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ABSTRACT
Background: Intraoperative image guidance is a useful modality for transsphenoidal pituitary surgery. However, the outcomes associated with this

technology have not been systematically evaluated.
Objective: The purpose of the study was to quantify complication rates with and without the use of image guidance during transsphenoidal pituitary

surgery using a nationwide database with broadly applicable results.
Methods: A retrospective analysis of the Nationwide Inpatient Sample was performed from 2007 to 2011. Transsphenoidal pituitary resections for adenomas

were identified by International Classification of Diseases-9th Revision, Clinical Modification code. The effect of image guidance on cerebrospinal fluid (CSF)
leak complications and cost-benefit was analyzed.

Results: A total of 48,848 transsphenoidal pituitary resections were identified, of which 77.5% were partial resections and 22.5% were complete. Pathologic
indications included benign (89.3%), malignant primary (0.6%), and malignant secondary (0.4%). Complications included same-stay death (0.4%), CSF leak
(8.8%), postoperative CSF rhinorrhea (1.9%), diabetes insipidus (12.4%), and meningitis (0.4%). Image guidance was employed in 7% (n � 3401) of all cases.
When analyzed by modality, computed tomography (CT)-assisted procedures had lower CSF rhinorrhea rates (1.1%) compared with cases with no image
guidance (1.9%), whereas magnetic resonance (MR)-assisted procedures had the highest rates (2.7%, �2 p � 0.001). Rates of CSF leak demonstrated a similar
pattern (CT 6.4%, no image guidance 8.9%, MR 9.2%, �2 p � 0.001). CT-assisted surgery had significantly shorter length of stay (2.9 days) versus no image
guidance (3.7 days, p � 0.001), lower total charges ($47,589 versus $62,629, p � 0.001), and lower total cost ($16,748 versus $20,530, p � 0.001).

Conclusions: CT-assisted surgery is associated with a lower rate of CSF leak, shorter length of stay, and lower cost compared with patients without image
guidance. Further studies that control for severity and extent of disease are warranted to confirm this finding.

(Am J Rhinol Allergy 29, 215–220, 2015; doi: 10.2500/ajra.2015.29.4166)

Surgical management of pituitary pathology has largely transi-
tioned from open craniotomies to transsphenoidal pituitary sur-

gical approaches. For appropriate indications, the transsphenoidal
approach has several theoretical advantages over open craniotomies
including decreased cerebral edema, less risk of cerebrospinal fluid
(CSF) leakage, and stroke, as well as fewer cosmetic complications
that accompany external incisions.1 Furthermore, improvements in
optics, powered instrumentation, and surgical expertise from wide-
spread minimally invasive skull base surgical training have led to
endoscopic approaches becoming the primary surgical approach of
choice in many centers.1–6 Although the endoscopic technique has
been widely adopted for its superb balance of exposure, minimal
adjacent tissue trauma, and better visualization compared with tra-
ditional microscopic transsphenoidal approaches, complications in-
cluding CSF leak, remain a significant morbidity of the procedure.7,8

CSF leak is one of the most common complications after pituitary
surgery with published rates between 1.8% and 13% since the adop-
tion of endoscopic surgery.9–13 In an effort to further reduce pituitary
surgery complications, image-guided surgical navigation systems de-
veloped for endoscopic sinus procedures have been used to improve
the technical precision of pituitary surgery. Although this technology
does not eliminate possible complications, additional information for
surgical decision making may be provided, especially in the absence
of normal anatomic landmarks.14 Image-guided systems monitor sur-
gical instruments based upon preloaded computed tomography (CT)

or magnetic resonance (MR) imaging scans that are registered to a
fiduciary device or devices usually attached to the upper face. Instru-
ments are calibrated relative to the device so that continuous infor-
mation on instrument position and movement of instruments across
coronal, axial, and sagittal planes can be provided during the surgical
procedure. (Fig. 1). Although this technology has the potential to
minimize adjacent tissue trauma and perioperative morbidity,15 its
utility in pituitary surgery has not been quantified.

Given the low rate of complications and the limited use of surgical
navigation systems, the ability to study the effect of image guidance
is difficult without data from multiple surgical centers. National
databases such as the Nationwide Inpatient Sample (NIS) provide a
unique means of studying the effect of image guidance on complica-
tions and its potential impact on overall hospital expense. The objec-
tives of the current study are to determine whether image-guided
surgical navigation systems reduce the rate of CSF leaks after pitu-
itary surgery and to quantify the relative cost of adding image guid-
ance to these surgeries.

METHODS
The NIS is a national database funded by the United States Agency

for Healthcare Research and Quality. It is the largest all-payer inpa-
tient healthcare database in the United States and collects data from a
20% stratified sample of hospitals around the country. Weight coef-
ficients for each hospital are provided to yield national estimates of
inpatient stays. Data from admission to discharge are included for
each patient in this database including charge and cost data. Financial
information was inflation-adjusted to reflect 2013 equivalents.16

NIS data for the years 2007 to 2011 were obtained according to the
Agency for Healthcare Research and Quality guidelines. Patients
were selected by International Classification of Diseases-9th Revision,
Clinical Modification (ICD-9-CM) codes for partial (07.62) or total
(07.64) pituitary excisions by a transsphenoidal approach. Given the
lack of specificity in ICD-9-CM codes differentiating microscopic and
endoscopic techniques, a subanalysis was not possible. Although
separate current procedural terminology codes exist for microscopic
and endoscopic techniques, the NIS only includes ICD-9-CM codes
that do not differentiate between these techniques.
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Cases involving image guidance were identified by ICD-9-CM
codes 00.31 (computer assisted surgery with CT/CT with angiogra-
phy) and 00.32 (computer assisted surgery with MR/MR with an-
giography). It should be noted that these codes are distinct from
intraoperative MR scan (88.96) and other tomography of the head
(87.04). Our primary outcome measure was CSF leak (349.81 and
997.09). These codes unfortunately do not distinguish between intra-
operative leaks and postoperative leaks. Indications for surgery were
comprised of benign pituitary lesions (227.3), malignant primary
(19.43), malignant secondary (198.89), and unknown behavior (237.0)
or unspecified (253.9) pathologies. Symptoms relevant to pituitary
conditions were identified including Cushing’s syndrome (255.0),
acromegaly (253.0), preoperative panhypopituitarism (253.2), and hy-
pothyroidism (244.8, 244.9). The primary endpoints of our study
included CSF leak, length of stay, and cost.

Statistical analysis was performed with IBM SPSS for Windows
version 22 (IBM Corp., Armonk, NY). Descriptive statistics were
performed to characterize our patient population. Pearson �2 and
analysis of variance test were used to compare dichotomized and
continuous variables, respectively, between imaging subgroups. Fish-
er’s exact t-test was used for univariate analysis, and p values were
always two-tailed and statistically significant below 0.05.

RESULTS
Patient characteristics are listed in Table 1. A total of 48,848 trans-

sphenoidal pituitary resections were performed in the United States

from 2007 to 2011, of which 77.5% were partial and 22.5% were
complete. The majority of cases were performed for benign indica-
tions (89.3%). CSF leak occurred in 8.8% of cases. Carotid artery injury
and vision loss rates were below 0.1% in this cohort.

Analysis regarding the effect of image guidance on pituitary sur-
gical patients is displayed in Table 2. CT or MR image guidance was
used in 7% of all cases. Mean age was similar regardless of whether
CT/MR image guidance or no image guidance was used. CT and
MR-assisted categories generally had more symptoms or syndromes
related to pituitary disease compared with the patients with no image
guidance. Although the MR guidance subjects appeared to have
slightly higher comorbidities before surgery, CT and unassisted sur-
geries were similar.

CSF leak rate was significantly higher in subjects who underwent
surgery without image guidance when compared with the CT-guided
cohort. Interestingly, MR guidance had the worst CSF leak rate of all
groups (CT 6.4%, no image guidance 8.9%, MR 9.2%, �2 p � 0.001).
CT-guided surgery had significantly shorter length of stay (2.9 days)
versus no image guidance (3.7 days, p � 0.001), lower total charges
($47,589 versus $62,629, p � 0.001), and lower total cost ($16,748
versus $20,530, p � 0.001). MR guidance had the longest length of
stay, charge, and cost outcomes. Death during the hospitalization was
similar across all three groups. To control for differences in indica-
tions for surgery, we performed a subanalysis restricted to benign,
elective cases only (Table 3). Rates of CSF leak, length of stay, total
charges, and total cost remained significantly lower with CT guidance

Figure 1. CT-guided surgical navigation with triplanar imaging and endoscopic view during transsphenoidal pituitary surgery.
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when compared with no guidance. MR-assisted surgeries continued
to have the highest CSF leaks, hospital days, and expense.

Univariate analysis of preoperative risk factors for CSF leak are listed
in Table 4. Patients who experienced CSF leak were younger with more
chronic conditions, had a significantly longer hospital stay, were more
symptomatic at the time of pituitary surgery, and underwent surgery for
nonbenign indications. Comorbidities associated with leak were fluid
and electrolyte imbalance, obesity, renal failure, pulmonary circulatory
disorders, and substance abuse. Surprisingly, diabetes and hypertension
were negative predictors of leak.

DISCUSSION
Data gleaned from the NIS database suggest that CT-guided trans-

sphenoidal pituitary surgery has significantly lower rates of CSF leak
compared with cases that do not employ image guidance. Although it
is impossible to derive the reason for decreased CSF leak rate from
this analysis, one likely explanation is the bony landmark information
provided by CT guidance during pituitary surgery. Technical studies
evaluating the accuracy of navigational systems have demonstrated
that CT-guided systems are more accurate than MR-guided systems.17

Furthermore, knowledge of the location of nasal and parasellar bony
structures facilitates the approach to the pituitary gland, particularly
in cases where the mass has not invaded or eroded bone.18 These
advantages may also benefit the resection and reconstruction phases

of the procedure. It is important to note that cases using CT guidance
are more likely to be endoscopic, whereas procedures without image
guidance likely represent a mix of microscopic and endoscopic ap-
proaches. As such, some proportion of the advantages seen with
CT-guided cases may be attributable to the surgical technique rather
than the use of image guidance. The few studies that have compared
with cost-effectiveness of microscopic and endoscopic approaches
report both a decreased cost and better effectiveness using endoscopic
surgery.19,20 Future studies that can isolate differences in surgical
technique will improve upon established data.

Remarkably, MR-guided surgery had significantly higher rates of
CSF leak compared with no image guidance and CT-guided proce-
dures. One possible explanation for this is that MR-assisted patients
had more extensive or invasive pituitary disease, thereby necessitat-
ing MR imaging to identify soft tissue boundaries. Thus, the MR-
guidance cohort could represent patients undergoing extended endo-
scopic approaches that more often transgress the arachnoid
membrane or involve larger tumors requiring more extensive resec-
tion and consequently have a higher risk for CSF leak. Furthermore,
the presence of significantly higher chronic comorbidities could also
factor into worse outcomes. If neither of these factors contribute
substantially to the increased rate of CSF leak in MR-assisted cases,
then the presence of bony landmark data may indeed improve sur-
gical outcomes. Preoperative CT imaging has demonstrated a greater
ability to identify the lateral tumor margins, sellar floor invasion, and
clival invasion when compared directly with MR imaging of pituitary
adenomas, which may translate into improved surgical naviga-
tion.21,22 Unfortunately, this database does not include information on
the size of lesion, zones of involvement, or revision surgeries, factors
that would aid in isolating a more specific correlation to explain this
difference in outcomes.

Although the overall CSF leak rate for this study is consistent with
published reports, it is higher than average.9,13,23 This database is
likely to underestimate postoperative CSF leak rates because it is
restricted to complications that occur during the index hospital stay.
In the only other study of transsphenoidal pituitary surgeries using
the NIS, their measured end point was limited to CSF rhinorrhea
(ICD-9-CM 349.81) and did not include codes for postoperative CSF
leak.24 Beyond administrative databases, precise estimates of CSF leak
rates are challenging given the relatively low rate of occurrence and
the complexities involved in coordinating multicenter studies. Those
individual centers that perform transsphenoidal pituitary surgery
with sufficient volume may experience lower complication rates than
are broadly generalizable across the country.24 Mortality rates seen in
this study are in line with most large series at less than 1%.11,24,25

With the adoption of any new technology, a thorough analysis of its
impact on overall cost must be carried out, as has been discussed in
an article by Jane et al.26 in addition to associated commentaries. In the
current study, the addition of CT guidance was associated with lower
overall charge and cost. At the operative level, this may include cost
savings from shorter operative time.27,28 However, operative time
could not be analyzed with the NIS. On a population level, cost
savings may have been attributable to lower complication rates and
subsequently shorter mean hospital stays. The notion that an invest-
ment in surgical efficiency can improve overall costs is counterintui-
tive but has been shown in other arenas of surgical quality improve-
ment.29–31 These examples highlight the importance of empirically
evaluating investments in surgical innovation.

There are important limitations to this study using the NIS. As
noted, the NIS is an administrative database that uses ICD-9-CM as its
primary medical vocabulary. As such, the ability to differentiate
microscopic versus endoscopic cases, determine the size and extent of
the lesion, identify revision cases, or distinguish intraoperative CSF
leaks from postoperative leaks is not possible. Additionally, this
study was a retrospective study and therefore is subject to selection
bias. Although the MR guidance group was associated with the worst
outcomes, they also had the worst preoperative risk factors. Knowing

Table 1 Patient demographics

Variable Frequency or Mean � SD
(Min-Max)

Age 50.6 � 16.7 (6–95)
Chronic conditions 3.4 � 2.5 (0–16)
Diagnoses 6.4 � 4.1 (1–31)
Procedures 2.4 � 1.9 (1–30)

Length of stay (days) 4.3 � 5.2 (0–143)
Elective procedure 86.4% (42,181/48,848)
Female sex 51.3% (25,072/48,848)
Race

White 51.2% (24,999/48,848)
Black 13.6% (6647/48,848)
Hispanic 11.4% (5544/48,848)
Asian/PI 3.7% (1802/48,848)
Native Am 0.5% (224/48,848)
Other 2.9% (1416/48,848)
Unspecified 16.8% (8214/48,848)

Indications
Benign 89.3% (43,599/48,848)

Malignant primary 0.6% (270/48,848)
Malignant secondary 0.4% (202/48,848)
Unknown behavior/unspecified 9.8% (4777/48,848)

Symptoms/syndromes
Cushing’s 7.5% (3666/48,848)
Acromegaly 7.1% (3481/48,848)
Panhypopituitarism 7.4% (3596/48,848)

Surgery
Complete resection 22.5%
Partial resection 77.5%
Image guidance 7.0% (3401/48,848)

Complications
Died during hospitalization 0.4% (190/48,848)
CSF leak 8.8% (4322/48,848)
Diabetes insipidus 12.4% (6078/48,848)
Iatrogenic stroke 0.7% (344/48,848)
Cerebral artery occlusion w/infarct 0.3% (164/48,848)
Carotid injury 0.0% (10/48,848)
Meningitis 0.4% (191/48,848)
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the extent of disease and the true rate of preventable CSF leaks in
addition to the methodology of repair would further refine our anal-
ysis. Finally, CSF leak rate may not be the best measure of the efficacy
of image-guided surgery. Other endpoints such as completeness of
resection, functional improvement in symptoms, time in surgery, and
long-term outcomes also factor into the utility of this technology.
With these limitations in mind, this study represents the first national
analysis of the effect of image-guided surgery for transsphenoidal
pituitary adenoma and demonstrates evidence that CT-guided sur-
gery is associated with reduced CSF leak rates, shortened hospital
stay, and reduced cost.

CONCLUSION
CT-guided surgery is associated with a lower rate of CSF leak,

shorter length of stay, and lower cost compared with patients without
image guidance. Although MR-guided surgery demonstrated worse
results compared with no image guidance, it is unclear whether this
is due to more severe or extensive disease or attributable to the lack
of bony landmarks that may bring value to surgical navigation.
Further studies that control for severity of disease are warranted to
confirm these findings.
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Table 2 Analysis of cases by image-guidance modality for all patients

All Patients No Image Guidance
(n � 45,446)

CT-Assisted Only
(n � 1768)

MR-Assisted Only
(n � 1228)

p Value

CSF rhinorrhea/leak 8.9% (4045/45,446) 6.4% (113/1768) 9.2% (113/1228) 0.001
Age (years) 50.6 � 16.7 (6–95) 51.2 � 16.1 (11–94) 50.1 � 16.8 (7–83) 0.199
Elective 86.2% (39,134/45,399) 93.2% (1647/1767) 82.5% (1012/1228) �0.001
Benign 89.2% (40,517/45,446) 92.1% (1628/1767) 89.6% (1100/1228) �0.001
Malignant primary 0.5% (249/45,446) 0 1.2% (15/1228)
Malignant secondary 0.4% (181/45,446) 0.3% (5/1767) 1.3% (16/1228)
Unknown/Unspec 9.9% (4499/45,446) 7.6% (134/1767) 7.9% (97/1228)
Cushing’s 7.1% (3241/45,446) 14.9% (263/1768) 10.8% (133/1228) �0.001
Acromegaly 6.9% (3140/45,446) 8.8% (157/1768) 11.3% (141/1228) �0.001
Panhypopituitarism 7.3% (3299/45,446) 6.7% (118/1767) 10.5% (129/1228) �0.001
Length of stay (days) 4.4 � 5.1 (0–143) 3.3 � 7.5 (1–89) 4.4 � 5.8 (1–84) �0.001

Chronic conditions 3.4 � 2.5 (0–16) 3.4 � 2.3 (0–12) 3.9 � 2.4 (0–11) �0.001
Diagnoses 6.3 � 4.1 (1–31) 6.8 � 4.2 (1–24) 7.6 � 4.4 (1–25) �0.001

Died during hosp 0.4% (179/45,417) 0.3% (5/1767) 0.4% (5/1227) 0.760
Total charges ($) 62,629 � 58,821 (364–1,213,357) 47,589 � 49,355 (12,292–537,707) 84,797 � 117,528 (12,391–1,465,362) �0.001
Total cost ($) 20,530 � 18,257 (161–373,810) 16,748 � 17,012 (4789–185,212) 30,561 � 42,916 (4541–546,798) �0.001

Table 3 Analysis of cases by image guidance modality restricted to benign, elective cases only

Benign, Elective
Only

No Image Guidance
(n � 34,910)

CT-Assisted Only
(n � 1518)

MR-Assisted Only
(n � 900)

p Value

CSF rhinorrhea/leak 8.9% (3099/34,910) 6.7% (102/1518) 11.6% (104/900) �0.001
Age (years) 51.3 � 16.3 (7–90) 51.1 � 15.8 (11–94) 50.5 � 16.6 (12–83) 0.012
Cushing’s 8.4% (2949/34,910) 16.4% (249/249/1518) 12.3% (111/900) �0.001
Acromegaly 8.3% (2892/34,910) 10.3% (157/1518) 14.7% (132/900) �0.001
Panhypopituitarism 5.3% (1835/34,910) 6.1% (93/1518) 7.4% (67/900) 0.001
Hypothyroidism 17.5% (6119/34,910) 21.9% (332/1518) 18.3% (165/900) �0.001
Length of stay (days) 3.7 � 3.4 (0–63) 2.9 � 7.1 (1–89) 3.5 � 2.5 (1–17) �0.001

Chronic conditions 3.3 � 2.4 (0–16) 3.3 � 2.3 (0–12) 3.7 � 2.3 (0–11) �0.001
Diagnoses 6.1 � 3.9 (1–30) 6.7 � 3.9 (1–23) 7.1 � 3.9 (1–18) �0.001

Died during hosp 0.3% (103/34910) 0.3% (5/1518) 0 0.255
Total charges ($) 56,830 � 44,896 (364–960,649) 44,443 � 40,624 (12,663–501,846) 67,142 � 44,801 (12,391–290,560) �0.001
Total cost ($) 18,661 � 15,466 (161–243,020) 15,902 � 14,269 (4789–183,923) 24,649 � 14,104 (4541–84,745) �0.001
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Table 4 Univariate analysis of risk factors for cerebrospinal fluid leak

Variable No CSF Leak (n � 44,171) CSF Leak (n � 4270) p Value

Age 50.7 � 16.7 (6–95) 49.8 � 16.4 (7–87) �0.001
Chronic conditions 3.4 � 2.5 (0–15) 3.7 � 2.5 (0–16) �0.001

Length of stay (days) 4.0 � 4.6 (0–127) 7.6 � 8.9 (1–143) �0.001
Elective procedure 86.1% (37,984/44,129) 89.3% (3809/4264) �0.001
Female sex 52.0% (22,579/43,459) 54.1% (2303/4258) 0.008
Race

White 61.3% (22,434/36,625) 64.3% (2382/3737) �0.001
Black 16.5% (6056/36,625) 14.9% (567/3737)
Hispanic 13.6% (4979/36,625) 14.0% (532/3737)
Asian/PI 4.4% (1622/36,625) 4.2% (160/3737)
Native Am 0.6% (208/36,625) 0.5% (17/3737)
Other 3.6% (1326/36,625) 2.2% (79/3737)

Comorbidities
Alcohol abuse 0.7% (301/44,170) 1.2% (52/4270) �0.001
Deficiency anemias 5.5% (2421/44,170) 6.6% (281/4270) 0.003
Autoimmune disorders 1.5% (656/44,170) 1.3% (55/4270) 0.350
Chronic blood loss anemia 0.2% (83/44,170) 0 0.001
Congestive heart failure 1.5% (665/44,170) 1.4% (61/4270) 0.736
Chronic pulm disease 9.5% (4206/44,170) 9.9% (422/4270) 0.446
Coagulopathy 1.0% (447/44,170) 0.8% (34/4270) 0.198
Depression 8.0% (3551/44,170) 8.6% (369/4270) 0.166
Diabetes-uncomplicated 16.2% (7159/44,170) 16.3% (698/4270) 0.813
Diabetes-chronic
Complications

1.6% (689/44,170) 1.1% (49/4270) 0.039

Drug abuse 0.6% (271/44,170) 1.4% (60/4270) �0.001
HTN 45.5% (20,080/44,170) 43.5% (1859/4270) 0.017
Liver disease 0.9% (418/44,170) 0.9% (40/4270) 0.991
Lymphoma 0.2% (104/44,170) 0.5% (23/4270) 0.001
Fluid and electrolyte
disorders

10.7% (4708/44,170) 18.3% (780/4270) �0.001

Metastatic cancer 0.4% (160/44,170) 0.2% (10/4270) 0.225
Other neuro disorders 4.0% (1751/44,170) 6.3% (269/4270) �0.001
Obesity 12.0% (5314/44,170) 13.4% (573/4270) 0.008
Paralysis 0.6% (269/44,170) 1.3% (55/4270) �0.001
Peripheral vascular disease 0.9% (404/44,170) 1.0% (44/4270) 0.402
Psychoses 1.8% (792/44,170) 1.7% (84/4270) 0.850
Pulm circulatory disorders 0.8% (345/44,170) 1.3% (64/4270) 0.001
Renal failure 2.0% (884/44,170) 2.8% (119/4270) 0.001
Solid tumor w/o metastasis 0.8% (347/44,170) 0.9% (40/4270) 0.196
Valvular disease 1.8% (812/44,170) 2.2% (92/4270) 0.153
Weight loss 0.6% (284/44,170) 0.6% (27/4270) 0.989

Indications
Benign 89.4% (39,510/44,171) 87.5% (3735/4270) �0.001
Malignant primary 0.5% (235/44,171) 0.7% (29/4270)
Malignant secondary 0.4% (180/44,171) 0.5% (21/4270)
Unknown behavior/unspecified 9.6% (4246/44,171) 11.4% (571/4270)
Symptoms/syndromes

Cushing’s 7.4% (3289/44,171) 8.1% (347/4270) 0.106
Acromegaly 6.9% (3053/44,171) 8.7% (384/4270) �0.001
Panhypopituitarism 7.0% (3093/44,171) 10.6% (453/4270) �0.001
Hypothyroidism 19.2% (8480/44,170) 21.0% (895/4270) 0.006

Surgery
Complete resection 22.9% (10,131/44,171) 20.1% (860/4269) �0.001
Partial resection 77.1% (34,039/44,171) 79.9% (3409/4269)
Image guidance
No image guidance – 8.9% (4125/46,144) �0.001
CT-assisted guidance – 6.6% (118/1793)
MRI-assisted guidance – 9.0% (113/1251)
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