J Neurosurg Spine 18:280–288, 2013
©AANS, 2013

The effect of July admission on inpatient outcomes following
spinal surgery
Clinical article
Jennifer S. McDonald, Ph.D.,1 Michelle J. Clarke, M.D., 2
Gregory A. Helm, M.D., Ph.D., 3 and David F. Kallmes, M.D.1,2
Departments of Radiology and 2Neurosurgery, Mayo Clinic, Rochester, Minnesota; and 3Department of
Neurosurgery, University of Virginia Health System, Charlottesville, Virginia
1

Object. The presence of a “July effect,” where the influx of new residents and fellows at teaching hospitals every
July may negatively affect patient care and outcomes, is widely debated. The authors used the Nationwide Inpatient
Sample (NIS) to identify all cases of spinal surgery and examine outcomes among patients who underwent surgery in
July compared with those who underwent surgery in other months.
Methods. Spinal surgery hospitalizations from 2001 to 2008 were identified in the NIS by extracting relevant
ICD-9 codes. Rates of in-hospital mortality, discharge to a long-term care facility, and postoperative complications
were compared between admission months and between teaching and nonteaching hospitals using the Wilcoxon
rank-sum test, Fisher exact test, and multivariate regression analysis.
Results. Compared with patients admitted in other months, patients who were admitted to teaching hospitals in
July for spinal surgery showed a similar likelihood of in-hospital mortality (OR 0.94 [95% CI 0.78–1.11], p = 0.46),
reaction to implanted device/instrumentation (OR 0.88 [95% CI 0.77–1.02], p = 0.09), and postoperative wound
dehiscence (OR 1.12 [95% CI 0.94–1.33], p = 0.25). A significantly higher likelihood of discharge to a long-term
care facility (OR 1.03 [95% CI 1.00–1.07], p = 0.0467) and postoperative infection (OR 1.11 [95% CI 1.05–1.17],
p = 0.0341) was observed in teaching hospitals in July compared with other months; however, incidence rates were
similar regardless of admission month. Higher-risk patients (Charlson score ≥ 2) admitted to teaching hospitals in
July had a similar likelihood of all outcomes regardless of admission month.
Conclusions. This study of nationwide hospitalizations demonstrates that the influx of new residents and fellows
in July has a negligible effect on periprocedural outcomes following spinal surgery.
(http://thejns.org/doi/abs/10.3171/2012.12.SPINE12300)
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July there is an influx of new residents and
fellows at teaching hospitals at the start of the academic year. This change in hospital staff has been
postulated as a potential source of error that may result
in worse patient outcomes in July, also known as the
“July effect.” However, the results of previous July effect studies have varied, with some studies showing that
patients who are admitted in July have outcomes similar
to patients presenting in other months1,3,4,6,8,11–14,20,24–26 and
other studies showing worse outcomes in July admissions.9,16,18,23 A recent systematic review of 39 July effect
studies suggested the presence of a July effect but, oververy

Abbreviations used in this paper: IQR = interquartile range; NIS
= Nationwide Inpatient Sample.
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all, was inconclusive.27 Additional studies are therefore
needed to determine whether patients are at an increased,
significant risk of poor outcome in teaching hospitals
during these transition months.
Dasenbrock et al.9 recently reported that patients
with spinal metastatic disease who underwent spinal surgery had higher rates of in-hospital mortality and intraoperative complications in teaching hospitals in July than
in other months. However, it is unknown if this pattern
is present for all patients undergoing spinal surgery. To
examine the potential presence of a July effect in spinal
surgery patients, we used the US NIS database from 2001
to 2008 to determine the rate of complications following spinal surgery and to determine whether admission
month and hospital teaching status affected these rates.
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Methods
Data Acquisition

All spinal surgery hospitalizations were identified
from the 2001–2008 NIS hospital discharge database
(Healthcare Cost and Utilization Project of the Agency
for Healthcare Research and Quality, Rockville, Maryland; www.hcup-us.ahrq.gov/databases.jsp). The NIS is
the largest all-payer inpatient database in the US that analyzes national trends in health care utilization outcomes.
The data are extracted from a large stratified sample of
community hospitals in the US and account for approximately 20% of annual hospitalizations.
International Classification of Diseases, 9th Revision Clinical Modification diagnostic codes were used to
identify all cases of spinal surgery associated with a decompression, discectomy, spinal fusion, or laminectomy
as previously described (ICD-9 procedural codes 03.0,
03.09, 03.02, 03.6, 80.50, 80.51, 80.52, 80.59, 81.00, 81.0,
81.04, 81.05, 81.09, 79.50, 78.59, 78.60, 78.69, 78.90, and
78.99).15 Data regarding patient demographics (age, sex,
and race), hospitalization (admission month, admission
type [routine, transfer, or emergency department], and
number of diagnoses and chronic diagnoses), hospital demographics (total discharge volume, bedsize [small, medium, or large], ownership [government or private], location [urban or rural], and teaching status [teaching or nonteaching]) were extracted from the NIS data set. The NIS
defined teaching hospitals as those that have an American
Medical Association–approved residency program, are a
member of the Council of Teaching Hospitals, or have a
ratio of full-time equivalent interns and residents to beds
of 0.25 or higher. Hospitalizations were divided into July
admissions and admissions in other months.
Several patient subgroups were created for additional
analyses. First, the Charlson comorbidity score was calculated for each patient from relevant ICD-9 diagnostic
codes using the Deyo index.10 A subset of patients with
Charlson scores of 2 or higher was created to represent
sicker patients with more complications, who might have
an increased likelihood of errors in clinical care or might
be more affected by such errors. This cutoff was based
on a previous report showing that patients with elevated
Charlson scores had a higher incidence of mortality following spinal metastasis surgery.2 Second, patients were
divided into those undergoing simple spinal procedures
(discectomy, with or without decompression, or decompression alone) or complex spinal procedures (spinal fusion with or without spinal decompression) to specifically
examine those procedures. Third, a subgroup of patients
was created that consisted exclusively of elective admissions. The complete spinal surgery population and these
various patient subsets were analyzed separately as described below.
In-hospital mortality, discharge disposition, and
postoperative complication were the primary outcomes
for this study. Postoperative complications were identified using ICD-9 diagnostic codes for surgical site infection (998.5x); infection and inflammatory reaction due to
an internal prosthetic device, implant, or graft (996.63,
996.67); or dehiscence of operative wound (998.3x) as
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previously described.15 Data regarding the length of stay
and total hospitalization charges were also retrieved. Outcomes were compared both between July admissions and
admissions in other months and, separately, between July
admissions and June admissions alone.
Statistical Analysis

Data were extracted from the NIS using SAS software (version 9.2, SAS, Inc.) and were analyzed using
JMP (version 9, SAS, Inc.). Continuous data (age, number of diagnoses, Charlson score, total discharge volume,
length of stay, and total charges) are presented as medians
and interquartile ranges and are compared using the Wilcoxon nonparametric signed-rank test. Categorical data
(sex; race; admission type; hospital bedsize, ownership,
and location; in-hospital mortality; discharge status; and
postoperative complication) are presented as relative frequencies and were compared using the Fisher exact test.
Two-tailed tests were used, and statistical significance
was defined as p < 0.05.
Odds ratios of in-hospital mortality, discharge to
long-term care facility, and postoperative complications
were calculated using multivariate logistic regression
analysis after adjusting for differences in patient and hospitalization characteristics that were significantly different between July admissions and other month admissions
for teaching and nonteaching hospitals.

Results
Patient, Hospitalization, and Hospital Characteristics

Among 57,663,486 hospitalizations between 2001
and 2008 in the NIS, 968,086 cases of spinal surgery
were reported, representing 1.7% of hospital admissions.
Of these procedures, 528,057 (55%) occurred at teaching
hospitals and 440,029 (45%) occurred at nonteaching facilities. Patient, hospitalization, and hospital characteristics of teaching and nonteaching hospitals are shown in
Table 1. Minor but statistically significant differences between teaching and nonteaching hospitals were observed
in all variables because of the large sample size of the
study. Patients presenting to teaching hospitals were less
likely to be routinely admitted than patients presenting to
nonteaching hospitals (82% vs 85%, p < 0.0001). Teaching hospitals had significantly higher total discharge volumes (median 24,495 vs 13,859, p < 0.0001), were more
likely to be government controlled (98% vs 33%, p <
0.0001), and were more likely to be in urban locations
(97% vs 91%, p < 0.0001) than nonteaching hospitals. A
higher percentage of teaching hospitals were classified as
small bedsize compared with nonteaching hospitals (15%
vs 11%, p < 0.0001). However, a direct comparison of this
category between teaching and nonteaching hospitals is
difficult as the NIS has different bedsize classifications
based on hospital teaching status and region (small bedsize for a Midwest teaching hospital is < 249 beds, small
bedsize for a Midwest nonteaching hospital is < 74 beds).
Patient and hospitalization characteristics of those
admitted in July compared with those admitted in other
months are shown in Table 2. Again, statistically signifi281
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TABLE 1: Patient, hospitalization, and hospital characteristics by hospital teaching status*
Variable
Patient
median age in yrs
female sex
race
white
black
Hispanic
Asian
Native American
other
total
Hospitalization
elective admission
admission type
routine
transfer
ED
total
median no. of diagnoses†
median no. of chronic diagnoses†
median Charlson score†
Hospital
median no. of patients discharged
bedsize
small
medium
large
total
government (vs private)
urban (vs rural)

Teaching Hospital Admissions
(n = 528,057)

Nonteaching Hospital Admissions
(n = 440,029)

52 (41–64)
261,778 (50%)

53 (43–66)
219,379 (50%)

427,357 (81%)
46,130 (9%)
31,465 (6%)
7,311 (1%)
2,030 (0.3%)
13,764 (2%)
528,057

374,246 (85%)
23,134 (5%)
26,450 (6%)
4,216 (1%)
1,804 (0.3%)
10,179 (2%)
440,029

82%

85%

474,904 (90%)
12,134 (2%)
41,019 (8%)
528,057
4 (2–7)
3 (2–5)
0 (0–1)

408,337 (93%)
4,346 (1%)
27,346 (6%)
440,029
4 (2–7)
3 (2–5)
0 (0–1)

24,495 (17,289–34,499)
80,477 (15%)
118,761 (22%)
328,819 (62%)
528,057
98%
97%

13,859 (8,378–20,404)
48,310 (11%)
91,346 (21%)
300,373 (68%)
440,029
33%
91%

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median
(IQR). All comparisons between teaching and nonteaching hospitals were statistically significant (p < 0.05). Abbreviation: ED =
emergency department.
† Per patient.

cant but minor differences in these variables were observed in teaching and nonteaching hospitals. The overall
health of patients, as determined by the number of diagnoses, number of chronic diagnoses, and Charlson score,
was similar between teaching and nonteaching hospitals.
Incidence and Monthly Trends in Postoperative
Complications

Monthly trends in patient outcomes are shown in Fig.
1. There was a consistently higher incidence of all outcomes reported by teaching hospitals than by nonteaching hospitals. Outcomes including in-hospital mortality,
discharge to long-term care facility, postoperative complication, length of stay, and total hospitalization charges
are shown in Table 3. Teaching hospitals had small but
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significantly higher rates of discharge to long-term care
facilities (12.1% vs 11.5%, p = 0.0002) and postoperative
infection (1.3% vs 1.1%, p = 0.0005) for patients admitted
in July than for those admitted in other months. These
incidence rates were similar in magnitude, but the differences between July and other month admissions were
statistically significant, likely attributable to the large
sample size of the study. In contrast, nonteaching hospitals had similar rates of in-hospital mortality, discharge to
long-term care facilities, and postoperative complications
between July admissions and admissions in other months.
Length of stay and total charges, while statistically significant, were similar between July admissions and admissions in other months in both teaching and nonteaching
hospitals.
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TABLE 2: Patient and hospitalization characteristics by hospital teaching status and admission month*
Teaching Hospital Admissions
Variable

July (n = 41,211)

Patient
median age in yrs
52 (40–64)
female sex
20,895 (51%)
race
white
33,301 (81%)
black
3,726 (9%)
Hispanic
2,275 (6%)
Asian
676 (2%)
Native American
123 (0.3%)
other
1,110 (2.7%)
Hospitalization
elective admission
81%
admission type
routine
36,661 (89%)
transfer
1,100 (3%)
ED
3,450 (8%)
median no. of diagnoses‡
4 (2–7)
median no. of chronic
3 (2–5)
diagnoses‡
median Charlson score‡
0 (0–1)

Nonteaching Hospital Admissions

Other Mos
(n = 486,846)

p Value†

July (n = 31,053)

Other Mos
(n = 408,976)

p Value†

52 (41–64)
240,883 (49%)

<0.0001
<0.0001

53 (42–66)
15,865 (51%)

53 (43–66)
203,514 (50%)

0.07
<0.0001

394,056 (81%)
42,404 (9%)
29,190 (6%)
6,635 (1%)
1,907 (0.4%)
12,654 (2.6%)

<0.0001
0.31
0.0001
0.0007
0.0095
0.60

26,035 (84%)
1,612 (5%)
2,107 (7%)
387 (1%)
120 (0.4%)
792 (2.6%)

348,211 (85%)
21,522 (5%)
24,343 (6%)
3,829 (1%)
1,684 (0.4%)
9,387 (2.3%)

<0.0001
0.0367
0.0019
0.0002
0.34
0.21

82%

<0.0001

85%

85%

0.0006

438,243 (90%)
11,034 (2%)
37,569 (8%)
4 (2–7)
3 (2–5)

<0.0001
<0.0001
<0.0001
0.42
0.60

28,688 (92%)
359 (1%)
2,006 (6%)
4 (2–7)
3 (2–5)

379,649 (93%)
3,987 (1%)
25,340 (6%)
4 (2–7)
3 (2–5)

<0.0001
0.0066
0.15
0.12
0.0035

0 (0–1)

0 (0–1)

0.0204

0 (0–1)

0.18

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median
(IQR).
† Values in boldface are statistically significant.
‡ Per patient.

Effect of Admission Month on Patient Outcome

Multivariate logistic regression analysis was performed to adjust for patient and hospitalization characteristics that were significantly different between July
admissions and other month admissions for teaching and
nonteaching hospitals. Unadjusted and adjusted odds
ratios of in-hospital mortality, discharge to a long-term
care facility, and postoperative complication for teaching
and nonteaching hospitals are shown in Table 4. After
adjustment, patients admitted to nonteaching hospitals
in July for spinal surgery showed a similar likelihood
of in-hospital mortality (p = 0.46), discharge to longterm care facility (p = 0.28), postoperative infection (p
= 0.12), reaction to implanted device/instrumentation (p
= 0.91), and postoperative wound dehiscence (p = 0.25)
as patients who presented in other months. Patients admitted to teaching hospitals in July also showed a similar likelihood for in-hospital mortality (p = 0.46), reaction to implanted device/instrumentation (p = 0.09), and
postoperative wound dehiscence (p = 0.20), but a significantly higher likelihood of discharge to long-term care
facility (OR 1.03 [95% CI 1.00–1.07], p = 0.0467) and
postoperative infection (OR 1.11 [95% CI 1.05–1.17], p =
0.0341) than patients admitted in other months. A separate comparison between patients admitted in June and
those admitted in July demonstrated similar likelihoods
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of all outcomes except for a slightly higher likelihood of
postoperative wound dehiscence (OR 1.32 [95% CI 1.03–
1.70], p = 0.0301) in teaching hospitals in July admissions
compared with June admissions (Appendix Tables 1–3).
The likelihood of this complication was similar in nonteaching hospitals when comparing July and June admissions (p = 0.14).
Analysis of Higher-Risk Patients

Since our study population consisted of both healthier, low-risk patients and sicker, high-risk patients who
may be more affected by errors in clinical care, a potential
July effect in these sicker patients may have been masked.
To account for this, the above analyses were repeated with
a higher-risk subset of patients with a Charlson score of 2
or higher. This subset consisted of 173,268 patients with a
similar distribution between teaching (18.3% of all cases)
and nonteaching (17.4% of all cases) hospitals. The demographics, outcome incidences, and odds ratios of outcomes are shown in Appendix Tables 4–7. Patients in this
higher-risk group were older; had fewer elective, routine,
and transfer admissions; and had more diagnoses than the
entire spinal surgery population. A higher incidence of
in-hospital mortality, discharge to long-term care facility, and postoperative complications, longer length of stay,
and higher total hospitalization charges was observed in
283
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Fig. 1. Incidence of outcomes by admission month and hospital teaching status. The solid line represents teaching hospitals
and the dashed line represents nonteaching hospitals.

these patients compared with the entire population. After
adjustment, patients admitted to teaching hospitals in July
for spinal surgery showed a likelihood of all outcomes
similar to patients admitted in other months. However,
patients admitted to nonteaching hospitals in July had a
significantly higher likelihood of in-hospital mortality
284

(OR 1.40 [95% CI 1.02–1.87], p = 0.0392) and postoperative infection (OR 1.44 [95% CI 1.16–1.77], p = 0.0011)
than patients admitted in other months.

Analysis of Elective Admissions

Our study population consisted of emergency departJ Neurosurg: Spine / Volume 18 / March 2013
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TABLE 3: Patient outcomes*
Teaching Hospital Admissions
Variable

July
(n = 41,211)

Other Mos
(n = 486,846)

Nonteaching Hospital Admissions
July
(n = 31,053)

p Value

in-hospital mortality
150 (0.4%)
1,789 (0.4%)
0.96
discharge to long-term 4,996 (12.1%)
56,043 (11.5%)
0.0002
care facility
postop complication
808 (2.0%)
8,748 (1.8%)
0.0179
infection
533 (1.3%)
5,358 (1.1%)
0.0005
reaction to device
243 (0.6%)
2,956 (0.6%)
0.69
wound dehiscence
141 (0.3%)
1,443 (0.3%)
0.11
median length of stay
2 (1–5)
2 (1–5)
<0.0001
in days
median total charges
25,061 (13,485–53,358) 25,277 (13,751–52,422) 0.23
in $

Other Mos
(n = 408,976)

68 (0.2%)
3,003 (9.7%)

775 (0.2%)
40,356 (9.9%)

378 (1.2%)
254 (0.8%)
116 (0.4%)
41 (0.1%)
2 (1–4)

4,678 (1.1%)
2,983 (0.7%)
1,495 (0.4%)
736 (0.2%)
2 (1–4)

24,691 (13,473–49,333)

p Value
0.25
0.27
0.25
0.08
0.81
0.06
0.0005

25,676 (14,222–50,174) <0.0001

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR).

ment and transfer admissions, likely representing emergency spinal trauma cases, and elective admissions, likely
representing less urgent cases. A subgroup of patients that
was electively admitted (n = 712,728) was created to examine the July effect in these less urgent cases (Appendix
Tables 8–10). Following adjustment, a similar likelihood
of all complications was observed between July admissions and other month admissions at both teaching and
nonteaching hospitals.

Analysis of Specific Spinal Procedures

Patients who underwent simple spine procedures
(discectomy, with or without decompression, or decompression alone [n = 509,374]) or complex spinal procedures (spinal fusion with or without spinal decompression [n = 420,475]) were identified (Appendix Tables
11–16). A similar likelihood of all complications in July
compared with those in other months was observed in

TABLE 4: Odds ratios of outcomes
Teaching Hospital Admissions
Variable

OR of July vs Other Mos (95% CI) p Value

in-hospital mortality
unadjusted
adjusted*
discharge to long-term care facility
unadjusted
adjusted
any complication
unadjusted
adjusted
postop infection
unadjusted
adjusted
reaction to device
unadjusted
adjusted
postop wound dehiscence
unadjusted
adjusted

Nonteaching Hospital Admissions
OR of July vs Other Mos (95% CI)

p Value

0.99 (0.83–1.17)
0.94 (0.78–1.11)

0.91
0.46

1.16 (0.89–1.47)
0.72 (0.25–1.61)

0.26
0.46

1.06 (1.03–1.09)
1.03 (1.00–1.07)

0.0002
0.0467

0.98 (0.94–1.02)
1.06 (0.95–1.18)

0.27
0.28

1.09 (1.02–1.17)
1.03 (0.95–1.11)

0.0180
0.54

1.06 (0.96–1.18)
1.12 (0.85–1.44)

0.25
0.41

1.18 (1.08–1.29)
1.11 (1.05–1.17)

0.0005
0.0341

1.12 (0.98–1.27)
1.31 (0.93–1.79)

0.08
0.12

0.97 (0.85–1.10)
0.88 (0.77–1.02)

0.66
0.09

1.02 (0.84–1.23)
0.98 (0.61–1.47)

0.82
0.91

1.15 (0.97–1.37)
1.12 (0.94–1.33)

0.11
0.20

0.73 (0.23–0.99)
0.64 (0.25–1.33)

0.0430
0.25

* Multivariate adjustment for variables that were significantly different between July and other month admissions for teaching
(age, sex, race, admission source, and elective admission) and nonteaching (age, sex, race, admission source, elective admission,
number of chronic diagnoses, and Charlson score) hospitals.
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both teaching and nonteaching hospitals for simple spine
procedures. However, a higher likelihood of discharge to
a long-term care facility (OR 1.12 [95% CI 1.06–1.17],
p < 0.0001) and postoperative infection (OR 1.24 [95%
CI 1.04–1.48], p = 0.0187) in July compared with other
admission months was observed with the complex spine
procedures at teaching hospitals. While these odds ratios were statistically significant, the incidence rates of
discharge to a care facility (15% in July vs 13% in other
months) and postoperative infection (1.0% in July vs 0.7%
in other months) were similar among the July and other
month cohorts. A similar likelihood of these outcomes
was observed between July admissions and admissions in
other months at nonteaching hospitals (p = 0.69 and p =
0.20, respectively).

Discussion

The results of this retrospective review of almost 1
million hospitalizations suggest that a minor to negligible July effect may be present in patients undergoing
spinal surgery. We observed an increased likelihood of
discharge to a long-term care facility and postoperative
infection in July admissions compared with admissions
in other months and an increased likelihood of postoperative wound dehiscence in July admissions compared
with June admissions in teaching hospitals, with no similar increase observed in nonteaching hospitals. As these
complications are wound related and are often under the
purview of residents and fellows, this higher likelihood in
July suggests the presence of a learning curve. However,
while this increased incidence was statistically significant, likely because of the large sample size of our study,
the magnitude of the difference was quite small. Patients
who underwent a complex spinal procedure at teaching
hospitals in July also had a higher likelihood of discharge
to long-term care facilities and postoperative infection
than those who underwent these procedures during other
months, with minimal differences in the actual incidence
rates of these outcomes. No differences in in-hospital
mortality or other postoperative complications were observed between July admissions and admissions in other
months. Furthermore, a July effect was not observed in
higher-risk patients, patients who were electively admitted, or patients who underwent a simple spinal procedure.
These findings suggest that the arrival of new residents
and fellows in July likely has a minimal effect on periprocedural outcomes following spinal surgery.
It is surprising that a minimal July effect is observed
in the overall patient cohort but is not observed in higherrisk patients. There are several possible explanations for
these findings. First, the minor July effect in the overall
cohort may be significant only due to the very large sample
sizes in this study. The overall incidence rates of complications were similar regardless of admission month. Second,
patients with Charlson scores of 2 or higher may not be
representative of truly high-risk patients. Third, patients
with multiple comorbidities may have received more focused and attentive care because they were higher-risk
patients, and residents and fellows may have been less involved in the care of these patients. However, evidence of
a July effect was also not observed in the subset of patients
286

who were electively admitted, representing less urgent
cases that may have been more likely to be monitored by
residents and fellows. Conclusions based on resident or fellow involvement cannot be made, as detailed information
on whether residents or fellows were involved in a spinal
surgery case and the extent to which they may have been
involved is not available in the NIS.
Dasenbrock et al.9 reported the presence of a July
effect in patients with metastatic spinal disease who underwent spinal surgery; however, the outcomes that were
affected by admission month were different. That study
reported a higher incidence of in-hospital mortality and
intraoperative complications but a similar incidence of
nonroutine discharge and postoperative complications in
patients who were admitted to teaching hospitals in July
compared with those admitted in other months. Several
differences between that study and ours may explain these
minor discrepancies. First, the Dasenbrock et al. study focused on a smaller subset of patients with diagnosed spinal metastases who underwent a more complex procedure
and were likely sicker and more in need of urgent care
than our general spinal surgery population. This subset
therefore may have been more susceptible to clinical errors and poorer outcomes than our population. Although
we found that higher-risk patients in our study were even
less likely to be negatively affected by a July admission
to a teaching hospital than the entire spinal surgery population, we cannot discount other potential differences in
the patient and hospital demographics between studies.
Second, the specific types of spinal surgery and outcomes
that were examined were different between the studies.
The overall higher incidence of poor outcomes following spinal surgery in teaching hospitals compared
with nonteaching hospitals corroborates with other studies that have shown this difference17,22 and conflicts with
studies that have shown no difference or worse outcomes
in nonteaching hospitals.19–21,28 These studies analyzed
different patient populations and procedures, different
time periods, different outcomes, and different hospitals,
which may explain their conflicting results. Patients who
underwent spinal surgery at teaching hospitals may have
been sicker or were in more tenuous health states than
patients who underwent procedures at nonteaching hospitals. We did not find substantial differences in the number
of diagnoses or Charlson scores in patients admitted to
teaching and nonteaching hospitals. Furthermore, higherrisk patients with an elevated Charlson score also showed
a higher incidence of poor outcomes in teaching hospitals than patients at nonteaching hospitals. However, patients admitted to teaching hospitals were less likely to
be electively admitted and more likely to be transferred.
Furthermore, patients admitted to teaching hospitals may
have been more likely to have other acute clinical situations not reflected in the NIS that may have contributed
to poorer outcomes.
There are several potential reasons why previous July
effect studies show such conflicting results. First, studies that focus on a single hospital or region will likely
reflect patient demographics and clinical routines specific
to that area, while studies of national data will show a
much more inclusive picture. Second, a significant hetJ Neurosurg: Spine / Volume 18 / March 2013
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erogeneity of patients and reasons for hospitalization have
been studied, including subarachnoid hemorrhage, hip
fracture, cardiac surgery, and childbirth.3,7,13,20 The clinical specialties and subspecialties involved in the care of
these patients undoubtedly vary in how they incorporate
and supervise residents and fellows. These studies may
also have had different distributions of low-risk, healthier
patients and higher-risk, sicker, patients with more complications. Finally, some studies did not use a control
group of nonteaching hospitals and therefore cannot conclude that any increased incidence of poor outcomes in
July hospitalizations is attributable to new residents and
fellows instead of seasonal variation or factors that affect
both teaching and nonteaching hospitals.16,18
Our study has several strengths. Since the NIS is
the largest all-payer national inpatient database, it enables a comprehensive analysis of patterns and trends on
a nationwide level, avoiding regional and practice biases
potentially present in smaller, more local studies. In addition, the NIS contains detailed information regarding
patient, hospitalization, and hospital characteristics that
can be used to identify and minimize potential confounders that are often present in retrospective studies.
There are several limitations with this study. First,
detailed information regarding residency and fellowship
programs, including whether a spine program or specific
spine fellowship exists, the trainee to bed ratio, amount
of supervision, and how residents and fellows are incorporated specifically into postoperative care of spinal surgery patients, is not available in the NIS. Some teaching
hospitals may more closely supervise new residents and
fellows or limit the number of procedures residents and
fellows perform during July compared with other teaching
hospitals; however, this level of detail cannot be discerned.
Second, the large number of hospitalizations included in
this study resulted in differences between patient groups
that were statistically significant, yet the magnitude of the
differences was actually quite small. Third, coding inaccuracies in administrative databases including the NIS
have been reported, which can affect these retrospective
evaluations.5 However, these inaccuracies are more likely
to be systematic errors not specific to month of admission
or hospital teaching status. Finally, while we attempted to
identify and adjust for all patient and hospital variables that
were significantly different between admission month and
hospital teaching status, it is possible that other variables
not detailed in the NIS may have affected the incidence
of outcomes in this study. A prospective study of multiple
teaching and nonteaching hospitals over a multiyear period
would provide more evidence regarding the presence of a
July effect in spinal surgery cases.

Conclusions

This study of nationwide hospitalizations over an
8-year period indicates that the influx of new residents
and fellows in July has a negligible effect on periprocedural outcomes following spinal surgery.
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Appendix Table 1: Patient and hospitalization characteristics of June and July admissions*
Teaching Hospital Admissions
Variable
Patient
median age in yrs
female sex
race
white
black
Hispanic
Asian
Native American
other
Hospitalization
elective admission
admission type
routine
transfer
ED
median no. of diagnoses‡
median no. of chronic diagnoses‡
median Charlson score‡

Nonteaching Hospital Admissions

July (n = 41,211)

June (n = 42,391)

p Value†

July (n = 31,053)

June (n = 32,349)

p Value†

52 (40–64)
20,895 (51%)

51 (40–64)
21,676 (51%)

0.55
0.21

53 (42–66)
15,865 (51%)

52 (42–65)
16,635 (52%)

0.0005
0.22

33,301 (81%)
3,726 (9%)
2,275 (6%)
676 (1.6%)
123 (0.3%)
1,110 (2.7%)

34,320 (81%)
3,748 (9%)
2,332 (6%)
642 (1.5%)
128 (0.3%)
1,221 (2.9%)

0.63
0.32
0.81
0.21
0.99
0.22

26,035 (84%)
1,612 (5%)
2,107 (7%)
387 (1.2%)
120 (0.4%)
792 (2.6%)

27,160 (84%)
1,626 (5%)
2,157 (7%)
342 (1.1%)
155 (0.5%)
809 (2.5%)

0.46
0.48
0.70
0.07
0.13
0.83

81%

83%

0.0002

85%

85%

36,661 (89%)
1,100 (3%)
3,450 (8%)
4 (2–7)
3 (2–5)
0 (0–1)

38,206 (90%)
1,000 (2%)
3,185 (8%)
4 (2–7)
3 (2–5)
0 (0–1)

<0.0001
0.0109
<0.0001
0.0017
0.59
0.0082

28,688 (92%)
359 (1%)
2,006 (6%)
4 (2–7)
3 (2–5)
0 (0–1)

29,909 (93%)
341 (1%)
1,999 (6%)
4 (2–7)
3 (2–5)
0 (0–1)

0.08
0.0356
0.30
0.24
0.06
0.10
0.10

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR). Abbreviation: ED =
emergency department.
† Values in boldface are statistically significant.
‡ Per patient.

Appendix Table 2: Patient outcomes of June and July admissions*
Teaching Hospital Admissions

Nonteaching Hospital Admissions

Variable

July (n = 41,211)

June (n = 42,391)

p Value

July (n = 31,053) June (n = 32,349) p Value

in-hospital mortality
discharge to long-term care
facility
postop complication
infection
reaction to device
wound dehiscence

150 (0.4%)
4,996 (12%)

150 (0.4%)
4,822 (11%)

0.82
0.0008

68 (0.2%)
3,003 (10%)

57 (0.2%)
3,006 (9%)

808 (2.0%)
533 (1.3%)
243 (0.6%)
141 (0.3%)

730 (1.7%)
483 (1.1%)
226 (0.5%)
110 (0.3%)

0.0108
0.0433
0.29
0.0315

378 (1.2%)
254 (0.8%)
116 (0.4%)
41 (0.1%)

334 (1.0%)
190 (0.6%)
121 (0.4%)
57 (0.2%)

0.25
0.13
0.0316
0.0006
0.99
0.16

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median
(IQR).
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Appendix Table 3: Odds ratios of outcomes of July versus June admissions
Teaching Hospital Admissions
Variable

OR of July vs June (95% CI)

in-hospital mortality
unadjusted
adjusted*
discharge to long-term care facility
unadjusted
adjusted
any complication
unadjusted
adjusted
postop infection
unadjusted
adjusted
reaction to device
unadjusted
adjusted
postop wound dehiscence
unadjusted
adjusted

p Value

Nonteaching Hospital Admissions
OR of July vs June (95% CI)

p Value

1.03 (0.82–1.29)
0.98 (0.77–1.27)

0.81
0.93

1.24 (0.87–1.77)
1.22 (0.86–1.74)

0.23
0.27

1.07 (1.03–1.12)
1.03 (0.98–1.08)

0.0008
0.31

1.04 (0.99–1.10)
1.04 (0.98–1.09)

0.13
0.21

1.14 (1.03–1.27)
1.12 (1.00–1.26)

0.0103
0.0426

1.18 (1.02–1.37)
1.17 (1.00–1.35)

0.0303
0.0435

1.14 (1.00–1.29)
1.14 (1.00–1.31)

0.0422
0.06

1.39 (1.15–1.68)
1.38 (1.14–1.67)

0.0006
0.0009

1.11 (0.92–1.33)
1.04 (0.85–1.26)

0.27
0.71

1.00 (0.77–1.29)
0.98 (0.76–1.27)

0.97
0.90

1.32 (1.03–1.70)
1.32 (1.03–1.70)

0.0288
0.0301

0.75 (0.50–1.11)
0.74 (0.49–1.10)

0.15
0.14

* Multivariate adjustment for variables that were significantly different between July and June admissions for teaching (elective
admission, admission source, number of diagnoses, and Charlson score) and nonteaching (admission source) hospitals.
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Appendix Table 4: Patient, hospitalization, and hospital characteristics of higher-risk patient subset by hospital
teaching status*
Variable
Patient
median age in yrs
female sex
race
white
black
Hispanic
Asian
Native American
other
Hospitalization
elective admission
admission type
routine
transfer
ED
median no. of diagnoses†
median no. of chronic diagnoses†
median Charlson score†
Hospital
total discharges (no. of patients)
bedsize
small
medium
large
government (vs private)
urban (vs rural)

Teaching Hospital Admissions
(n = 96,638)

Nonteaching Hospital Admissions
(n = 76,630)

61 (50–71)
46,150 (48%)

63 (52–72)
37,030 (48%)

72,907 (75%)
12,135 (13%)
6,917 (7%)
1,754 (2%)
582 (0.6%)
2,343 (2.4%)

62,660 (82%)
5,607 (7%)
5,494 (7%)
945 (1%)
378 (0.5%)
1,546 (2.0%)

74%

79%

80,276 (83%)
4,431 (5%)
11,931 (12%)
7 (5–9)
5 (4–7)
2 (2–3)

66,917 (87%)
1,346 (2%)
8,367 (11%)
7 (5–9)
5 (4–7)
2 (2–3)

24,460 (17,363–34,406)

14,166 (8,979–20,522)

14,042 (15%)
21,247 (22%)
61,349 (63%)
98%
97%

7,050 (9%)
15,140 (20%)
54,440 (71%)
34%
91%

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median
(IQR). All comparisons between teaching and nonteaching hospitals were statistically significant (p < 0.05).
† Per patient.
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Appendix Table 5: Patient and hospitalization characteristics of higher-risk patient subset by hospital teaching status and admission
month*
Teaching Hospital Admissions
Variable
Patient
median age in yrs
female sex
race
white
black
Hispanic
Asian
Native American
other
Hospitalization
elective admission
admission type
routine
transfer
ED
median no. of diagnoses†
median no. of chronic diagnoses†
median Charlson score†

July (n = 7,662)

Other Mos (n = 88,976)

61 (50–71)
3,636 (47%)
5,852 (76%)
944 (12%)
482 (6%)
153 (2%)
34 (0.4%)
197 (2.6%)

July (n = 5,514)

Other Mos (n = 71,116)

p Value

61 (50–71)
42,514 (48%)

0.63
0.59

62 (52–72)
2,691 (49%)

63 (52–72)
34,339 (48%)

0.66
0.47

67,057 (75%)
11,191 (13%)
6,433 (7%)
1,601 (2%)
548 (0.6%)
2,146 (2.4%)

0.16
0.20
0.0019
0.43
0.10
0.72

4,397 (80%)
443 (8%)
448 (8%)
75 (1%)
28 (0.5%)
123 (2.2%)

58,260 (82%)
5,164 (7%)
5,048 (7%)
871 (1%)
350 (0.5%)
1,423 (2.0%)

<0.0001
0.31
0.11
0.66
0.99
0.57
0.44

74%

0.0173

79%

79%

74,016 (83%)
4,054 (5%)
10,906 (13%)
7 (5–9)
5 (4–7)
2 (2–3)

0.25
0.13
0.0039
0.66
0.48
0.82

4,808 (87%)
106 (2%)
600 (11%)
7 (5–9)
5 (4–7)
2 (2–3)

62,109 (87%)
1,240 (2%)
7,767 (11%)
7 (5–9)
5 (4–7)
2 (2–3)

73%
6,261 (82%)
377 (5%)
1,024 (13%)
7 (5–9)
5 (4–7)
2 (2–3)

Nonteaching Hospital Admissions
p Value

0.0196
0.43
0.67
0.20
0.09
0.53

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR).
† Per patient.

Appendix Table 6: Higher-risk patient subset outcomes*
Teaching Hospital Admissions
Variable

July (n = 7662)

Nonteaching Hospital Admissions

Other Mos (n = 88,976) p Value

in-hospital mortality
84 (1.1%)
982 (1.1%)
discharge to long-term
1,871 (25%)
21,274 (24%)
care facility
postop complication
253 (3.3%)
2,731 (3.1%)
infection
172 (2.2%)
1,692 (1.9%)
reaction to device
76 (1%)
865 (1%)
wound dehiscence
46 (0.6%)
515 (0.6%)
median length of stay
4 (2–7)
4 (2–7)
in days
median total charges in $ 31,535 (15,871–67,490) 32,598 (16,672–69,126)

0.99
0.32
0.26
0.0361
0.86
0.81
0.20
0.0086

July (n = 5,514)

Other Mos (n = 71,116)

p Value

47 (0.9%)
1,082 (20%)

427 (0.6%)
15,060 (21%)

0.0256
0.0082

131 (2.4%)
98 (1.8%)
27 (0.5%)
18 (0.3%)
3 (2–5)

1,376 (1.9%)
867 (1.2%)
437 (0.6%)
249 (0.4%)
3 (2–5)

0.0266
0.0007
0.28
0.91
0.30

29,047 (15,644–60,008) 30,626 (16,296–60,487) 0.0082

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR).
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Appendix Table 7: Odds ratios of higher-risk patient subset outcomes

Variable

Teaching Hospital Admissions

Nonteaching Hospital Admissions

OR of July vs Other Mos (95% CI) p Value

OR of July vs Other Mos (95% CI) p Value

in-hospital mortality
unadjusted
adjusted*
discharge to long-term care facility
unadjusted
adjusted
any complication
unadjusted
adjusted
postop infection
unadjusted
adjusted
reaction to device
unadjusted
adjusted
postop wound dehiscence
unadjusted
adjusted

0.99 (0.79–1.23)
0.97 (0.77–1.20)

0.95
0.76

1.42 (1.04–1.90)
1.40 (1.02–1.87)

0.0290
0.0392

1.03 (0.97–1.09)
1.01 (0.96–1.07)

0.32
0.68

0.91 (0.85–0.98)
0.90 (0.84–0.96)

0.0079
0.0027

1.08 (0.94–1.23)
1.07 (0.93–1.21)

0.26
0.34

1.23 (1.02–1.47)
1.22 (1.01–1.45)

0.0274
0.0404

0.84 (0.73–0.99)
1.17 (0.99–1.37)

0.0406
0.0547

1.47 (1.18–1.80)
1.44 (1.16–1.77)

0.0007
0.0011

1.02 (0.80–1.28)
1.01 (0.79–1.27)

0.87
0.93

0.79 (0.53–1.15)
0.78 (0.52–1.13)

0.23
0.20

1.03 (0.76–1.39)
1.03 (0.75–1.38)

0.81
0.85

0.93 (0.56–1.46)
0.92 (0.55–1.44)

0.77
0.72

* Multivariate adjustment for variables that were significantly different between July and other month admissions for teaching
(race, admission source, and elective admission) and nonteaching (race and admission source) hospitals.

Appendix Table 8: Patient and hospitalization characteristics of elective admission cases by admission month*
Teaching Hospital Admissions
Variable

July (n = 29,556)

Patient
median age in yrs
52 (41–65)
female sex
15,399 (52%)
race
white
24,154 (82%)
black
2,444 (8%)
Hispanic
1,582 (4%)
Asian
493 (1.7%)
Native American
81 (0.3%)
other
802 (2.7%)
Hospitalization
admission type
routine
29,222 (99%)
transfer
293 (0.9%)
ED
41 (0.1%)
median no. of diagnoses†
4 (2–7)
median no. of chronic diagnoses†
3 (2–5)
median Charlson score†
0 (0–1)

Nonteaching Hospital Admissions

Other Mos (n = 353,057)

p Value

July (n = 23,120)

Other Mos (n = 306,995)

p Value

52 (42–64)
177,991 (50%)

<0.0001
<0.0001

53 (43–66)
11,956 (52%)

53 (43–66)
154,404 (50%)

0.48
<0.0001

290,341 (82%)
28,106 (8%)
19,402 (5%)
4,712 (1.3%)
1,402 (0.4%)
9,094 (2.6%)

0.0006
0.31
0.23
0.0004
0.0052
0.39

19,488 (84%)
1,167 (5%)
1,515 (7%)
276 (1.2%)
87 (0.4%)
587 (2.6%)

263,581 (86%)
15,297 (5%)
17,064 (6%)
2,825 (0.9%)
1,054 (0.3%)
7,174 (2.3%)

<0.0001
0.39
0.0001
0.0042
0.74
0.42

349,638 (99%)
3,041 (0.9%)
378 (0.1%)
4 (2–7)
3 (2–5)
0 (0–1)

0.0353
0.0281
0.14
0.33
0.37
0.07

22,751 (98%)
163 (0.7%)
206 (0.9%)
4 (2–7)
3 (2–5)
0 (0–1)

302,800 (99%)
1,913 (0.6%)
2,282 (0.7%)
4 (2–7)
3 (2–5)
0 (0–1)

<0.0001
0.20
0.0306
0.55
0.0004
0.0142

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR).
† Per patient.

E

J Neurosurg: Spine / Volume 18 / March 2013
Unauthenticated | Downloaded 01/09/23 06:26 AM UTC

July admission effect on spinal surgery outcomes
Appendix Table 9: Patient outcomes of elective admission cases*
Teaching Hospital Admissions

Nonteaching Hospital Admissions

Variable

July
(n = 29,556)

Other Mos
(n = 353,057)

p Value

July
(n = 23,120)

Other Mos
(n = 306,995)

p Value

in-hospital mortality
discharge to long-term care facility
postop complication
infection
reaction to device
wound dehiscence

46 (0.2%)
2,560 (9%)
301 (1%)
187 (0.6%)
96 (0.3%)
63 (0.2%)

484 (0.1%)
30,505 (9%)
3,530 (1%)
2,052 (0.6%)
1,203 (0.3%)
680 (0.2%)

0.41
0.89
0.76
0.26
0.65
0.44

25 (0.1%)
1,819 (8%)
142 (0.6%)
88 (0.4%)
51 (0.2%)
19 (0.1%)

243 (0.1%)
24,342 (8%)
2,010 (0.7%)
1,200 (0.4%)
655 (0.2%)
359 (0.1%)

0.15
0.76
0.50
0.87
0.82
0.16

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median
(IQR).

Appendix Table 10: Odds ratios of outcomes of elective admission cases
Teaching Hospital Admissions
Variable

Nonteaching Hospital Admissions

OR of July vs Other Mos (95% CI) p Value

in-hospital mortality
unadjusted
adjusted*
discharge to long-term care facility
unadjusted
adjusted
any complication
unadjusted
adjusted
postop infection
unadjusted
adjusted
reaction to device
unadjusted
adjusted
postop wound dehiscence
unadjusted
adjusted

OR of July vs Other Mos (95% CI)

p Value

1.14 (0.83–1.52)
1.13 (0.83–1.52)

0.42
0.42

1.37 (0.88–2.02)
1.29 (0.38–3.26)

0.15
0.65

1.00 (0.96–1.05)
1.00 (0.95–1.04)

0.89
0.83

0.99 (0.94–1.04)
1.10 (0.96–1.24)

0.75
0.17

1.02 (0.90–1.15)
1.01 (0.89–1.13)

0.76
0.90

0.94 (0.79–1.11)
1.17 (0.78–1.68)

0.46
0.42

0.97 (0.78–1.20)
1.08 (0.93–1.26)

0.81
0.29

1.09 (0.93–1.26)
1.57 (0.94–2.48)

0.27
0.08

0.95 (0.77–1.17)
0.93 (0.75–1.14)

0.65
0.48

1.03 (0.77–1.36)
1.22 (0.65–2.08)

0.82
0.51

1.11 (0.85–1.42)
1.09 (0.83–1.40)

0.45
0.53

0.70 (0.43–1.09)
0.67 (0.16–1.82)

0.11
0.47

* Multivariate adjustment for variables that were significantly different between July and other month admissions for teaching
(age, sex, race, and admission source) and nonteaching (sex, race, admission source, number of chronic diagnoses, and Charlson
score) hospitals.
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Appendix Table 11: Patient and hospitalization characteristics of simple surgery cases*
Teaching Hospital Admissions
Variable
Patient
median age in yrs
female sex
race
white
black
Hispanic
Asian
Native American
other
Hospitalization
elective admission
admission type
routine
transfer
ED
median no. of diagnoses†
median no. of chronic diagnoses†
median Charlson score†

Nonteaching Hospital Admissions

July (n = 21,661)

Other Mos (n = 254,720)

p Value

July (n =16,507)

Other Mos (n = 216,486)

p Value

54 (42–68)
10,342 (48%)

54 (42–67)
118,261 (46%)

0.07
0.0002

56 (43–69)
7,956 (48%)

56 (43–69)
100,866 (47%)

0.97
<0.0001

17,716 (82%)
1,775 (8%)
1,179 (5%)
365 (1.7%)
51 (0.2%)
575 (2.7%)

207,741 (82%)
20,598 (8%)
15,131 (6%)
3,632 (1.4%)
882 (0.3%)
6,736 (2.6%)

0.05
0.96
0.0045
0.0257
0.0212
0.89

13,901 (84%)
841 (5%)
1,085 (6%)
203 (1.2%)
51 (0.3%)
426 (2.6%)

185,665 (86%)
10,480 (5%)
12,432 (6%)
2,066 (1.0 %)
927 (0.4%)
4,916 (2.3%)

<0.0001
0.85
0.0420
0.0280
0.0244
0.25

83%

84%

0.0005

15,149 (92%)
212 (1%)
1,146 (7%)
4 (2–6)
3 (2–5)
0 (0–1)

199,331 (92%)
2,381 (1%)
14,774 (7%)
4 (2–6)
3 (2–5)
0 (0–1)

0.0303
0.0454
0.68
0.0379
0.09
0.61

82%

82%

19,524 (90%)
495 (2%)
1,642 (8%)
4 (2–6)
3 (2–5)
0 (0–1)

230,809 (91%)
5,209 (2%)
18,702 (7%)
4 (2–6)
3 (2–5)
0 (0–1)

0.25
0.75
0.0206
0.17
0.0304
0.65
0.0031

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR).
† Per patient.

Appendix Table 12: Patient outcomes of simple surgery cases*
Teaching Hospital Admissions
Variable

July (n = 21,661)

in-hospital mortality
discharge to long-term care facility
postop complication
infection
reaction to device
wound dehiscence

59 (0.3%)
2,151 (10%)
346 (1.6%)
267 (1.2%)
59 (0.3%)
67 (0.3%)

Nonteaching Hospital Admissions

Other Mos (n = 254,720) p Value
823 (0.3%)
24,993 (10%)
3,842 (1.5%)
2,882 (1.1%)
744 (0.3%)
640 (0.3%)

0.23
0.59
0.30
0.18
0.65
0.11

July (n = 16,507)

Other Mos (n = 216,486)

p Value

36 (0.2%)
1,435 (9%)
187 (1.1%)
154 (0.9%)
26 (0.2%)
23 (0.1%)

360 (0.2%)
19,923 (9%)
2,419 (1.1%)
1,861 (0.9%)
428 (0.2%)
394 (0.2%)

0.12
0.0301
0.85
0.32
0.31
0.25

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR).
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July admission effect on spinal surgery outcomes
Appendix Table 13: Odds ratios of outcomes of simple surgery cases

Variable

Teaching Hospital Admissions

Nonteaching Hospital Admissions

OR of July vs Other Mos (95% CI) p Value

OR of July vs Other Mos (95% CI) p Value

in-hospital mortality
unadjusted
adjusted*
discharge to long-term care facility
unadjusted
adjusted
any complication
unadjusted
adjusted
postop infection
unadjusted
adjusted
reaction to device
unadjusted
adjusted
postop wound dehiscence
unadjusted
adjusted

0.84 (0.64–1.09)
0.83 (0.62–1.08)

0.19
0.16

1.31 (0.92–1.82)
1.32 (0.87–1.91)

0.13
0.18

1.01 (0.97–1.06)
0.99 (0.95–1.05)

0.59
0.84

0.94 (0.89–0.99)
0.96 (0.90–1.02)

0.0290
0.22

1.06 (0.95–1.18)
1.06 (0.94–1.18)

0.31
0.33

1.01 (0.87–1.17)
1.00 (0.84–1.17)

0.86
0.96

1.09 (0.96–1.23)
1.09 (0.96–1.24)

0.18
0.20

1.09 (0.92–1.28)
1.08 (0.90–1.29)

0.33
0.39

0.93 (0.71–1.20)
0.92 (0.70–1.19)

0.60
0.55

0.80 (0.52–1.16)
0.76 (0.48–1.14)

0.24
0.20

1.23 (0.95–1.57)
1.24 (0.95–1.58)

0.11
0.11

0.77 (0.49–1.14)
0.79 (0.50–1.18)

0.19
0.26

* Multivariate adjustment for variables that were significantly different between July and other month admissions for teaching
(sex, race, admission type, number of diagnoses, Charlson score) and nonteaching (sex, race, elective admission, admission type,
number of diagnoses) hospitals.

Appendix Table 14: Patient and hospitalization characteristics of complex surgery cases*
Teaching Hospital Admissions
Variable

July (n = 17,709)

Nonteaching Hospital Admissions

Other Mos (n = 210,816)

p Value

July (n = 13,473)

Other Mos (n = 178,477)

50 (41–61)
111,785 (53%)

<0.0001
0.0037

51 (42–62)
7,342 (54%)

52 (42–62)
95,195 (53%)

170,071 (81%)
19,589 (9%)
12,113 (6%)
2,765 (1.3%)
899 (0.4%)
5,379 (2.6%)

0.0004
0.13
0.0137
0.0075
0.15
0.38

11,242 (83%)
740 (5%)
920 (7%)
174 (1.3%)
62 (0.5%)
335 (2.5%)

151,266 (85%)
10,160 (6%)
10,634 (6%)
1,669 (0.9%)
693 (0.4%)
4,055 (2.3%)

<0.0001
0.08
0.0174
0.0032
0.41
0.49

157,949 (84%)

<0.0001

10,523 (87%)

140,244 (87%)

0.41

190,449 (90%)
4,852 (2%)
15,515 (7%)
4 (3–7)
3 (2–5)
0 (0–1)

0.0001
<0.0001
<0.0001
0.29
0.33
0.79

12,656 (94%)
126 (1%)
691 (5%)
4 (2–7)
3 (2–5)
0 (0–1)

168,563 (94%)
1,327 (1%)
8,587 (5%)
4 (2–7)
3 (2–5)
0 (0–1)

<0.0001
0.0374
0.23
0.94
0.06
0.0111

Patient
median age in yrs
49 (38–60)
female sex
9,591 (54%)
race
white
14,188 (80%)
black
1,749 (10%)
Hispanic
939 (5%)
Asian
289 (1.6%)
Native American
60 (0.3%)
other
484 (2.7%)
Hospitalization
elective admission
13,028 (82%)
admission type
routine
15,690 (89%)
transfer
510 (3%)
ED
1,509 (9%)
median no. of diagnoses†
4 (2–7)
median no. of chronic diagnoses†
3 (2–5)
median Charlson score†
0 (0–1)

p Value
0.0007
0.0096

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR).
† Per patient.
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Appendix Table 15: Patient outcomes of complex surgery cases*
Teaching Hospital Admissions

Nonteaching Hospital Admissions

Variable

July (n = 17,709)

Other Mos (n = 210,816)

p Value

July (n = 13,473)

in-hospital mortality
discharge to long-term care facility
postop complication
infection
reaction to device
wound dehiscence

81 (0.5%)
2,589 (15%)
199 (1.1%)
161 (1.0%)
25 (0.1%)
44 (0.3%)

860 (0.4%)
28,073 (13%)
1,943 (0.9%)
1,413 (0.7%)
330 (0.2%)
448 (0.2%)

0.33
<0.0001
0.0093
0.0004
0.69
0.31

31 (0.2%)
1,411 (11%)
60 (0.5%)
47 (0.4%)
12 (0.1%)
8 (0.1%)

Other Mos (n = 178,477) p Value
369 (0.2%)
18,692 (10%)
735 (0.4%)
514 (0.3%)
140 (0.1%)
152 (0.1%)

0.56
0.99
0.53
0.21
0.63
0.44

* Values represent the number of hospitalizations (%) unless otherwise specified. Median values are reported as the median (IQR).

Appendix Table 16: Odds ratios of outcomes of complex surgery cases

Variable
in-hospital mortality
unadjusted
adjusted*
discharge to long-term care facility
unadjusted
adjusted
any complication
unadjusted
adjusted
postop infection
unadjusted
adjusted
reaction to device
unadjusted
adjusted
postop wound dehiscence
unadjusted
adjusted

Teaching Hospital Admissions

Nonteaching Hospital Admissions

OR of July vs Other Mos (95% CI) p Value

OR of July vs Other Mos (95% CI) p Value

1.12 (0.89–1.40)
1.10 (0.85–1.39)

0.33
0.46

1.11 (0.76–1.58)
1.11 (0.75–1.59)

0.57
0.59

1.12 (1.07–1.16)
1.12 (1.06–1.17)

<0.0001
<0.0001

1.00 (0.94–1.06)
1.01 (0.95–1.08)

0.99
0.69

1.22 (1.06–1.41)
1.09 (0.93–1.28)

0.0092
0.28

1.08 (0.82–1.40)
1.08 (0.82–1.39)

0.56
0.59

1.36 (1.15–1.60)
1.24 (1.04–1.48)

0.0004
0.0187

1.21 (0.89–1.62)
1.22 (0.89–1.63)

0.22
0.20

0.90 (0.59–1.33)
0.64 (0.37–1.00)

0.61
0.0518

1.14 (0.60–1.96)
1.09 (0.57–1.89)

0.68
0.77

1.17 (0.85–1.58)
1.11 (0.81–1.50)

0.33
0.50

0.70 (0.31–1.33)
0.69 (0.31–1.31)

0.29
0.48

* Multivariate adjustment for variables that were significantly different between July and other month admissions for teaching
(age, sex, race, admission type, elective admission) and nonteaching (age, sex, race, admission type, Charlson score) hospitals.
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