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Spinal surgery in the ambulatory setting has gained 
popularity with providers, patients and healthcare systems 
due to its efficiency and cost advantages combined with 
comparable clinical results. With an increasing case 
variety and complexity performed in this setting, it is 
important to understand proper patient selection and 
preoperative preparation to minimize complications 
and optimize outcomes. The shift to outpatient spinal 
surgery in ambulatory surgery centers (ASC) has mirrored 
improvements in anesthesia protocols, pain management, 
perioperative infections, outcomes, and patient satisfaction 
with the ability for patients to leave the facility the same day 
and recover in the comfort of their own home. In addition 
to the clinical benefits, the transition is fueled by system 
wide financial concerns of escalating costs. Healthcare cost 
containment strategies are intensely debated as they rise at 
a faster rate than the average annual income (3.9% vs. 1.8% 
in 2017, respectively) (1,2). The transition to outpatient 
or ambulatory surgical centers is a simple solution to help 
reduce this financial burden for both patients and payors, 
but only if the safety of the patient is sustained. That being 
said, an increase in complications or readmission rates 
would negate the overall benefits of outpatient ASC use. 
Numerous studies assess the association of postoperative 
complications and outcomes of various spine surgeries 
when performed in an outpatient setting versus an inpatient 
setting (3-13). The studies have discovered several 
preoperative considerations the surgeon must take into 
account in order to best select where to perform the surgery. 
These factors include the type of surgical procedure and 
invasiveness, location and extent of the procedure, various 
patient comorbidities, and multiple operative factors that 
differ between patients and surgeons. 

The list of spine case types performed in an ambulatory 
setting has increased with advances in surgical technique, 
anesthesia, and postoperative care (6). Table 1 shows a list 
of the common spine procedures performed in the ASC 
setting. The procedures marked with “*” indicate more 
recent procedures that have started transitioning to the 
ASC setting. These procedures may be associated with 
higher risks and increased operative difficulty and should 
be performed by more experienced surgeons who can 
consistently predict surgical time and operative parameters. 
In 2006, anterior cervical discectomy and fusion (ACDF) 
comprised 17% of all outpatient spine procedures (14). 
Idowu et al. published a retrospective study that showed 
nearly 30% of single level ACDF are performed in an 
outpatient setting while 70% are still performed inpatient in 
2014. Other common spine procedures done in ambulatory 
centers include microlumbar discectomy (MLD), lumbar 
laminectomy (35% of cases are outpatient), posterior 
cervical foraminotomy, cervical disc arthroplasty (CA), 
and the less common posterior lumbar fusions (6.9% of 
cases are outpatient). All of these procedures displayed 
an increase in proportion of outpatient versus inpatient 
procedures performed between 2003–2014 (15). Gray  
et al. observed a similar increase in popularity of outpatient 
lumbar procedures between 1994 and 2000 and noted that 
discectomy was the most common procedure comprising 
70–90% of all lumbar outpatient cases (16). The shift 
towards outpatient spine surgery should continue as safety 
of these procedures is supported with research, allowing 
patients to decrease their length of stay in a hospital and the 
overall healthcare costs.

Other than case type, several other factors are considered 
when choosing patients for the ambulatory setting. 
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Table 2 provides a comprehensive summary of studies 
evaluating preoperative characteristics and postoperative 
complications of inpatient and outpatient spine surgery. 
One and two level procedures are considered appropriate 
for outpatient, while greater than two level procedures are 
performed less frequently and usually in selected young 
healthy patients (3,4,6,8,10,11). A prospective study of 
1–2 level ACDF performed in an outpatient setting using 
microsurgical techniques resulted in only two postoperative 
hematomas out of the 376 performed. Regarding  
1–2 level lumbar decompression, seven out of 1,073 cases  
were complicated by postoperative hematomas including 
one retroperitoneal hematoma. All hematomas were 
detected prior to discharge within a postoperative 
observation period and every patient recovered without 
any hematoma-associated sequelae (18). A retrospective 
study by Mullins et al. found that 3–4 level ACDF had 
a higher complication rate when compared to 1–2 level 
ACDF, though there was no significant difference between 
complication rate of 3–4 level ACDF when done outpatient 
versus inpatient (11). Another study focusing on Medicare 
patients having an ACDF of 3 or more levels determined 
that outpatients might be associated with lower rates of 
readmissions, complications, and surgical charges. However, 
the data may be confounded by a much smaller sample size 

in the outpatient group and a discordance with conversion 
rates from outpatient to inpatient in large scale database 
studies (9). Even so, large database studies without clear 
ASC subgroups are more challenging to interpret as there 
is less clarity on the number of patients converted from 
outpatient to inpatient status after complications arise. 

The increased acceptance of posterior lumbar fusions 
(PLF) in the outpatient setting correlates with significant 
advances in approach related morbidity reduction and 
improvements of pain management using a multi-modality 
approach. A retrospective cohort study matched outpatients 
and inpatients based off multiple characteristics including 
multi-level lumbar fusions. They found no significant 
difference in postoperative adverse events other than 
a lower blood transfusion rate in the outpatient group. 
The adverse events examined included wound-related 
infection, thromboembolic events, sepsis, pneumonia, 
urinary tract infection, myocardial infarction, unplanned 
intubation, wound dehiscence, renal insufficiency, 
cerebrovascular accident, death, renal failure, and being 
placed on a ventilator for >48 hours (6). Other studies 
failed to propensity match cohorts for comorbidities 
and as a result developed conclusions with selection bias 
and possible confounding factors (19). Other studies 
lack sufficient follow up to fully interpret the results  
(8-10). More extensive research is needed to verify this 
relationship across the multitude of spinal procedures done 
in an outpatient setting. However, as surgical technique 
continues to evolve the possibility of performing higher risk 
multilevel spine procedures is becoming more realistic in 
the outpatient setting. Therefore, surgeons are cautioned 
against performing spinal fusion procedures in the ASC on 
more than two levels when co-morbidity is present and the 
option for overnight stay is not available. Other than safety 
concerns, surgeons should know their own performance 
levels measured by typical length of stay for each surgery 
type. They should have a relatively reproducible level 
of pain control, patient mobility, and discharge time on 
procedures shifted to ASC’s. Otherwise high transfer rates 
to inpatient hospital beds will damage the viability of the 
ASC they are using.

Increased risk of complications has a significant influence 
on choice of surgical setting. Patient comorbidities and 
factors are extremely important to consider in the context 
of the current literature. Martin et al. used a multivariate 
logistic regression analysis to evaluate 2,881 patients 
undergoing inpatient and outpatient single level ACDF 
for independent risk factors for complications within 

Table 1 List of current spine procedures performed in the ASC 
setting

ASC spine procedures

Microlumbar discectomy

Lumbar laminectomy

Vertebroplasty

Kyphoplasty

Anterior cervical discectomy and fusion (ACDF) 1 or 2 level

Posterior cervical foraminotomy

Cervical disc arthroplasty 1 or 2 level

Lumbar fusions 1–2 levels (MIS-TLIF and LLIF)*

Posterior cervical fusion*

ACDF 3 or more levels*

Lumbar fusions 3 or more levels*

*, more recent procedures that have started transitioning to 
the ASC setting. ASC, ambulatory surgery center; MIS-XLIF, 
minimally invasive surgery extreme lateral lumbar interbody 
fusion; LLIF, lateral lumbar interbody fusion.
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Table 2 Summary of the studies on the relationship between preoperative characteristics and postoperative complications of inpatient and 
outpatient spine surgery

Authors  
and year

Patients (N) Study description
Procedures 
evaluated

Significant observations

Best et al. 
2006 (17)

1,377 
outpatients

Single surgeon, 
retrospective case 
series review

Lumbar 
microdiscectomy

5–18% of planned outpatient procedure patients were 
admitted to hospital due to complications being a leak, 
incisional infection, a hematoma or seroma, urinary retention, 
or recurrent disc herniation. 6.4% of outpatients had 
recurrent herniation. 1.7% of outpatients were converted to 
inpatient

Martin et al. 
2014 (10)

597 
outpatients 
vs. 2,317 
inpatients

NSQIP, retrospective 
cohort

Single level ACDF Patient age over 65yo, BMI >30, ASA 3 or 4, current dialysis, 
current corticosteroid use, recent sepsis, and operative 
times longer than 120 minutes were each independent risk 
factors for complication in multivariate analysis

Walid et al. 
2010 (13)

97 outpatients 
vs. 578 
inpatients

Retrospective cohort ACDF, lumbar 
microdiscectomy, 
lumbar 
decompression with 
or without fusion

Prevalence of DM, congestive heart disease, coronary 
artery procedures, and use of antidepressants was higher in 
inpatient group. Age was higher in inpatients. Obesity seems 
to be a predictor of readmission with infection

Chin et al. 
2016 (7)

30 outpatients 
vs. 40 
inpatients

Multiple institutions, 
single surgeon 
comparative analysis, 
retrospective cohort

LLIF Patients who had LLIF outpatient had statistically significant 
improvement in ODI scores compared with inpatient, no 
difference in VAS scores. Outpatient had shorter operative 
times and smaller EBL

Helseth et al. 
2015 (18)

1,073 lumbar 
and 376 
cervical 
outpatients

Prospective single 
institution study

Lumbar and cervical 
microsurgical 
decompressions 
(ACDF, posterior 
cervical 
foraminotomy, 
posterior lumbar 
microsurgical 
decompression)

Overall complication rate 3.5% for outpatient cervical and 
lumbar decompression. All life threatening hematomas were 
detected within 6 and 3 hours after cervical and lumbar 
surgery, respectively. Recommend outpatients to have low 
patient comorbidity (ASA class I and II), age <70 yo, and 
only perform one level lumbar disc, one level lumbar canal 
stenosis, or one level ACDF. Not suitable for outpatient 
ASA class ≥3, discharge on the day of surgery not likely, 
noncooperative patient, moderate/severe myelopathy

Smith et al. 
2016 (12)

873 
outpatients vs. 
160 inpatients

Case series MIS-XLIF Strongest baseline predictors of early postop discharge 
were less advanced diagnosis (non-deformity), younger age, 
elevated baseline hemoglobin levels, and lower BMI. Most 
predictive treatment variables for early postop discharge 
were fewer number of levels treated and elevated postop 
hemoglobin levels

Arshi et al. 
2018 (4)

1,215 
outpatients 
vs. 10,964 
inpatients

PearlDiver Humana 
(Nationwide), 
retrospective case 
control

1–2 level ACDF Adjusting for age, gender, and comorbidities, patients 
undergoing outpatient ACDF were more likely to undergo 
revision surgery for posterior fusion at both 6 months and 
1 year post-op. Also, higher likelihood of revision anterior 
fusion at 1 year postop. renal failure was more frequently 
associated with outpatient ACDF. Every other complication 
was comparable out vs. in

Arshi et al. 
2018 (3)

770 
outpatients 
vs. 26,826 
inpatients

PearlDiver Humana 
(Nationwide), 
retrospective case 
control

1–2 level PLF Patients undergoing outpatient PLF had higher likelihood of 
revision/extension of posterior fusion, conversion to anterior 
fusion, and stenosis requiring decompressive laminectomy 
within 1 year. Risk-adjusted rates of all other postop surgical 
and medical complications were statistically comparable. No 
trend toward increase or decrease of use across 2007–2015

Table 2 (continued)
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Table 2 (continued)

Authors  
and year

Patients (N) Study description
Procedures 
evaluated

Significant observations

Mullins et al. 
2018 (11)

560 
outpatients vs. 
563 inpatients

Single surgeon 
single institution, 
retrospective cohort

ACDF No statistically significant difference of complication 
rate between inpatient and outpatient any level ACDF. 
Significantly more complications occurred with 3 and 4 
level surgeries than with 1 and 2 level procedures. Overall 
average inpatient cost was 26% higher than outpatient

Khalid et al. 
2019 (9)

144 
outpatients 
vs. 2,348 
inpatients

Medicare Standard 
Analytical Files, 
retrospective cohort

3 or more level ACDF Overall complication rates within 30 postop days were 
greater for inpatients than outpatients. More inpatients 
developed postop UTI and had increased risk of 
readmission with comorbidities of anemia, smoking, BMI 
>30. Outpatients had increased risk of readmission with 
comorbidities of anemia, DM 1 or 2, and BMI >30. Inpatient 
ACDF significantly higher than outpatient

Khalid et al. 
2019 (8)

2,059 
outpatients 
vs. 26,368 
inpatients

Medicare Standard 
Analytical Files, 
retrospective cohort

1–2 level ACDF 30-day readmission rates were lower in outpatients. 
Inpatients had higher rate of UTI, DVT, MI while outpatients 
had higher rate of PE. Outpatients had increased 
readmission risk with comorbidities of DM, smoking, BMI >30

Mundell et al. 
2018 (19)

370,195 
outpatients

Meta-analysis ACDF and lumbar 
laminectomy

Outpatients had younger age and no DM. Outpatients were 
associated with a lower likelihood of reoperation, 30-day 
readmission, complications, and with lower overall costs

Bovonratwet 
et al.  
2018 (6)

360 
outpatients 
vs. 36,610 
inpatients

NSQIP, retrospective 
cohort

PLF with or without 
interbody fusion

No difference in postop adverse events in 30 days other 
than lower blood transfusions in outpatient group. No 
difference in rate of 30-day readmission. Outpatients tended 
to be younger, male, ASA ≤2, lower DM lower HTN, less 
levels operated on, and less posterior instrumentation

Bovonratwet 
et al.  
2018 (5)

373 
outpatients 
vs. 1,612 
inpatients

NSQIP, retrospective 
cohort

Single level cervical 
disc arthroplasty

No difference in 30-day perioperative complications or rate 
of readmission between out and in

Mannion  
et al.  
2014 (20)

3,549 Eurospine Spine 
Tango Registry and 
private database, 
retrospective cohort

Lumbar surgery In going from ASA1 to ASA3 surgical complications 
increased significantly from 5.0% to 14.5% and general 
complications increased from 2.9% to 15.7%. ASA had an 
independent effect of ASA grade on both complications and 
outcome

Prabhakar  
et al.  
2017 (21)

– Preoperative 
Assessment in ASC

Ambulatory surgery Patients with OSA have increased attempts at laryngoscopy, 
increased difficulty with mask ventilation and proper 
laryngeal mask airway fit, increased need for postop 
oxygen, and increased use of vasoactive medications 
intraoperatively. Moderate and deep sedation in prone 
position can increased potential ventilatory issues in OSA 
because of limited reserve, increased oxygen consumption, 
and pulmonary mechanics effects of the lungs

BMI, body mass index; ASA, American Society of Anesthesiologist; ACDF, anterior cervical discectomy and fusion; PLF, posterior lumbar 
fusion; DM, diabetes mellitus; OSA, obstructive sleep apnea; NSQIP, National Surgical Quality Improvement Program; LLIF, lateral lumbar 
interbody fusion; ODI, Oswestry Disability Index; VAS, Visual Analog Score; EBL, estimated blood loss; UTI, urinary tract infection; DVT, 
deep venous thrombosis; MI, myocardial infarction; PE, pulmonary embolism; HTN, hypertension; ASC, ambulatory surgery center;  
MIS-XLIF, minimally invasive surgery extreme lateral lumbar interbody fusion.
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thirty days. The study recommends inpatient admission 
for patients over sixty-five years old, body mass index 
(BMI) greater than 30 kg/m2, American Society of 
Anesthesiologists (ASA) class of 3 or 4, current dialysis, 
current corticosteroid use, operative times >120 minutes, 
and sepsis within thirty days of surgery due to increased risk 
for any complication (all P value <0.05). Furthermore, any 
patient with a difficult airway or intubation, for example a 
patient with Mallampati score of 4, should be considered 
for inpatient admission because of the increased risk of 
airway compromise. This is especially important to consider 
for ACDF cases where there is close proximity between 
the airway and anticipated postoperative swelling. After 
propensity score matching for all of these independent risk 
factors, there was no significant difference in complication 
rate between inpatient and outpatient, and there was an 
increased rate of reoperation in the inpatient group (10). 

Khalid et al. performed two similar studies on outpatient 
ACDF (a 1–2 level study and a multilevel 3 or more study) 
which revealed that anemia, diabetes mellitus (DM), and 
BMI >30 kg/m2 had increased risk of 30-day readmission 
due to complications (8,9). These risk factors are analogous 
to the risk factors found in a study by Smith et al., which 
reviewed patient outcomes in outpatient lateral lumbar 
interbody fusion (XLIF) and minimally invasive posterior 
lumbar fusions (MIS-PLF) to determine predictors of 
early postoperative discharge. The strongest baseline 
predictors of lower complications were a less advanced 
diagnosis, younger age, elevated baseline hemoglobin 
levels, and a lower BMI. The strongest variable predictors 
for lower complication rates were a fewer number of levels 
treated and elevated postoperative hemoglobin levels (12). 
A majority of the factors listed above are considered in 
the ASA classification system and contribute to a higher  
class (20). ASA class alone could be a helpful predictor of 
both complications and outcomes in spine surgery. In one 
study comparing outcomes of ASA classes 1 through 3, 
surgical complications of lumbar procedures increased from 
5.0% to 14.5% and general complications from 2.9% to 
15.7% with age of the patient having no unique variance in 
outcomes (22).

The impact of ASA classification and comorbidities 
on outcomes has been a focus of several studies. Helseth  
et al. performed a prospective single-center study of 1,449 
outpatient spine procedures to develop a guideline for 
beginner surgeons using ASA and other significant factors. 
They suggested thresholds for patient selection including 
ASA class 1 or 2, age <70 years old, and operating on only a 

single level for lumbar or cervical procedures. Concerning 
the safety of outpatient spine procedures, they caution 
surgeons in their early career from using outpatient status 
in patients with ASA class of 3 or more, noncooperative 
patients (e.g., cognitive impairment), moderate/severe 
myelopathy, cervical degenerative spinal disease requiring 
corpectomy, laminectomy, or posterior fusion, or lumbar 
degenerative spine disease requiring laminectomy or 
instrumented fusion (18). This data correlates complexity 
of the procedure performed and patient comorbidities as 
independent risk factors for postoperative complications.

Anesthesiologists have a unique perspective on what 
cases have a higher risk when performed in an outpatient 
setting. They focus on certain details distinct from that 
of the surgeon, and therefore have valuable information 
to contribute to outpatient case selection. The ASA 
classification system does not recommend which patients 
should be done outpatient, but rather categorizes patients 
based on comorbidities allowing surgeons to weigh 
the risks. Obstructive sleep apnea (OSA) presents an 
important influence on the risk of patients undergoing 
spine procedures, especially in the cervical spine. Even 
though OSA has been shown to have no relationship 
between unplanned admissions or life threatening events in 
outpatient surgery, OSA patients have a significantly greater 
likelihood of intraoperative issues (23). OSA increases the 
risk of a difficult intubation and ventilation, the need for 
supplemental oxygen, and the use of vasoactive medications 
to correct hemodynamic derangements (21,23). The risk is 
amplified when patients are placed in the prone position for 
posterior spinal procedures. There is a significant increase 
in potential ventilation issues in OSA patients due to their 
limited reserve of oxygen, increased oxygen consumption, 
and the effects of sedation and being prone on pulmonary 
mechanics (21). The surgeon has a critical responsibility 
in determining the safest location for the patient, but 
the anesthesia team may also play an important role in 
preoperative considerations. Additional research should 
be done to evaluate the relationship between OSA and 
complications specifically after cervical spine procedures 
where approach related airway inflammation would 
complicate OSA respiratory mechanics.

Social, psychiatric, and cognitive issues also play a 
significant role in facility designation. Helseth et al. 
reviewed the impact of uncooperative patients and those 
with cognitive impairment (18). Additionally, patient 
household proximity to the facility and an appropriate 
emergency room should be considered. Those patients 
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without family support and cognitive limitations for self 
care would complicate outpatient discharge. Surgeons 
should consider home care needs and family support in the 
context of the anticipated postoperative activity limitations. 
On one end of the spectrum, homeless patients or those 
with poor nutrition may require additional days in the 
hospital, for example. Furthermore, patients with low pain 
tolerance or high resistance to pain medication will pose 
higher risks during ambulatory discharge evaluations.

Whether or not research can establish guidelines 
or thresholds for patient selection in the ASC setting, 
individual surgeon outcomes should be considered. There 
is tremendous variability of skill level and experience that 
plays a large role in selecting the facility. Reviewing average 
length of stay for each procedure type and number of levels 
should be included in the early phases of shifting patients 
to ASC facilities. In summary, preoperative consideration 
for selecting a case for outpatient spine procedures should 
be based on multiple distinct patient specific factors. 
Most researchers across the board seem to agree that an 
increasing age specifically >65, a BMI >30 kg/m2, ASA >2, 
extended operative times, quantity of levels operated on, 
and complexity of the instrumentation have a significant 
influence on whether a patient should be considered for 
outpatient surgery. Secondary considerations examined with 
less statistical strength include surgeon’s experience, current 
dialysis, current corticosteroid use, sepsis within thirty 
days, difficult airways, anemia, diabetes, smoking, OSA, and 
positioning of patients in the operating room. The ASA 
classification system attempts to combine the comorbidities 
and independent risk factors associated with complications 
in order to simplify a patient’s overall risk for surgery. Its 
use may end up being more influential in the future as the 
strength of its relationship in predicting complications and 
outcomes is supported further with research. Identifying 
these risk factors preoperatively is vital as it assists the 
surgeon in deciding whether or not a patient is suitable for 
ambulatory or outpatient spine surgery.
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