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Background: Although transsphenoidal adenomectomy is the first treatment choice for Cushing’s disease 
(CD), tumor recurrence rates are as high as 45%, resulting in a therapeutic challenge for endocrinologists 
and neurosurgeons. For recurrent/persistent CD (RCD/PCD), Repeat transsphenoidal surgery (RTSS), 
radiotherapy, gamma knife radiosurgery (GKRS) or bilateral adrenalectomy may be considered. The purpose 
of the study was to report the treatments and outcomes of RCD/PCD in a single center.
Methods: A retrospective study was performed on 55 RCD/PCD patients from a single center between 
2000 and 2012 at Peking Union Medical College Hospital (PUMCH).
Results: Among the 55 RCD/PCD patients, 43 achieved remission (78%), and 11 maintained a PCD status 
(20%). The average times to recurrence after the initial treatment and Repeated treatment were 43.25±10.3 
and 5.13±4.7 months, respectively (P=0.006); 17.6% of the patients experienced recurrence within the first 
year, and 52.9% of the patients experienced recurrence within 1.1–5.0 years. For the Repeated treatments, 
surgery was more effective for the biochemical remission of serum cortisol and adrenocorticotrophic 
hormone (ACTH) levels than radiotherapy. Delayed remission occurred in 28.9% (11/38) of the patients 
after Repeated surgery. Considering the previous biochemical levels after the initial surgery in RCD patients, 
19.75% of patients experienced recurrence when serum cortisol levels were less than <3 µg/dL, and 51.4% of 
patients experienced recurrence under conditions of hypocortisolism and when 24-hour urinary free cortisol 
(24 UFC) was undetectable.
Conclusions: RTSS remains a recommended treatment option for RCD/PCD patients while radiotherapy 
is suggested as an adjunctive treatment. Intensive follow-up is recommended, as patients with serum cortisol 
levels <3 µg/dL or undetectable 24 UFC levels can still experience recurrence after surgical treatment.
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Introduction

Cushing’s disease (CD), caused by an adrenocorticotropic 
hormone (ACTH)-secre t ing  p i tu i tary  adenoma, 
comprises 70% of endogenous Cushing’s syndrome cases; 
Cushing’s syndrome is associated with hypercortisolism 
and significant morbidity, especially metabolic and 
cardiovascular complications, osteoporosis, psychiatric 
changes, and cognitive impairment (1). The natural history 
of CD is associated with a 50% 5-year survival rate (2). 
Although transsphenoidal adenomectomy is considered 
the first choice of treatment with immediate postoperative 
remission rates ranging between 65% and 90% (3), tumor 
recurrence rates are as high as 12–45%, resulting in a 
great challenge for endocrinologist and neurosurgeons (3). 
Repeat transsphenoidal surgery (RTSS) is recommended 
as the treatment of choice for PCD/RCD after an initial 
transsphenoidal selective adenomectomy (4). Others do 
not favor re-exploration because of negative experiences 
(5,6). However, no study to date has compared the 
efficacy of reoperation versus radiotherapy in PCD/RCD 
patients in a single center and identified the recurrence-
related clinical factors associated with RCD and PCD 
after repeat transsphenoidal surgery (RTSS) as a first-line 
treatment. This retrospective study reports the outcomes of 
transsphenoidal reoperation and radiotherapy in 55 PCD/
RCD patients at our institution.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2230).

Methods

Patients

A total of 530 patients were diagnosed CD and received 
TSS at Peking Union Medical College Hospital from 
2000–2012, in which a total of 56 RCD/PCD patients 
were identified. 55 RCD/PCD patients were eligible for 
inclusion, and 1 patient was excluded due to the loss of 
medical records. Follow-up was conducted by phone calls 
and the examination of recent outpatient medical records. 
Historical medical records were also analyzed for patients 
who were lost to follow-up or died. All patients had at 
least 12 months of clinical follow-up data after their most 
recent treatment. Patients who were later diagnosed with 
Nelson’s syndrome were also included. The medical reports 
(including surgical data) of patients who underwent their 
initial transsphenoidal surgery TSS at another institution 

were requested and reviewed. The study was approved 
by the Research Ethics Committee of Peking Union 
Medical College Hospital (S-K1465) and written informed 
consent was obtained from all the patients according 
to the institutional guidelines. The study conformed to 
the provisions of the Declaration of Helsinki (as revised  
in 2013).

Diagnostic criteria for RCD/PCD

RCD is defined as a reappearance of cushingoid symptoms 
and hypercortisolism after resection (1). Some studies 
required extended period (3–6 months) of eucortisolism 
to confirm remission, otherwise it was considered 
PCD (7), but there is not consensus on this definition. 
PCD is defined as a failure in complete resection with 
persistent cushingoid symptoms and hypercortisolism (8).  
As hypercortisolism may develop as a delayed and 
gradual cortisol decrease, a 3-month period is proposed 
for diagnostic confirmation (9). Our RCD patients 
were diagnosed according to the following criteria: (I) 
Patients experienced a relapse in cushingoid symptoms 
after confirmed remission or had PCD (remission not 
achieved). (II) Patients presented a positive pituitary mass 
on magnetic resonance imaging (MRI) and computed 
tomography (CT) imaging; the mass was evaluated for 
the laterality, location and size of the tumor. (III) Patients 
presented abnormal endocrine profiles, including a 
combination of abnormal serum cortisol levels (cortisol 
>25 µg/dL) and 24-hour urinary free cortisol (24 UFC) 
levels  (24-hour urinary measurement for cortisol  
>100.0 µg/24 hour) and abnormal results of low-dose and 
high-dose dexamethasone suppression tests (LDDST, 
HDDST). (IV) Patients had complete histological data 
and immunostaining results after resection.

Remission criteria

Our remission criteria for RCD and PCD were as follows: 
(I) The 24 UFC level was reduced to eucortisolism levels 
(20–100 µg/24 hour), including hypocortisolism levels  
(<20 µg/24 hour) and undetectable 24 UFC (10). (II) Serum 
cortisol levels decreased to within or below the normal 
range (5.0–25.0 µg/dL) and values lower than 5 or 3 µg/dL 
were specified (10,11). Data were obtained after withdrawal 
of glucocorticoids. (III) The results of LDDSTs were 
normal during follow-up. (IV) Cushingoid symptoms were 
relieved, and no relapse recurred during follow-up.

http://dx.doi.org/10.21037/apm-20-2230
http://dx.doi.org/10.21037/apm-20-2230
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Treatment

The treatment modalities depended upon the agreement 
of endocrinologists and neurosurgeons at PUMCH. 
Patients were informed of the risks and benefits for every 
clinical scenario and signed an informed consent form. 

The treatment algorithm for RCD/PCD patients is shown 
below. TSS performed in our hospital by one surgical team 
(consisting of 9 members) under the guidance of senior 
neurosurgeon Renzhi Wang. Radiotherapy/gamma knife 
radiosurgery (GKRS) were our adjunctive options when 
the patient refused reoperation or there was a possible 
risk of mortality associated with the reoperation. The 
treatment option to choose radiotherapy or radiosurgery 
were decided by a multidisciplinary team (MDT) to 
which consisted of doctors with expertise in neurosurgery, 
endocrinology, radiotherapy, radiology, pathology and other 
specialties. Radiotherapy was performed by our hospital, 
and GKRS was performed by the Navy General Hospital in 
Beijing. Radiotherapy was performed using 3-dimensional 
conformal radiation therapy (3DCRT). The pituitary tumor 
region was exposed to X-ray radiation (200 cGY) daily for 
a total of 25 days for an overall dose of 5,000 cGY over 5 
weeks. Drug therapies, such as ketoconazole, were not used 
in this setting. If no evidence of a tumor was found under 
MRI-contrast imaging and there was no indication for 
surgical exploration, adrenalectomy was recommended by 
the consensus of our medical professionals.

Statistical analysis

Statistical analysis was performed with SPSS 15.0 software 
(SPSS, Inc., Chicago, IL, USA). Comparison of categorical 
variables was carried out by Chi-square or Fisher’s exact 
tests. Binary logistic regression was employed to analyze 
independent predicted variables of clinical refractoriness. 
When two-sided P values were ≤0.05, the differences were 
considered statistically significant.

Results

General data

The basic characteristics of the RCD/PCD patient data are 
summarized in Table 1. Of the initial 55 patients, 52 patients  
underwent TSS, 2 patients underwent radiosurgery and 
1 patient underwent unilateral adrenalectomy (due to a 
misdiagnosis). Thirty-four patients (62%) underwent initial 
TSS in our hospital, and 21 patients (38%) underwent 
initial TSS in other qualified hospitals in China. The 
enrolled patients had their reoperations or treatments 
performed by professionals at our hospital.

Figure 1 shows the algorithm of 52 patients and each 
successive medical treatment. Fifteen patients experienced 

Table 1 Basic characteristics of patients underwent repeat 
treatments for recurrent Cushing’s disease (n=55)

Basic characteristics and data Number Range/%

Mean age (yr) 35.1 8–58

Gender

Male 5 9%

Female 50 91%

Outcome

Remission 43 78%

Recurrent until now 11 20%

Therapeutic choice after TSS (n=50)

Repeated surgical treatment only 38 69%

Radiotherapy after initial surgical treatment 8 15%

Radiosurgery after initial surgical treatment 4 7%

First surgical treatment (n=52)

Tumor presence under MRI 40

Immediate remission after surgery* 44 83%

Cavernous sinus invasion 4

Optic chiasm compression 3

Available immunological assays (n=43)

ACTH(+) 41 95%

ACTH(−) 2 5%

Second surgical treatment (n=41)$

Tumor presence under MRI 39

Immediate remission after surgery* 27 66%

Cavernous sinus invasion 5

Optic chiasm compression 2

Available immunological assays (n=32)

ACTH(+) 29 91%

ACTH(−) 3 9%

*, immediate biochemical remission after surgery; $, include 
patients performed radiotherapy or radiosurgery before second 
repetitive surgery.
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Figure 1 Treatment algorithm in 52 RCD patients (excluded 3 patients who initial treatment were not TSS). Each box presents each 
treatment scenario, the underlined R or P represent number of patients before treatment correlates whether patients were persistent 
or recurrent. The number that were not underlined represent number of patients after treatment. P = persistent, r = recurrence, rem = 
remission, * = occur nelson’s syndrome.

delayed remission, 12 patients experienced reoperation, and 3 
patients experienced delayed remission after radiotherapy. At 
the end of the follow-up period, 43 patients (78%) experienced 
complete remission, 11 patients (20%) maintained a PCD 
status, and one patient (2%) died (a forensic analysis was not 
performed). Three patients were diagnosed with Nelson’s 
syndrome; 1 patient died without a forensic analysis, 1 patient 
maintained a PCD status, and 1 patient presented controlled 
biochemical levels and symptoms.

Tumor size and pathological characteristics

The tumor size and characteristics were derived from 
the available MRI/CT and surgical reports. Among the  
55  pa t i en t s ,  on ly  53  r ad io log i c a l  r epor t s  were 
available. Forty-one patients (77.35%) were diagnosed 
with microadenoma (<10 mm), with a mean size of  
4.66±0.31 mm, and 12 patients (22.64%) were diagnosed 
with macroadenomas, with a mean size of 20.25±6.17 mm. 
There were 6 patients who were initially diagnosed with 
macroadenomas after recurrence, and 9 patients were 
diagnosed with initial macroadenomas that recurred as 

microadenomas. Cavernous sinus invasion, optic chiasm 
compression and protrusion of the suprasellar level all 
occurred in 2 patients who had tumor masses larger than 
40 mm, and the disturbances were resolved after resection. 
For the second round of treatment, the radiological data 
of 51 patients were available; 43 patients were diagnosed 
with microadenomas (mean size 7.37±0.77 mm) and  
8 patients were diagnosed with macroadenomas (mean 
size 23.10±11.77 mm). Once the tumor was resected, 
it was transferred immediately to a neuropathologist 
for histological confirmation and an immunoassay for 
diagnostic differentiation (see Table 1).

Time to recurrence

For the 55 patients, we calculated the time span of RCD, 
starting from the patient’s approximated first onset of 
cushingoid symptoms to the final outcome of recurrence or 
resolution. Table 2 shows the time required for patients to 
receive treatment and the time of postoperative recurrence; 
the data were derived from the medical records and follow-
up information of patients. Of the 51 RCD patients who 
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underwent initial treatment (excluding 4 PCD patients),  
9 patients (17.6%) experienced recurrence within the 
first year after surgery, 27 patients (52.9%) experienced 
recurrence within 1.1–5.0 years after surgery, and  
14 patients (27.4%) experienced recurrence more than 
5.0 years after surgery. As shown in Table 2, after each 
successive treatment, the tumor had a tendency to recur 
quicker, and the first, second and third tumor recurrence 
occurred 43.25±10.3, 5.13±4.7, and 3.25±2.6 months after 
the previous tumor, respectively. The time between the first 
treatment and second treatment had a P value of 0.006, but 
the time between the second treatment and third treatment 
had a P value of 0.603, showing no clinical significance. 
In order to analyze the relationship between cortisol level 
and tumor recurrence, we separated the RCD patients into 
3 groups according to their previous serum cortisol level 
after initial surgery: a <3 µg/dL group, a 3–8 µg/dL group 
and a >8 µg/dL group. The remission rates were 19.75%, 
25% and 55.25%, respectively. Moreover, after initial 
surgery, the time required for tumor recurrence between 
the serum cortisol F <2 µg/dL group and the cortisol  
>2 µg/dL group was not significantly different; the average 
time to recurrence in 6 patients (cortisol <2 µg/dL) was 
76.77±55.67 months (range 16 to 159), and the average time 
in the rest of the patients was 43.25±10.44 months. The P 
value was 0.107.

Endocrine data after surgical treatment and radiotherapy

Most postoperative endocrinologic assessments were 

conducted within a week; unfortunately, not all the 
enrolled patients had complete serum cortisol, ACTH 
or 24 UFC data. Considering the available data, Table 3 
shows the changes in the serum cortisol (8 am), ACTH 
and 24 UFC levels before and after treatments. The 
LDDSTs and HDDSTs were performed to identify and 
differentiate the types of CD. Before the initial TSS, CD 
in 86.7% of patients could not be suppressed by low-dose 
dexamethasone, and CD in 28.6% of patients could not be 
suppressed by high-dose dexamethasone. Before the second 
treatment, CD in 91.1% of patients was suppressed by low-
dose dexamethasone, and CD in 10.3% of patients was 
suppressed by high-dose dexamethasone. Regarding the 
profiles of the 55 RCD patients, 6 patients reached serum 
cortisol levels <2 µg/dL after the initial surgical treatment, 
and 3 patients reached these levels after Repeated treatment. 
No patients had cortisol levels lower than <2 µg/dL after 
radiosurgery or radiotherapy.

There were 16 patients (out of 31 patients with available 
data) who reached hypocortisolism and undetectable 24 UFC 
levels after the initial TSS and 4 patients (out of 36 patients 
with available data) who reached these levels after reoperation. 
Hypocortisolism and undetectable 24 UFC levels were not 
observed in the radiotherapy/radiosurgery group. Of the 
55 RCD patients who underwent initial TSS, 74.1% of the 
microadenoma patients achieved biochemical remission, with 
40% of the patients presenting undetectable 24 UFC levels 
or serum cortisol levels <2 µg/dL. For the macroadenoma 
patients, 77.78% reached biochemical remission to the normal 
range, with 42.5% presenting undetectable 24 UFC levels or 

Table 2 Time required for patients to seek successive treatments and tumor’s recurrence after treatment (including TS, radiotherapy or 
radiosurgery)

Time set
Number of patients Time (months)

Continue Discharge$ Average (95% CI) Range*

Initial onset → first treatment 55 0 31.2±8.8 1–169

First treatment → first RCD/PCD 55 0 43.25±10.3 0–173

First treatment → RCD (exclude PCD) 51 – 46.02±10.3 2–173

First RCD/PCD → second treatment 53 2# 18.25±7.7 1–181

Second treatment → second RCD/PCD 18 35 5.13±4.7 0–26

Second treatment → RCD (exclude PCD) 9 – 8.80±6.3 1–26

Second RCD/PCD → third treatment 13 5# 19.5±10.7 1–65

Third treatment → third RCD/PCD 8 5 3.25±2.6 1–7
$, discharge can be either resolution or refuse for further treatment; *, includes persistent after medical treatment; #, refuse further 
treatment.
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Table 3 Biochemical changes before and after medical treatments

Variable n Before treatment+ After treatment+ P value

Serum cortisol (µg/dL)

Overall 1st treatment# 37 26.96±3.41 15.65±7.66 0.000

Overall 2nd treatment# 47 26.06±2.32 20.04±5.12 0.045

1st surgical treatment$ 25 26.99±4.45 17.46±10.10 0.002

2nd surgical treatment$ 35 25.83±2.32 20.26±6.14 0.161

Radiotherapy* 7 25.94±8.69 24.38±17.83 0.189

ACTH (pg/mL)+

Overall 1st treatment# 38 117.59±65.9 42.15±21.63 0.01

Overall 2nd treatment# 50 72.54±11.46 35.24±8.21 0.000

1st surgical treatment$ 26 134.05±96.72 42.87±30.95 0.030

2nd surgical treatment$ 37 71.87±14.4 37.06±9.74 0.000

Radiotherapy* 7 64.34±33.95 28.26±19.87 0.175

24 UFC (µg/24 hr)

Overall 1st treatment# 31 338.57±114.2 141.52±129.1 0.078

Overall 2nd treatment# 48 518.26±140.47 585.79±205.50 0.740

1st surgical treatment$ 23 372.71±151.51 79.94±61.89 0.001

2nd surgical treatment$ 37 532.76±176.71 662.91±101.12 0.986

Radiotherapy* 6 511.54±195.75 241.14±350.35 0.160
+, ACTH data for Nelson’s syndrome were excluded; #, includes surgery, radiotherapy and radiosurgery; $, only performed initial and 
repeated surgical treatment; *, radiotherapy performed in 2nd treatment.

serum cortisol levels <2 µg/dL.

Complications after reoperation

Nineteen patients with cerebrospinal fluid (CSF) leakage 
due to TSS recovered; 18 patients underwent operative 
skull base reconstruction, and 1 patient required a Repeated 
operation. Two macroadenoma patients required extensive 
respiratory support due to hospital-acquired pneumonia, 
but they recovered. One patient experienced cardiac arrest 
due to hyperkalemia 2 weeks postoperatively and was 
successfully resuscitated. Postoperative panhypopituitarism 
occurred in 6 patients. None of the patients experienced 
meningitis or vision loss during treatment.

Unilateral/bilateral adrenalectomy

When patients experienced a relapse in CD symptoms 
but were negative on MRI and had minimal success with 

Repeated TSS, unilateral/bilateral adrenalectomy was 
performed. Of the 55 total patients, 4 patients underwent 
adrenalectomy, 1 patient underwent unilateral adrenalectomy, 
and 3 patients underwent bilateral adrenalectomy. One of the 
patients underwent adrenalectomy as the initial treatment. 
Regarding the final outcomes, 3 patients achieved remission, 
and one patient died of an unknown cause. Three patients 
were diagnosed with Nelson’s syndrome after adrenalectomy; 
regarding their final outcomes, 1 patient died of an unknown 
cause, 1 patient maintained a PCD status, and 1 patient had 
controlled biochemical levels and symptoms.

Radiosurgery

Eight patients underwent GKRS from 1998 to 2011. 
As shown in Table 4, none of them achieved complete 
remission. Six patients underwent GKRS after initial TSS, 
2 patients required Repeated TSS to achieve remission,  
1 patient required both bilateral adrenalectomy and TSS to 
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Table 4 Treatments and outcomes of patients who performed Gamma knife surgery in combination with other treatments

Case# 1st treatment 2nd treatment 3rd treatment 4th treatment Outcome

1 TSS GKR TSS GKR Recurrence

2 TSS R GKR – Recurrence

3 TSS TSS GKR – Recurrence

4 TSS GKR TSS – Remission

5 TSS GKR GKR – Recurrence

6 TSS GKR B R Remission

7 GKR TSS B GKR Death*

8 GKR TSS TSS – Remission

TSS, transsphenoidal surgery; GKR, Gamma knife radiation; R, radiotherapy; B, bilateral adrenalectomy; *, unknown cause.

achieve remission, and 3 patients experienced recurrence 
and refused further treatment. Thus, the remission rate was 
42.8%. There were 2 patients who underwent GKRS before 
surgery, 1 patient who achieved remission after Repeated 
TSSs, and another patient who was diagnosed with Nelson’s 
syndrome and died due to unknown causes.

Discussion

From 2000 to 2012, 475 CD patients received TSS and 
achieved complete remission; the remission rate was 89.6%. 
Fifty-five RCD/PCD patients received further treatments, 
and the overall remission rate increased to 97.7%;  
43 patients achieving remission and 12 patients maintained 
a PCD status. In a previous study, the majority of CD 
patients were female patients aged 35–41 years old (12). 
This figure is similar to that in our study; the average 
age of the 530 CD patients was 34.1 years and in the 55 
RCD/PCD patients was 35.1 years. Among the 530 CD 
patients, 101 patients were male and 429 were female, with 
a male to female ratio of 1:4.3, similar to the global ratio of  
1:5 (1). However, whether sex influences recurrence in 
Asian populations is unclear.

Although all patients were recommended to undergo 
secondary clinical treatment, these 55 patients chose 
different tailored treatment modalities depending upon 
affordability and their attitude towards reoperation. 
Most importantly, there was no evidence or consensus 
to suggest that repetitive surgical intervention was more 
effective than radiotherapy or radiosurgery in the Asian 
population. Remission criteria are weighted differently 
and biochemical remission varies depending upon the 
clinical treatment selection. After surgical intervention, 

professionals considered normal or subnormal cortisol levels  
(<50 nmol/L 5–14 days postoperatively) necessary to 
declare remission (13). These levels are associated with 
a low recurrence rate of approximately 10% in 10 years. 
Other researchers believe that the normalization of UFC 
is enough to declare remission (14). For radiosurgery or 
radiotherapy, the remission standard focuses on the relief of 
cushingoid symptoms and the normalization of UFC levels 
without the use of medications (15). Immediate remission 
is rarely achievable once a normal UFC is reached, and 
long-term remission can be expected. Chen et al. showed 
that serum cortisol levels of 3–8 µg/dL should be closely 
monitored, and medical staff should be required to inform 
patients of the poor prognosis (16). Trainer also found that 
no patients with a postoperative serum cortisol level of 
50 nmol/L (1.8 g/dL) or less experienced recurrence (17).  
Here, we separated the RCD patients into 3 groups 
according to their previous serum cortisol level after 
initial surgery: a <3 µg/dL group, a 3–8 µg/dL group and a  
>8 µg/dL group. The remission rates were 19.75%, 25% 
and 55.25%, respectively; thus, we cannot simply stop 
monitoring when the patient meets the remission standard 
of <3 µg/dL. Interestingly, those with serum cortisol levels 
>8 µg/dL accounted for the majority of RCD patients. 
Atkinson suggested that subnormal serum cortisol levels 
should not be the only marker of remission, as the majority 
of patients, even those within the normal range, can still 
achieve long-term remission (18).

A consensus statement suggests that long-term 
remission can be expected when decreased 24 UFC levels 
are detected, whereas levels within a normal range of  
20–100 µg is equivocal; values above the normal range 
indicate a persistent tumor (19). One study noted that 
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undetected cortisol levels also cannot effectively predict 
outcomes (20), similar to our results. According to the 
previous 24 UFC after initial surgery in RCD patients, 
hypocortisolism and undetected 24 UFC levels were present 
in 51.4% of the group; 29.03% had levels within the normal 
range, and 19.35% had levels above the normal range. 
Thus, predicting the prognosis considering a confirmed 
biochemical cutoff point may not be reliable. Recurrence 
is possible under any postoperative condition; thus, regular 
monitoring for recurrence remains necessary (21). Most 
CD patients can achieve immediate remission after initial 
surgery, but most RCD patients require an extended period 
to achieve remission.

The time to recurrence varied among the RCD patients 
after each successive treatment. On the basis of our results, 
a long-term follow-up period of up to 4–6 years is crucial 
to conclude whether CD patients are more likely to be 
free from recurrence after resection. A meta-analysis 
showed that RCD patients will experience the highest 
frequency of recurrence between 1–5 years, in comparison 
with recurrence at <1 or >5 years (22). In addition, our 
results also showed that 17.6% of the patients experienced 
recurrence within the first year, and 52.9% experienced 
recurrence within 1.1–5.0 years. Thus, an ideal timescale 
for follow-up after initial treatment is 5 years, but lifelong 
monitoring remains crucial.

On average, RCD patients experienced a second onset 
of CD symptoms 45.8 months after their initial surgery. 
Patients required an average of 31.2 months for medical 
treatment (either surgical treatment or radiosurgery), with 
169 months being the longest time from the first onset 
of symptoms. A lack of medical attention and a lack of 
access to a general practitioner or adequate facilities and 
professionals may be the reason for the extended treatment 
time. Table 2 shows that after each successive treatment, the 
tumor had a tendency to recur quicker, and the first, second 
and third tumor recurrence occurred 43.25±10.3, 5.13±4.7, 
and 3.25±2.6 months after the previous tumor, respectively. 
The time between the first treatment and second treatment 
had a P value of 0.006, but the time between the second 
treatment and third treatment had a P value of 0.603, 
showing no clinical significance. This gradient was due 
to factors including increased difficulty in Repeated 
resection or possibly aggressive behavioral changes after 
stimulation from the surgical intervention, radiotherapy and 
radiosurgery.

Surgical skills and experience are important factors in 
achieving remission, and many studies have concluded that 

inexperienced surgeons often failed to perform a complete 
resection, unlike experienced professionals (23). Unlike 
most studies in which TSS was performed by a surgeon to 
prevent inherent variability, our current experience suggests 
that junior surgeons guided by senior professionals can also 
obtain a remission rate of 97.7%. Careful intraoperative 
bilateral exploration with repetitive rinsing with saline 
remains effective for microadenoma if the tumor was 
soft. Normally, recurrent or residual tumors are located 
immediately contiguous to the original tumor site (24)

Of the 38 patients who underwent reoperation after 
the initial surgery (no intervention with radiotherapy or 
radiosurgery, Figure 1), 18 patients achieved immediate 
remission, and 11 patients reached delayed remission, 
with a remission rate of 76.3%. The remission rate after 
reoperation is 43–61% (4). A total of 28.9% (11/38) 
of the RCD patients presented delayed remission after 
reoperation, but this is rarely reported in studies. Valassi 
showed delayed remission after initial surgery in 5.6% of 
the patients who presented early elevated or normal UFC 
levels. These patients presented a delayed and persistent 
cortisol decrease after an average of 38±50 postoperative 
days (9).

A second TSS is generally more difficult to perform than 
the initial operation (25). The existing scar tissue, irregular 
anatomical landmarks, and aftermath of radiotherapy/
radiosurgery may contribute to the difficulty encountered 
in Repeated TSS; complications are often inevitable (18). 
However, common complications can be prevented with 
careful management (24). Thirty-four percent of our RCD 
patients had CSF leakage during the operation; 94.7% of 
the patients underwent operative skull base reconstruction, 
and one patient underwent Repeated repair surgeries. 
None of our patients experienced meningitis. One patient 
experienced cardiovascular arrest one week after the 
operation, but resuscitation was successful. Other studies 
also noted similar complications and concluded that lethal 
postoperative cardiovascular events may occur within  
2 weeks (26).

Radiotherapy along with ketoconazole is generally 
used as an adjuvant therapy following surgical resection, 
especially in patients with residual tumors who are poorly 
suited for reoperation (27). The outcome can be either an 
immediate resolution or several years of delayed remission  
(18–24 months on average). However, in China, drug 
therapy is not generally used along with radiotherapy.  
Table 3 shows that conventional radiotherapy is less 
effective than surgical treatment, but it remains a promising 
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adjunctive treatment for patients who refuse further 
invasive operations. Radiotherapy is useful against any type 
of endocrine-secreting pituitary adenoma can produce a 
biochemical remission rate of 56–83% in CD patients and 
is indicated for persistent hypercortisolism after surgery (28). 
In our study, 6 of 8 patients (75%) achieved biochemical 
remission with radiotherapy;  3 patients  achieved 
immediate remission and the other 3 patients experienced 
delayed remission. None of the patients experienced 
radiotherapeutic-related complications, such as optic nerve 
damage.

GKRS is considered a regular treatment for RCD in 
European countries when Repeated TSS fails (29). Studies 
have shown that the therapeutic effects outweigh the effects of 
radiotherapy; GKRS is associated with a reliable antiproliferative 
effect, but it may require an average of 22 months to reach 
biochemical remission (30). Many studies documented 
that GKRS after initial TSS decreased the tumor size by 
54–80%, and 42.5–78% of patients achieved biochemical 
remission within 5 years (normalization of 24 UFC levels). 
A total of 7–20% of patients in remission may experience 
a relapse (19–60 months posttreatment), but Repeated 
GKRS can achieve biochemical remission in 42–76% of 
RCD patients (29). Unfortunately, none of our patients 
achieved remission with GKRS alone (12 to 60 months of 
observation), and they required extensive treatment, such as 
Repeated surgeries and radiotherapy to achieve remission, 
with a remission rate of 42.8%. As shown in Table 4, when 
RCD patients underwent GKRS as their final medical 
treatment, they tended to have poor outcomes. Thus, 
radiosurgery as an adjuvant therapy may not be suitable for 
the Asian population, although complications such as visual 
deficits or cranial nerve deficits were not observed (31). 
Table 3 shows that 24 UFC levels were not different before 
and after surgical intervention, with a P value of 0.986; 
thus, if we could obtain 24 UFC levels at the time when the 
patient reached remission, we could evaluate the importance 
of UFC levels in the decision for reoperation.

Conclusions

At present, the long-term follow-up of patients who 
underwent Repeated TSS confirms this as an effective 
treatment for PCD/RCD, and a combination of TSS 
and radiotherapy remains necessary for RCD. Our 
medical intervention proved to be effective for the Asian 
population, and delayed remission is common after 
the second TSS. A minimum of 5 years of follow-up is 

recommended. Reduced postoperative endocrine levels 
including serum cortisol levels <3 µg/dL or undetectable 
24 UFC levels are not completely reliable, and close 
monitoring is recommended.
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