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Abstract Background: Post-operative ileus (POI) is
common and can be associated with significant morbid-
ity. Questions/Purposes: We aimed to identify the inci-
dence of and risk factors associated with severe post-
operative ileus (SPOI) after elective orthopedic surgery.
Methods: We conducted a retrospective case–control
study of patients undergoing elective orthopedic proce-
dures at a single musculoskeletal specialty hospital. SPOI
cases matched 1:2 to non-POI controls. International
Classification of Diseases, Ninth Revision (ICD-9), codes
were used to identify patients who were coded as having

an episode of POI. After chart review, a subset was classified
as clinical SPOI cases, based on set criteria. Regression models
were constructed to identify variables associated with SPOI.
Results: Of 273 POI cases, 77 (28.2%) were classified as SPOI.
Overall rates of SPOI were 2.74/1000 orthopedic discharges,
with SPOI most common in spine surgeries (9.07/1000 spine
procedure discharges). Hypothesis-generating multivariable con-
ditional logistic regression suggested that, for hip and knee cases,
not being on a full diet by post-operative day (POD) 2 posed an
increased risk of SPOI. For spine cases, not being on a full diet on
POD 2 and longer surgery times were associated with risk of
SPOI. Conclusions: In this retrospective case–control study,
patients undergoing elective orthopedic procedures who had
not progressed to full diet by POD 2 and spine patients with
longer operative timesweremost at risk for SPOI. These data can
be used clinically by peri-operative physicians to stratify patients
according to risk.
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Introduction

Post-operative ileus (POI) has been reported in 0.7 to 4% of
orthopedic surgery patients [11]. While transient ileus is a
normal physiologic response to surgery, prolonged ileus is
pathologic and can result in significant morbidity. Severe
post-operative ileus (SPOI) is associated with an increase in
venous thromboembolism, variability in dose response to
warfarin, and even colonic perforation and death [2, 4, 9,
12]. In addition, patients may mobilize more slowly, leading
to longer hospital stays and increased costs [10]. Although
prior abdominal surgery, prolonged operative time, and
prolonged opioid use have been reported as risk factors for
POI in orthopedic surgery, these have been inconsistently
described [10]. In addition, many studies do not differentiate
between urgent and elective procedures; rates of SPOI may
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be lower when surgery is planned. Studies of ileus often rely
exclusively on International Classification of Diseases (ICD)
codes or chart review for the word “ileus” for case ascer-
tainment; neither method differentiates clinically significant
POI from normal post-operative bowel dysmotility.

The purpose of this study was to answer the following
four questions: (1) What is the incidence of SPOI after
elective orthopedic procedures? (2) What are the univariate
associations of potential associated risk factors for SPOI
after these procedures? (3) What are the multivariate asso-
ciations of potential associated risk factors for SPOI after
these procedures? (4) What are the adverse events associated
with SPOI after these procedures?

Patients and Methods

For this retrospective case–control study, all elective and
nonemergent orthopedic procedures performed at a single
musculoskeletal specialty hospital between March 2009 and
April 2011 were eligible for inclusion. ICD-9 (Ninth Revi-
sion) codes (560.9, 997.4, 560.1, 560.89, 569.89) were used
to identify the first post-operative episode of ileus during
each admission, the index date being when the word “ileus”
was first noted in the medical record. As there is no standard
definition, three complementary methods were used to de-
fine SPOI: (1) a literature review, (2) an expert panel of three
internists and a gastroenterologist, and (3) a review of all
identified POI cases to understand the range of POI presen-
tation in this patient population [1, 17]. SPOI was subse-
quently operationalized as a composite of the following: (1)
patients with abdominal distention and no bowel movement
by pos t -opera t ive day 4, (2) adminis t ra t ion of
methylnaltrexone to prevent or mitigate severe ileus, (3)
insertion of a nasogastric tube for the sole reason of
preventing or mitigating severe ileus, (4) ileus diagnosed
by a gastrointestinal (GI) consultant on or after post-
operative day 4. After all cases of POI were identified, charts
of all POI cases were reviewed by two investigators (K.C.
and S.C.) to identify which met criteria for SPOI. Discrep-
ancies were resolved by a third party (L.A.M. or S.M.G.).

Multiple potential risk factors for SPOI were considered
based on literature review. Adverse events occurring prior to
discharge were collected from the hospital chart.

SPOI cases were matched 1:2 to non-POI controls based
on procedure type, procedure date, and procedure time of
day (before or after noon). Procedure date was included to
control for secular changes in hospital protocols. Patients
progress to “diet as tolerated” as part of standard care for all
surgical services, with no specific diet progression pathway.
Time of the procedure was matched to ensure similar length
of time that the patient status was NPO (nothing by mouth)
prior to surgery. Because of inherent differences in approach
and potential irritation of the peritoneum, cases and controls
were grouped anatomically. Hip procedures included prima-
ry and revision total hip arthroplasty, hip arthrotomy, and
open reduction of fracture with internal fixation. Knee pro-
cedures included primary and revision total knee
arthroplasty, knee arthrodesis, arthroscopy, and open

reduction of fracture with internal fixation. Spine procedures
included primary and revision dorsal, dorsolumbar, lumbar,
and lumbosacral decompression and fusion by anterior, pos-
terior, and combined approaches. Upper extremity proce-
dures were included as well.

Rates of SPOI were calculated per 1000 discharges.
Overall summary statistics were reported in terms of means
and standard deviations for continuous variables and fre-
quencies and percentages for discrete variables. Descriptive
statistics were performed using Fisher’s exact and χ2 tests
for categorical variables, Student t tests for normally
distributed continuous variables, and Mann–Whitney U test
for non-normally distributed continuous variables. Univari-
ate conditional logistic regression models were used to iden-
tify variables associated with SPOI. Two multivariable
conditional logistic regression models were constructed to
identify independent risk factors for SPOI: one for hip and
knee cases (combined because of similar SPOI rates) and
one for spine cases. Variables were selected for inclusion
in the multivariable models if their univariate significance
was < 0.05, with age and sex included a priori. A p value
of < 0.05 in the multivariable models was considered
statistically significant. Data were stored in REDCap
(Research Electronic Data Capture, Vanderbilt University,
Nashville, TN, USA) [8]. Clinically important pre-
discharge adverse events (AEs) were identified via chart
review. All analyses were carried out in Statistical Soft-
ware (release 14; StataCorp, College Station, TX, USA).
Institutional review board approval and a waiver of au-
thorization were obtained prior to the start of study
activities.

Results

ICD-9 codes identified 273 POI cases, with “ileus” being
first recorded in the chart by an orthopedic surgeon (12.1%),
other physician (61.9%), nurse (7.3%), physician assistant
(2.9%), nonphysician post-anesthesia care unit (PACU) staff
(4.8%), or unidentified team member (6.2%). In the remain-
ing 4.8% of cases, an ICD-9 code of ileus was attached to
the admission due to ileus symptoms/treatments noted in the
chart.

Of all POI cases, 28.2% (77/273) met the definition of
SPOI: 18.2% (14) were hip procedures, 20.8% (16) were
knee procedures, 54.5% (42) were spine procedures, and
6.5% (5) were other orthopedic procedures (Fig. 1). The
overall rate of SPOI was 2.74/1000 discharges. Rates were
highest for spine (9.07/1000 discharges) and lowest for
upper extremity procedures (1.40/1000 discharges)
(Fig. 2). Patients with SPOI after hip procedures were
older than controls, more likely to be male, and have
higher body mass index (BMI). Knee SPOI patients were
also more likely to be male. Values for age, sex, and BMI
were similar between patients with SPOI after spine pro-
cedures and controls. Patients with SPOI after hip and
knee procedures were also more likely to be on anti-
cholinergic medications pre-operatively, compared with
patients who did not develop SPOI (Tables 1, 2, 3).
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Univariate conditional logistic regression models for hip
and knee cases found associations between SPOI and an age

of 60 years or older (odds ratio [OR], 12.9; 95% confidence
interval [CI], 1.68–99.12; p = 0.014), a BMI of 25 or higher
(OR, 6.72; 95% CI, 1.45–31.02; p = 0.015), constipation
(OR, 12.0; 95% CI, 1.44–99.67; p = 0.021), and not being
on a full diet by post-operative day 2 (OR, 3.84; 95% CI,
1.33–11.14; p = 0.013). Pre-admission calcium supplements
were protective (OR, 0.20; 95% CI, 0.04–0.89; p value =
0.035), as was being female (OR, 0.19; 95% CI, 0.05–0.66;
p value 0.009). Similar analyses for spine cases showed
longer surgery (OR, 1.77; 95% CI, 1.32–2.38; p value
< 0.001), higher pain scores 2 days prior to ileus (OR, 1.18;
95% CI, 1.02–1.37; p value = 0.028), and not being on a full
diet by post-operative day 2 (OR, 9.83; 95% CI, 2.88–33.72;
p value < 0.001) increased the risk of SPOI.

Two multivariable conditional logistic regression models
were constructed, one for hip and knee combined, and one
for spine. Due to the small number of SPOI cases when
stratified by procedure, these should be viewed as hypothe-
sis generating. Age and sex were included a priori. In addi-
tion, based on the univariate analysis, pre-operative anti-
cholinergic use was included in the multivariable analysis
for the spine model. Controlling for age, sex, BMI, calcium
supplements prior to admission, constipation, the hip and
knee model showed that not being on a full diet by post-
operative day 2 increased the risk of SPOI (OR, 7.96; 95%
CI, 1.17–53.94; p value = 0.034). For spine cases, after
controlling for age, sex, BMI, and taking anti-cholinergic
medication prior to admission, not being on a full diet by
post-operative day 2 was also associated with a higher risk
of SPOI (OR, 11.70; 95% CI, 1.81–75.49; p value = 0.010),
as were longer surgery times (OR, 2.14; 95% CI, 1.16–3.97;
p value = 0.015). Taking anti-cholinergic medications prior
to admission was non significantly associated with SPOI
(OR, 6.62; 95% CI, 0.75–58.20; p value = 0.09).

Four AEs (acute pancreatitis, atrial fibrillation, peripher-
al nerve injury, and a urinary tract infection; 9.5%) occurred
in patients with SPOI after spine procedures; none occurred
in spine controls (p < 0.001). Four AEs occurred in two

273 cases with
ICD-9 codes

for ileus

Screened using a 5-
criteria list for SPOI

77 (28.2%) SPOI

16 (20.8%) knee
procedures

14 (18.2%) hip
procedures

42 (54.5%) spine
procedures

5 (6.5%) other
procedures

154 non-SPOI
patients

28 hip procedures

84 spine procedures

10 other procedures

32 knee procedures

Matched
2 non-POI:1 SPOI

Fig. 1. Study cohort. Number of severe post-operative ileus (SPOI)
cases identified according to International Classification of Diseases,
Ninth Revision (ICD-9) codes and controls matched within each pro-
cedure grouping.
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Fig. 2. Ileus rates at the institution by procedure. TKA (total knee arthroplasty) includes both primary and revision procedures, and THA (total
hip arthroplasty) includes both primary and revision procedures. Arthroplasty cases are reported separately to facilitate cross-institutional
comparisons.
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patients with SPOI after hip procedures (atrial fibrillation,
ventricular tachycardia, Clostridium difficile infection, and
death; 14.2%) and none in hip controls (p = 0.040). There
were no AEs in any patients after knee procedures (either
SPOI cases or controls).

Discussion

The aim of this study was to identify risk factors for severe
ileus after a range of nonemergent orthopedic procedures.
These patients are commonly managed post-operatively by a
hospitalist rather than their operating surgeon, and thus it is
important that both hospitalists and orthopedic surgeons
have reliable information on which patients may be at
highest risk for SPOI. An important observation is that
71.8% of cases with ICD-9 codes for ileus did not meet
our rigorous definition of physiologically significant ileus.
This has important implications, as ileus rates are used as
actionable hospital quality measures and are likely to be
incorrectly inflated if only ICD codes are used for case
identification [17]. We found that documentation of ileus,
thereby triggering the attachment of an ICD-9 ileus code,
was done by a variety of healthcare professionals. Therefore,
it is important that efforts to improve charting accuracy not
be directed only at physicians.

There are several limitations to this study. Our cases
were from 2009 to 2011, and since that time, there may have
been secular changes in operative and peri-operative care of
orthopedic patients, which may affect rates of SPOI. In
particular, responses to the opioid epidemic have led to
significant decreases in the use of post-operative opioids
for pain management. Although we did not find a relation-
ship between opioids and severe ileus in our study, this
relationship should be explored in a contemporary cohort.
As in all retrospective studies, there is the possibility of
unmeasured confounding, but our use of matched controls
from the same surgical population was a means of mitigating
this potential source of bias. Over-the-counter (OTC) drug
use was not systematically examined, and therefore, anti-
cholinergic OTC drugs may have been missed. Thus, the
effect size of anti-cholinergic use may be larger than we
observed in this study. Also, since there were only relatively
small numbers of SPOI cases when stratified by procedure,
our confidence intervals are wide, and our multivariable
regressions should be considered exploratory.

There are also several strengths to this study. We defined
SPOI based on an expert’s input, a literature review, and
clinical presentation in the specific study population, not just
ICD-9 codes [17]. Risk factors were validated with double
chart review. We excluded emergent procedures to ensure
generalizability, as trauma and other emergent cases may
have different risk associations.

In contrast to previous studies, we found older age to
increase the risk of SPOI in patients undergoing hip or knee
procedures [1]. This may reflect our more stringent definition of
severe ileus, our inclusion of all hip and knee procedures and
not just joint arthroplasty, and our use of a control group
consisting of patients without ileus rather than mild ileus. Being

overweight or obese also increased the risk of SPOI in hip and
knee patients. This may relate to the need for more strenuous
manipulations to gain clear visualization of the surgical field or
perhaps to a larger volume of distribution of anti-cholinergic
anesthetic medications in the adipose tissue, with subsequent
prolonged bowel dysmotility. Similar to previous studies, we
found that being female decreased the risk of SPOI [1, 7, 14,
15]. The reasons for this are not known, though in general,
women have a lower BMI than men. Use of pre-operative
calcium supplements decreased risk of SPOI, whereas a history
of constipation increased the risk. This counterintuitive finding
likely reflects confounding by indication, with patients declin-
ing to take calcium if they are already prone to constipation.
Systematically inquiring about constipation in patients pre-
operatively may help identify those at increased risk for SPOI.

For spine cases, each increased hour in surgery in-
creased the odds of SPOI by 77%. This suggests that
patients with lengthy procedures should be monitored
carefully post-operatively. In addition, higher pain scores
prior to ileus were associated with an increased risk of
SPOI. While there were no differences detected in the
amount of opioids administered by patient-controlled an-
algesia, inadequately treated pain could contribute to the
release of vasoactive hormones, increasing the risk of
ileus [5].

The trend toward higher pre-operative anti-cholinergic
use among patients who develop SPOI is intriguing. The use
of medications with anti-cholinergic effects is highly preva-
lent [13]. Anti-cholinergic medications block the parasym-
pathetic nervous system, responsible for the involuntary
muscle activity of the gastrointestinal tract. They are there-
fore a potentially modifiable risk factor for ileus, and
thoughtful discontinuation pre-operatively may decrease
the risk of ileus. This would include commonly used OTC
therapies such as Advil® PM, Alev® PM, and Tylenol® PM
that contain diphenhydramine and are not usually asked
about pre-operatively.

We have additionally identified slow advancement of
post-operative feeding as a factor strongly associated with
SPOI, with patients still NPO on post-operative day 2 at
significantly increased risk of SPOI. This study was retro-
spective, and delayed feeding was one of our criteria for
SPOI, and so whether there is a causal link cannot be
established. However, early post-operative feeding has been
found to decrease the rates of ileus, and studies evaluating
more aggressive refeeding in elective orthopedic patients
should be undertaken [3, 6, 16]. Regardless, slow refeeding
is an easy-to-identify red flag for SPOI.

We found very few serious adverse events associated
with SPOI. This is encouraging and suggests decreased
morbidity due to SPOI, compared with older reports [2, 9,
14] and may reflect general improvements in peri-operative
care.

We have identified risk factors for SPOI in patients
undergoing common elective orthopedic procedures, for
whom higher vigilance is warranted. For hip and knee pa-
tients, being older, being male, and having a BMI of 25 or
higher increase the risk. In spine patients, longer procedure
times and higher pain levels increase the risk.
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Importantly, we have identified the pre-operative use of
anti-cholinergic medications as a possible novel modifiable
risk factor for SPOI. In addition, a history of constipation may
also increase risk. Finally, not being on a full diet by post-
operative day 2 using standard diet advancement protocols is
associated with SPOI in all cases. These observations can be
used to inform policies for monitoring patients after elective
orthopedic surgeries. With the aging population, the number
of elective orthopedic procedures is anticipated to rise dramat-
ically. Patients undergoing elective orthopedic procedures are
often not as ill as hospitalized medical patients, and busy
hospitalists caring for a broad orthopedic case mix may not
be attuned to the risks of potential SPOI in these less acutely ill
patients. Therefore, having easily identifiable red flags for
SPOI should be clinically useful and help to optimize out-
comes for this growing group of patients.

Funding Information Mayu Sasaki, MPH, Kelianne Cummings, BA,
and Sara Choi, BA, report receiving funding from the Susan and Elihu
Rose Foundation, Inc., during the conduct of the study. The authors
report that their institution has received funding from the National
Center for Advancing Translational Sciences of the National
Institutes of Health under award number UL1TR000457.

Compliance with Ethical Standards

Conflict of Interest: Jingyan Yang, DrPH, and Susan M. Goodman,
MD, declare that they have no conflicts of interest. Lisa A. Mandl, MD,
MPH, reports receiving personal fees from the Annals of Internal
Medicine and Wolters Kluwer Health, outside the submitted work.

Human/Animal Rights: All procedures followed were in accordance
with the ethical standards of the responsible committee on human
experimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2013.

Informed Consent: Informed consent was waived from all patients
for being included in this study.

Required Author Forms Disclosure forms provided by the authors
are available with the online version of this article.

Open Access This article is distributed under the terms of the Creative
Commons Att r ibut ion 4.0 Internat ional License (ht tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Bederman SS, Betsy M, Winiarsky R, Seldes RM, Sharrock NE,
Sculco TP. Postoperative ileus in the lower extremity arthroplasty
patient. J Arthroplasty. 2001;16(8):1066–1070. https://doi.org/
10.1054/arth.2001.27675 .

2. Berend KR, Lombardi AV, Mallory TH, Dodds KL, Adams JB.
Ileus following total hip or knee arthroplasty is associated with
increased risk of deep venous thrombosis and pulmonary embo-
lism. J Arthroplasty. 2004;19(7 Suppl 2):82–86. https://doi.org/
10.1016/j.arth.2004.06.013.

3. Boelens PG, Heesakkers FFBM, Luyer MDP, van Barneveld
KWY, de Hingh IHJT. Reduction of postoperative ileus by early
enteral nutrition in patients undergoing major rectal surgery. Ann
Surg. 2014;259(4):649–655.

4. Clarke HD, Berry DJ, Larson DR. Acute pseudo-obstruction of
the colon as a postoperative complication of hip arthroplasty. J
Bone Joint Surg Am. 1997;79(11):1642–1647.

5. Espat NJ, Cheng G, Kelley MC, Vogel SB, Sninsky CA, Hocking
MP. Vasoactive intestinal peptide and substance P receptor an-
tagonists improve postoperative ileus. J Surg Resesarch.
1995;58:719–723.

6. Fanning J, Hojat R. Safety and efficacy of immediate postoper-
ative feeding and bowel stimulation to prevent ileus after major
gynecologic surgical procedures. J Am Osteopath Assoc.
2011;111(8):469–472.

7. Fineberg SJ, Nandyala S V, Kurd MF, et al. Incidence and risk
factors for postoperative ileus following anterior, posterior, and
circumferential lumbar fusion. Spine J. 2013;14(8):1680–1685.
https://doi.org/10.1016/j.spinee.2013.10.015.

8. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research Electronic Data Capture (REDCap)—a metadata driven
methodology and workflow process for providing translational
research informatics support. J Biomed Inform. 2009;42(2):377–
381. https://doi.org/10.1016/j.jbi.2008.08.010.Research.

9. Iorio R, Healy WL, Appleby D. The association of excessive
warfarin anticoagulation and postoperative ileus after total joint
replacement surgery. J Arthroplasty. 2000;15(2):220–223. https://
doi.org/10.1016/S0883-5403(00)90308-5.

10. Lee TH, Lee JS, Hong SJ, et al. Risk factors for postoperative
ileus following orthopedic surgery: the role of chronic constipa-
tion. J Neurogastroenterol Motil. 2015;21(1):121–125.
doi:https://doi.org/10.5056/jnm14077.

11. Merkow RP, Ju MH, Chung JW, et al. Underlying reasons asso-
ciated with hospital readmission following surgery in the United
States. JAMA. 2015;313(5):483–495. doi:https://doi.org/10.1001/
jama.2014.18614.

12. Nelson JD, Urban JA, Salsbury TL, Lowry JK, Garvin KL. Acute
colonic pseudo-obstruction (Ogilvie syndrome) after arthroplasty
in the lower extremity. J Bone Joint Surg Am. 2006;88(3):604–
610. doi:https://doi.org/10.2106/JBJS.D.02864.

13. Ness J, Hoth A, Barnett MJ, Shorr RI, Kaboli PJ. Anticholinergic
medications in community-dwelling older veterans: prevalence
of anticholinergic symptoms, symptom burden, and adverse drug
events. Am J Geriatr Pharmacother. 2006;4(1):42–51.

14. Parvizi J, Han S-B, Tarity TD, Pulido L, Weinstein M, Rothman
RH. Postoperative ileus after total joint arthroplasty. J
Arthroplasty. 2008;23(3):360–365. doi:https://doi.org/10.1016/
j.arth.2007.12.019.

15. Petrisor BA, Petruccelli DT, Winemaker MJ, de Beer JD. Acute
colonic pseudo-obstruction after elective total joint arthroplasty. J
Arthroplasty. 2001;16(8):1043–1047. doi:https://doi.org/
10.1054/arth.2001.27676.

16. Rees J, Bobridge K, Cash C, Lyons-Wall P, Allan R, Coombes J.
Delayed postoperative diet is associated with a greater incidence
of prolonged postoperative ileus and longer stay in hospital for
patients undergoing gastrointestinal surgery. Nutr Diet. 2017:13–
15. doi:https://doi.org/10.1111/1747-0080.12369.

17. Vather R, Trivedi S, Bissett I. Defining Postoperative ileus:
results of a systematic review and global survey. J Gastrointest
Surg. 2013;17(5):962–972. doi:https://doi.org/10.1007/s11605-
013-2148-y.

S279

https://doi.org/10.1054/arth.2001.27675&newnbsp;
https://doi.org/10.1054/arth.2001.27675&newnbsp;
https://doi.org/10.1016/j.arth.2004.06.013
https://doi.org/10.1016/j.arth.2004.06.013
https://doi.org/10.1016/j.spinee.2013.10.015
https://doi.org/10.1016/j.jbi.2008.08.010.Research
https://doi.org/10.1016/S0883-5403(00)90308-5
https://doi.org/10.1016/S0883-5403(00)90308-5
https://doi.org/10.5056/jnm14077
https://doi.org/10.1001/jama.2014.18614
https://doi.org/10.1001/jama.2014.18614
https://doi.org/10.2106/JBJS.D.02864
https://doi.org/10.1016/j.arth.2007.12.019
https://doi.org/10.1016/j.arth.2007.12.019
https://doi.org/10.1054/arth.2001.27676
https://doi.org/10.1054/arth.2001.27676
https://doi.org/10.1111/1747-0080.12369
https://doi.org/10.1007/s11605-013-2148-y
https://doi.org/10.1007/s11605-013-2148-y

	Incidence and Risk of Severe Ileus After Orthopedic Surgery: A Case-Control Study
	Abstract
	Keywords
	Introduction
	Patients and Methods
	Results
	Discussion
	Funding Information
	Compliance with Ethical Standards
	References


