the
continued administration of corticotrophin zinc

8o units daily. The corticotrophin was then
gradually withdrawn and the prednisone gradually
reduced to his usual dose of 25 mg. daily.
Hayes (1956) points out that the response to

surgery cannot reliably be predicted from the
total dosage, from the duration of therapy or from
the interval between the conclusion of therapy and
the operation. Post-operative collapse occurred
at intervals of up to two years after the end of
therapy in his cases and Salassa et al. and Slocumb
et al. (I957) also consider that the danger may exist
for as long as two years after the withdrawal of
corticotrophin or steroid hormones. Obviously
the degree and duration of adrenal suppression
varies tremendously from patient to patient. As
judged by the fall in eosinophil count and the
increase in steroid concentrations in the blood
and urine in response to exogenous corticotro-
phin, pituitary adrenal inhibition may persist for
anything from two to go days after the withdrawal
of steroid therapy (Boland and Headley, 1951;
McIntosh and Holmes, 1951; Ragan, I953;
Thorn et al., 1953; Eik-Nes et al., 1955).

Bennett (I954) found that the weights of human
adrenal glands at autopsy were significantly re-
duced if cortisone had been given up till the time
of death and for more than five days altogether but
the adrenal cortex was not atrophic if cortisone
had been discontinued more than 2o days before
death. However, the size and histological
appearances of the glands do not necessarily reflect
their functional activity. Assessment of the
adrenal cortical response to corticotrophin during
life cannot be entirely relied upon to predict or
exclude the likelihood of post-operative collapse.
Therefore it is safest to give full supportive
endocrine therapy before, during and after oper-
ation in all patients who have been treated with
corticotrophin or steroid hormones, at any rate
within the previous two years.

Surgical Complications of Peptic Ulcer in
Patients Receiving Corticotrophin and Steroid
Therapy

This problem deserves special consideration,
for the physician and the surgeon are faced with
the dilemma of a patient in whom peptic ulceration
and its complications may be the direct result of
corticotrophin or steroid therapy, yet who will
temporarily require even higher doses of these
hormones in order to respond to the stress of
perforation or haemorrhage and their respective
surgical treatment. The writer has collected from
the literature 2I cases of perforation, and 25 cases
of haemorrhage complicating peptic ulcers, and
three cases in which both perforation and hae-
morrhage occurred. In eight out of the 14 cases
of perforation and in seven out of I2 cases of
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haemorrhage in which details are available there
was no history of peptic ulcer before steroid
therapy was started. In I4 cases in which details
are available perforation occurred after periods of
5 to 37 days (mean 2o days) of treatment with
corticotrophin or steroid hormones or both. In
I6 cases haemorrhage occurred after periods of
nine days to one year (mean six months) of treat-
ment. Thus perforation has occurred consistently
within i to 5 weeks of therapy and haemorrhage
after variable and often lengthy periods of treat-
ment. This suggests that perforation is a specific
complication of steroid therapy while in many
cases the haemorrhage may have been incidental
and might well have occurred in the absence of
treatment with these hormones. In I4 out of 17
cases the perforation was treated surgically, in one
case it was treated conservatively and in two others
it was found unexpectedly at autopsy. Unevent-
ful recovery followed in the patient treated con-
servatively and in all except one of the patients
treated surgically. One of the patients reported
by Smyth (I95i) died after operation. In four
cases the symptoms and signs of perforation were
masked. In only two of the case reports it stated
that additional steroid therapy was given over the
operative period (Fentress et al., I956; Hess and
Macpherson, I957). Of I4 patients with hae-
morrhage 13 were treated conservatively and four
of these died; one patient was treated surgically
but was found to have multiple erosions in the
stomach and intestines and died soon after
operation (Allanby, I957). In at least six of these
patients steroid therapy was continued despite
the occurrence of bleeding though the doses were
gradually reduced.

Judging from this analysis of the literature it
would appear that surgical treatment of a per-
forated peptic ulcer is a relatively safe procedure
in a patient receiving steroid therapy. This may
be due to the-fact that the perforation has in most
cases occurred within 3 to 5 weAks' treatment,
which may not have been long enough to lead
to profound suppression of pituitary-adrenal
function.
The writer has had recent experience of per-

forated peptic ulcer in two patients receiving
steroid therapy. One patient was a man aged 49
years with rheumatoid arthritis who had received
a total of 300 mg. of hydrocortisone by intra-
articular injection followed by a total of approxi-
mately i g. of prednisolone by mouth during the
course of six weeks. The perforation was sutured
without additional steroid cover and uneventful
recovery ensued. The other patient was a woman
aged 45 years with exophthalmic ophthalmoplegia
who had received 200 mg. cortisone daily by
intramuscular injection for I7 days previously.

In this case cortisone was continued in the same
dosage over the operative period and hydro-
cortisone was given by intravenous infusion.

In spite of the favourable outcome of surgical
treatment in most of these cases the writer would
still prefer to give additional steroid therapy over
the operative period in every case. The situation
is less clear-cut in the case of gastro-intestinal
haemorrhage arising during steroid-therapy. If
conservative management is decided upon, it is
necessary to weigh up the need for increased doses
of steroid, to meet the stress of haemorrhage
(Ward et al., 1953) against the risk of aggravating
the ulcer still further. If surgical management
is decided upon, increased doses of steroids will
again be required and, in the absence of previous
evidence of peptic ulceration, there is the risk of
operating on a patient with multiple acute peptic
erosions or haemorrhagic gastritis, as in the case
reported by Allanby (I957).
The writer has had recent experience of a male

patient aged 52 years who had been treated
with a total of approximately 25 g. of cortisone
over a period of eight months, followed by a total
of approximately 5 g. of prednisolone over a
period of six months and was admitted to hospital
with massive haematemesis and melaena. This
patient had had no previous ulcer symptoms
whatsoever and the writer hesitated to adv ise
surgical treatment in view of the risks of adrenal
failure and the possibility of multiple peptic
erosions. The patient improved temporarily with
intravenous hydrocortisone but had repeated
massive haemorrhages and died 24 hours after
admission. At autopsy a subacute duodenal ulcer
was found which had eroded the superior pan-
creatico-duodenal artery. In retrospect it would
have been preferable to administer more intensive
steroid therapy and to recommend surgical inter-
ference as soon as the patient's general condition
was adequately restored.

Details of Pre-operative and Post-operative
Management
The occasional disasters which follow surgical

operations in these patients could be reduced
dramatically by fully acquainting the patient and
all who are responsible for his care with the fact
that he is suffering from adrenal insufficiency or
has been treated with steroids and with the
necessity of taking certain precautions, should the
need for surgery arise. This can be done most
conveniently, as recommended by Forsham and
Thorn (I955) and by Slocumb et al. (I957), by
giving the patient a card, to be carried at all
times and bearing his name and address, the name
and address of his private doctor and con-
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sultant physician, the nature of his disease and the
dose of steroid hormone which he is receiving.
The patient should always carry a supply of corti-
sone tablets with him and instructions should be
included on the card to give him Ioo mg. cortisone
immediately in case of emergency and to notify his
private doctor or physician at once. The patient
or his relatives should be instructed to present
his card to the surgeon or dental surgeon in case
of accident or impending operation or dental
extraction so that the necessary pre-operative
therapy can be undertaken. Now that steroid
hormones are likely to be more generally used a
specific enquiry as to present or past treatment
with these agents should become an indispensable
item in the taking of all patients' histories.

In view of the difficulty of predicting which
patients are likely to develop adrenal failure after
operation, it is wise to give additional doses of
steroids in all cases over the operation period,
regardless of the duration of steroid therapy and
of the doses previously administered. The scheme
outlined by Thorn et al. (I953) is to be recom-
mended and is applicable to all patients undergoing
major surgery, whether the patient is suffering
from Addison's disease or has undergone total
adrenalectomy or is receiving pharmacological
doses of steroid hormones.

SCHEME OF PRE-OPERATIVE AND POST-oPERATIvE THERAPY
(Thorn et al., 1953)

Pre-operative: Cortisone, ioo mg. i.m.i. I2 hr. pre-op;
100 mg. i.m.i. 2 hr. pre-op.

During operation andfor four to six hours after operation:
Hydrocortisone, IO mg. per hour by intravenous
infusion, in dextrose or dextrose saline solution.

Post-operative during first 24 hours: Cortisone, 50 mg.
six-hourly i.m.i.

Days 2 and 3: Cortisone, 50 mg. eight-hourly i.m.i.
Days 4 and 5: Cortisone, 50 mg. 12-hourly i.m.i.
Day 6: Cortisone, 25 mg. six-hourly by mouth.
Day 7 onwards: Reduce cortisone gradually to I2.5 to

25 mg. b.d. (plus deoxycortone acetate, i mg. daily
i.m.i., in cases of Addison's disease and post-
adrenalectomy state only).

In the case of emergency operations this scheme
must be instituted immediately and the two pre-
operative doses of cortisone should be combined
as a single injection of 200 mg. before operation.
In the case of elective surgery the operation
should, if possible, be postponed until a physician
with special experience of this problem has been
consulted. In patients who are receiving or have
received steroid therapy a preliminary course of
corticotrophin (ACTH) should be given in order
to improve adrenal cortical function and the
capacity to respond to stress. Ideally this should
be controlled by estimations of the output of
I7-ketosteroids and/or I7-hydroxysteroids in the
urine. To achieve maximal stimulation of the

adrenal cortex, 20 units of corticotrophin should
be given by intravenous infusion over a period of
eight hours each day, or Acthar-gel or corti-
cotrophin zinc should be given intramuscularly in
doses of 40 units 12 hourly. This should be con-
tinued for one week, for although some patients
on steroid therapy may respond to three days'
stimulation with corticotrophin others may require
four to six days' stimulation (Engleman et al.,
1953). (Thorn et al., I953.) The dose of corti-
sone should be reduced gradually by 12.5 to 25
mg. every second day during the administration of
corticotrophin (Thorn et al., 1953). The ad-
ministration of corticotrophin is only an adjunct to
the pre-operative preparation of the patient and
is not a substitute for cortisone and hydro-
cortisone, which must still be given as outlined
over the operative period.
The writer has had recent experience of an

asthmatic patient who had been receiving predni-
sone in doses of 30 mg. daily for one year. Predni-
sone was gradually withdrawn during the next two
months and was followed by corticotrophin zinc
i85 units over eight days. Three weeks later the
output of I7-ketostoeroids in the urine was only i
mg. daily but was raised to 14.5 mg. daily by the
administration of corticotrophin-zinc within 48
hours, in spite of the continued administration of
30 mg. prednisone; when the prednisone was
gradually withdrawn and the corticotrophin was
discontinued after a total of io days the 17-
ketosteroid output in the urine fell rapidly again
to between 2 and 3 mg. daily.
Thus treatment with corticotrophin does not

immediately restore the suppressed adrenal cortex
to normal nor is the response always permanent,
and its effect must be gauged by estimation of
steroids in the urine, the results of which cannot
be obtained within less than 48 hours. For this
reason corticotrophin must not be relied on as a
sole means of pre-operative preparation, though it
is undoubtedly beneficial.
The reason for giving cortisone acetate intra-

muscularly over the operation period is that its
absorption is slow and prolonged by this route and
the injection thus acts as a depot; it begins to act
in 3 to 4 hours, reaches its peak effect in 8 to 12
hours and continues for 24 hours or more (Thorn
et al., 1953). For the same reason this method of
administration is inadequate in itself to counter
the acute stress of the actual operation; the latter
must be met with an intravenous infusion of
hydrocortisone which acts rapidly but ceases to be
effective after about 4 hours. Cortisone acetate
is absorbed more rapidly from the oral than from
the intramuscular route, and exerts its maximal
effect in 4 to 8 hours (Thorn et al., I953), but its
use is, ofcourse, limited to the post-operative period
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when the patient is able to take food and therapy
bv mouth.

Intravenous Therapy. Saline solutions should
be used with particular caution for the purpose of
intravenous therapy since patients who have
already been treated with cortisone or corti-
cotrophin may be suffering from excessive re-
tention of sodium and water. They may also be
depleted by potassium if they have been receiving
large doses of cortisone or corticotrophin over long
periods. Potassium supplements may therefore
be necessary.

Other Measures. The administration of corti-
cotrophin or steroid hormones is liable to induce
a negative nitrogen balance (Sprague et al., 1950;
Thorn et al., 1953). This will exaggerate the
negative nitrogen balance which is liable to
follow any surgical operation. The loss of nitrogen
resulting from treatment with corticotrophin or
cortisone can be compensated for by doubling the
intake of calories and protein (Pearson et al., 1949)
by the administration of 4 to 12 g. of potassium
chloride daily (Kinsell et al., 1952; Whitney and
Bennett, I952) and by androgen therapy. The
administration of testosterone propionate 25 mg.
daily by intramuscular injection has been shown
to reverse the negative nitrogen balance induced
by 200 mg. of cortisone daily (Sprague, 1951).

Other Post-operative Complications
Infections. Treatment with corticotrophin or

steroid hormones increases the susceptibility of
patients to infections. The inflammatory response
may be masked even though the infection con-
tinues unabated (Thorn et al., I953). Adrenal
failure is liable to supervene unless the doses of
steroids are increased (Page, 1954; Jacobs and
Clifford Rose, 1955; Shaper and Dyson, 1955;
Allanby, 1957).

Antibiotic therapy is therefore desirable over the
period of operation, and provided this is given in
adequate doses the risk of the increased doses of
steroid hormones will be met (Thorn et al., 1953).

Delayed Healing of Wounds. This complication
is not as common or as serious as was originally
feared. In the early days of treatment with corti-
cotrophin and cortisone delayed healing was re-
ported in a few instances in biopsy wounds, in-
cisions into abscesses and bed sores (Ragan et
al., 1949; Plotz et al., 1950 a.c.; Behrman and
Goodman, I950; Creditor et al., I950; Videback
et al., I950; Levin et al., 1953). Delayed healing
of wounds and fractures has also been reported
in numerous animal experiments but some workers
have not obtained this effect. It is clear that there
is considerable variation in the effects on different
species and the effect is also dependent upon the
dose of hormones used and upon the state of

nutrition (Ragan et al., I953). In many of the
animal experiments the doses were out of all pro-
portion to those used clinically. Ragan (1953)
found that healing was delayed in open granulat-
ing wounds and in wounds with intestinal anasto-
moses when cortisone was given in doses of more
than ioo mg. daily; on doses of less than ioo mg.
daily healing was only slightly prolonged and this
was overcome by leaving the sutures in place for
a slightly longer period than usual. Thorn et al.
(I953) state that serious interference with healing
rarely occurs unless the doses of steroid are unduly
high (more than I50 mg. cortisone daily) and ex-
cessively prolonged and unless the intake of
protein is inadequate.

Thrombo-embolic Complications. Views as to the
influence of steroid therapy on thrombo-embolism
are controversial. Cosgriff et al. (1950, 195I)
originally reported that the clotting time of
venous blood was shortened and recorded 48
episodes of thrombosis and embolism in 700
patients treated with corticotrophin or cortisone;
this was a higher incidence than would have been
expected without the use of endocrine therapy.
Coste et al. (195i) reported five similar cases.
Subsequent workers have not confirmed these
results. Fahey (1951) found no significant effects
on the clotting time. Variable effects on the
clotting mechanisms of the blood were reported
by Monte et al. (I950), Smith et al. (1950) and
Margulis et at. (1950). Russek et al. (I954) found
no instance of thrombo-embolic complications
among ioo patients with cardiovascular disease, in-
cluding patients with angina pectoris and previous
cardiac infarction. Allanby (I957) states that the
incidence of thrombo-embolism amongst patients
treated with corticotrophin and steroid hormones
at Guy's Hospital ' has not appeared abnormal.'
Hume and Moore (I95I) considered that thrombo-
phlebitis was perhaps more liable to follow with-
drawal of steroid therapy than it was to occur
during treatment; they suggested that the general
liability of surgical patients to post-operative
venous thrombosis might be related to the falling
off of adrenal cortical activity after the increased
secretion during the operation period. Steroid
therapy might therefore discourage rather than
provoke thrombo-embolic complications. Indeed,
striking subjective and objective improvement has
been reported in patients with thrombophlebitis
within 24 hours' treatment with corticotrophin or
cortisone (Hume and Moore, 1951; McGraw et
al., 1952; Flickinger and Henderson, 1956).

Compltications in Ulcerative Colitis. Instances
of perforation of the colon have been reported in
patients with ulcerative colitis during the ad-
ministration of steroid therapy. (Tulin and Almy,
I952; Kirsner and Palmer, I951; Texter et al.,
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I953; Hayes and Kushlan, I956). Since this
complication is liable to occur in the absence of
steroid therapy, it is not necessarily justifiable to
attribute it to the use of hormones. On occasions
the colon is said to have disintegrated during
manipulation in patients who have been treated
with steroids (Larkin and Flannery, I953; Brooke,
1956).
Some surgeons may therefore be disinclined to

use endocrine therapy when surgery is contem-
plated for patients with ulcerative colitis. Un-
fortunately, many of their patients are likely to
have been treated with steroids in the past and they
may be incurring a serious risk unless they cover
their operations in such patients with additional
doses of cortisone and intravenous hydrocortisone.
Slaney and Brooke (I957), who were formerly
disinclined to use steroid cover, have been forced
to reverse their policy. They point out that the
mortality of surgically treated patients who have
previously received steroid therapy was 32 per
cent. in Truelove and Witts' series (I955), as
compared with a surgical mortality of io to I2
per cent. in the pre-cortisone era (Brooke, 1956;
Swinton, 1956), but they suggest that adrenal in-
sufficiency due to previous steroid therapy may
have played a part in the high post-operative death
rate reported by Truelove and Witts.

Summary
Surgical operations are hazardous on patients

who are being treated with corticotrophin (ACTH)
or steroid hormones, or who have previously re-
ceived such treatment. This risk applies both to
patients who are taking small replacement doses
of cortisone for the treatment of adrenal insuffi-
ciency due to Addison's disease, hypopituitarism
or previous adrenalectomy and to patients who
have been given pharmacological doses of corti-
cotrophin or steroids for the treatment of such
condition as rheumatoid arthritis, collagen diseases
and ulcerative colitis. In all such patients en-
dogenous cortical adrenal function and the capacity
to respond to surgical stress are absent or impaired.
Post-operative adrenal failure is liable to occur
and is often fatal, unless the doses of hormone are
increased over the period of the operation. The
risk applies to minor as well as major operations
and may still exist as long as two years after
steroid therapy has been withdrawn.
Although comparatively few cases of post-

operative adrenal failure have been reported after
pharmacological steroid therapy, there is no
reliable means of predicting which patients are
likely to be susceptible. Therefore, full supportive
endocrine therapy, with additional doses of intra-
muscular cortisone acetate and intravenous hydro-
cortisone, should be given over the period of the

operation in all cases. In the case of elective
surgery the operation should be deferred until an
expert physician has been consulted and preli-
minary stimulation with corticotrophin has been
carried out.

Patients who require operations for perforated
or bleeding peptic ulcers also need additional
doses of steroids, even though these compli-
cations may be the direct result of steroid therapy.
An enquiry as to present or past steroid therapy

should become a routine item in the taking of case
histories and every patient receiving such treat-
ment should carry written information as to
diagnosis and steroid dosage, with instructions to
present this information immediately to the
surgeon attending him.
Sodium retention and potassium depletion are

liable to occur and the usual post-operative
negative nitrogen balance is liable to be
accentuated. Avoidance of excessive sodium
chloride, an increased intake of calories, protein
and potassium and, if necessary, the administra-
tion of testosterone, will obviate the semetabolic
disturbances.

Susceptibility to infections is increased and anti-
biotic cover is always desirable.

Healing of wounds seldom presents any serious
problem and there is little evidence of an increased
tendency to thrombo-embolic complications.
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