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Cushing disease: use of perioperative serum cortisol
measurements in early determination of success following
pituitary surgery
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v'Despite many recent advances, management of cases of Cushing disease continues to be challenging. After complete
resection of ACTH-secreting adenomas, patients develop transient ACTH deficiency requiring glucocorticoid replace-
ment for several months. The current recommendation by many centers, including ours, for patients with ACTH-
secreting adenomas is to withhold glucocorticoid therapy during and immediately after adenomectomy until there is
clinical or biochemical evidence of ACTH deficiency. A serum cortisol level of less than 2 p.g/dl within the first 48
hours after adenomectomy is a reliable biochemical marker of ACTH deficiency and is associated with clinical remis-
sion of Cushing disease. Higher serum cortisol levels in the immediate postoperative period should be interpreted with
caution. The decision to immediately reexplore the sella turcica should be individualized, taking into account the find-
ings at surgery, the histopathological findings, and the changes in serum cortisol levels as well as the patient’s wishes
and concerns. Optimal diagnosis and therapy for patients with Cushing disease require thorough and close coordina-
tion and involvement of all members of the management team. (DOI: 10.3171/FOC-07/09/E6)
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ism (endogenous or exogenous) regardless of its eti-

ology. Cushing disease defines a state of hypercorti-
solism caused by an ACTH-secreting pituitary adenoma.
These tumors represent approximately 10 to 12% of all
pituitary adenomas and are seen predominantly in women,
with a female to male ratio of 8:1 and a peak incidence in
the third to fourth decades of life. The ACTH-secreting
pituitary adenomas represent the most common cause of
endogenous hypercortisolism; accounting for approximate-
ly 65 to 70% of all cases of Cushing syndrome.®> While
most such tumors are generally benign, some are more in-
vasive than other pituitary adenomas. Although most pa-
tients with ACTH-secreting adenomas present with small
tumors that may not even be evident on magnetic reso-
nance imaging, some have invasive macroadenomas. In
addition to signs and symptoms of hypercortisolism, the
clinical manifestations in the latter group of patients in-

C USHING syndrome refers to a state of hypercortisol-

Abbreviations used in this paper: ACTH = adrenocorticotropic
hormone; HPA = hypothalamic-pituitary-adrenal.

Neurosurg. Focus / Volume 23 / September, 2007

clude signs of mechanical effects of the macroadenoma on
surrounding structures. Such effects include headaches,
visual symptoms, and impairment of normal pituitary func-
tion.?

Even though the clinical, biochemical, and imaging char-
acteristics of cases of Cushing disease have been well
appreciated for decades, the diagnosis and management of
this disease are often challenging.!" Patients with Cushing
disease exhibit increased rates of mortality and morbidity
secondary to chronic hypercortisolism.!? Deleterious ef-
fects of hypercortisolism include hypertension, obesity, os-
teoporosis, fractures, and impaired immune function and
wound healing as well as glucose intolerance and diabetes.
The high morbidity and mortality rates associated with this
disease make it imperative to optimize its management.

The care of patients with Cushing disease requires at-
tention to details and integration of clinical, biochemical,
and imaging data. Although the therapeutic options for
managing the disease include several approaches, the con-
sensus is that transsphenoidal adenomectomy is the treat-
ment of choice. In the hands of an experienced neurosur-
geon, this approach offers remission rates between 70 and
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FiG. 1. Serial measurements of serum cortisol (solid line) and plasma ACTH levels (interrupted line) obtained before
and immediately after adenomectomy (Time 0) in a patient with histologically documented ACTH-secreting pituitary
adenoma. The plasma ACTH level decreased to less than 10 ng/L approximately 16 to 18 hours after surgery while serum
cortisol levels dropped at a slower rate, reaching values of 2 to 4 +pg/dl nearly 20 hours following adenomectomy.
Ascending numbers at left represent pg/dl of cortisol; those at right ng/L of ACTH (this applies to Figs. 24 as well).

85% with mortality and morbidity rates less than 2%.%
Other therapeutic options for the management of patients
with ACTH-secreting pituitary adenoma include treatment
with adrenostatic medications, pituitary irradiation, and bi-
lateral adrenalectomy. These last options are often used in
cases in which pituitary adenomectomy has failed.*

The perioperative management of patients with ACTH-
secreting adenomas is not uniform. While some centers
have abandoned the routine administration of glucocorti-
coids during the first few hours after surgery, many contin-
ue to use glucocorticoids during and after surgery. Sim-
ilarly, while some centers define early remission as a
perioperative serum level of less than 2 wg/dl,'® others use
a serum level of less than 5 pg/dl as an indication of early
success.”? Some authors® have also used the perioperative
serum cortisol levels as a guide for early intervention and
perhaps reexploration of the sella turcica.

In this report, we review the changes in cortisol secretion
that occur after pituitary adenomectomy and discuss the ra-
tionale and timing of withholding glucocorticoid therapy
during and after adenomectomy. We also discuss the limi-
tations of serum cortisol measurements and the impact on
case management.

Perioperative Glucocorticoid Administration
Patients With Non—-ACTH Secreting Adenomas

The administration of glucocorticoids to all patients un-
dergoing pituitary adenomectomy was routinely practiced
in the 1970s and 1980s, regardless of adenoma type. The
rationale for this practice was the unsubstantiated concern
for the potential damage to the normal gland. Several stud-
ies conducted in patients with pituitary adenomas during
and after selective adenomectomy demonstrated that the
HPA function is highly activated.' This was evidenced by
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appropriately elevated plasma ACTH and cortisol levels.?
Over the years, many centers have abandoned the routine
use of glucocorticoids during pituitary adenomectomy.

Patients with preoperative ACTH deficiency will obvi-
ously need glucocorticoid therapy, at least during and per-
haps immediately after selective adenomectomy.'® Several
studies have documented the immediate recovery of HPA
function after selective removal of larger adenomas with
the subsequent recovery of other pituitary function there-
after.!> Many such patients who had documented hypopitu-
itarism preoperatively recover at least partial HPA function
immediately after adenomectomy and are discharged with-
out replacement therapy.!!63

Patients With ACTH-Secreting Adenomas

The HPA function in patients with ACTH-secreting ade-
nomas is distinctly different from that of others harboring
different types of tumors. In patients with ACTH-secreting
adenomas, autonomous secretion of ACTH by the tumor
stimulates excessive and persistent increases in cortisol
secretion. The latter persistent state of hypercortisolism
causes suppression of normal pituitary corticotrophs. Thus,
because the normal corticotrophs have been suppressed,
patients exhibit signs and symptoms of ACTH deficiency
shortly after an ACTH-secreting adenoma is completely
resected. In these patients ACTH deficiency is transient,
often lasting 6 to 18 months.'® In fact, the development of
ACTH deficiency after removal of a pituitary corticotroph
adenoma is a favorable sign that often indicates the high
likelihood for remission of Cushing disease.

Over 25 years ago, we reasoned that instead of treating
patients with Cushing disease with glucocorticoids, one
could monitor the development of ACTH deficiency in the
immediate postoperative period.* At that time, serum corti-
sol measurements were not as readily available as they are
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FiG. 2. Serial measurements of serum cortisol (solid line) and plasma ACTH levels (interrupted line) obtained before
and immediately after adenomectomy (Time 0) in a postmenopausal woman with histologically documented ACTH-
secreting pituitary adenoma. The patient was receiving estrogen therapy at the time of adenomectomy. The drop in the
plasma ACTH levels was similar to that seen in Fig. 1. In contrast, serum cortisol levels decreased at a much slower rate,
reaching values of 2 to 4 g/dl nearly 72 hours after adenomectomy.

now. The results were usually available 2 or 3 days after
samples were drawn. For that reason, such patients were
monitored very carefully in the intensive care unit. They
were given glucocorticoids whenever they exhibited any
symptoms suggestive of adrenal insufficiency—without
the wait for the serum cortisol concentrations. It is quite
important to note that most patients whose serum cortisol
levels were less than 5 pg/dl had minimal to moderate
symptoms and were hemodynamically stable during the
first 48 hours after adenomectomy. We noted that serum
cortisol levels drop to less than 3 pg/dl approximately 30
to 36 hours after complete adenomectomy. A typical graph
of the changes in serum cortisol and plasma ACTH levels
in the immediate postoperative period is presented in Fig.
1. The graph shows that although plasma ACTH levels de-
cline rapidly after adenomectomy, they are still measurable
during the first 12 hours. This observation is supported by
data published by Graham and colleagues,'* who measured
plasma ACTH levels during the first 60 minutes after ade-
nomectomy. The authors noted that 1 hour after adenomec-
tomy plasma ACTH levels decreased by 54% in patients
who were subsequently considered cured. The authors also
noted that although patients who were not cured had a
lower percentage drop in their plasma ACTH levels during
the first postoperative hour, it was difficult to predict cure
on the basis of ACTH measurements at that time. Thus,
based on these data and recognizing the half-life of cortisol,
it would be reasonable to state that serum cortisol levels
remain normal or high during and immediately after surgi-
cal adenomectomy.

These data along with ours argue strongly against the
necessity of administering glucocorticoids to patients with
ACTH-secreting adenomas during or immediately after ad-
enomectomy. Several centers have reported successfully
withholding routine corticosteroid administration to pa-
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tients with Cushing disease during and immediately after
adenomectomy.'*162 Jndeed, in a comparison of serum
cortisol levels in patients achieving remission from Cush-
ing disease and those who did not, a drop in serum cortisol
levels started to occur 6 hours postoperatively and did not
become statistically different between the two groups until
12 hours after adenomectomy. In another study of 27 pa-
tients with Cushing disease, all patients were not given
routine perioperative glucocorticoids and those achieving
remission did not develop clinical symptoms of adrenal in-
sufficiency until the first postoperative day.

Nevertheless, review of current literature shows that rou-
tine perioperative administration of corticosteroids in pa-
tients undergoing pituitary adenomectomy for Cushing dis-
ease is still a common and widely reported practice.!*%
Thus, despite the state of endogenous hypercortisolism
associated with Cushing disease, many such patients are
still unnecessarily given exogenous glucocorticoids during
pituitary surgery.

In summary, close monitoring of serum cortisol postop-
eratively allows the detection of those patients who will
need glucocorticoid replacement. We advocate measure-
ments of serum cortisol every 6 hours starting immediately
after adenomectomy and continuing for 3 days postopera-
tively. We also advocate the administration of hydrocorti-
sone replacement when signs and symptoms of adrenal
insufficiency develop and/or when the serum cortisol is less
than 2 pg/dL.

Perioperative Assessment of Surgical Outcome

Several methods have been used to define remission
after removal of ACTH-secreting adenomas. These meth-
ods include serum cortisol measurements, 24-hour urinary
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FiG. 3. Serial measurements of serum cortisol (solid line) and plasma ACTH levels (interrupted line) obtained before
and immediately after adenomectomy (Time 0) in a young man with histologically documented ACTH-secreting pitu-
itary adenoma. After the first surgery, the serum cortisol and plasma ACTH values were decreased but not to the expect-
edly low levels noted after complete adenomectomy. After confirmation of the presence of corticotroph adenoma on the
first surgical procedure, it was felt that the adenomectomy was incomplete and therefore re-exploration of the sella was
performed soon thereafter. The changes in serum cortisol and plasma ACTH after the second surgical procedure were
similar to those observed after complete adenomectomy as shown in Fig. 1.

free cortisol determination, the 1-mg dexamethasone sup-
pression test, and dexamethasone suppression combined
with corticotropin—releasing hormone administration.>2
Of these options, the simplest to perform is measuring
serum cortisol levels frequently and directly after surgery.
As stated earlier, normal pituitary corticotrophs are sup-
pressed in patients with ACTH-secreting adenomas. This
fact becomes evident shortly after complete adenomecto-
my, when plasma ACTH and serum cortisol levels decline
quickly. In many centers, including our own, patients are
monitored for the development of adrenal insufficiency in
the immediate postoperative period. In such instances, the
development of adrenal insufficiency is a good prognostic
sign indicating possible complete adenomectomy and a
high likelihood of remission; the suppression of the HPA
axis often lasts several months, and in these cases gluco-
corticoid replacement is required for 9 to 12 months.

The sparing use of perioperative glucocorticoids permits
early assessment of remission after adenomectomy by
direct measurements of serum cortisol levels. A serum cor-
tisol level of less than 2 wg/dl in the early postoperative
phase has been reported to be an excellent prognostic indi-
cator associated with long-term remission.**** The nadir
serum cortisol levels seem to occur by 48 hours postopera-
tively in most patients.'® As a corollary, the absence of hy-
pocortisolism in the postoperative period is associated with
a recurrence rate of up to 67%." Some authors have advo-
cated the use of a cut-off value of 5 pg/dl to define remis-
sion in the immediate postoperative period.'*" The authors
of one study reported that disease recurred in one (4%) of
25 patients with a postoperative plasma cortisol level of
less than 2 wg/dl.* In a retrospective study, disease re-
curred in 11.5% of patients who had undetectable cortisol
levels postoperatively. One limitation of this study was the
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different detection ranges of the cortisol assays used over
the years. Nevertheless, it can be inferred that the use of a
higher cutoff value may lead to decreased specificity of the
serum cortisol for predicting recurrence. It is very impor-
tant to emphasize the fact that a drop in serum cortisol to
less than 2 pg/dl in the immediate postoperative period is
clearly associated with remission but is still associated with
a small (10%) probability of recurrence in the future.

As stated earlier, other approaches to assessing the out-
come of resection in the perioperative period have been
reported.>*? Data on urinary free cortisol measurements
show a statistically significant difference between remis-
sion and treatment failure groups only after 6 weeks after
surgery.” The combination of the dexamethasone suppres-
sion test and administration of corticotropin-releasing hor-
mone is limited by low specificity.’> A report by Chen and
colleagues?® evaluated the utility of overnight suppression of
HPA function with dexamethasone (1 mg) in the assess-
ment of surgical outcome in patients with Cushing disease.
In the latter study, Chen and colleagues® determined serum
cortisol levels on the third postoperative day, after having
administered dexamethasone (1 mg) the night before the
measurement. The authors reported a 93% 5-year remis-
sion rate in the patients who had a serum cortisol level of
less than 3 pg/dl the morning after dexamethasone admin-
istration. Although this approach to assessment might be
reasonable, it does not offer any significant advantage over
the previously discussed protocol that avoids the use of
dexamethasone. It is well known that many patients with
Cushing disease show partial suppression of HPA axis
function after dexamethasone administration. The phenom-
enon might result in misleadingly lower serum cortisol,
particularly in patients with incomplete tumor resection
who are also sensitive or responsive to dexamethasone.
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FiG. 4. Serial measurements of serum cortisol (solid line) and plasma ACTH levels (interrupted line) obtained before
and immediately after adenomectomy (Time 0) in a woman with Cushing disease. At the first surgical procedure, an ade-
noma measuring 1.2 cm was removed; on subsequent testing it proved to be not an ACTH-secreting lesion. Reexploration
of the sella demonstrated the presence of a 2-mm adenoma on the other side of the pituitary; this second tumor was
demonstrated to be an ACTH-secreting lesion. A transient rise in the concentrations of ACTH and cortisol was noted for
a few hours after the first surgical procedure, after which the levels returned to their respective baseline. In contrast, after
the second surgical procedure, both levels decreased rapidly as would be expected after complete removal of an ACTH-

secreting adenoma.

Limitations to the Use of Serum Cortisol Levels

Several factors limit the interpretation of serum cortisol
levels in the immediate postoperative period. These limita-
tions should be considered in interpreting data on serum
cortisol measurements. One such limitation is the impact of
changes in corticosteroid-binding globulin. All commer-
cially available assays used for the determination of serum
cortisol concentrations measure the total serum cortisol lev-
els. Because over 90% of the serum cortisol is found in the
protein-bound form, abnormalities in the major binding
protein (corticosteroid-binding globulin, or transcortin)
have a major impact on measured total cortisol concentra-
tions.'” High-estrogen states such as are found in pregnan-
cy or in patients treated with estrogen (as in postmenopau-
sal estrogen replacement therapy or oral contraception) can
lead to an increase in transcortin and a subsequent rise in
measured serum cortisol concentrations.’

The impact of increased transcortin becomes more
apparent and relevant when serum cortisol levels are deter-
mined in patients with ACTH-secreting adenomas shortly
after adenomectomy. One such example is shown in Fig. 2:
The patient had classical features of Cushing disease and
was being treated with postmenopausal estrogen replace-
ment therapy at the time of surgical adenomectomy. The
graph shows that the drop in plasma ACTH in that patient
is similar to that illustrated in Fig. 1 for a typical patient
after adenomectomy. The decline in serum cortisol levels
was slower, however, in the patient receiving estrogen (Fig.
2) than was seen in the typical patient (Fig. 1). Failure to
acknowledge the effect of estrogens in elevating cortico-
steroid-binding globulin levels would have led to misinter-
pretation of the test results. Hepatitis constitutes another
condition in which globulin levels, including corticoste-
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roid-binding globulin, are often elevated and hence lead to
an elevated total cortisol level.”” Ketoconazole has been
used in the pharmacological treatment of some patients
with Cushing disease.’' In the adrenals, ketoconazole in-
hibits cytochrome P450 11B1, but it also inhibits cyto-
chrome P450 11A1. It may also inhibit ACTH secretion by
impairing corticotroph adenylate cyclase activation as was
shown in vitro in rat anterior pituitary cells.’> Thus, both
ACTH and serum cortisol measurements in a patient being
treated with ketoconazole must be interpreted with caution.

Approach in Patients With Postoperative Serum Cortisol
Levels Over 2 pg/dl

Several possibilities should be considered whenever a
patient’s serum cortisol level does not fall to below 2 wg/dl
after apparent complete adenomectomy. The possibility of
elevated serum transcortin levels should be considered if
the serum cortisol value is decreased to levels between 3
and 10 pg/dl at 48 hours after surgery, especially in the
presence of signs and symptoms of adrenal insufficiency.
Measuring the free serum cortisol level would be helpful
but the results might not be available for several days. In
the presence of symptoms of adrenal insufficiency, gluco-
corticoid replacement therapy should be initiated. In the
absence of such symptoms, observation would be warrant-
ed as other possibilities should be considered. One such
possibility is incomplete resection of the adenoma. An ex-
ample of such a situation is illustrated in Fig. 3. In that
instance, reexploration of the sella was undertaken after
confirmation of the presence of an adenoma secreting
ACTH.

If the serum cortisol level remains clearly elevated, other
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Fi1G. 5. Algorithm for perioperative management of patients with Cushing disease. The algorithm takes into account
clinical symptoms, serum cortisol levels, and surgical findings. As emphasized in the text, additional considerations
should include histopathological findings and the patient’s desires and concerns.

considerations should be raised. If no adenoma was found
at surgery, one should question the accuracy of the diagno-
sis. If, on the other hand, an adenoma was seen and resect-
ed at surgery, then one should confirm whether that adeno-
ma was ACTH secreting or not. Finding an adenoma in the
sella does not necessarily mean that it is the source of
ACTH hypersecretion. This scenario is illustrated in Fig. 4.
In that case, the clinical and biochemical features of Cush-
ing disease were classic, and the magnetic resonance imag-
ing study showed a 1.2-cm adenoma. At surgery, the neu-
rosurgeon removed the obvious adenoma without com-
plications and did not thoroughly inspect the other side of
the pituitary. Figure 4 illustrates the laboratory findings
after surgery in that case. There was a noticeable rise in
plasma ACTH and serum cortisol concentrations followed
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by a return to preoperative values shortly after surgery.
Reexploration of the sella was quickly decided upon when
the immunostaining of the resected adenoma showed that it
was an incidental adenoma and not an ACTH-secreting le-
sion. A 2-mm adenoma was found and removed during the
second surgery.

Another possibility to consider is that the diagnosis
might be inaccurate. Specifically, pseudo—Cushing syn-
drome as well as nonpituitary causes of hypercortisolism
such as ectopic ACTH secretion should be considered. In
cases in which the resected adenomatous tissue stained
positive for ACTH, the lack of drop in serum cortisol level
to less than 2 pg/dl often suggests incomplete adenomec-
tomy, provided that the previously discussed limitations
and concerns have been carefully addressed. This finding

Neurosurg. Focus / Volume 23 / September, 2007
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often raises the questions of reexploration and the best tim-
ing for repeated surgery. This issue will be discussed in the
following section.

Early Reoperation for Cushing Disease

Success rates, as determined by remission of Cushing
disease, after initial resection of ACTH-secreting adeno-
mas have been reported to reach 91%."° Mortality rates are
increased in patients in whom surgery fails, whereas in
patients who experience early remission the mortality rates
are comparable to those in the age- and sex-matched gen-
eral population.’ Thus early treatment of incompletely
resected lesions appears to be a reasonable approach. In a
retrospective review of 96 cases in which patients required
repeated transsphenoidal surgery, with a mean interval
between the two surgical procedures of 44 weeks, an initial
remission was reported in 57% and a sustained remission
was maintained in 43% of patients with Cushing disease.®
In another study in which the reexploration was performed
7 to 46 days after initial surgery, an improved initial remis-
sion rate of 71% was noted.® Similar outcomes were
reported when repeated surgery for Cushing disease was
performed within 15 days of the first operation (67% remis-
sion rate).?

Early surgical reexploration offers the added advantage
of little distortion in anatomy and lack of fibrosis related to
the initial procedure. These success rates after reoperation
are achieved at the expense of an increased risk of hypopi-
tuitarism.'* Considering the high rate of morbidity associat-
ed with Cushing disease, repeated surgery would be a rea-
sonable choice unless fertility is an important consideration
for the patient involved. For that reason, the recommenda-
tion for reexploration should be thoroughly discussed
among all members of the management team and with the
patient. The extent of resection at the time of reexploration
is individualized and depends on the clinical setting, the
findings at the first procedure, and the patient’s desires and
possible interest in future fertility. This last point is partic-
ularly important because the second surgical procedure can
lead to partial or complete loss of pituitary function.
Despite many recent advances, restoration of fertility in
patients with hypopituitarism is quite challenging and can
be very expensive. In cases of incomplete adenoma resec-
tion, a hemihypophysectomy is the preferred option. An
example of such a situation is illustrated in Fig. 3. In our
experience, the success of hemihypophysectomy, as a sec-
ond procedure, in inducing remission is approximately
65%, which is comparable to other investigators’ published
experience.>>%

A total hypophysectomy is generally recommended and
planned for patients who have already had a hemihypo-
physectomy without any demonstrable pituitary abnormal-
ity on the first surgical procedure, provided the risk of
hypopituitarism is acceptable. Nevertheless, the success
rate for total hypophysectomy after an initial hemihypo-
physectomy is certainly less impressive and is close to 50%
at our center, although it must be acknowledged that this
rate is based on only a small number of cases. It is our pol-
icy to reexamine all available data to confirm the pituitary
origin of ACTH hypersecretion before recommending a to-
tal hypophysectomy. Over the past 10 years, we encoun-
tered four patients who had classical clinical and biochem-
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ical features of Cushing disease in whom a pituitary source
was demonstrated by a 10- to 20-fold gradient increase in
plasma ACTH levels during inferior petrosal sinus cath-
eterization. These four patients had initially undergone a
hemihypophysectomy because no obvious tumor had been
noted. In two of the patients, a total hypophysectomy re-
sulted in a remission even though no histological docu-
mentation of an adenoma was achieved. These two patients
have been followed up for 6 and 8 years without evidence
of recurrence. In the remaining two patients, a total hypo-
physectomy did not influence ACTH secretion but resulted
in loss of all other pituitary function. Thus, as demonstrat-
ed in these two examples, total hypophysectomy might not
benefit all patients with a presumed pituitary source of
ACTH. Theoretically, a tumor secreting ACTH can be lo-
cated in a parasellar region such as the cavernous sinus and
might escape visualization during surgery. Only limited
data have been published by other investigators who en-
countered similar cases.”? Of 11 patients in such cases in
the two reports (cases in which the results of exploration at
the time of initial hemihypophysectomy were negative),
eight had remission of the hypercortisolemic state after
subsequent total hypophysectomy.>>? Thus, in light of the
high morbidity and mortality rates associated with Cushing
disease, we believe the approach is justified and reasonable
as long as there are definitive data demonstrating a pituitary
source of ACTH hypersecretion and hypopituitarism is an
acceptable risk in the specific cases in question.

Conclusions and Recommendations

An algorithm for the perioperative management of pa-
tients with Cushing disease is presented in Fig. 5. Pituitary
adenomectomy is the standard approach for initial manage-
ment. The interaction and communication between all
members of the management team are important in the
final outcome of these patients. The success of this inter-
vention depends to a large degree on the experience and
expertise of the management team as well as the location,
extent, and the invasive nature of the adenoma. Es-
tablishing an accurate diagnosis is the first step towards
optimal management of patients with this disease. Routine
administration of glucocorticoids in the perioperative peri-
od is not warranted nor is it clinically indicated. The rou-
tine use of perioperative glucocorticoids would confound
the interpretation of clinical as well as biochemical data
obtained after surgery. Frequent determinations of serum
cortisol levels as well as close clinical monitoring for signs
and symptoms of adrenal insufficiency are necessary.
Glucocorticoids should be administered when serum cor-
tisol levels fall below 2 p.g/dl or when clinical signs of ad-
renal insufficiency are encountered. The absence of hy-
pocortisolism postoperatively should prompt a reasses-
ment of the diagnosis, evaluation of potential confounding
elements, and consideration of repeated surgery.
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