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REVIEW

Outpatient neurosurgery
Mazda K. Turela and Mark Bernsteinb

aDivision of Neurosurgery, Toronto Western Hospital, Toronto, Ontario, Canada; bDepartment of Surgery, University of Toronto Neurosurgeon,
Toronto Western Hospital, University Health Network, Toronto, Ontario, Canada

ABSTRACT
Technological advances in neurosurgery, aided by improvements in anesthesia have resulted in surgery
that is faster, simpler and safer with excellent perioperative recovery. As a result of improved outcomes,
several centers are performing certain neurosurgical procedures on an outpatient basis; where patients
arrive at the hospital the morning of their procedure and leave the hospital the same evening, thus
avoiding an overnight stay in the hospital. Apart from the medical benefits of the outpatient procedure,
its impact on patient satisfaction is substantial. The economic benefits are extremely favorable for the
patient, physician, as well as the hospital. However, due to skepticism surrounding medico-legal
aspects, and how radical the concept at first sounds, these procedures have not gained widespread
popularity. We provide an overview of outpatient neurosurgery discussing results, outcomes related to
patients’ quality of life, and impact on the economic burden on currently burgeoning health care costs.
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Introduction

Neurosurgery has dramatically evolved over the turn of the
century [1–3]. Tools such as the microscope and endoscope,
finer surgical instruments, intraoperative visualization techni-
ques, as well as advances in electrophysiological monitoring
have aided evolution of neurosurgical techniques and
improvements in patient outcome over the past two decades
[4–6]. This is paralleled by proficiency in different types of
anesthesia methods, shorter operative durations, and
enhanced perioperative care, enabling quicker recovery and
earlier discharge. The primary goal of treatment has matured
and transformed to encompass preservation of neurological
function offering patients a better quality of life [7–10].
Outcome measures are centered on direct patient satisfaction
rather than the surgeons’ perception of patients’ well-being
[11–14].

The application of awake craniotomy to the field of neuro-
surgery has decreased iatrogenic postoperative neurological
deficits, allowing for safe maximal resection of tumors and
improved health-care resources by avoiding the use of inten-
sive care unit (ICU) beds and permitting early discharge [15–
21]. With its introduction came the advent of outpatient brain
tumor surgery – a concept introduced by the senior author
two decades ago [16,22–25]. Outpatient or day-case surgery is
defined as a patient arriving at the hospital the morning of
their procedure and being discharged the same evening
usually before 9:00 p.m., avoiding an overnight hospital stay.
This ideology is widely used in spine surgery that involves
both uninstrumented and instrumented procedures [26–40].

In this review, we analyze various intracranial and spinal
procedures that have been performed as day surgeries and
discuss the advantages and disadvantages of this innovative

cost-effective concept. We also delve into various qualitative
studies that target the patients’ point of view experiencing
this underutilized concept.

The focus of this paper will be on surgery for brain tumors,
unruptured intracranial aneurysms, outpatient pediatric neu-
rosurgery, spinal decompression and instrumentation – all of
which are currently routinely done as outpatient surgeries in
select centers of the world. Since other procedures such as
diagnostic angiograms, kyphoplasty, vertebroplasty, facet and
epidural injections, nerve blocks, laser lumbar discectomy, and
peripheral nerve entrapment release surgeries are almost uni-
versally done as day-case procedures, we will not include
them in this review.

Intracranial outpatient neurosurgery

Brain tumors

Historical perspective
While the idea of awake craniotomy arose from its use in
epilepsy surgery in the seventeenth century, its adoption for
the resection of brain tumors, with mapping of eloquent
cortex has been prevalent over just the past 25 years [20].
Since 1991, the senior author has routinely performed awake
craniotomy for intra-axial brain tumors with low complication
rates and minimum resource utilization. In 1996, a pilot study
was initiated at the senior author’s hospital to assess the
feasibility of performing craniotomy for tumor resection as
an outpatient procedure [41]. The results of this study were
reported in 2001. Eighty-nine patients successfully completed
the protocol which was later adopted at one center in the
United Kingdom after a team came to Toronto to observe the
procedure [25].
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Since 1996, the senior author has performed about 700
outpatient brain tumor surgeries (over 500 resections and
almost 200 image-guided biopsies and Ommaya reservoirs).
While in the initial experience all these cases were done
‘awake’, with time and experience we have come to learn
that general anesthesia (GA) does not preclude same-day
discharge following brain tumor surgery [42].

Why outpatient surgery?
Over the years, smaller incisions, precise microneurosurgical
technique, a move toward more aggressive resection of intra-
axial tumors, and meticulous hemostasis have led to fewer
complications, decreased postoperative pain, earlier mobiliza-
tion, and decrease in hospital stay. Several large scale reports
have shown that serious postoperative complications asso-
ciated with biopsy and craniotomy (in particular, intracerebral
hemorrhage) occur usually within 6 h postoperatively [43,44].
This is an important consideration when determining whether
keeping a patient overnight provides additional benefit to
discharging a patient after 6 h of observation. The privacy of
one’s own home on the first postoperative day allows for
overnight observation and assistance by family members and
friends without disturbance by other inpatients and without
the possibility of hospital-based complications.

Despite established safety of the procedure, the protocol has
not gained widespread popularity among surgeons. Presumably
they still believe that delayed neurological worsening after 6 h
occurs at a high enough frequency to warrant closer observation
in hospital. In a survey of the members of the American
Association of Neurological Surgeons and the Congress of
Neurological surgeons, only 6% performed outpatient image-
guided brain biopsy, although the majority agreed that dis-
charge on the same day would be safe and reasonable [45].

Avoidance of an overnight hospital stay often alleviates the
psychological impact of brain tumor diagnosis and treatment,
and high patient satisfaction is demonstrated following out-
patient craniotomy. Compared with standard hospital experi-
ences the other potential benefits include decreased health-
care costs, less exposure to nosocomial infections, less risk of
thromboembolism, and less risk of iatrogenic complications
from medical errors. With more current data emerging on the
benefits of early discharge, not only to the patient but also to
health-care providers and hospitals, this procedure will gain
further significance and importance [46].

Outpatient surgeries are often performed under local
anesthesia, which is generally faster, and hence more cases
can be done in day as opposed to inpatients. Also cases done
as outpatients do not require an inpatient bed and in strapped
health-care systems sometimes patients’ surgeries are can-
celed because of the lack of an inpatient bed, which does
not obtain for outpatients. In this way, the procedure benefits
the patient, physician, as well as the hospital.

Who is a candidate for outpatient brain tumor surgery?
To avoid complications related to surgery, patient selection is
the key for a successful outcome in day-case surgeries. This
decision is made preoperatively in consultation with the
patient and their families. The decisive inclusion and exclusion
criteria are as follows [42]:

Inclusion Criteria

(1) Supratentorial tumor
(2) Patient caregiver available
(3) Patient staying relatively close to the hospital (i.e. no

more than 1 h away)

Exclusion criteria

(1) Already an inpatient
(2) Significant cardiorespiratory morbidity
(3) Airway management concerns (e.g. sleep apnea)
(4) Uncontrolled seizures or poor neurological status
(5) Long procedure expected (greater than 4 h)
(6) Psychological unsuitability/patient preference

The age of the patient and the kind of anesthesia adminis-
tered (local or general) do not feature in decision for day-case
surgeries. The nature and location of the tumor (e.g. middle
cranial fossa floor tumors tend to be associated with more
pain intraoperatively) and the understanding and acceptability
of the patient and the motivation of their caregiver to help do
determine if they would be candidates for outpatient brain
tumor surgery. Increased intracranial pressure is not exclusion
for day surgery craniotomy. To reiterate, if the patient is a
candidate according to the surgeon, the outpatient procedure
is then discussed with the patient and if willing is admitted
under the day surgery unit (DSU) protocol. Sicker patients with
higher morbidities who are more likely to have complicated
courses are not selected for outpatient surgery but are
selected as inpatients for obvious concerns of safety.

Protocol for outpatient brain tumor surgery
The protocol for outpatient brain tumor surgery is simple and
standardized and involves cooperation among patients and
their caregivers [16]. Since there is a significant difference
between an ‘awake’ and an ‘asleep’ experience during surgery,
patient education is of paramount importance for patient pre-
paration before day-case surgery. At the presurgical office visit,
patients and family members are educated on the expected
course of events, potential complications and informed consent
is obtained. A meeting with the anesthetist and the nurse
practitioner along with provision of a pamphlet describing the
steps of the procedure further alleviates patient concerns.

Key Steps in the Protocol

(1) Patient is admitted to the DSU at 5:30 a.m. and under-
goes a limited sequence magnetic resonance imaging
for the frameless navigation.

(2) The use of arterial lines, urinary catheters, and central
venous lines in the operating room is extremely rare in
awake craniotomy cases. Most often all intravenous
access is through peripheral lines.

(3) Prophylactic antibiotics and steroids are given prior to
skin incision. Anticonvulsants are administered only in
cases with prior seizures. Mannitol is almost never
administered.

(4) Electrocardiography and pulse oximetry monitoring is
performed. The patient is positioned as desired with
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the head fixed in a Sugita head rest and the procedure
is performed under the appropriate anesthesia for the
given case. Microneurosurgical technique is used in
every case.

(5) Electrophysiological monitoring/cortical mapping is
carried out during the procedure.

(6) After surgery the patient is monitored in the postanes-
thetic care unit for 2 h and then transferred to DSU for
an additional 4 h at least.

(7) A computed tomography (CT) is performed 4 h after
surgery and a physician assesses the neurological sta-
tus, fitness for discharge, and adequate control of pain
and nausea (Figures 1 and 2).

(8) Patients are most often discharged home 6 h post-
operatively with very clear and strict instructions to
return if any new signs or symptoms develop.

(9) Patients who do not fulfill any of the above criteria, or
the CT scan demonstrates undue hemorrhage or

edema, are admitted to the ward for overnight
monitoring.

(10) Patients are followed up in the Clinic at 1–2 weeks,
documenting their experiences of the procedure, and
appropriate referrals are made (neuro-oncology, radia-
tion oncology, imaging, etc.).

Surgical outcomes (Table 1)
There are very few, large, prospectively conducted trials on the
outcome of implementing the outpatient brain tumor craniot-
omy/biopsy protocol, despite its safety and efficacy being
clearly established in a correctly selected group of patients
[22–25]. Not only is there no excess morbidity resulting from
early discharge after surgery, compared to inpatient admis-
sion, but also same-day discharge likely reduces the exposure
of patients to nosocomial infection, thromboembolic compli-
cations, and medical error, and decreases case cancelation due

Figure 1. A) Enhanced pre-operative MRI of 35-year-old woman with anaplastic ependymoma. B) CT done 4 hours post-operatively after awake craniotomy and
2 hours prior to discharge from the DSU.

Figure 2. A) Enhanced pre-operative MRI of 54-year-old woman with recurrent glioblastoma. B) CT done 4 hours post-operatively after awake craniotomy and
2 hours prior to discharge from the DSU.
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to lack of inpatient bed availability, thus improving patient
flow.

The initial feasibility study by Bernstein et al. [41] in 2001
showed a successful discharge in 89% with a complication rate
of 11% in 46 patients. No adverse outcomes occurred in those
patients who were discharged home. This was followed by a
larger study sample of 117 patients who underwent brain biop-
sies and 145 patients who underwent a craniotomy [22].
Successful discharge from the DSU was done in 93% of the
brain biopsy patients and in 94% of patients who underwent
an awake craniotomy. The reasons for inpatient conversion
included hemorrhage with worsening neurological deficit, head-
ache, seizures, air embolism, and familial anxiety. While all of
these conversions took place at the time of the afternoon assess-
ment, three patients were readmitted after being discharged
home, two of these for headache and one for a seizure the
next day. The results of this study parallel the report of a similar
study by the same group, which demonstrates similar success
and safety profile for outpatient image-guided biopsy. Of the 76
patients, 98% were discharged home with none experiencing an
adverse outcome because of their outpatient status [23].

In another prospective study of 401 patients conducted by
the same group by Purzner et al. [24] in 2011, of 249 patients
who underwent a craniotomy, 93% were successfully dis-
charged from the DSU, 5% were admitted from the DSU, and
2% were discharged and later readmitted. Of 152 patients who
underwent a brain biopsy, 94.1% were successfully discharged
from the DSU, 4.6% were admitted from the DSU, and 1.3%
were discharged and later readmitted. No patients experi-
enced a negative outcome as a result of early discharge.

There are no statistically significant predictors of admis-
sion as no study has huge numbers and furthermore the
number of patients admitted is low with often one or two
patients only in each category. The obvious predictors are
significant new neurological deficit but even this factor
would not show statistical significance due to small
numbers.

Grundy et al. [25] reported a day-case series of 27/30 biopsy
and 9/11 craniotomy patients who were discharged 6 h post-
operatively. One biopsy case was admitted due to increased
headache postoperatively, but with a normal CT and one cra-
niotomy case had transient worsening of lower limb paresis
requiring overnight admission. The three other overnight admis-
sions were for patient preference. One biopsy patient was read-
mitted 30 h postoperatively with a seizure and discharged the
following day. No patients suffered an adverse outcome.

Outpatient brain tumor cases have also been performed
under GA (Figure 3). Au et al. [42] showed that of a series of 44
cases done under GA but targeted for day surgery, 38 (86%)
were successfully discharged the same evening. Of the cases
requiring conversion to inpatient admission, one was admitted
for ongoing difficulties with wound hemostasis, one for new
cognitive impairment, two for new or worsened weakness,
and one for new onset of seizure. One patient was discharged
from DSU but required readmission on the first postoperative
day for new aphasia, with no adverse findings on CT.

The above studies demonstrate the safety and efficacy of
outpatient brain tumor surgery. Successful discharge was fea-
sible in 82–97% of the patients and complications ranged
from 0% to 11%. No patient had an adverse outcome as a
result of early discharge and there were no mortalities.

Unruptured intracranial aneurysms

With the development of minimally invasive techniques, unrup-
tured intracranial aneurysms can be clipped with a very low
morbidity. Goettel et al. [47] reviewed outcomes of their DSU
program for treatment of these aneurysms. During the study
period, 25 patients aged 54 ± 9 years underwent outpatient
aneurysm repair under GA. Seventeen patients (68%) success-
fully completed day surgery and eight patients (32%) were
admitted to the hospital after surgery due to perioperative
complications. The reasons for conversion to the inpatient status
were a decreased level of consciousness, bradycardia, fever,

Table 1. Summary of outpatient brain tumor surgery papers.

Author
Procedure and number

of patients Successful discharge Complications Comments and reasons for inpatient conversion

Bernstein
(2001)

Craniotomy
(46 pts)

89% 11% 1 patent had hemiparesis, 1 had a seizure, 1 had an air-
embolus and 1 was a family request

Blanshard
(2001)

Craniotomy
(15 pts)

88% 6% 1 patient had a seizure, 1 headache, 1 nausea

Kaakaji
(2001)

Biopsy
(71 pts)

82% 6% Of the 13 pts admitted overnight, only 4 were due to
complications

Bharadwaj
(2002)

Biopsy
(76 pts)

97% 3% 1 patient had a small intraventricular hemorrhage, 1
developed mild leg weakness

Grundy
(2008)

Craniotomy (11 pts) and
biopsy (30 pts)

82% for craniotomy,
90% for biopsy

18% (2 pts) for
craniotomy and
3% (1 pt) for
biopsy

1 patient had transient hemiparesis, 1 had a seizure, 1
intraprocedural hemorrhage after biopsy

Boulton
(2008)

Craniotomy (145 pts)
Biopsy (117 pts)

94% for craniotomy and 93% for biopsy 5% for craniotomy
and biopsy

No patient suffered an adverse event with alteration in
outcome because of planned outpatient discharge

Purzner
(2011)

Craniotomy (249 pts)
Biopsy (152 pts)

93% for craniotomy and 94% for biopsy 7% for craniotomy
and 6% for
biopsy

1 patient had worsening neurological deficit, 1 headache,
nausea, 2 had seizures, and a hemorrhage

Park (2011) Stereotactic biopsy and
radiosurgery (30 pts)

87% – 4 patients did not have
radiosurgery due to inconclusive
diagnosis

0% Cost saving of about $2200.00 per patient with the
outpatient combined treatment

Au (2016) Craniotomy under
general anesthesia
(44 pts)

86% 11% Reasons for admission were seizure, aphasia, wound
hemostasis, cognitive impairment, new weakness
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severe postoperative nausea and vomiting, and seizures. Five
patients were discharged home the next day. Duration of hos-
pital stay in the protocol failure group ranged from 2 to 18 days.
There was no mortality.

This study does demonstrate that surgical clipping of an
intact aneurysm may be performed in a DSU setting. However,
more prospective data are required to establish safety or
quality of care as compared with the standard inpatient
approach. Obviously, ruptured aneurysms would not be suited
for this protocol. In order to change practice to clipping of
unruptured aneurysms in the DSU setting, the protocol must
be safe, efficient, and cost-effective by objective measures
compared to the standard inpatient protocol currently being
followed at most centers across the world. Using minimally
invasive techniques that reduce surgical trauma, minimize
surgical time, improve postoperative recovery, and conse-
quently shorten length of stay, the outpatient approach
seems to be more plausible [48].

Outpatient pediatric neurosurgery

In 1988, Mawk et al. [49] retrospectively reviewed a group of
31 children who underwent outpatient surgical procedures on
a pediatric neurosurgical service to assess safety, outcome,
and cost. The majority of the procedures were shunts or
shunt revisions while others included cranioplasty, cord
detethering, coccygectomy, biopsy of scalp lesions, and mus-
cle biopsies. None of the patients experienced any anesthetic
complications. One patient was admitted for management of
a surgical complication and was discharged uneventfully
4 days later. No infections were observed in any of the cases.

The authors believe that outpatients coming to a surgery
from home are healthier than inpatients. This may be the most
important consideration in preventing shunt infections. The
authors concluded that neurosurgical procedures can be
safely and inexpensively performed on an outpatient basis,
even in children. While in the modern era we do believe that
some centers might be preforming shunts and endoscopic
third ventriculostomies in the DSU setting in children, to our

knowledge there are no studies reported on their outcomes in
the literature, except for one reporting good outcomes on the
safety of outpatient lumbo-peritoneal shunt in adults [50].

Outpatient spinal surgery

The data on outpatient spinal surgery clearly outnumber intra-
cranial procedures. The acceptance and willingness of both
surgeons and patients to perform and undergo these proce-
dures in the DSU setting is wider [51]. This is proven by the
fact that proportions of discectomies performed on outpati-
ents rose from 4% in 1994 to 26% in 2000 [52]. Akin to
intracranial procedures, some authors are even doing these
procedures awake (endoscopic lumbar discectomy), under
local anesthesia [29].

Eligibility criteria
Chin et al. [40] have proposed selection criteria for lumbar
spine surgery in the DSU setting. These would apply to unin-
strumented as well as instrumented spine surgery in the lum-
bar spine and parallel the ones used for day-case brain
surgery.

(1) Must be living or staying within 30 min of the hospital
(2) Body mass index (BMI) less than 42
(3) Cardiac evaluation with ECG/stress test if the patient

has a history of a cardiac problem
(4) Must have a responsible adult living with the patient who

is available to care for them for at least 24 h after surgery
(5) Low-to-moderate anesthesia risk according to American

Society of Anesthesiologists (ASA) criteria 1–3

Similar criteria for outpatient anterior cervical discectomy and
fusion (ACDF) surgery have been proposed by Stieber et al.
[53]. These can serve as guidelines for surgical teams and can
be modified to suit their environment.

(1) Primary procedure
(2) 1- or 2-level involvement

Figure 3. A) Pre-operative MRI of 31 year-old man who one year previously underwent outpatient awake craniotomy for an anaplastic astrocytoma followed by
radiation and chemotherapy. He now presents with recurrence and undergoes surgery under general anesthesia. Note the edema and mass effect. B) CT 4 hours
post-operatively and 2 hours prior to discharge from DSU.
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(3) C4-5 through C6-7 levels (some authors do one level
above and below the proposed levels)

(4) Absence of myelopathy (some authors include myelo-
pathic patients)

(5) Structural allograft (autograft used by some authors)
(6) Estimated operative time <2 h (some authors permit

slightly longer operative times)
(7) Exclusion of subjectively large neck size
(8) Appropriate discharge environment

Results of a prospectively studied national database of 597
patients indicated that outpatient ACDF did not carry any
increased risk of morbidity relative to inpatient procedures.
They indicated that patients aged over 65 years, BMI of
>30 kg/m2, ASA class of 3 or 4, current dialysis, current corti-
costeroid use, recent sepsis, and operative times longer than
120 min were all independent risk factors for complications
[32]. Criteria for discharge included the ability to tolerate a
clear diet and ambulate with minimal assistance. Patient selec-
tion is the key for a successful outpatient program.

Walid et al. [54] retrospectively studied 97 spine surgery
outpatients and 578 inpatients that had proceeded through a
common process of surgical selection. The prevalence of dia-
betes mellitus (19% vs. 10%), congestive heart disease (19.7%
vs. 1.3%), coronary artery procedures (15.9% vs. 3.8%), and use
of antidepressants (25.4% vs. 11.6%) was higher in the inpa-
tient group (p < 0.05). Likewise in another study from four US
states (California, Florida, New York, and North Carolina) male
gender, private insurance, lower Charleston comorbidity index,
and higher volume hospitals were significantly associated with
outpatient procedures. Higher income, older age, coverage by
Medicaid, African-Americans, and other minority races were
associated with decreased odds of outpatient procedures.
The rate of 30-day postoperative readmissions was higher
among inpatients. Institutional charges were significantly
lower for outpatient lumbar discectomies [55].

To reemphasize, not only a good patient selection criteria,
but also good discharge criteria are equally important and the
decision to discharge on the same day of surgery ought to be
a mutual decision made by the patient and the physician,
including both the surgeon and the anesthetist.

Lumbar spine
The first outpatient lumbar discectomy was performed in 1985
and in 1994 the results of the first large series of a 103 patients
admitted through an ambulatory service were reported [56].
Three patients were kept overnight because of urinary reten-
tion or persistent vomiting. One patient with an acute recur-
rence returned on the fifth day and was treated as an
outpatient on the seventh day and did very well. When
patients were asked if they would recommend this surgery
as an outpatient procedure 92% said yes, 4% were undecided,
and 4% said no. At a 3-year follow-up, 88% had good results.
At the time there were several other small reports, describing
good outcomes, promising its safety and efficacy [57–61].

In another early series of lumbar decompression/discect-
omy, of the 74 patients who underwent this outpatient pro-
cedure, 91.2% were discharged the same day as surgery.
Indications for the six patients who were not discharged

included incisional pain, CSF leak, nausea, vomiting, and ver-
tigo. No homecare nursing or physician’s assistant intervention
was required. An et al. [62] reported that only 4 out of 61
patients (7%) were admitted to the hospital after the proce-
dure for reasons of pain control, inability to void, or lack of a
caregiver at home. Ninety-three percent had good or excellent
results even at long-term follow-up. Bednar et al. [63] found
that attention to preoperative patient education and minimi-
zation of perioperative narcotic dose significantly improved
the outpatient discharge success rate from 82% to 98% in
successive cohorts undergoing surgery for sciatica.

In another study, while only 1 of the 212 patients operated
as day case for a lumbar disc was admitted overnight in
hospital (postoperative hyperglyemia), the authors reported
that their long-term outcome success rates of 75–80% were
more realistic than those of 90% or more found in some prior
reports [64]. The average hospital stay was about 5 h in this
cohort.

Of the 122 consecutive lumbar discectomy patients
reported by the senior author as outpatients [37], only 5%
were admitted to the hospital from the DSU. Likewise, of the
106 patients reported by Shaikh et al. [65], only 6 required
unanticipated admission. Two patients were admitted due to
nausea and vomiting, one due to severe pain, one due to
urinary retention, and two were surgical causes (dural tear).
Eight patients had delayed discharge. Anesthesia causes were
severe nausea, severe pain, low oxygen saturation, sore throat,
and dry eyes. Two patients had surgical causes. In another
large prospective study of 406 patients, the acute complica-
tion and conversion to inpatient rate was 6.9% and 4.7%,
respectively [27].

In 2006, Best et al. [66] reported a large series of 1377
microlumbar discectomies, 1322 (96%) of which were done
on an outpatient basis. Of those that were done on an out-
patient basis, 17 (1.2%) had complications such as dural tear,
urinary retention, infection, and seroma/hematoma, 6 (0.4%)
of which returned to hospital after discharge. This was a
marked improvement compared to previous studies, which
showed a 5–18% conversion to inpatient rate [37,62,63,65].
In their subgroup analysis of 233 patients over 65 years of
age, only 4% were converted to an inpatient stay confirming
the safety and efficacy of the outpatient procedure in the
elderly [67]. On the other hand, some authors continue to
caution against the increased prevalence of outpatient proce-
dures, especially in the elderly [68].

More recently certain groups have discussed the feasibility
of performing outpatient instrumented transformainal lumbar
interbody fusion [40,69]. Of the 27 patients, 4 patients (14%)
who had surgeries performed as DSU had complications
within 7 days postoperatively compared with 1 of 25 (4%)
patients who had surgery performed as an inpatient with
only an overnight stay [69].

Pugely et al. [34] compared inpatient versus outpatient
morbidity and mortality specifically in patients who under-
went single-level posterior lumbar decompression. Data col-
lected from the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP) for 4310
patients undergoing either inpatient (61.7%) or outpatient
(38.3%) lumbar decompression found the overall complication
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rate to be 5.4% in the inpatient group versus 3.5% in the
outpatient group (p = 0.0068). Propensity score matching
and multivariate logistic regression analysis were used to
adjust for confounders and they found several independent
risk factors for short-term complications after lumbar discect-
omy including, age, diabetes, presence of preoperative wound
infection, blood transfusion, operative time, and an inpatient
hospital stay.

Some authors have focused on developing outpatient lami-
nectomy programs at their centers [70]. Lang et al. [30] pre-
sented a retrospective study on 1-level discectomies done at a
large-scale academic center before (n = 643) and after (n = 363)
an ambulatory surgery protocol was implemented. There was a
significant reduction in the infection rate (12.5% vs. 3.1%) after
protocol implementation. The authors also reported that the
quality of incident reporting and documentation significantly
improved after implementation of the protocol [71].

Cervical spine
In 1996, Silvers et al. [72] were the first to examine the safety
and efficacy of ACDF without instrumentation performed on
an outpatient basis in a cohort of 50 patients. With one
complication each in the outpatient (vocal cord palsy) versus
inpatient (wound infection) group, they concluded that no
significant additional morbidity was related to the outpatient
procedure. The success rates for pain relief and return to work
and to normal activities were comparable.

A year later, Tomaras et al. [73] reported the results of
outpatient posterior lamino-foraminotomy on 200 patients
under GA. No patient required subsequent hospital admission
in the immediate postoperative period. Ninety-three percent
of patients reported an excellent or good outcome and
returned to work or comparable duties at around 3 weeks.
The experience of spine surgeons with ambulatory cervical
spine surgery using the posterior approach does not necessa-
rily translatable to anterior cervical spine surgery, since the
complications related to the anterior approach make ambula-
tory surgery more problematic.

Stieber et al. [53] described the use of ACDF (with allograft
only) with plate fixation, the first to utilize instrumentation in
the outpatient setting. Transient dysphagia was the most pre-
valent minor complication (3/30 patients – 10 %); however, no
patient was admitted for this complication since all symptoms
were self-limiting. Trahan et al. [38] reported one patient with
neck swelling, difficulty in breathing, and anxiety after an
outpatient discectomy; this required readmission for 1 day.
While airway obstruction and respiratory distress is uncom-
mon, it is potentially life threating. This is more prevalent with
multilevel procedures, corpectomies, and longer retraction
times. With contemporary anesthesia and surgery techniques,
the frequency of these complications has significantly
reduced, especially for 1–2-level discectomy.

In a large series of 645 outpatients who underwent an
ACDF procedure, there were no airway-related complications
[28]. Two patients had an epidural hematoma presenting
within 1 h of surgery, well within the 4 h mandatory observa-
tion period for the study; one required surgical evacuation. No
drains were used for any patient and no patient developed a
retropharyngeal hematoma. The unplanned admission rate

was 6% with most admissions due to nausea or iliac crest
bone graft donor site pain. Some authors believed that the
use of an iliac autograft for ACDF was not a limitation to the
outpatient procedure and patients could be discharged at a
mean time of 2.4 h after surgery and received three home
health-care visits over 24 h [26].

The results of the above reports were corroborated by a
study of 103 patients, discharged successfully at a median
time of 8 h after surgery [74]. They included patients under-
going 3-level surgeries, all of who were admitted for a 23-h
stay in their free-standing ambulatory surgery center. In addi-
tion, patients were sometimes observed in their surgery center
for up to 15 h after completion of the procedure. Their study
design calls into question whether it is truly representative of
what can be safely accomplished on an outpatient basis in
anterior cervical spine surgery, given the long period of post-
operative observation in the surgery center. The complication
rate was 3.8% and included reaction to medication, radiculo-
pathy, dehydration, and a vertebral fracture [74]. When com-
paring the outcomes of inpatients (n = 64) versus outpatients
(n = 45) undergoing ACDF with plating, Liu et al. [75] did not
find any difference in outcome. There were four complications,
all in the inpatient group.

Wohns et al. [39] reviewed the safety of cervical disc artho-
plasty in the outpatient setting. The average operative time
was 40 min and average recovery time prior to discharge was
3 h. There were no complications in the 26 patients operated.

In a detailed prospective study of 390 patients undergoing
ACDF, Lied et al. [76] suggested that a 6-h postoperative
observation period after ACDF, followed by discharge is safe.
Based on these findings they conducted another prospective
analysis [31]. Ninety-five of the 96 patients were successfully
discharged either to their home or to a hotel on the day of
surgery. Two patients developed postoperative hematoma
requiring evacuation. Despite the complication and the hema-
toma evacuation, the patients were still discharged on the day
of surgery. A larger study by the same group from Norway
undergoing 1073 lumbar and 367 cervical decompressions
found ambulatory surgery safe with 0% mortality and a 3.5%
morbidity [77].

Recently, McGirt et al. [33] analyzed a nationwide, prospec-
tive quality improvement registry (NSQIP) to compare the
quality of ACDF surgery performed in the outpatient versus
the inpatient hospital setting. A total of 7288 ACDF cases were
identified (outpatient = 1168, inpatient = 6120). After a pro-
pensity-matched analysis, rates of major morbidity (1.4% vs.
3.1%, p = 0.03) and return to the operating room (OR) (0.34%
vs. 1.4%, p = 0.04) remained significantly lower after outpati-
ent ACDF. Multivariate logistic regression demonstrated that
ACDF performed in the outpatient setting had 58% lower
odds of having a major morbidity and 80% lower odds of
return to the OR within 30 days.

It is important to remember that selection bias in these
studies cannot be completely eliminated. Patients undergoing
outpatient versus inpatient ACDF were propensity matched
and were similar with regard to all surgical risk factors, but
there can still be bias associated with nonrandomization as
well as surgeon experience and efficiency/experience of out-
patient centers and hospital staff. The level of surgeon
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expertise, experience of house staff, and competence of out-
patient centers/hospitals have not been accounted for in the
analysis.

Needless to say, there has been an increase in cervical
spine surgeries performed in an ambulatory setting during
the last decade. In a study spanning four major US states
(California, Florida, Maryland, and New York), ACDF accounted
for 68% of outpatient procedures and posterior decompres-
sion made up 21%. The majority (>99%) of patients were
discharged home following ambulatory surgery [78].

Patients’ perception and satisfaction

Brain

Brain surgery has traditionally been thought to be a major
procedure that necessitates a prolonged hospital stay and a
lengthy recovery period. Very few people have heard of out-
patient brain surgery. In a qualitative study, patients were
surprised when the idea was first presented to them [14].
However, after having received adequate and relevant infor-
mation preoperatively, the possibility of being discharged the
same day as their operation made the disease and its manage-
ment seem less serious. This contributes to their well-being
and aids their recovery process.

About half the patients believed that they would recover
more quickly and comfortably at home. Of particular impor-
tance are patients with high-grade gliomas and metastasis.
Their limited stay in the hospital helps alleviate the psycholo-
gical impact of their diagnosis and management and minimiz-
ing total hospital time associated with each intervention likely
positively impacts their quality of life. For outpatient craniot-
omy, the element of trust in the surgeon and the system plays
a big role. Patients need to believe that the recommendations
made by their surgeon are safe and effective and they would
be able to tolerate them [14]. Also, there is contemporary
emerging data that suggest that cancer patients may live
longer if they undergo surgery avoiding the use of volatile
agents (i.e. GA) [79].

Spine

In a large series of 1322 outpatient microlumbar discectomies,
when patients were asked, 81.6% said they would undergo the
procedure again as an outpatient. In 82.1%, the patient’s out-
come was good, very good, or excellent [66]. However, in the
elderly population above 65 years of age studied by the same
authors, only 72.4% said they would repeat the procedure as
an outpatient and 69.1% stated that their surgery’s outcome
was good or better.

Hersht et al. [11] found that the role of outpatient lumbar
microdiscectomy lead to a significant positive effect on the
patient’s quality of life. In their qualitative analysis of patient
interviews, the authors found that most patients appreciate
the need for the health-care system to save money where
possible so that it can be spent in other, more resource-
intensive areas. Outpatient lumbar microdiscectomy satisfies
this goal while retaining high patient satisfaction rates. In
patients undergoing lumbar fusion, the mean satisfaction

score was 81.1% for patients who had the surgery as an out-
patient and 77.5% for patients who were admitted over-
night [69].

After giving the option to their patients, the authors experi-
enced a higher percentage of patients choosing the outpati-
ent cervical spine surgery (ACDF with allograft alone) option
and many patients who traveled long distances for their sur-
gery preferred to stay at a hotel than at the hospital following
the procedure [73]. They found that carefully addressing
patients’ concerns about postoperative pain and assuring
them of the surgeon’s availability increases their confidence
in accepting outpatient surgery. Immediate resolution of radi-
cular pain further bolsters the patients’ confidence in return-
ing home the day of surgery.

After outpatient ACDF, even with the use of an autograft,
95% patients indicated they were satisfied with the surgery and
78% indicated they would have the procedure performed on an
outpatient basis again. Similarly, in another study where patient
satisfaction on the outcomes of ACDF was assessed using the
North American Spine society questionnaire, 91% found the
overall results to be excellent, 3% fair, and 6% poor [31].

In a survey mailed to 152 patients 30 days after outpatient
discectomy by Sheperd et al. [36], 49% responded. All of them
thought of their experience as favorable. Ninety-eight percent
of responders thought that the pain was controlled during the
first 48 h after surgery; one patient thought that the pain was
only partially controlled and another patient experienced
postoperative nausea, which the patient thought was
‘tolerable.’

The nursing role in outpatient neurosurgical
procedures

Besides the surgeon, nurses play a vital role in facilitating a
shift in outpatient neurosurgery toward a more patient-care
focused environment [80]. By providing information and edu-
cation to patients and families, nurses have enormous poten-
tial to improve satisfaction and outcomes for patients
undergoing these procedures. Thoroughly preparing patients
for their surgery and helping them manage their care post-
operatively are key in decreasing complications and readmis-
sion. This role requires constant and repetitive explaining,
interpreting, and reinforcing for the procedure to have a
successful outcome.

Patients usually have concerns related to the fear of sur-
gery, complications, and levels of recovery. At discharge, they
want to know about their medications, how to recognize
complications, and what preventive measures they could
take to avoid them. Communication of this type is best pro-
vided by a dedicated nurse/nurse practitioner. They also help
in arranging appropriate referrals in a timely fashion; this
improves cost-effectiveness for the system while simulta-
neously improving the patients’ quality of life.

Health-care resources

The ultimate goal of innovation in neurosurgery is to improve
patient-care quality and reduce costs [5]. Bhardwaj et al. [23]
demonstrated that in 2002, in Canada, where the government
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is the sole payer, the financial savings to a hospital for an
outpatient stereotactic biopsy was around $1140.00 if the
patient spent one night in the ward and $2340.00 if the
patient spent one night in the ICU.

In a study on the clinical and economic consequences of
early discharge of patients following stereotactic brain biopsy
at the Cleveland Clinic, the authors demonstrated that
extended outpatient observation (8–23 h) compared to early
discharge (<8 h) was not clinically necessary and may be
economically prohibitive in the setting of a teaching hospital.
Average net hospital incomes on technical charges for
patients in the inpatient hospitalization, extended outpatient
observation (8–23 h), and early discharge (<8 h) groups were
$889.00, $1339.00, and $671.00, respectively [81]. Revenue was
6% higher in the extended outpatient observation group
compared with the early discharge group, whereas direct
costs were 35% higher. The factors that contributed to the
increase in cost above that of the early discharge group
included pathology, nursing, anesthesia, radiology, and
pharmacy.

Total cost per unruptured aneurysm patient was signifi-
cantly different between inpatient and outpatient using mini-
mally invasive surgery for clipping of an aneurysm. The costs
of medical imaging too were lower in the outpatient
group [48].

In pediatric patients, savings of at least 49.5% in hospital
charges were produced when surgery was performed in the
outpatient surgical facility, and a 19.8% reduction in costs was
achieved when the main hospital-operating suite was used on
an outpatient basis [49]. In a prospective study of 1003 patients
who underwent outpatient brain tumor or spinal surgery at a
single institution, there were no negative outcomes attributable
to early discharge and an estimated saving of a total of
$1123,200.00 in inpatient-associated costs alone [24].

Slotman et al. [82] compared the cost efficacy of laparo-
scopic outpatient discectomy via an anterior approach versus
the traditional posterior laminectomy in 1998 and found that
the reduced length of stay was associated with lowered
patient charges ($4405.00 vs. $7192.00, p < 0.01), confirming
that the former was safe, cost-effective, minimally invasive
alternative to the traditional laminectomy.

The mean cost of inpatient and outpatient lumbar fusion
surgeries was $ 67,079.00 and $23,175.00, respectively, in a
study that analyzed the characteristics of ambulatory and
inpatient surgeries performed in community hospitals in 28
states in the United States of America [83]. Likewise in another
study of over 150,000 patients, the median charge for inpati-
ent surgery was $24,273.00 as compared with $11,339.00 for
the outpatient setting (p < 0.0001) [55].

An economic analysis by Silvers et al. [72] involving patients
undergoing outpatient ACDF suggested an average cost sav-
ings of $1800.00 per patient, leading to a potential cost saving
of $140 million in 1996 if all 1- to 2-level ACDF’s were per-
formed as outpatients. Adjusting for utilization of ACDF in
2012, annual cost savings may be as high as $400 million
annually [33].

The benefit is similar in patients undergoing cervical disc
arthroplasty as well. Wohns et al. [39] in 2010 studied that the

average charges for a 1-level outpatient cervical disc arthro-
plasty were $11,144.00. The average charges for a 1-level out-
patient anterior cervical discectomy with fusion were
$29,313.00. The average charges for a 1-level inpatient cervical
disc arthroplasty were $68,000.00. The average charges for a 1-
level inpatient anterior cervical discectomy with fusion were
$61,095.00. The cost of outpatient single-level cervical disc
arthroplasty was 62% less than the outpatient single-level
cervical anterior discectomy with fusion using allograft and
plate and 84% less than the inpatient single-level cervical disc
arthroplasty.

While prolonged hospital stays may better address pro-
blems such as inadequate pain control, urinary retention,
constipation, nausea, and vomiting, they are directly asso-
ciated with rising health-care costs and increased risk of infec-
tions, thromboembolic complications, and medical errors.
These studies are highly suggestive that outpatient cranial
and spinal surgery can provide effective cost-saving measures
and can be implemented without affecting quality of patient
care.

Conclusions

The first goal of surgery is safety, followed secondarily by
efficacy. Outpatient neurosurgery has been shown to be safe
and effective in appropriately selected patients. However, to be
properly instituted, it requires rigorous adherence to well-estab-
lished protocols, thorough patient education and a well-versed
team of surgeons, anesthetists, and nurses, that is institutional
interdisciplinary cooperation. Discharged patients need to be
educated and made aware of early signs of complications. A
delay in recognizing clinical deterioration can result in devastat-
ing outcomes. The heath-care team and the caregiver of the
patient must have a low threshold of conversion to inpatient
status. A streamlined readmission process must be in place to
allow patients a quick return to the hospital if necessary so that
they can be managed appropriately.

Despite significant variability in institutional policies in
scheduling neurosurgical procedures, we urge our colleagues
worldwide to attempt to implement day surgery protocols
and programs, which can exist alongside elective and emer-
gency surgeries providing another pathway for patient care.
It is up to the decision making of the surgical team to
determine the feasibility of specific patients and procedures
based on their specific socioeconomic and medicolegal
environments. In a time of limited health-care resources,
there is a need to create efficient and cost-effective treat-
ments. Despite its proven significant cost-effectiveness, in
countries like the United States a single case of litigation
over an early postoperative complication has the capability
to negate the cost savings realized over thousands of proce-
dures. We encourage departments and institutions to adopt
this protocol and amend it to their setting for it to work
smoothly and efficiently to benefit a select group of patients.
A wider adoption might improve patient satisfaction, societal
acceptance, and decrease resource utilization at a global
level, with optimal safety and efficacy.
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Expert commentary

While the trends in outpatient spinal neurosurgery are rapidly
on the rise, outpatient intracranial surgery for brain tumors
and unruptured aneurysms is done in very select centers
despite its proven safety and efficacy. While awake craniotomy
provides a great opportunity to perform brain tumor surgery
as an outpatient procedure, GA does not preclude this.
Outpatient procedures result in less morbidity in the form of
lower infections, fewer thromboembolic complications, and
greater psychological advantages to the patient. The proce-
dure is less resource intensive and may be of added value in
the developing world.

Five-year view

Surgical outcomes are progressively focusing more on the
patients’ perspective rather than the physicians’ interpretation

of his/her operative results. Qualitative studies of patients’
experiences will play a greater role in selection of an inpatient
versus outpatient procedure, especially if both are reported to
be equally safe and effective with no increase in complications
with the latter. Minimally invasive procedures with the least
possible impairment of quality of life and the chance to curtail
medical expenditure will be in wider demand. All these
aspects will extend the indications of outpatient neurosurgery.
However, for this protocol to work effectively, personal, socio-
economic, medicolegal, and ethical issues must be considered.

Financial and competing interests disclosure

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript apart from
those disclosed. This includes employment, consultancies, honoraria, stock
ownership or options, expert testimony, grants or patents received or
pending, or royalties.

Key issues

● Outpatient neurosurgery is defined as a patient arriving at the hospital the morning of their procedure and leaving the hospital by the same evening,
thus avoiding an overnight stay in the hospital.

● While most often used for brain tumor patients who undergo awake craniotomy, GA does not preclude outpatient procedures.
● Very strict inclusion and exclusion criteria for patient selection have to be formulated for each procedure for the outpatient protocol to be safe and

effective.
● Protocol implementation and strict adherence can be efficient in achieving a goal, especially in large institutions where multiple providers work together

as a team.
● Patient education by the surgeon, anesthetist, nurse, and proficient home care by a family member are of great importance for an outpatient program to

succeed.
● Early discharge should be a consequence of good patient care and not a primary end point.
● The threshold for conversion to inpatients should be low and is about 5–10% in most studies routinely preforming outpatient procedures.
● The minor and major procedural morbidity is about 5–10% with both intracranial and spinal procedures and patient satisfaction rates are high with

outpatient neurosurgery.
● The economic benefits of the outpatient protocol significantly lower the strain on expanding health-care costs.
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