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Abstract
Purpose  Several surgical strategies have been proposed to treat MRI-negative Cushing’s Disease. These include tumor 
removal, if identified, and if a tumor is not identified, resection of varying degrees of the pituitary gland, often guided by 
inferior petrosal sinus sampling (IPSS). The relative risks and benefits of each strategy have never been compared.
Methods  This systematic review of the literature included only studies on the results of surgery for MRI-negative patients 
with Cushing’s Disease in which the surgical strategy was clearly described and associated remission and/or hypopituitarism 
rates detailed for each strategy.
Results  We identified 12 studies that met inclusion criteria for remission rates and 5 studies for hypopituitarism rates. We 
divided cases into 6 resection strategies. Remission and hypopituitarism rates for each strategy were: (1) tumor identified, 
resect tumor only (68%, 0%); (2) resect tumor and surrounding capsule (85%, 0%); and if the tumor was not identified (3) 
resect inferior 1/3 of gland (78%, no data); (4) resect 30–50% of gland based on IPSS (68%, 13%); (5) resect > 50% but < 100% 
of gland (65%, 9%); (6) resect entire gland (66%, 67%). Strategy 3 only contained 9 patients.
Conclusion  Remission rates for MRI-negative Cushing’s Disease support surgery as a reasonable approach. Results are best 
if a tumor is found. If a tumor is not identified, one can either remove one-third of the gland guided by IPSS lateralization, 
or remove both lateral portions along with the inferior portion leaving sufficient central gland to preserve function. Our 
recommendations are limited by the lack of rigorous and objective data.

Keywords  Cushing · Remission · Hypopituitarism · MRI-negative · IPSS

Introduction

ACTH-secreting pituitary microadenoma, also called Cush-
ing’s Disease (CD) is the most common cause of Cushing’s 
Syndrome, characterized by elevated levels of cortisol in the 
bloodstream. Untreated CS, especially in severe cases, has 
a poor prognosis and high mortality, with patient survival 
rates of only 50% after 5 years [1]. The treatmemt of choice 
for CD is surgical removal of the pituitary tumor, with cure 
rates reported in the range of 70–98% [2–6]. The goal of 
surgery is to remove the ACTH producing cells while leav-
ing enough of the residual gland and stalk behind to presreve 

normal pituitary function. In cases where the tumor is visible 
and all hormone studies are concordant regarding the central 
source for ACTH production, the surgical strategy is more 
straightforward, generally involving removal of the entire 
tumor and its pseudocapsule, as well the adjacent dura or 
medial cavernous sinus wall if the tumor is in direct apposi-
tion [7].

Frustratingly, MRI-scans may be fail to disclose the loca-
tion of the tumor in up to 40% of patients, leaving the sur-
geon without a specific target [8]. In cases of MRI-negative 
CD, several different surgical strategies have been proposed 
for gland exploration and partial gland extirpation with little 
agreement as to best practices, and no data comparing rates 
of remission and hypopituitarism with each strategy [4, 9]. If 
the tumor is not found, resection strategies include: inferior 
1/3 gland removal [10], lateral 1/3 gland removal based on 
IPSS [11], 30–50% removal based on IPSS [12], 2/3 resec-
tion [4] and complete hypophysectomy [13].
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This paper will compare rates of remission and iatrogenic 
hypopituitarism between these various resection strategies 
and try to create a practical treatment algorithm that can be 
employed in this situation.

Methods

Studies were gathered through the online database of Weill 
Cornell Medicine’s Samuel J. Wood Library. The search date 
was any publication date in the past 20 years, and the date 
last searched was March 1st, 2022. No contact was made 
with study authors to identify additional studies. The terms 
“Cushing Disease”, “MRI Negative”, and Transsphenoidal 
surgery” were used. No other filters were applied. Subse-
quent studies were also identified through references from 
the original papers. This manuscript was prepared in accord-
ance with PRISMA guidelines (Fig. 1) [14].

Study selection and data gathering

Patient groups were extracted from each study if the follow-
ing criteria were met. (1) MRI-negative, (2) clear description 
of a resection strategy, (3) clear indication of remission rate 
with definition of remission criteria, (4) clear indication of 

rates of hypopituitarism. For the sake of this study, cases 
were divided into anterior dysfunction, posterior dysfunc-
tion of complete hypopituitarism when they were available. 
Data was not obtained or confirmed from the investigators. 
Average hypopituitarism and remission rates were calculated 
for each resection strategy for each study.

Six different strategies were identified from the litera-
ture (Table 1). If the tumor was found during surgery, the 
strategies were either to (1) resect the tumor or (2) resect 
the tumor, along with either a rim of surrounding pituitary 
tissue or the pseudocapsule. If the tumor was not found dur-
ing surgery, the strategies were (3) resect the inferior 1/3 of 
the pituitary gland, (4) resect 30–50% of the pituitary gland 
based on IPSS data (we grouped lateral 1/3 resection with 
50% resection based on the fact that it would be unlikely that 
the surgeon could accurately differentiate between 30% of 
50% gland removal), (5) resect > 50% but not entire gland 
(this includes a bilateral lateral gland resection plus infe-
rior resection), or (6) resect the entire pituitary gland i.e. 
complete hypophysectomy (Table 1). We did not include 
the strategy of blind vertical cuts to induce apoplexy, being 
unable to find results for this strategy. These strategies are 
numbered 1–6 for easier reference in the Figures and Tables 
(Table 2).

Hypopituitarism was defined as a loss of any hormone 
other than cortisol, requiring replacement and was separated 
into anterior, posterior or total hypopituitarism. Although 
some studies did not specify whether hypopituitarism was 
newly resulting or already existing, since we selected only 
MRI-negative cases, we presumed that that any post-opera-
tive hypopitutiarism was a result of the surgical intervention.

Determining remission was much more challenging since 
there is no single accepted method to establish remission 
for CD. Several different criteria have been used includ-
ing serum cortisol, 24-h urinary free cortisol, overnight 
dexamethasone suppression, late-night salivary cortisol 
and low dose dexamethasone suppression [15]. Likewise, 
determination of recurrence is equally ambiguous and has 
been defined using a variety of different tests. Based on 
this lack of consensus, we decided to use the authors’ own 
definitions and just describe them to let the reader decide if 
they are sufficiently stringent. With regards to duration of 
remission, there was too much variability, and the follow-
up was too heterogeneous to only include one criteria for Fig. 1   Inclusion criteria for review

Table 1   Resection strategies in 
MRI-negative cushing’s surgery 1 Tumor identified. resect tumor

2 Tumor identified. resect tumor plus rim of surrounding tissue/capsule
3 Tumor not identified. Resect inferior 1/3 of the pituitary pland
4 Tumor not identified. Resect 30–50% of the pituitary gland based on IPSS data
5 Tumor not identified. Resect > 50% but < 100% of the pituitary gland
6 Tumor not identified. Resect entire pituitary gland
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long-term remission. As a result, the timeframe of remission 
was not considered and the average follow-up was presented, 
if clearly indicated. These limitations will be explored in 
more detail in the discussion.

Results

Twelve studies were included in this analysis, encompassing 
27 study-resection strategy pairs, as some studies included 
multiple resection strategies. The remission rate and sam-
ple size for each study are shown in Fig. 2. Data on hypo-
pituitarism, in which rates of hypopituitarism were clearly 
delineated based on resection strategy, were only available 
from only five studies. These five studies, encompassing 

ten study-resection strategy pairs, along with Cebula, et al., 
which did not separate out its hypopituitarism data by resec-
tion strategy, are shown in Fig. 3 [10]. Most of the studies 
were small, including roughly 20 patients, while a few were 
larger [10, 16, 17].

Diagnostic strategy and definition of remission

Each of the 12 studies examined outcomes of transsphe-
noidal surgery (TSS) for MR-negative Cushing’s Disease 
in a single medical center. The diagnosis of CD involved a 
combination of 24-h UFC, low- and high-dose dexametha-
sone suppression test, ACTH sampling, and/or histology 
(Table 3). Postoperative remission across all the studies was 
variable and established by a combination of postoperative 

Fig. 2   Remission rate plotted 
against sample size for each 
study
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serum cortisol, 24-h UFC, and suppression in response to 
low- and high-dose dexamethasone administration (Table 3).

Rates of remission and hypopituitarism stratified 
by study

The study with the highest remission rate (100%) was Sem-
ple, et al. [18]. Their study included 18 patients and scans 

were done from 1992 to 1997. However, two patients were 
lost to follow-up and in five patients, post-op serum cortisol 
on the day after surgery was in the normal range, which 
was considered a remission, a classification which would 
not be universally agreed upon today. If we only include 
patients with early post-op cortisol < 3, the remission was, 
at best, 13/18 patients or 72%. Also of note, in 15 patients, 
a tumor was identified at the time of surgery and removed. 

Table 3   Sample size, resection strategy, rates of postoperative remission and hypopituitarism

Authors Sample size and resection strategy (1–6) Remission rate (%) Permanent hypopituitarism (%) (Anterior, 
Posterior or Pan)

Semple et al. [18] N = 17 13/17 (76%) 1/17 (6%) Posterior
13/17 (76%); Strategy #1 10/13 (77%) 0/13 (0%)
2/17 (12%); Strategy #4 2/2 (100%) 0/2 (0%)
2/17 (12%); Strategy #6 1/2 (50%) 1/2 (50%) Posterior

Sun et al. [12] N = 24 21/24 (88%) None
9/24 (38%); Strategy #2 9/9 (100%)
15/24 (63%); Strategy #4 12/15 (80%)

Carr et al. [4] N = 22 18/22 (82%) 2/22 (9%) Anterior
22/22 (100%); Strategy #5 18/22 (82%) 2/22 (9%) Anterior

Hammer et al. [13] N = 48 43/48 (90%) No data
25/48 (52%); Strategy #4 23/25 (92%)
23/48 (48%); Strategy #6 20/23 (87%)

Dai et al. [16] N = 125 85/125 (68%) 17/125 (14%)
125/125 (100%); Strategy #4 85/125 (68%) 9/125 (7%) Anterior, 8/125 (6%) Posterior

Cebula et al. [10] N = 70 50/70 (71%) 3/70 (4%) Anterior, 24/70
15/70 (21%); Strategy #1 13/15 (87%)
34/70 (49%); Strategy #2 24/34 (71%) (34.3%) Posterior
8/70 (11%); Strategy #3 6/8 (75%) No data by strategy
13/70 (19%); Strategy #4 7/13 (54%)

Andereggen et al. [11] N = 13 10/13 (77%) 2/13 (15%)
13/13 (100%); Strategy #4 10/13 (77%) 1/13 (8%) Posterior, 1/13 (8%) Anterior

Ciric et al. [37] N = 20 18/20 (90%) No data
11/20 (55%); Strategy #1 11/11 (100%)
1/20 (5%); Strategy #3 1/1 (100%)
8/20 (40%); Strategy #6 6/8 (75%)

Pouratian et al. [17] N = 111 56/111 (50%) No data
34/111 (31%); Strategy #1 16/34 (47%)
15/111 (14%); Strategy #4 7/15 (47%)
34/111 (31%); Strategy #5 19/34 (56%)
14/111 (13%); Strategy #6 14/28 (50%)

Yamada et al. [20] N = 18 8/18 (44%) 1/18 (6%) Anterior
7/18 (39%); Strategy #2 7/7 (100%) 0/7 (0%)
9/18 (50%); Strategy #4 1/9 (11%) 0/9 (0%)
1/18 (6%); Strategy #5 0/1 (0%) 0/1 (0%)
1/18 (6%); Strategy #6 0/1 (0%) 1/1 (100%) Anterior

Zhang et al. [44] N = 20 15/20 (75%) No data
20/20 (100%); Strategy #2 15/20 (75%)

Watson et al. [19] N = 61 56/61 (92%) No data
61/61 (100%); Strategy #2 56/61 (92%)
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Two patients had total hypophysectomies and one had a 
hemihypophysectomy, the latter who died of SIADH. The 
study with the next highest remission rate of 92% was Wat-
son et al. that employed a strategy of searching for a tumor 
based on IPSS. In this study, all 61 studied patients had an 
adenoma that was indentified during surgery, and all patients 
had the adenoma removed along with a pseudocapsule [19].

The study with the lowest remission rate (44%) was by 
Yamada et al. [20]. Their resection strategy was first to 
explore the gland with three vertical cuts on the side of IPSS 
laterality. If no tumor was identified a single cut was made 
on the contralateral side as well as a horizontal cut. If no 
tumor was found, the medial wall of the cavernous sinsues 
and diaphragma sella were inspected. If a tumor was found, 
adenomectomy plus pseudcapsular resection was performed. 
If no tumor was found, hemihypophysectomy was performed 
on the side of the IPSS laterality. If there was no laterality, 
then either anterior complete hypophysectomy or hemihy-
pophysectomy combined with additional contralateral and 
medial partial resection was performed. Of note, if the tumor 
was identified during surgery, the remission rate was 100% 
compared with cases where no tumor was identified, where 
the remission rate was only 9%.

Resection strategy

It is important to differentiate Strategies 1 and 2, in which 
a tumor was identified intraoperatively, from Strategies 
3–6, in which no tumor was identified. The former would 
be expected to have higher remisison rates compared with 
the latter, with the exception of Strategy 6, in which a total 
hypophysectomy was performed. Across all the studies, 
Strategy 4 (30–50% resection of one side of the pituitary 
gland guided by IPSS) was by far the most common resec-
tion strategy with 217 patients (Fig. 4). Following that, 
Strategy 2 was the next most frequent, with 131 patients, 

followed by Stretegies 1, 6, and 5, with 73, 62, and 57 
patients respectively. Strategy 3 (resection of the inferior 
1/3 of the gland) was the least common with 9 patients. Four 
of the studies employed a single resection strategy across 
all of their patients, while the remaining seven employed 
multiple strategies, guided by the intraoperative findings and 
IPSS results.

Remission rate by strategy

Remission rate was reported for a total of 549 patients 
(Fig. 4). Remission rates for each strategy were (1) resect 
tumor only (68%); (2) resect tumor and surrounding capsule 
(85%); and if the tumor was not identified, (3) resect inferior 
1/3 of gland (78%); (4) resect 30–50% of gland based on 
IPSS (68%); (5) resect > 50% but < 100% of gland (65%); (6) 
resect entire gland (66%). Remission was lowest for Strategy 
5, i.e. tumor not identified. resect > 50% but < 100% of the 
gland, and highest for Strategy 2, i.e. tumor identified, resect 
tumor plus a rim of surrounding tissue/capsule. Remission 
rates for the remaining strategies were comparable, includ-
ing even complete hypophysectomy, which was not associ-
ated with increased remission.

Hypopituitarism rate by strategy

Hypopituitarism data was not reported as frequently, with 
a total of 184 patients in whom either anterior or posterior 
hypopituitarism were mentioned (Fig. 5). Hypopituitarism 
rates for each strategy were (1) resect tumor only (0%); 
(2) resect tumor and surrounding capsule (0%); and if the 
tumor was not identified, (3) resect inferior 1/3 of gland (no 
data); (4) resect 30–50% of gland based on IPSS (13%); 
(5) resect > 50% but < 100% of gland (9%); (6) resect entire 
gland (67%). The hypopituitarism rate was highest for Strat-
egy 6, i.e. total hypophysectomy, and lowest for Strategies 

Fig. 4   Remission rate for each 
resection strategy. The number 
of patients included is indicated 
over each column
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1 and 2, i.e. resect tumor ± surrounding pseudocapsule. The 
combiniation of remission rate and hypopituitarism rate by 
resection strategy are presented together in Fig. 6.

Discussion

This paper provides the first overview of the various 
resection strategies, and their results, for the situation 
in which a surgeon must operate on a patient with bio-
chemical Cushing’s Disease and a normal MRI scan. The 
literature indicates that cure rates can range from 40 to 
90%, a range so broad it renders patient counseling and 
surgical decision-making quite confusing [18, 20]. Our 
data reveals several important points. (1) If a tumor can 
be found, surgical results are better than if a tumor cannot 
be found, and the best strategy is to remove the tumor and 
its pseudocapsule, which in some series is also described 

as removal of a small portion of surrounding normal pitui-
tary gland. In this situation, remission rates approach 85% 
and hypopituitarism may be as low as 0%. (2) If no tumor 
can be found, although there is a report that removal of 
the inferior 1/3 of the gland may have the highest remis-
sion rate, this group contains only 9 patients and rates of 
hypopituitarism are not reported, so whether this strategy 
is optimal is unknown. (3) For this reason, if no tumor 
is found, the next best results occur when the surgeon 
removes the lateral 1/3 of the gland based on IPSS. While 
some surgeons report removing 50% of the gland on the 
side of IPSS lateralization, such an aggressive surgery 
risks disconnecting the stalk from the gland and causing 
hypopituitarism. Moreover, IPSS is fallable, and if only 
1/3 is removed on the lateralized side, if the patient is not 
cured, the surgeon can go back and remove additional tis-
sue on the other side, as well inferiorly, with an acceptable 
risk of hypopituitarism.

Fig. 5   Hypopituitarism rate 
plotted by each resection strat-
egy. There was no hypopituitary 
data reported for Strategy 3
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If IPSS is not clearly lateralizing, the best strategy 
appears to be bilateral removal of the lateral aspect (~ 25%) 
of the gland, as well as a small portion of the inferior part 
of the gland, leaving the stalk in communication with cen-
tral part of the gland. Hypopituitarism rates following this 
strategy were actually lower than if only the lateral 30–50% 
were removed based on IPSS, which can be explained by the 
fact that some of the IPSS-guided studies included a strategy 
where the lateral 50% of the gland is removed, not just the 
lateral 1/3, which may have encroached on the stalk’s con-
nection to the central gland.

This summary of our findings supports the following sug-
gested treatment algorithm presented in Fig. 7.

The diagnosis of CD and definition of remission

One of the major weaknesses of this study lies in the ambi-
guity in assuring the diagnosis in CD and definitively con-
firming remission after treatment. Several other diseases 
can cause Cushing’s Syndrome, such as adrenal tumors, 
ectopic ACTH production, ectopic CRH-production and 
pseudo-Cushing’s [21]. We cannot rule out the possibility 
that in some cases included in this series, patient’s may not 
have had CD, which would artificially lower the success of 
surgery.

Likewise, the diagnosis of CD, as well as the determina-
tion of remission after surgery, were different in each study. 
The CD diagnosis depends on some combination of 24-h 
urinary free cortisol, low-dose dexamethasone suppression, 
CRH–low-dose dexamethasone suppression, salivary cor-
tisol, high-dose dexamethasone suppression, and dynamic 
testing and inferior petrosal sinus sampling [21, 22]. Remis-
sion rates are determined based on early post-operative cor-
tisol reduction below a certain threshold, normalization of 
urinary free cortisol, serum cortisol and/or dexamethasone 
suppressibility [4, 23–25] or even normalization of clini-
cal features in the absence of any postoperative biochem-
istry [26]. Finally, remissions are not always durable and 

recurrence may reach 25% after 5– 10 years Thus, the suc-
cess of any given strategy may be lower than is reported 
[27].

Another weakness in this study is that there is no objec-
tive measure of how much of the pituitary gland was actu-
ally removed by each surgeon, other than their intraopera-
tive estimate. Surgeons are notoriously inaccurate at making 
these determinations. However, no studies used post-oper-
ative MRI scans to examine the volume of normal gland 
remaining, which may be an area for future study. Likewise, 
the rate of post-operative hypopituitarism may be related 
less to the volume of removed gland but rather the precise 
region removed, since cell-types are not distributed stochas-
tically throughout the gland. Finally, hypopituitarism can 
also result from vascular injury, separate from direct partial 
gland removal.

These uncertainties in the definition and durability of 
CD remission and hypopituitarism makes meaningful com-
parison of data between centers difficult. For this reason, we 
chose to present in tabular form, the definitions used in each 
study, to render the data more transparent.

Variability in MR‑negativity and IPSS

Several explanations exist for lack of tumor appearance on 
MRI. The first is based on the nature of small tumors, in 
that when they are less than 3 mm, there is not enough out-
ward pressure to create a pseudocapsule, so the island of 
ACTH-producing cells lacks the density to appear on MRI 
[28]. These cases may be more difficult to cure with a focal 
surgery and might require a “regional” resection for suc-
cess. Lack of appearance on MRI may also depend on the 
sensitivity of MRI and the specific sequence applied. The 
introduction of spoiled gradient recall acquisition, spin-echo 
sequences, 3 T magnets and intraoperative ultrasonography 
have all been shown to increase the sensitivity of MRI [19, 
29–31]. These techniques were not used consistently in 
the studies included in this manuscript, and so some of the 
patients may have included tumors which might have been 
considered MRI-positive in a different study. Another pos-
sibility is the co-existance of empty sella syndrome, which 
is more commonly found in MRI-negative cases, with the 
pressure of the CSF potentially compressing and obscuring 
a tumor which might otherwise be apparent [32]. Empty 
sella was not noted in the studies included in this paper, and 
the impact of empty sella on surgical outcome is unknown.

Likewise, the results of IPSS vary from enter to center 
depending on technique. Variables include the exact posi-
tion of the catheters, which can be placed in different loca-
tion within the inferior petrosal sinues as well as the cav-
ernous sinus [33]. The sensitivity is also highly dependent 
on the unique the anatomy of the patient, some having 
asymmetric drainage of the sellar region. Moreover, the 

Fig. 7   Suggested decision tree for surgical resection strategy for MRI 
Negative Cushing’s Disease
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ratio of central to peripheral cortisol felt to be diagnostic, 
and the use of concomittent prolactin sampling to maxi-
mize specificity also varies between centers, making the 
absolute sensitivity and specificity of the test unknown 
[34].

Additional strategies

This paper has focused specifically on surgical strategies 
that can employed by the neurosurgeon in the operating 
room. However, other treatment options exist besides medi-
cal therapy should surgery fail to induce remission. These 
include complete hypophysectomy, bilateral adrenalectomy 
and stereotactic radiosurgery (SRS).

Complete hypophysectomy is typically performed when 
no adenoma is visualized during surgery or previous partial 
hypophysectomy fails to result in remission [35]. Previous 
case series have found that complete hypophysectomy does 
not result in increased rates of remission compared to the 
less aggressive surgical options of selective adenomectomy 
and partial hypophysectomy[13, 36, 37]. Unique to complete 
hypophysectomy, however, are elevated rates of hypopituita-
rism, which have been reported in 79–85% of patients [37, 
38].

Bilateral adrenalectomy is indicated in patients for whom 
other treatments have been unsuccessful or immediate 
reduction of cortisol levels is needed [39]. The procedure 
can now be done with a minimally invasive laporoscopic 
approach, decreasing the risk of complications and shorten-
ing the hospital stay [39]. The procedure has proven to be 
effective in reducing symptoms such as proximal myopathy, 
hirsutism, glucose tolerance, and weight loss [40]. Down-
sides of bilateral adrenalectomy include the lifelong need 
for mineralocorticoid and glucocorticoid replacement and 
the risk of Nelson Syndrome, a sequela of Cushing’s disease 
in which unresected pituitary tumor continues to grow and 
secrete ACTH [39]. Incidence of Nelson Syndrome follow-
ing bilateral adrenalectomy has been reported to be between 
8 and 38% [41], with higher rates for younger patients [42].

SRS is the primary method of radiation for pituitary 
tumors and is typically done in conjunction with medical 
therapy due to the delay between radiation initiation and 
reduction of hypercortisolemia [39]. Compared to other 
forms of radiotherapy, SRS leads to faster resolution of 
elevated pituitary hormone levels while having a lower risk 
of hypopituitarism and radiation-induced neoplasms [43]. 
Despite this however, remission rates following SRS vary 
widely, from 17 to 83% in case series with greater than 10 
patients and a median follow-up of 2 years [43]. Jaganna-
than, et al. reported a 22% hypopituitarism rate in a series 
of 90 patients, with hypothyroidism and growth hormone 
deficiency being the two most common deficits [21].

Conclusions

Remission rates are fairly high for MRI-negative Cushing’s 
Disease, supporting surgery as a reasonable approach for 
this challenging situation. The best results are achieved if a 
tumor is found following gland exploration, in which case 
both the tumor and the surrouding pseudocapsulre should be 
removed. If a tumor is not identified, one can either remove 
one-third of the gland on the side of the IPSS lateralization, 
or remove both lateral portions, as well as the inferior por-
tion, leaving enough of the central wedge (roughly 50%) in 
communication with the stalk to prevent hypopituitarism, 
since the results for these two approaches appear compa-
rable. These recommendations must be viewed with cir-
cumspect as the existing data in the literature are rife with 
inconsistencies.
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