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ABSTRACT
Background: Spinal injuries, whether mechanical or neurological, frequently require urgent intervention. Superior 

outcomes are associated with earlier intervention, which often requires operating overnight and on weekends. However, 
operating after hours has been associated with increased risks of complications in selected studies. The authors sought to 
determine whether there are differences in outcomes for “after hours” surgery compared with “during hours” surgery for spinal 
emergencies.

Methods: This is a single- center retrospective cohort study of spine surgery patients who underwent urgent surgery 
within 6 hours, from January 2015 through December 2019. Surgery was considered during hours if it started between 8 am 
and 5 pm Monday through Friday. After hours was defined as from 5 pm through 8 am on a weekday or Saturday or Sunday. We 
assessed 30- day outcome measures for differences between operations performed during hours or after hours.

Results: There were 241 spine procedures performed (49 during hours and 192 after hours). There was no significant 
difference between the length of operation (145.3 vs 129.8 minutes, P = 0.29), estimated blood loss (303.9 vs 274.4 mL, P = 
0.61), improvement in American Spinal Injury Association scale (0.26 vs 0.24 grade, P = 0.85), 30- day return to the operating 
room (OR; 14.3% vs 6.8%, P = 0.09), 30- day readmission (2.0% vs 6.3% P = 0.24), intensive care unit length of stay (4.6 vs 6.3 
days, P = 0.27), hospital length of stay (13.5 days vs 14.2 days, P = 0.72), or 30- day mortality (4.1% vs 7.3%, P = 0.42) for cases 
performed during hours compared with those after hours, respectively. On multivariate analysis, prior malignancy (P = 0.008) 
and blue immediate status (P = 0.004) were predictors of 30- day mortality. However, “after hours” surgery was not a predictor 
of 30- day return to the OR, readmission, or mortality in either univariate or multivariate analysis.

Conclusions: Spine surgery must often be performed after hours. However, the time of day does not significantly impact 
the 30- day outcomes for emergent spine surgery.

Level of Evidence: 3.
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Keywords: After hours, spine, emergency surgery, mortality, length of stay, readmission

INTRODUCTION

Spinal injuries, whether mechanical or neurologi-
cal, frequently require urgent or emergent intervention, 
which often happens on nights or weekends.1 Due to the 
time- sensitive nature of many spinal injuries and disease 
processes, patients with spinal emergencies may have 
the most to gain from earlier intervention, particularly 
if it can be performed with a similar safety profile as 
“during hours” (DH) operations.2,3 It is postulated that 
early spine surgery prevents further neurological deteri-
oration and may provide the best chance at a meaningful 
recovery.4 Furthermore, delayed surgical intervention 
has been associated with prolonged length of stay (LOS), 
increased hospital costs, and more cardiac and respira-
tory complications after spinal surgery, which all nega-
tively affect health- related quality of life.5–10 However, 
“after hours” (AH) operations may be inherently more 

dangerous within spine surgery because of longer dura-
tion and higher acuity cases.

Emergent surgery often requires performing surgery 
without specialty- specific operating room personnel or 
anesthesia teams. This may contribute to an increased 
risk of surgical complications and poorer long- term 
outcomes. Therefore, the risks associated with AH 
spine operations must be further elucidated in rela-
tion to the well- documented benefits of earlier surgical 
intervention for emergent spine operations. There have 
been multiple studies regarding the safety of perform-
ing operations in both DH and AH for other surgical 
specialties demonstrating both increased risks of com-
plications with AH surgeries but also a lack of signifi-
cant difference in outcomes.11–16 The only prior study 
of emergent spine surgery performed AH found worse 
outcomes on short- term metrics including immediate 
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complications and in- hospital mortality. We wished to 
examine longer- term 30- day outcomes, including read-
mission and reoperations between DH and AH surgery 
in spine patients at a tertiary academic medical center.

METHODS

Patient Population

We performed a retrospective analysis of neurosurgi-
cal and orthopedic spine patients who underwent urgent 
or emergent spine procedures at a tertiary level- 1 trauma 
center within 6 hours of when they were scheduled 
from January 2015 through December 2019. The study 
received Institutional Review Board approval. Patient 
consent was not required because this was a retrospec-
tive medical record review, and the study variables 
were abstracted from the medical record in a deidenti-
fied manner. Patients were evaluated by a neurosurgery 
or orthopedic surgery resident either in the emergency 
department or as an inpatient prior to being staffed with 
an attending surgeon. Every patient who was scheduled 
to undergo surgery within a maximum of 6 hours was 
included in this study. The decision to book a patient 
for emergent surgery within the specific time frame was 
at the discretion of the surgeon and based on the spe-
cific clinical scenario. Patients who were booked on a 
nonurgent or elective basis were not included. Surgery 
was performed by 1 of 14 neurosurgeons or 5 orthope-
dic spine surgeons with the assistance of neurosurgery 
or orthopedic surgery residents. Of note, the hospital 
system does not have a designated AH operating room 
staff or spine trauma room for spine surgery.

Definition of DH and AH

Patients were split into 2 cohorts, defined as DH and 
AH, and categorized based on the time of incision. DH 
was defined as those cases in which the time of inci-
sion was between 8 am and 5 pm from Monday through 
Friday. AH was defined as those cases in which the 
incision occured between 5 pm and 8 am from Monday 
through Friday or anytime on Saturday or Sunday.

Statistical Methods

Emergent spine procedures were compared between 
those that took place DH and those that took place AH. 
For continuous variables, a 2- sample t test without 
assuming equal variances or a Mann- Whitney U test (as 
appropriate) was used to evaluate differences between 
the 2 groups. For discrete variables, a χ2 test (or Fisher’s 
exact test when expected n was very small) was used 

to test for different proportions between the 2 groups. 
Significance was defined as P < 0.05.

Univariate analysis for predictors of the primary 3 
outcomes (30- day mortality, 30- day return to the oper-
ating room [RTOR], and 30- day readmission) evaluated 
demographic, medical comorbidities, substance and 
medication intake, presence of prior incisions or neu-
rological deficit, case classification, American Society 
of Anesthesiologists (ASA) class, AH status, and oper-
ative metrics such as estimated blood loss (EBL) and 
length of time in the OR. Variables with P values < 0.2 
were included along with the forced AH variable into 
a multivariate logistic regression model for each of the 
3 primary outcomes. Significance was set at P < 0.05. 
Statistics were performed on Prism 9 (GraphPad, La 
Jolla, CA).

RESULTS

Demographics

A total of 241 patients underwent emergent spine 
surgery between January 2015 and December 2019. 
Demographic data are outlined in Table 1, with no sig-
nificant differences between the DH and AH group. 
Eighty- eight of the 241 patients (36.5%) were women, 
and the average age was 55.3 years. Medical comor-
bidities were recorded for all patients in each group, 
with no significant differences noted (Table 1). In terms 
of relevant antithrombotics, antiplatelet consumption 
was half as frequent in the AH group (P = 0.0138). 
No significant differences were found in preoperative 
neurological deficit (either motor or sensory), Ameri-
can Spinal Injury Association (ASIA) impairment scale 
score, or ASA physical status classification between the 
DH and AH cohorts (P = 0.476, P = 0.083, and P = 
0.062, respectively).

Surgical Characteristics

Of the 241 total patients, 49 patients (20.3%) under-
went surgery DH, and 192 (79.7%) underwent surgery 
AH. The most common indication for surgery across 
all patients was trauma (101 of 291 patients, 34.7%; 
Table 2). Approximately half of all patients under-
went fusion and instrumentation (127 of 241 patients, 
52.7%). The cervical spine was the most common 
region requiring emergent surgery across all patients 
(95 of 241 patients, 39.4%), followed by thoracic (85 
of 241 patients, 35.3%), and lumbar (61 of 241 patients, 
253%). A significant difference was noted in the pro-
portion of patients requiring surgery within 1 hour of 
booking between the DH and AH cohorts at 22.5% 
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and 40.6% of patients, respectively (P = 0.019). Rates 
of patients requiring surgery within 3 and 6 hours of 
booking were not statistically different at 46.9% and 
18.4% for DH patients and 39.1% and 16.2% for AH 
patients, respectively (P = 0.316 and P = 0.709, respec-
tively). No significant differences in spinal level, spinal 
pathology, or rates of spinal fusion were noted between 
the 2 cohorts. The mean length of operation was 145.3 
and 129.8 minutes (P = 0.29) for the DH and AH 
cohorts, respectively. There was no difference in the 
use of C- arm or O- arm between groups (P = 0.731 and 

P > 0.999, respectively), although the O- arm was used 
very infrequently. EBL was similar at 303.9 mL DH 
and 274.4 mL AH (P = 0.61).

Outcomes

Improvement in ASIA impairment scale score from 
admission to discharge was similar at 0.26 and 0.24 
grades in the DH and AH cohorts, respectively (P = 
0.854; Table 3). Intensive care unit and total hospital 
LOS were not different between groups at 4.6 and 13.5 

Table 1. Patient demographics for during hours vs after hours groups.

Demographic During Hours Group After Hours Group P Value

Age, y, mean ± SD (range) 55.7 ± 19.8 (16–87) 55.2 ± 20.1 (2–95) 0.89
Sex, men, n (%) 34 (69.4%) 119 (62.0%) 0.34
Comorbidity, n (%)
  Malignancy 10 (20.4%) 32 (16.7%) 0.54
  Congestive heart failure 2 (4.1%) 16 (8.3%) 0.31
  Coronary artery disease 8 (16.3%) 23 (12.0%) 0.42
  Chronic obstructive pulmonary disease 3 (6.12%) 14 (7.29%) 0.775
  Hypertension 22 (44.90%) 91 (47.40%) 0.756
  Hyperlipidemia 14 (28.57%) 45 (23.44%) 0.456
  Diabetes mellitus 14 (28.57%) 35 (18.23%) 0.108
  Liver disease 3 (6.12%) 6 (3.13%) 0.323
  Chronic kidney disease 6 (12.24%) 15 (7.81%) 0.326
Alcohol abuse, n (%) 3 (6.12%) 23 (11.98%) 0.238
Drug abuse, n (%) 2 (4.08%) 18 (9.38%) 0.231
Anticoagulant use, n (%) 7 (14.29%) 21 (10.94%) 0.514
Antiplatelet use, n (%) 12 (24.49%) 21 (10.94%) 0.014
Prior site surgery, n (%) 11 (22.45%) 48 (25.00%) 0.711
Neurological deficit, n (%) 24 (50.00%) 84 (44.27%) 0.476
American Spinal Injury Association impairment scale, n (%) 0.083
  A 4 (8.51%) 20 (11.05%)
  B 3 (6.12%) 26 (14.36%)
  C 8 (17.02%) 28 (15.47%)
  D 24 (51.06%) 56 (30.94%)
  E 8 (17.02%) 51 (28.18%)
American Society of Anesthesiologists class, n (%) 0.062
  1 or 2 10 (20.41%) 43 (22.40%)
  3 25 (51.02%) 68 (33.42%)
  4 or 5 14 (28.57%) 81 (42.19%)

Table 2. Surgical characteristics of during hours vs after hours groups.

Characteristic During Hours Group After Hours Group P Value

Spinal level, n (%) 0.5
  Cervical 21 (42.9%) 74 (38.5%)
  Thoracic 14 (28.67%) 71 (37.0%)
  Lumbar 14 (28.6%) 47 (24.5%)
Spinal pathology, n (%) 0.2
  Degenerative 19 (38.8%) 58 (30.2%)
  Infection 7 (14.3%) 36 (18.8%)
  Oncology 7 (14.3%) 13 (6.8%)
  Trauma 16 (32.7%) 85 (44.3%)
Urgency of surgery, n (%)
  Blue immediate 6 (12.2%) 8 (4.2%) 0.03
  Blue within 1 h 11 (22.5%) 78 (40.6%) 0.02
  Blue within 3 h 23 (47.0%) 75 (39.1%) 0.32
  Blue within 6 h 9 (18.4%) 31 (16.2%) 0.71
Length of surgery, min, mean ± SD 145.3 ± 92.4 129.8 ± 83.9 0.29
Spinal fusion, n (%) 28 (57.1%) 99 (51.9%) 0.49
C- arm, n (%) 34 (69.4%) 138 (71.9%) 0.73
O- arm, n (%) 1 (2.0%) 5 (2.6%) >0.99
Estimated blood loss, mL, mean ± SD 303.9 ± 379.5 274.4 ± 273.5 0.61
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days for the DH group and 6.3 and 14.2 days for the AH 
group, respectively (P = 0.272 and P = 0.724, respec-
tively). The frequency of RTOR within 30 days was 
14.3% for DH and 6.8% for AH cases, respectively (P 
= 0.089). In the DH group, 2.0% of patients were read-
mitted within 30 days, compared with 6.2% of patients 
in the AH group (P = 0.204). Thirty- day mortality and 
in- hospital mortality rates were also not statistically dif-
ferent at 4.1% and 4.1% DH and 7.3% and 7.3% AH, 
respectively (P = 0.420 and P = 0.420, respectively).

On univariate analysis, ASA class (P = 0.023), pre-
operative diabetes, and hypertension (P = 0.028 and P 
= 0.048) were independent predictors of 30- day RTOR 
rates. AH surgery was not significantly associated with 
30- day RTOR (P = 0.096) or was fusion status, age, 
or sex. In the multivariate analysis, ASA class, diabe-
tes, and hypertension remained significant predictors of 
30- day RTOR (P = 0.012, P = 0.037, and P = 0.001), 
and there was no statistical significance found with AH 
designation. On univariate analysis, preoperative con-
gestive heart failure, chronic obstructive pulmonary 
disease, and antiplatelet use were significant predictors 
of 30- day readmission (P = 0.041, P = 0.033, and P 
= 0.013, respectively). However, on multivariate analy-
sis, these were not found to be independent predictors. 
Again, AH surgery was not a significant predictor of 
readmission in either univariate or multivariate regres-
sion. On univariate regression of 30- day mortality, prior 
malignancy, coronary artery disease, anticoagulation 
use, blue immediate status, and ASA class were inde-
pendent predictors (P = 0.007, P = 0.031, P = 0.017, P 
= 0.003, and P = 0.033, respectively). On multivariate 
analysis, prior malignancy (P = 0.008) and blue imme-
diate status remained predictors of 30- day mortality. 
AH surgery was not a predictor of 30- day mortality in 
either univariate or multivariate regression.

DISCUSSION

This is the first study to compare the 30- day out-
comes of urgent or emergent spine surgery performed 
DH with those performed AH. In a retrospective study, 
Charest- Morin et al investigated AH outcomes in 

nonelective spine surgery and found an increased risk 
of perioperative adverse events and in- hospital mor-
tality.17 However, this study was limited to looking at 
short- term outcomes, and therefore, little can be extrap-
olated about long- term outcomes of AH emergent spine 
surgery, which often are important metrics for quality of 
care within hospital systems and drivers of increasing 
healthcare costs.18 Furthermore, when looking at AH 
elective spine deformity corrective surgery for patients 
with adolescent idiopathic scoliosis, Chiu et al found 
no significant differences in outcomes, as measured 
through metrics including correction rate and complica-
tion rate, between procedures performed DH and AH.19 
There have been numerous studies for other surgical 
specialties regarding the safety of performing opera-
tions DH vs AH that have demonstrated increased risks 
of complications with AH surgeries but also studies 
that show no significant difference in outcomes.11–16 It 
remains unclear in the literature whether there is a sig-
nificant difference in outcomes between emergent spine 
surgeries performed DH and AH.

There were no significant demographic or preopera-
tive differences between cohorts except for an increased 
rate of antiplatelet medication usage among the DH 
cohort. Prior studies have demonstrated that antiplate-
let medications do not increase perioperative adverse 
events or poor outcomes in both elective or emergent 
spine surgery, so this difference should not meaning-
fully impact 30- day outcomes in emergent spine sur-
gery.20,21Across all 241 patients, the most common 
indication for surgery was the trauma of the cervical 
spine, and approximately half of all patients under-
went fusion and instrumentation with no difference 
between AH and DH cohorts. A significant increase 
was observed in the proportion of AH cases requiring 
surgery within 1 hour of booking as compared with DH 
cases. This difference was notably not observed in cases 
booked to start within 3 or 6 hours. Given the lack of 
data demonstrating the benefit of immediate surgery 
rather than within 6 hours, we cannot exclude that 
surgeon motivation may play a role in the designation 
of case timing. No significant differences were found in 

Table 3. Surgical outcomes for during hours vs after hours groups.

Outcomes During Hours Group After Hours Group P Value

Improvement in American Spinal Injury Association, 
mean ± SD

0.3 ± 0.6 0.3 ± 0.8 0.854

Intensive care unit length of stay, d, mean ± SD 4.6 ± 8.7 6.313 ± 12.142 0.272
Hospital length of stay, d, mean ± SD 13.5 ± 11.0 14.2 ± 16.1 0.724
30- day return to operating room, n (%) 7 (14.3%) 13 (6.8%) 0.089
30- day readmission, n (%) 1 (2.0%) 12 (6.3%) 0.244
30- day mortality, n (%) 2 (4.1%) 14 (7.3%) 0.420
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the length of surgery, fusion vs non- fusion procedures, 
or EBL between the 2 groups. Despite the need for 
emergent intervention in the AH cohort, no significant 
differences in 30- day outcomes of RTOR, readmission, 
or mortality were found between the 2 cohorts, suggest-
ing that AH emergent spine surgery is not associated 
with worse long- term outcomes as compared with sur-
geries performed DH.

However, on regression analysis, a number of 
medical comorbidities were found to be significant 
independent predictors of 30- day outcomes, including 
congestive heart failure, chronic obstructive pulmonary 
disease, diabetes, and hypertension, among others. This 
is consistent with prior literature that previously demon-
strated that age, diabetes, ASA class, and prior cardiac 
history can adversely impact outcomes following spine 
surgery.22–24 These data are largely derived from studies 
on elective spine surgery, and although recent literature 
is exploring the use of frailty indices that include many 
of these comorbidities as preoperative screening, this 
may not be appropriate in emergent cases. Preoperative 
frailty has been shown to be associated with higher rates 
of mortality, readmission, and longer hospital LOS as 
well as increased probability of readmission.25 Notably, 
in our series, AH procedures were not significant pre-
dictors of any 30- day outcomes.

The explanation for this finding is not straightfor-
ward. There are certainly additional challenges asso-
ciated with AH emergent spine procedures due to the 
lack of specialty- specific anesthesia teams and operat-
ing room personnel, depending on the hospital system’s 
particular arrangement. However, our findings taken in 
combination with the study by Charest- Morin suggest 
that increased risk of perioperative adverse events may 
not necessarily imply worse long- term outcomes. This 
is of particular importance for tertiary care hospitals 
designated level- 1 trauma centers, as these centers are 
defined by their ability to provide 24/7 spine surgery 
care and, therefore, should minimize any difference in 
the quality of care that may arise based on the day or 
time of surgery.

Limitations to this study are its retrospective, single- 
centered design, which may limit generalizability, 
makes inferring causality difficult, and has inherent 
information and selection biases. It is conceivable that 
there is a statistical power issue. The only other study 
on the time of day effect on emergent spine care found a 
negative effect on short- term outcomes but had 6 times 
as many patients. Even then, in- hospital mortality lost 
its significance in multivariate analysis. In an effort to 
control for potential confounding variables, we found 

demographic and clinical differences between the 2 
cohorts were not statistically different. This study has 
also only examined the differences between DH and 
AH surgery. This does not take into account the time 
of injury or symptom onset, which makes the likeli-
hood that the AH group presented closer to the time 
of surgery whereas the DH cohort may have presented 
DH or had been delayed from an AH presentation at the 
discretion of the attending surgeon. This discrepancy, 
however, does not negate the finding that performing 
AH surgery is not associated with increased 30- day 
poorer outcomes.

CONCLUSION

This study suggests that 30- day outcomes, including 
RTOR, readmission, or mortality, are not significantly 
impacted by the day or time of emergent spine surgery. 
The impact of these findings is significant for academic 
level- 1 trauma centers that aim to provide consistent 
quality spine surgical care 24/7. The broader impact 
of these findings remains uncertain, and further multi- 
institutional prospective studies should be performed to 
validate these findings and explore potential differences 
at nonteaching hospitals.
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