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Predicting Elective Orthopaedic Sports Medicine
Surgical Cancellations Based on Patient

Demographics

Brandon Petrone, D.O., Jordan Fakhoury, D.O., Prashant Matai, M.B.B.S.,
Adam Bitterman, D.O., Randy M. Cohn, M.D., and Larry Lutsky, Ph.D.
Purpose: To evaluate whether patient demographics are associated with cancellation of elective orthopaedic sports
medicine surgical procedures. Methods: We retrospectively reviewed the electronic medical records of 761 patients who
were scheduled to undergo an elective sports medicine orthopaedic operation from January 1, 2015, to December 31,
2017. The patients were divided into 2 groups: those who underwent the scheduled procedure (group A) and those in
whom the operation was canceled for any reason prior to the surgical date and not rescheduled (group B). Univariate
analysis assessed patient factors consisting of age, sex, race, language, marital status, occupation status, type of insurance
(Medicaid or Medicare vs private), smoking history, employment status, and history of surgery to determine which de-
mographic factors led to an increased risk of elective case cancellation. Results: Patients who canceled were significantly
older (46.5 years vs 41.5 years, t¼ 2.432, P ¼ .015) than those who do not. In addition, current smokers (22.5% vs 10.9%,
c2 ¼ 10.85, P ¼ .001), patients with Medicare or Medicaid versus private insurance (16.7% vs 10.0%, c2 ¼ 5.35, P ¼
.021), noneEnglish-speaking patients (29.5% vs 11.6%, c2 ¼ 11.43, P ¼ .001), and patients without a history of surgery
requiring anesthesia (18.8% vs 9.6%, c2 ¼ 9.96, P ¼ .002) were all more likely to cancel. When all studied variables were
examined in a logistic regression analysis, of the above demographic variables, only insurance status was no longer sig-
nificant, given its correlation with age and language. Conclusions: Increased age (�46.5 years), non-English speaking,
smoking, lack of a history of surgery requiring anesthesia, and Medicaid or Medicare insurance were found to contribute
to an increased risk of elective orthopaedic surgery cancellation. Level of Evidence: Level III, case-control study.
perative care is one of the major areas of health
Ocare service provided by hospitals, with ambula-
tory orthopaedic surgery being one of the most com-
mon procedures performed1 and one of the largest
sources of revenue for a hospital facility.2 However, it
has also made orthopaedics one of the specialties un-
dergoing the most cancellations in the hospital today.3,4
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Elective orthopaedic surgical cancellation rates typically
range from 10% to 34%,3-5 which vary depending on
the country and patient population. These cancellations
can be related to multiple factors associated with the
patient, surgeon, or hospital, but most cancellations
have been shown to be patient related and
avoidable.4,6,7

Cancellation of elective surgical procedures is attrib-
uted to several factors. These include nonattendance,
socioeconomic factors, improper medical workup, lack
of preoperative fasting, and hospital-related causes.8,9

Of these, patient-related factors remain one of the
most common reasons for case cancellation.3,8,9

Cancellation of elective surgical cases negatively im-
pacts patient experience; surgeon scheduling; and
overall operating room function, efficiency, and
revenue.10-13 Even with advancements in hospital
quality measures directed toward decreasing patient
cancellation rates, these “avoidable” cancellations
continue to occur.8,14,15

Despite the increased interest in surgical cancella-
tions, knowledge regarding the factors that influence
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Table 1. Univariate Analysis Comparing Patient Demographic Characteristics and Cancellation Rate

Demographic Factor n Mean (SD) % Canceled c2 t Test P Value*

Sex 0.091 .763
Female 240 12.9
Male 319 13.8

Marital status 0.106 .745
Married 226 12.4
Single 330 13.3

Occupation 0.072 .788
Employed 299 12.7
Unemployed 251 12.0

Smoking status 10.855 .001*
Nonsmoker 431 10.9
Smoker 120 22.5

Insurance 5.351 .021*
Private insurance 299 10.0
Medicaid or Medicare 258 16.7

Race 2.460 .292
White 350 12.3
Black 79 11.4
Other 113 17.7

Language 11.430 .001*
English speaking 507 11.6
Non-English speaking 44 29.5

Surgical history 9.961 .002*
History of surgery 324 9.6
No history of surgery 234 18.8

Age 2.432 .015*
Did not cancel 484 41.49 yr (16.66 yr)
Canceled 75 46.51 yr (16.49 yr)

SD, standard deviation.
*Statistically significant (P < .05).
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patient cancellations is incomplete. Currently, there are
limited data on determining which patients are at high
risk of elective orthopaedic surgery cancellation. A
more complete understanding of patient factors that
influence these cancellations can enable better insight
into identifying high-risk patients and may allow phy-
sicians to implement preoperative interventions to
decrease potentially avoidable cancellations. The
purpose of this study was to evaluate whether patient
Table 2. Parameter Estimates for Logistic Regression Model

Variable B SE

Age 0.031 0.010
Sex 0.100 0.296
Marital status 0.222 0.328
Occupation e0.194 0.315
Smoking status 0.835 0.305
Insurance provider 0.516 0.320
Race code

Race 1 e0.132 0.430
Race 2 e0.124 0.396

Language 1.007 0.474
Surgical history 1.007 0.314
Constant e4.560 0.690

Race 1, comparison of white vs black; Race 2, comparison of white vs oth
*Statistically significant (P < .05).
demographics are associated with cancellation of elec-
tive orthopaedic sports medicine surgical procedures.
Our hypothesis was that patient demographics would
play a significant role in cancellation of elective surgery.

Methods
Because of the retrospective nature of this study,

institutional review board review was waived at our
institution. We retrospectively reviewed the electronic
Wald df Significance Exp(B)

8.817 1 .003* 1.031
0.115 1 .734 1.106
0.458 1 .498 1.249
0.379 1 .538 0.824
7.481 1 .006* 2.305
2.597 1 .107 1.675
0.163 2 .922
0.094 1 .759 0.876
0.098 1 .754 0.883
4.520 1 .034* 2.738

13.506 1 <.001* 3.172
43.655 1 <.001 0.010

er races (Hispanic, Asian, multiracial); SE, standard error.



Fig 1. History of surgery versus
cancellation rate. (CI, confidence
interval.)
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medical records of 761 patients who were scheduled to
undergo an elective sports medicine orthopaedic oper-
ation performed by a board-certified orthopaedic sports
medicine surgeon (R.M.C.) at a single academic com-
munity hospital from January 1, 2015 to December 31,
2017. All patients seen on an outpatient basis and
scheduled to undergo an elective orthopaedic surgical
procedure were included in this study. Patients under-
going revision surgery, those undergoing inpatient
procedures such as total joint replacement, and those
requiring operations considered urgent or emergent
such as fracture repair or irrigation and debridement
were excluded from the completed-case group. Can-
cellations owing to surgeon- or hospital-related factors
were also excluded. Patient demographic variables
including age, sex, race, language, marital status,
occupation status, type of insurance (Medicaid or
Medicare vs private), smoking history, employment
status, history of surgery requiring anesthesia, and
procedure type were recorded. A patient with a surgical
history was defined as any patient undergoing a surgi-
cal procedure requiring sedation with or without intu-
bation in an ambulatory or operating room setting.

Statistical Analysis
Univariate analysis assessed which demographic fac-

tors led to an increased risk of elective case cancellation
(Table 1). Significant predictors in the univariate
models including age, smoking history, primary
language, and history of surgery were used to create a
predictive power model for patient cancellation
(Table 2). By use of this model, the predictive proba-
bility of cancellation was calculated for different values
of age, primary language, smoking history, and history
of surgery (Table 2). Significance was assessed at
P < .05. To evaluate whether the scheduled procedure
played a role in the cancellation rate, we performed a
cross tabulation between the scheduled procedure and
cancellation rate; procedures with fewer than 10
patients were excluded. We then used a c2 analysis to
determine whether there was a significant difference in
the cancellation rate between the 2 groups.
Results
During the study period, the patients were divided into

2 groups: thosewhounderwent the scheduledprocedure
(672 patients) (group A) and those in whom the opera-
tionwas canceled for any reason prior to the surgical date
and not rescheduled (89 patients) (group B). A total of
571 patients (486 in group A and 85 in group B) met the
inclusion criteria, and their demographic factors were
recorded (Table 1). Overall, 13.4% of patients canceled
prior to or on the day of the scheduled surgical procedure
and did not reschedule. Surgical history was found to be
significantly associated with surgical cancellation:
Patients with no surgical history requiring anesthesia
were more likely to cancel (18.8% vs 9.6%, c2 ¼ 9.96,
P ¼ .002) (Fig 1). Current smokers were more likely to
cancel than were nonsmokers or previous smokers
(22.5% vs 10.9%, c2 ¼ 10.85, P ¼ .001) (Fig 2). Patient
primary language was also found to be significantly
associatedwith surgical cancellation, with noneEnglish-
speaking patientsmore likely to cancel (29.5%vs 11.6%,
c2¼ 11.43, P¼ .001) (Fig 3). Patientswho canceledwere
significantly older (46.5 years vs 41.5 years, t ¼ 2.432,
P¼ .015) than thosewhodid not (Fig 4). Finally, patients
with Medicare or Medicaid were more likely to cancel
than were patients with private insurance (16.7% vs
10.0%, c2 ¼ 5.35, P ¼ .021) (Fig 5). When all studied
variables were examined in a logistic regression analysis,
only insurance status was no longer significant, given its



Fig 2. Smoking status versus
cancellation rate. (CI, confidence
interval.)
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correlation with age and language (Table 2). When we
analyzed the scheduled procedures between the 2
groups, there were 5 procedures that were scheduled to
be performed in more than 10 patients (Table 3). The c2

analysis revealed no significant difference between the
type of scheduled procedure and the rate of cancellation
(Table 4).
The predictive model identified age (B ¼ 0.031,

P ¼ .003), smoking status (B ¼ 0.835, P ¼ .006), non-
English speaking (B ¼ 1.007, P ¼ .034), and lack of a
surgical history requiring anesthesia (B ¼ 1.154, P ¼
.0002) as the top predictors of cancellation (Table 2). By
use of this model, a 42-year-old patient with no risk
factors has only a 3.9% chance of cancellation. In
contrast, a 54-year-oldmale smokerwho speaks Spanish
Fig 3. Primary language versus
cancellation rate. (CI, confidence
interval.)
and has no surgical history has a 52.7% chance of
canceling (Table 5).

Discussion
The results of this study show that patient de-

mographic factors including age, smoking status,
non-English speaking, and no surgical history requiring
anesthesia led to an increased rate of elective ortho-
paedic sports surgery cancellation. No difference was
found between scheduled procedure and the rate of
cancellation.
Most elective surgery cancellations have been found

to be patient related.3-9 Socioeconomic concerns related
to symptomatic improvement during the waiting
period, fear of surgery, economic burden, and



Fig 4. Cancellation rate versus
mean age (in years). (CI, confi-
dence interval.)
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postoperative recovery are among the most common
reasons.6,7 Caesar et al.8 performed a root-cause anal-
ysis of elective orthopaedic surgical cancellations and
concluded that patient cancellations were a result of
patient self-cancellation (17%), social reasons associ-
ated with family or work (16%), and inadequate pre-
operative assessment such as medical clearance or
preoperative fasting (12%). Every cancellation in our
study was patient related and not related to the surgeon
or the hospital.
Yoo et al.6 performed a study analyzing patients with

a diagnosed rotator cuff tear who decided not to un-
dergo surgery. The main reason for patient cancellation
was improvement of symptoms. Gong et al.7 surveyed
patients as to why they did or did not undergo elective
carpal tunnel surgery. They found that the main reason
for undergoing surgery was the fear of symptomatic
progression. Patients who canceled stated that symp-
tomatic improvement had occurred. Our findings do
not support these results because we found no differ-
ence in cancellations based on the scheduled procedure,
indicating that there are other patient-related factors
contributing to elective orthopaedic sports surgery
cancellation. Gong et al. and Yoo et al. also showed that
fear of the surgical procedure was a factor contributing
to elective surgery cancellation. We were able to show
that patients who had no history of surgery were more
likely to cancel. We believe that patients who have
undergone a prior surgical procedure would have less
fear or anxiety when scheduling another operation.
Fig 5. Insurance provider versus
cancellation rate. (CI, confidence
interval.)



Table 3. Cross Tabulation of Cancellation Rate by Surgical
Procedure

Canceled

TotalNo Yes

Scheduled procedure
Distal biceps repair
Patients, n 15 2 17
% within scheduled procedure category 88.2 11.8 100.0

Hip arthroscopy
Patients, n 75 11 86
% within scheduled procedure category 87.2 12.8 100.0

Knee arthroscopy
Patients, n 124 16 140
% within scheduled procedure category 88.6 11.4 100.0

Knee arthroscopy and ACL repair
Patients, n 78 11 89
% within scheduled procedure category 87.6 12.4 100.0

Shoulder arthroscopy
Patients, n 152 31 183
% within scheduled procedure category 83.1 16.9 100.0

Total
Patients, n 444 71 515
% 86.2 13.8 100.0

ACL, anterior cruciate ligament.

Table 4. c2 Analysis Between Scheduled Surgical Procedure
and Cancellation Rate

Value df Asymptotic Significance (2-Sided)

Pearson c2 2.469* 4 .650
Likelihood ratio 2.424 4 .658
No. of valid cases 515

*One cell (10.0%) had an expected count of less than 5. The min-
imum expected count was 2.34.
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Clear communication is essential for orthopaedic
surgeons to explain the preoperative instructions, pro-
cedural details, postoperative recovery process, and
surgical alternatives while discussing treatment options
with patients. Language barriers for noneEnglish-
speaking patients can disrupt this communication be-
tween the patient and the surgeon. With the use of
professional interpreters, significant improvements
have been made in patients’ explanations of their
symptoms, patient satisfaction, and the ability to obtain
informed consent.16,17 However, these improvements
did not eliminate the language disparity,16 and our data
support this issue.
Cancellation of elective orthopaedic surgical pro-

cedures is a significant problem that can lead to
decreased operating room efficiency and revenue for a
hospital.10 Turunen et al.11 recently analyzed the
average cost to a hospital in Finland for elective day-
of-surgery cancellations across multiple surgical sub-
specialties. Orthopaedic surgery cancellation was
associated with one of the highest costs to the hospital
compared with other surgical subspecialties. The
average cost was $2,713 (V2,415) per patient. This
number is estimated to be half the cost of cancellation
in the United States.11

Several improvements in quality of care and systems-
based practice focusing on limiting elective surgical
cancellations have been found to be successful. Sebach
et al.18 described an evidence-based nurse
practitionereled preoperative evaluation clinic within a
large orthopaedic practice. They analyzed elective sur-
gery cancellation rates and missed charges due to
cancellations before and after implementation of the
nurse practitionereled preoperative evaluation clinic.
The rate of surgical cancellations was significantly
decreased from 7.7% to 0.8% (P ¼ .007) and lost rev-
enue decreased from $386,033 to $184,480 after
implementation. Singhal et al.15 performed a prospec-
tive study analyzing patient-related factors leading to
same-day elective orthopaedic surgery cancellations.
With the use of a telephone questionnaire administered
1 week before the scheduled elective procedure spe-
cifically aimed at addressing patient-related factors
leading to cancellation, the rate decreased from 10% to
1.6% (P ¼ .01). At our institution, on the day before the
scheduled surgical procedure, the patient is contacted
by a registered nurse to explain the preoperative pro-
tocol and what time to arrive.
Using patient demographics, we can now attempt to

risk stratify patients to determine their overall proba-
bility of cancellation. This analysis will allow physicians
and their staff to focus on foreseeable cancellations and
implement new patient-specific strategies to improve
patient satisfaction, quality of care, and systems-based
practice and to save lost revenue. In addition, under-
standing which patients are more likely to cancel will
allow improved allocation of time and resources, with a
greater focus on high-risk patients.

Limitations
There are some limitations to this study. This study

was retrospective in nature and all data reviewed were
taken from electronic medical records, which can limit
discoverable information. In addition, this study was
limited to a single orthopaedic sports surgeon at a single
institution (a community hospital). Therefore, the re-
sults may not be generalizable to other orthopaedic
subspecialties and patient populations. Finally, we did
not differentiate between patients who canceled ahead
of time and those who canceled on the day of the
scheduled procedure or assess the reasons why each
patient canceled.
Conclusions
Increased age (�46.5 years), non-English speaking,

smoking, lack of a history of surgery requiring anes-
thesia, and Medicaid or Medicare insurance were found
to contribute to an increased risk of elective orthopaedic
surgery cancellation.



Table 5. Example Case Scenarios Using Significant Patient Demographic Characteristics

Age, yr Smoking Status Language History of Surgery Predicted Cancellation Risk, %

Case example 1 42 No English Yes 3.7
Case example 2 54 Yes Spanish No 52.7

NOTE. A 42-year-old English-speaking patient who is a nonsmoker and has a surgical history has only a 3.7% risk of cancellation. In contrast, a
54-year-old Spanish-speaking patient who smokes and has no surgical history has a 52.7% risk of cancellation.
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