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Abstract
Objective
The purpose of this study was to determine whether surgical scheduling affected patient outcomes following
lumbar laminectomy. Physician fatigue caused by prolonged work hours has been shown to worsen
outcomes. Previous research has also established a relationship between surgical scheduling and outcomes.

Methods
This was a retrospective chart review of single-level lumbar laminectomy patients at the Penn State Milton
S. Hershey Medical Center between 1992 and 2019. Patients who underwent a one-level laminectomy
between 1992 and 2019 were included in the study. Patients with procedures defined as complex (>1 level,
tumor or abscess removal, discectomy, implant removal) were excluded. The surgical complication rate
[cerebrospinal fluid (CSF) leak, 30-day redo, 30-day ED visit, weakness, sensation loss, infection, urinary
retention] was compared across surgical start times, day of the week, proximity to a holiday, and procedure
length.

Results
Procedures that started between 9:01-11:00 were more likely to have a complication than those between
7:01-9:00 (p=0.04). For every 60-min increase in surgery length, odds of having a complication increased by
2.01 times (p=0.0041). Surgeries that started between 11:01-13:00 had a significantly longer median surgery
length than those between 7:01-9:00.

Conclusion
The time of the day when the procedure was started was predictive of worse outcomes following
laminectomy. This may be attributed to several factors, including fatigue and staff turnover. Additionally,
increased surgical length was predictive of more complications. It remains unclear whether increased
surgical time results from correction of noticed errors or a fatigue-related decline in speed and performance.
These findings on one-level laminectomy warrant further investigations since they have implications for
reducing systemic failures that impact patient outcomes.

Categories: Neurosurgery, Orthopedics
Keywords: health systems, surgical complications, laminectomy, time of day, surgical outcomes, fatigue

Introduction
Since the publication of the 1999 Institute of Medicine's report, which revealed that 98,000 annual deaths
are attributable to medical errors, increased focus has been placed on systemic changes to improve patient
safety and outcomes [1]. Surgical errors are of particular concern since it is estimated to contribute to up to
two-thirds of adverse events [2,3]. More than half of these errors were preventable, and a majority were
determined to be technique-related errors that occurred intraoperatively [2].

Fatigue has been proven to decrease cognitive and motor abilities among clinicians, which leads to a decline
in performance that is associated with worse patient and provider outcomes [4]. Significantly, the practice of
surgery is not immune to these fatigue-related deficits in cognitive and motor performance. Studies have
shown that fatigue levels increase the risk of medical errors in surgical residents compared with well-rested
control subjects [5,6]. This association is something that surgeons intrinsically understand, with 33% of
surveyed surgeons attributing fatigue to operative errors [7]. Fatigue-related deficits are especially relevant
within the context of surgeons' lifestyles, where many surgeons believe that working before or beyond the
stipulated hours of 8 am to 6 pm is a standard part of the job [8]. While this schedule may be universally
accepted, it is important to consider the impact of surgical scheduling on surgical outcomes.

Previous research findings on this topic have been equivocal. In the emergent and transplant literature,
there does not appear to be any difference in outcomes based on the time of day [9-15]. However, the
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findings of research on non-emergent surgeries across a number of different fields are mixed [16-18]. In
light of this, we aimed to further investigate the impact of surgical scheduling on outcomes in non-complex
one-level laminectomies.

Materials And Methods
This study utilized a retrospective chart review to analyze outcomes in one-level laminectomy at Penn State
Milton S. Hershey Medical Center. Patient information was collected using TriNetX (TriNetX, Cambridge,
MA), which is a database that is searchable by patient characteristics. The Institutional Review Board at
Penn State approved this study and deemed patient consent unnecessary as the data were de-identified.

Information was obtained on patients who underwent a laminectomy between 1992 and 2019. This included
4,899 patients from both the neurological and orthopedic services who underwent a single-level
laminectomy with no previous spinal procedure history. Patients who had complex procedures were
excluded. Complexity was defined as follows: >1 level, tumor or abscess removal, discectomy, or implant
removal. Based on these criteria, a total of 554 procedures were included in the final analysis.

Chart review collected data, including surgical date, start time, and end time. This information was obtained
from operative nursing reports. In cases where start and end times were not provided, the start time was
obtained from the "beginning of encounter" field, found in the surgeons' operative report. In the absence of a
nursing record, no information was collected on surgical length due to the lack of end time. Covariates
included patient name, sex, age, and surgeon details. Data on surgical complications were collected via a
review of the operative report, evaluation performed immediately after the surgery, and the 30-day
postoperative appointment. Complications included cerebrospinal fluid (CSF) leak/durotomy, repeat
procedures, new weakness or sensation loss, postoperative urinary retention, wound infection, 30-day
readmission, or 30-day ED visit for complaints related to the procedure. Complications were weighted
equally as "yes/no" for each instance.

Variables were summarized with frequency tables or with means, medians, standard deviations, etc., prior to
any analysis to assess their distributions. Time of day for surgical start time was defined as either AM/PM or
broken down into categories including 7:01-9:00, 9:01-11:00, 11:01-13:00, 13:01-15:00, 15:01-17:00, and
17:01-7:00 with 7:01-9:00 used as the reference category for analysis. Saturday and Sunday were combined
for days of the week of surgery. All the individual days of the week were compared against Monday. Surgical
dates within one week preceding or following a holiday were compared to those that were not in this range.
The holidays included Christmas, New Year’s Day, Martin Luther King Day, Memorial Day, the Fourth of July,
Labor Day, and Thanksgiving.

Multivariable logistic regression was used to determine the association of surgery time of day, surgery day of
the week, surgery proximity to a holiday, or surgical length with any surgical complications while adjusting

for age, MetRxTM, level, and surgeon details. The magnitude and direction of any significant associations
were quantified with odds ratios (OR), and the fit of the final model was checked using the Hosmer-
Lemeshow goodness-of-fit test. Multivariable quantile regression of the median was used to determine any
differences in median surgery length between surgical start time categories while adjusting for age,

MetRxTM, level, and surgeon details. All analyses used a significance level (type I error) of 0.05 and were
performed using SAS version 9.4 (SAS Institute, Cary, NC).

Results
Data from 554 neurosurgical one-level laminectomies were obtained and analyzed. The average age of the
cohort was 63.25 years, and 53% were male. Of the procedures performed, 548 (98.9%) occurred on
weekdays. Day of the week breakdown was as follows: 105 (18.9%) on Monday, 174 (31.4%) on Tuesday, 146
(26.3%) on Wednesday, 81 (14.6%) on Thursday, and 42 (7.6%) on Friday. The other six (1.08%) included five
(0.9%) on Saturday and one (0.18%) on Sunday. There were 141 (25.45%) surgeries that occurred within one
week of a holiday when work was typically excused. This included Christmas, New Year's Day, Martin Luther
King Day, Memorial Day, the 4th of July, Labor Day, and Thanksgiving. There was a total of 219 (39.6%)

procedures that utilized the MetRxTM system. A total of 216 (38.99%) procedures resulted in complications;
459 (84%) procedures occurred before 12 pm, with a majority (263, 48.17%) occurring in the 7:01-9:00
timeframe and then decreasing across the rest of the day (Table 1).

Operative characteristics

Age (years), mean ± SD 63.25 ± 13.18

Sex, n (%)

Male 294 (53.07)

Female 260 (46.93)
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Laminectomy level, n (%)

L1 5 (0.90)

L2 47 (8.48)

L3 109 (19.68)

L4 336 (60.65)

L5 57 (10.29)

METRxTM system used, n (%) 219 (39.60)

Weekday, n (%) 548 (98.92)

Monday 105 (18.95)

Tuesday 174 (31.41)

Wednesday 146 (26.35)

Thursday 81 (14.62)

Friday 42 (7.58)

Weekend, n (%) 6 (1.08)

Saturday 5 (0.90)

Sunday 1 (0.18)

Any complication, n (%)† 216 (38.99) 

CSF leak 79 (14.26)

Operation redone 93 (16.82)

Weakness 16 (2.90)

Sensation loss 20 (3.63)

Urinary retention 43 (7.79)

Infection 8 (1.45)

30-day readmission 12 (2.17)

ED visit 28 (5.06)

Surgery length (minutes) mean ± SD‡ 77.96 ± 29.64

Scheduling characteristics

12-hour time period, n (%)^

AM 459 (84.07)

PM 87 (15.93)

Time of day, n (%)§

7:01-09:00 263 (48.17)

9:01-11:00 98 (17.95)

11:01-13:00 93 (17.03)

13:01-15:00 61 (11.17)

15:01-17:00 21 (3.85)

17:01-07:00 10 (1.83)

1 week before or after a holiday, n (%) 141 (25.45)
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TABLE 1: Demographic information of patients undergoing single-level lumbar laminectomy
between 1992 and 2019

*One patient was not included in this parameter. †Some patients had more than one complication, so the numbers for each individual complication do not
add up to the value for "Any complication". ‡82 patients were not included in this characteristic because they did not have surgery length information
available in their records. §Eight patients were not included in this characteristic because they did not have the time of day information available in their
records

CSF: cerebrospinal fluid; ED: emergency department; SD: standard deviation

There was no significant difference in complication rates between morning and afternoon procedures (OR:
0.71, 95% CI: 0.436-1.158, p=0.17). Procedures occurring between 9:01-11:00 were more likely to
have complications than those that occurred between 7:01-9:00 (OR: 1.69, 95% CI: 1.018-2.809, p=0.04). All
other time categories had comparable complication rates (Table 2).

Procedure start time and surgical complications

AM vs. PM start times

Categories N (%)
Number of procedures with complications, n
(%)

Odds ratio of any complication occurring (95%
CI)

P-
value

AM 458 (84.04) 173 (37.55)
0.71 (0.44-1.16) 0.17

PM 87 (15.96) 40 (45.98)

Start times by category

Surgical start
time

Total (% of all
procedures)

Procedures with complications, n (%) Odds ratio, compared to 7:01-9:00 (95% CI)
P-
value

7:01-9:00 262 (48.07) 88 (33.59) - -

9:01-11:00 98 (17.98) 47 (47.96) 1.69 (1.02-2.81) 0.04*

11:01-13:00 93 (17.06) 36 (38.71) 1.26 (0.76-2.10) 0.37

13:01-15:00 61 (11.19) 28 (45.90) 1.60 (0.88-2.88) 0.12

15:01-17:00 21 (3.85) 8 (38.10) 1.19 (0.46-3.11) 0.72

17:01-07:00 10 (1.83) 5 (50.00) 2.12 (0.56-7.97) 0.27

TABLE 2: Multivariate logistic regression to determine the association between surgical start time
and complications**

*Significant (p<0.05). **Analysis adjusted for age, MetRxTM, spinal level, and surgeon details

Whether the procedure was performed on the weekend or weekday was not a predictor of worse outcomes
(OR: 9.224, 95% CI: 0.996-85.381, p=0.0504). There was no difference in complication rates between specific
days of the week, with surgical outcomes remaining similar when comparing Monday to later days (Monday
vs. Friday: OR: 0.61, 95% CI: 0.279-1.337, p=0.22). There was no statistically significant relationship
between complication rates and proximity to holidays. Procedures performed within seven days of a holiday
did not have higher complication rates (OR: 1.24, 95% CI: 0.83-1.85, p=0.29). There was also no individual
holiday where proximity within seven days was predictive of worse outcomes (Table 3).
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Day of the procedure and surgical complications

Day of the week

Categories N (%)
Number of procedures with complications,
n (%)

Odds ratio of any complication occurring
(95% CI)

P-
value

Weekday 547 (98.92) 210 (38.39)
9.22 (1.00-85.38) 0.05

Weekend 6 (1.08) 5 (83.33)

Day of the week
Total (% of all
procedures)

Procedures with complications, n (%) Odds ratio, compared to Monday (95% CI)
P-
value

Monday 105 (18.99) 47 (44.76)  -

Tuesday 174 (31.46) 66 (37.93) 0.67 (0.37-1.22) 0.19

Wednesday 146 (26.40) 51 (34.93) 0.56 (0.30-1.04) 0.07

Thursday 80 (14.47) 32 (40.00) 0.62 (0.29-1.34) 0.22

Friday 42 (7.59) 14 (33.33) 0.61 (0.28-1.34) 0.22

Saturday/Sunday 6 (1.08) 5 (83.33) 6.41 (0.67-61.39) 0.11

Proximity to a holiday

Categories N (%)
Number of procedures with complications,
n (%)

Odds Ratio of any complication occurring
(95% CI)

P-
value

±7 days of holiday 141 (25.45) 60 (42.55)

1.24 (0.83-1.85) 0.29Not within 7 days of
Holiday

412 (74.50) 155 (37.62)

TABLE 3: Multivariate logistic regression to determine the association between day of the week
and proximity to holiday with the rate of complications*

*Analysis adjusted for age, MetRxTM, spinal level, and surgeon details

There was a significant relationship between the surgery length and having complications (OR: 2.01, 95% CI:
1.248-3.239, p=0.0041). For every 60-minute increase in surgery time, the odds of complication increased by
2.01 times. Procedure start time was not related to the overall length of surgeries, although PM surgeries had
a higher median surgery length versus AM surgeries (83 vs. 71 minutes). Surgeries that started between
11:01-13:00 did have a significantly longer median surgery length than surgeries that started between 7:01-
9:00 (Table 4).
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Surgical length and surgical complications

Variable Odds ratio of any complication occurring (95% CI) P-value

Surgical length 2.01 (1.25-3.24)† 0.004*

Relationship between surgical start time and surgical length

AM vs. PM start times Difference of medians (minutes) Pr >|t|

AM -7.0 (-14.77, 0.77) 0.06

PM -  

Start times by category

Surgical start time Difference of medians (minutes) Pr >|t|

7:01-09:00 - -

9:01-11:00 1.0 (-6.41, 8.41) 0.79

11:01-13:00 7.0 (1.44, 12.56) 0.001*

13:01-15:00 7.0 (-2.11, 16.11) 0.13

15:01-17:00 9.0 (-6.76, 24.76) 0.26

17:01-07:00 35.0 (-47.13, 117.13) 0.40

TABLE 4: Multivariable quantile regression of the median to determine any differences in median
surgery length between surgical start time categories

*Significant (p<0.05). **Analysis was adjusted for age, MetRxTM, spinal level, and surgeon details. †Odds ratio for every 60-minute increase in surgical
time

Discussion
The relationship between fatigue and performance-related errors has been well established in the hospital
setting, with worsening fatigue predictive of a decline in physician performance [5,6,19-22]. Fatigue worsens
psychomotor performance in anesthesiologists and impairs the speed and accuracy of surgeons and surgical
residents [5,19,20]. Multiple reports have demonstrated that the risks of making an error increased when
shifts were longer than 12 hours, the provider was working overtime or working more than 40 hours that
week, or had frequent 24-hour shifts [21-22]. Surgical residents during post-call take a longer time on the
job and commit more errors in surgical tasks when compared to well-rested controls when studied via
simulation [6,23].

This knowledge has led to several systematic changes to reduce physician fatigue. An example is a work-
hour limitation set by the Accreditation Council for Graduate Medical Education (ACGME) to limit residents'
clinical hours per week. Overall, these restrictions have had mixed success. Surveyed residents report
feeling fatigued 48% of the time during their shift and impaired 27% of the time [5]. Criticism of these
reforms cites that hour limitations are not adequately preparing doctors since an important part of the
training involves overcoming fatigue. Analysis of the efficacy of work-hour restrictions demonstrated no
difference in patient mortality, readmissions, or care costs among residents following work-hour reforms
[24]. However, it remains true that physicians must be prepared to work impressively long hours in their
future practice. This often results from combining clinical practice with other pursuits, both professionally
and personally. Overextension of self is almost an expectation from physicians that has become normalized
with a "work until the work is done" attitude.

It is pertinent to ask whether this attitude has created inequity in surgical outcomes due to surgical
scheduling and subsequent fatigue-related deficits. Kelz et al. have demonstrated that a later start time in
non-emergent general surgery procedures leads to higher morbidity and mortality [16]. This includes a
higher risk of deep wound infection and wound dehiscence, both of which may be attributed to technical
errors. Research by Komen et al. has shown a higher likelihood of anastomotic leak following colorectal
repair even when controlling for urgency [25]. Li et al. have demonstrated that patients suffer increased
morbidity, more prolonged operations, and higher cost in total knee replacement when the case is performed
fourth in the order or later [17]. Thomas et al. have demonstrated that an increasing number of hours worked
was predictive of worse pulmonary lobectomy outcomes [26].
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In neurosurgery specifically, Linzey et al. have demonstrated that more surgical complications occur as the
day progresses across a wide range of neurosurgical procedures when controlling for emergent vs. non-
emergent procedures [27]. In addition, Chern et al. have demonstrated that CSF shunt surgeries occurring
later in the day are more likely to require revision surgery [28]. They found that operations starting after 3
pm were more likely to need a reoperation on readmission. Alternatively, Lu et al. have demonstrated that
afternoon liver resections did not result in worse outcomes compared to those in the morning [18]. This null
association was attributed to many factors, including the surgeons' skill, judgment, and self-regulation,
which allowed them to overcome fatigue-related deficits. Also, the trauma and transplant literature
generally does not reflect the pattern of worsening fatigue causing increased errors [9-15]. The discrepancy
in the literature makes the impact of the time of day on surgical outcomes unclear.

Our research demonstrates a significant increase in complication rates in the 9:01-11:00 period relative to
07:01-9:00. Many etiologies may explain the potential decremental relationship between the time of day and
surgical outcomes. One very likely mechanism is the time of day representing the level of provider fatigue,
supported by worsening outcomes depending on hours worked and case order [17]. Another explanation may
be that the 9:01 start times were originally scheduled for 7:01 and were postponed to a later start.
Alternatively, it is possible that the disruptive nature of shift change of surgical support staff may be the
true underlying etiology [16,18]. These reasons are supported by the null findings in emergent and
transplant literature, where the surgical team is specially trained to cope with unusual hours and does not
follow the same staffing procedures [14]. Ultimately, our finding of an increased complication rate later in
the day further adds to the literature suggesting that surgical start time may impact patient outcomes.
However, these findings are not generalizable and warrant further study in a broader range of specialties and
procedures.

In addition to the time of day, we also analyzed the impact that day of the week has on surgical outcomes.
Previous research has demonstrated that acute admission on the weekend may increase morbidity and
mortality [29]. An analysis by Freemantle et al. has demonstrated an increased risk of mortality on the
weekends even when controlling for the severity of illness. Their results demonstrated that 11,000 more
people die within 30 days when admitted between Friday and Monday relative to the rest of the week
[30]. This "weekend effect" is attributable to differences in staffing patterns and shortcomings in resource
allocation.

Data for elective surgery also demonstrates this weekend effect. Aylin et al. have demonstrated a higher risk
of death for elective procedures performed later in the week and the weekend [31]. O'Leary et al. have shown
that elective admission on the weekend for patients who have surgery resulted in increased mortality
relative to those not admitted on the weekend, regardless of whether the surgery was performed on the
weekend or subsequent weekday [32]. Zare et al. have demonstrated that patients admitted to regular
hospital floors after non-emergent major surgery had increased mortality if the surgery was performed on
Friday versus those performed Monday through Wednesday [33]. In neurosurgery, recent research has
demonstrated that elective spine surgery on Thursday and Friday has a longer average stay than those
procedures occurring on Monday and Tuesday despite no difference in complication rates [34]. The authors
suggest that strategic surgical scheduling may be an effective strategy for decreasing health system costs.

In addition to this weekend effect, previous research has demonstrated that patients have a 4x increase in
mortality risk within five days of surgery and 2x within 30 days of surgery if their procedure occurs during a
holiday period. This research by Foss and Kehlet, involving a population of acute surgical patients, suggests
a significant decrease in the quality of care during the holiday period [35]. The authors attributed their
findings to changes in staffing patterns perioperatively, with a significant reduction in nursing and physical
therapy staff during the holiday time. Their results support additional research suggesting an increased
mortality risk when the nurse-to-patient ratio decreases [36]. The results of our study demonstrate neither a
weekend nor a holiday effect. There was no significant difference in outcomes based on the day of the week
or if the surgery occurred during the seven days before and after a holiday. This null finding may be due to
the limited intensity of perioperative needs surrounding a one-level laminectomy. Additionally, the low
number of weekend procedures in our analysis may not have had adequate power to detect any significant
difference when comparing weekend versus weekday procedures.

Our analysis did find a significant relationship between the rate of complications and surgical length. As
operative time increased, so too did the rate of complications. This finding supports previous research
demonstrating a relationship between increased complication rate and surgical length [37,38]. The
significance of this finding is unclear. It is possible that as operations dragged on, surgeons became more
fatigued and committed more errors. Alternatively, the increased surgical length may be related to
recognition and subsequent repair of operative errors, which may be unrelated to fatigue, thereby
prolonging the operative time. Previous research has demonstrated several other factors besides fatigue that
predict complications in patients undergoing one-level laminectomy [39-41]. This includes older age,
surgeon experience level, comorbidities, and a history of previous surgery. Significantly, our analysis
controls for these covariates.

This finding is important in the context of the additional association between surgical start time and
surgical length, with longer median surgery length reported later in the day. This contradicts previous
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research, which demonstrated that later start times are associated with shorter procedures [16,27]. Linzey et
al., who demonstrated that shorter procedures occur later in the day and that shorter procedures have a
higher rate of complications, theorized that the shorter surgical length later in the day was due to surgeon
fatigue and subsequent hastiness [27]. Our own analysis does not support this conclusion, demonstrating
that longer procedures produce more complications and that surgical length increases with later start times.

The study was conducted at a single center (Penn State Hershey Medical Center) with a select group of
surgeons and may not be generalizable to another institution’s practice or any individual surgeon. The
retrospective nature of this analysis may also limit our understanding of this surgical population.
Limitations include misclassification of patients and incomplete documentation as a result of the
retrospective design. Incomplete documentation includes a number of instances where data related to total
operative time could not be collected and these patients were subsequently excluded from the relevant
analysis. Additionally, our analysis did not include a clear understanding of why some procedures started
"after-hours." There was no way to deduce surgeons’ prior actions, including previous procedures and call
schedules that may amplify fatigue. Future studies are required to overcome these limitations and further
understand the impact that the time of day has on surgical complications.

Conclusions
With the exception of the 9:00-11:00 time period, our analysis demonstrated no significant difference in
outcomes based on the time of day in one-level laminectomy procedures. This finding further contributes to
the literature on the impact of fatigue and physician performance. Additionally, there was a significant
association between start time and median surgical length as well as surgical length and complication rate,
with complications increasing 2x with every hour of case duration. It is unclear whether this increased
complication rate is due to surgeon fatigue or due to complications necessitating increased operative time.
Further analysis is required to gain deeper insights into the impact that the time of day has on surgical
outcomes, which may have implications for quality improvement in health systems.
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