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Abstract
Background Delayed time to surgery of at least 2 days
after hospital arrival is well known to be associated with
increased complications after standard hip fracture surgery;
whether this association is present for pathologic hip
fractures, however, is unknown.
Questions/purposes (1) After controlling for differences
in patient characteristics, is delayed time to surgery (at least
2 days) for patients with pathologic hip fractures in-
dependently associated with increased complications
compared with early surgery (fewer than 2 days)? (2) What
preoperative factors are independently associated with
major complications and mortality after surgery for path-
ologic hip fractures?

Methods A retrospective study was conducted using the
American College of Surgeons National Surgical
Quality Improvement Program database of pathologic
hip fractures (including femoral neck, trochanteric, and
subtrochanteric fractures) from 2007 to 2017. This da-
tabase was chosen over other databases given the high-
quality preoperative medical history and postoperative
complication (including readmissions, reoperations,
and mortality) data collected from patient medical
records through the thirtieth postoperative day. Patients
were identified using Common Procedural Terminology
codes for hip fracture treatment (THA, hemiarthroplasty,
proximal femur replacement, intramedullary nail, and plate
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and screw fixation) with associated operative diagnoses for
pathologic fractures as identified with International Clas-
sification of Diseases codes. A total of 2627 patients with
pathologic hip fractures were included in this study; 65%
(1714) had surgery within 2 days and 35% (913) had sur-
gery after that time. Patient demographics, hospitalization
information, and 30-day postoperative complications were
recorded. Differences in characteristics between patients
who underwent surgery in the early and delayed time
periods were assessed with chi-square tests for categorical
variables and t-tests for continuous variables. Delayed-
surgery patients were more medically complex at the time
of admission than early-surgery patients, including having
higher American Society of Anesthesiologists classifica-
tion (mean 6 SD 3.18 6 0.61 versus 2.94 6 0.60; p <
0.001) and prevalence of advanced, “disseminated” cancer
(53% versus 39%; p < 0.001). Propensity-adjusted multi-
variable logistic regression analyses were performed to
assess the effect of delayed time to surgery alone on the
various outcome measures. Additional independent risk
factors for major complications and mortality were iden-
tified using backwards stepwise regressions.
Results After controlling for baseline factors, the only
outcome associated with delayed surgery was extended
postoperative length of stay (odds ratio 1.94 [95% CI
1.62 to 2.33]; p < 0.001). Delayed surgery was not
associated with any postoperative complications, in-
cluding major complications (OR 1.23 [95% CI 0.94 to
1.6]; p = 0.13), pulmonary complications (OR 1.24 [95%
CI 0.83 to 1.86]; p = 0.29), and mortality (OR 1.26 [95%
CI 0.91 to 1.76]; p = 0.16). Histories of chronic ob-
structive pulmonary disease (OR 2.48), congestive heart
failure (OR 2.64), and disseminated cancer (OR 1.68)
were associated with an increased risk of major com-
plications, while dependent functional status (OR 2.27),
advanced American Society of Anesthesiologists class
(IV+ versus I-II, OR 4.81), and disseminated cancer
were associated with an increased risk of mortality (OR
2.2; p # 0.002 for all).
Conclusions After controlling for baseline patient fac-
tors, delayed time to surgery was not independently as-
sociated with increased 30-day complications after
surgical treatment of pathologic hip fractures. These
results are in contrast to the traditional dogma for standard
hip fractures that surgery within 2 days of hospital arrival is
associated with reduced complications. Although surgery
should not be delayed needlessly, if the surgeon feels that
additional time could benefit the patient, the results of this
study suggest surgeons should not expedite surgery be-
cause of the risk of surgical delay observed for standard hip
fractures.
Level of Evidence Level III, therapeutic study.

Introduction

Metastatic disease remains one of the largest unsolved
problems in cancer biology [17], and bone is the third most
frequent location of metastases behind the lung and liver
[6]. Bone metastases can lead to several complications,
including bone pain, hypercalcemia, epidural spinal cord
compression, and cancer cachexia [20]. In addition, most
bone metastases are osteolytic or mixed, which places
patients at a substantial risk of having pathologic fractures
[6, 8]. One of the most common locations for pathologic
fractures is the hip, where approximately 10% of all cancer
patients have metastatic lesions [8]. When pathologic hip
fractures occur, they are best treated using a multidisci-
plinary approach including primary medical doctors,
medical oncologists, radiation oncologists, orthopaedic
oncologists and/or orthopaedic trauma surgeons, and the
patient and his or her family. With an estimated 1-year
survival rate of 30% after operative treatment [9, 23], time
before surgery must be dedicated to creating a treatment
plan in line with a patient’s goals of care. Surgical treat-
ment may be further delayed by the need for medical
management, surgical planning, additional imaging to as-
sess for further metastatic burden, potential biopsy, vas-
cular embolization for renal cell carcinoma, or transfer to a
tertiary care center with a dedicated orthopaedic oncology
team [8, 10].

Although surgical treatment is employed for most
pathologic hip fractures [1, 8, 9], little is known about
perioperative factors associated with operative success in
this setting. In contrast, for standard hip fractures, it is well
known that surgery at least 2 days after hospital arrival is
associated with increased risk of complications and death
[7, 13, 15, 16]. On the other hand, Bovonratwet et al. [5]
and Sellan et al. [14] recently demonstrated that surgery
within 2 days of hospital arrival was not associated with
reduced complications or death for patients with peri-
prosthetic hip fractures, raising questions about whether
the time-to-surgery effect seen in standard hip fractures is
generalizable to other complex hip fractures in which
surgical delay could theoretically provide benefit. To our
knowledge, no study has evaluated the association between
time to surgery and complications in patients with patho-
logic hip fractures.

Therefore, we asked, (1) after controlling for differences
in patient characteristics, is delayed time to surgery (at least
2 days) for patients with pathologic hip fractures in-
dependently associated with increased complications or
mortality compared with early surgery (fewer than 2 days)?
(2) What preoperative factors are independently associated
with major complications and mortality after surgery for
pathologic hip fractures?
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Patients and Methods

We conducted a retrospective study using the American
College of Surgeons National Surgical Quality Improve-
ment Program (NSQIP) database from 2007 to 2017 to
identify patients who underwent surgical management of
pathologic hip fractures, which included femoral neck,
trochanteric, and subtrochanteric fractures from tumors.
The benefit of using a database to study surgery for path-
ologic hip fractures stems from the rarity of this in-
tervention, often making individual hospital or even
multicenter studies too small to provide meaningful con-
clusions. The NSQIP database, a convenience sample
containing data from more than 700 hospitals participating
in the American College of Surgeon’s NSQIP as of 2017,
was chosen for the study of pathologic hip fractures for
several reasons. First, it has a large sample size of surgical
procedures, each with more than 200 highly granular pre-
operative, intraoperative, and postoperative variables. The
large sample helps capture relatively rare events, while
detailed variables allow for accurate risk stratification in
analyses that could be subject to confounding, such as this
one. The NSQIP database also provides highly accurate
Common Procedural Terminology (CPT) coding, which
allows for greater specificity than databases that only have
International Classification of Diseases (ICD) procedure
codes (for example, ICD procedure codes only localize to
the femur for open reduction internal fixation and do not
specify plate and screw fixation or intramedullary nailing).
Next, the database is longitudinally maintained by trained
medical reviewers directly from patient charts starting at
the time of admission through 30 days postoperatively. The
high-quality data collected directly from patient records is a
key strength of the NSQIP database compared with other
administrative claims databases that rely on billing codes
[4, 7]. Moreover, the availability of data on 30-day com-
plications was a strong determinant over other databases
because short-term complication rates are particularly im-
portant for oncology patients, who may have limited life
expectancy. Finally, the NSQIP database has been used
successfully in prior studies on time to surgery for patients
with standard [7] and periprosthetic [5] hip fractures, as
well as for studies on pathologic femur fractures [11, 22].

Carefully adapting the recent protocol of McLynn et al.
[11] and Fu et al. [7], we identified pathologic hip fractures
using ICD 9th or 10th Edition revision codes for pathologic
fractures (733.1X and M84.4X/5X, respectively) that were
surgically treated with endoprosthestic reconstruction
(CPT codes: THA, 27130; hip hemiarthroplasty, 27125
and 27236; or proximal femur replacement, any of the prior
codes), hip fracture fixation with a plate and screw con-
struct (CPT code: 27244), or hip fracture fixation with an
intramedullary implant (CPT code: 27245), yielding 2846
patients. Consistent with a previous report examining the

time to surgery using the NSQIP database [5], we excluded
patients with missing key preoperative or procedural
characteristics (n = 179), preoperative sepsis (n = 21),
preoperative pneumonia (n = 4), or preoperative acute renal
failure (n = 15) for a final sample of 2627 patients. The less
than 10% incidence of missing data is unlikely to influence
our results [3]. Of the 2627 study patients, 65% (1714) had
surgery within 2 days of hospital arrival (early) and 35%
(913) had surgery at least 2 days after arrival (delayed).

Baseline patient characteristics were sex, age, race
(white or other/unknown), BMI (calculated from height
and weight), chronic steroid use, smoking status, func-
tional status at the time of surgery (independent or
dependent), American Society of Anesthesiologists clas-
sification, history of diabetes, dialysis, chronic obstructive
pulmonary disease, hypertension, use of anticoagulation or
other bleeding disorder, congestive heart failure, and dis-
seminated cancer (major metastatic spread with multi-
organ involvement causing physiologic compromise; this
variable does not include all cancer patients, and most
patients undergoing cancer surgery do not meet this defi-
nition) [11, 12, 18, 21]. Operative information included the
procedure performed, year of surgery, anesthesia type,
operative time, time from hospital arrival to surgery, and
postoperative length of stay (Table 1).

Major complications were defined as cardiac compli-
cations (cardiac arrest or myocardial infarction), sepsis or
septic shock, wound complications (wound dehiscence,
superficial surgical site infection, deep surgical site in-
fection, or organ-space surgical site infection), thrombo-
embolic complications (deep vein thrombosis treated with
anticoagulation or pulmonary embolism), respiratory
complications (pneumonia, on a ventilator for more than
2 days, or unplanned intubation), and renal complications
(renal insufficiency or renal failure), similar to prior work
[5, 7]. Other measures included 30-day urinary tract
infections, transfusions, readmissions (available for
patients from 2011 onwards), reoperations, and mortality.
Extended postoperative length of stay was defined as the
75th percentile, or 6 days, in this study and another [5].
This study was deemed exempt by our institutional review
board.

Statistical Analyses

Differences in baseline patient and procedural character-
istics between patients undergoing early (less than 2 days
after hospital arrival) and delayed (at least 2 days after
admission) surgery were assessed with chi-square tests for
categorical variables and t-tests for continuous variables.
Delayed-surgery patients were more medically complex at
the time of admission than early-surgery patients, including
having higher American Society of Anesthesiologists
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Table 1. Baseline characteristics of patients undergoing early and delayed surgery

Characteristic

Time to operation

p value p adjustedaEarly (n = 1714) Delayed (n = 913)

Age (years) Mean: 72.1 6 0.6 Mean: 69.5 6 0.9 < 0.001 0.82

< 50 96 (6) 62 (7)

50-74 810 (47) 494 (54)

75-84 427 (25) 219 (24)

85 + 381 (22) 138 (15)

Sex < 0.001 0.81

Female 1190 (69) 551 (60)

Male 524 (31) 362 (40)

Race < 0.001 0.72

White 1292 (75) 587 (64)

Non-white/unknown 422 (25) 326 (36)

BMI (kg/m2) Mean: 26.2 6 0.3 Mean: 27.4 6 0.5 < 0.001 0.55

Underweight 115 (7) 49 (5)

Normal 691 (40) 344 (38)

Overweight 518 (30) 260 (29)

Obesity I 236 (14) 157 (17)

Obesity II 154 (9) 103 (11)

Functional status 0.08 0.26

Dependent 292 (17) 181 (20)

Independent 1410 (83) 725 (80)

ASA classification Mean: 2.94 6 0.03 Mean: 3.18 6 0.04 < 0.001 0.41

I-II 341 (19) 89 (10)

III 1116 (65) 566 (62)

IV + 256 (14.9) 252 (28)

Diabetes mellitus 0.14 0.75

No 1469 (86) 756 (83)

Non-insulin-dependent 137 (8) 86 (9)

Insulin-dependent 108 (6) 71 (8)

Dialysis < 0.001 0.39

No 1687 (98) 877 (96)

Yes 27 (2) 36 (4)

Steroid use 0.006 0.99

No 1502 (88) 765 (84)

Yes 212 (12) 148 (16)

Smoker 0.98 0.47

No 1460 (85) 778 (85)

Yes 254 (15) 135 (15)

Hypertension 0.46 0.55

No 735 (43) 378 (41)

Yes 979 (57) 535 (59)

Chronic obstructive pulmonary disease 0.23 0.71

No 1564 (91) 820 (90)

Yes 150 (9) 93 (10)

Congestive heart failure 0.008 0.73

No 1684 (98) 882 (97)

Yes 30 (2) 31 (3)
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classification (mean 6 standard deviation 3.18 6 0.61
versus 2.946 0.60; p < 0.001) and prevalence of advanced,
“disseminated” cancer (53% versus 39%; p < 0.001),
among other factors (Table 1). To account for these base-
line confounders, propensity adjustment was implemented,
controlling for all covariates that were significant to p <
0.05 in the bivariate analysis of baseline characteristics.
Propensity scores were defined as the patient’s conditional
probability of being in the early or delayed surgery group
given the patient’s other covariates [2]. After this pro-
cedure, propensity-adjusted p values were calculated, re-
vealing no difference in any of these critical factors
between groups.

Propensity-adjusted logistic regressions were then per-
formed to assess the independent association between time
to surgery and the various outcome measures in this study.
Per the Bonferroni correction for multiple hypothesis
testing, significance was set at p < 0.004. For measures in
which delayed time to surgery was independently associ-
ated with greater complications, we performed a back-
wards stepwise multivariable logistic regression analysis to
identify other independent risk factors (significance
threshold of retention set at p < 0.004). This analysis
allowed for a comparison of the relative effect size of
delayed surgery on poorer outcomes compared with other

independent risk factors [5, 7]. Finally, we repeated this
procedure to determine baseline factors independently as-
sociated with major complications and mortality.

To ensure the robustness of our results, we performed a
variety of sensitivity analyses. First, to assess the reliability
of our time threshold, we repeated all analyses, with early
surgery defined as less than 1 day and less than 3 days,
instead of less than 2 days, as well as with time to surgery
presented as a continuous variable (see Supplemental
Digital Content 1, http://links.lww.com/CORR/A257).
Next, given three highly-cited meta-analyses finding that
delayed surgery was associated specifically with increased
mortality for patients with standard hip fractures [13, 15,
16], the propensity-adjusted regression analyses for mor-
tality were repeated while only controlling for the three
covariates most strongly associated with mortality
(see Supplemental Digital Content 2, http://links.lww.
com/CORR/A258). Third, given that delayed time to
surgery was associated with increased pulmonary
complications in the NSQIP database for standard hip
fractures [7], a propensity-adjusted regression analysis for
pulmonary complications was performed, controlling for
the same factors as in the previous study (see Supplemental
Digital Content 3, http://links.lww.com/CORR/A259).
Finally, we performed a post-hoc sensitivity analysis of

Table 1. continued

Characteristic

Time to operation

p value p adjustedaEarly (n = 1714) Delayed (n = 913)

Bleeding disorder or anticoagulation
use

0.003 0.77

No 1533 (89) 781 (86)

Yes 181 (11) 132 (15)

Anesthesia 0.04 0.85

General 1336 (78) 743 (81)

Other 378 (22) 170 (19)

Operative time (minutes) Mean: 88.1 6 2.4 Mean: 102.6 6 4.2 < 0.001 0.48

< 80 883 (52) 388 (43)

80-119 480 (28) 264 (29)

$ 120 351 (21) 261 (29)

Disseminated cancer < 0.001 0.98

No 1053 (61) 426 (47)

Yes 661 (39) 487 (53)

Procedure < 0.001 0.74

Endoprosthesis 895 (52) 609 (67)

Intramedullary nailing 698 (41) 263 (29)

Plate and screws 121 (7) 41 (5)

Data are presented as n (%). Early refers to surgery less than 2 days after hospital arrival and delayed refers to surgery at least 2 days
after hospital arrival.
ap value for differences between patients in the early and delayed groups after propensity-adjustment; ASA = American Society of
Anesthesiologists.
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septic complications, excluding patients who met the cri-
teria for systemic inflammatory response syndrome pre-
operatively (patients with preoperative sepsis were
already excluded) (see Supplemental Digital Content 4,
http://links.lww.com/CORR/A260). All analyses were
performed in SAS version 9.4 (SAS Institute, Cary,
NC, USA).

Results

Association Between Time to Surgery
and Complications

After controlling for differences in patient demographics and
comorbidities between the early and delayed patients, we
found that extended postoperative length of stay (odds ratio
1.94; 95% CI, 1.62-2.33; p < 0.001) was the only metric
evaluated to be associated with delayed surgery (Table 2).
There was no association between delayed time to surgery
and any postoperative complications, including major
complications (OR 1.23; 95% CI, 0.94-1.6; p = 0.13), pul-
monary complications (OR 1.24; 95% CI, 0.83-1.86;
p = 0.29), and mortality (OR 1.26; 95% CI, 0.91-1.76;
p = 0.16). Similar results were observed when early surgery
was defined as less than 1 day (see Supplemental Digital
Content 1, http://links.lww.com/CORR/A257) or less than
3 days (see Supplemental Digital Content 5, http://links.
lww.com/CORR/A261) as well as when time to surgery was
evaluated as a continuous variable (see SupplementalDigital
Content 6, http://links.lww.com/CORR/A262). Additional
sensitivity analyses assessing mortality (see Supplemental

Digital Content 2, http://links.lww.com/CORR/A258),
pulmonary complications (see Supplemental Digital
Content 3, http://links.lww.com/CORR/A259), and septic
complications (see Supplemental Digital Content 4, http://
links.lww.com/CORR/A260) also demonstrated similar
results to the primary analysis, with no association
between delayed time to surgery and the respective
complications.

Independent Risk Factors of Complications
and Mortality

Independent factors associated with an extended post-
operative length of stay were delayed time to surgery (OR
2.20 [95% CI 1.84 to 2.63]; p < 0.001), American Society
of Anesthesiologists Class IV + compared with Classes I
and II (OR 2.73 [95% CI 1.98 to 3.77]; p < 0.001), and
disseminated cancer (OR 1.80 [95% CI 1.51 to 2.15]; p <
0.001) (Table 3). Independent factors associated with ma-
jor complications were a history of chronic obstruction
pulmonary disease (OR 2.48 [95% CI 1.76 to 3.50]; p <
0.001), history of congestive heart failure (OR 2.64 [95%
CI 1.41 to 4.95]; p = 0.002), and disseminated cancer (OR
1.68 [95% CI 1.30 to 2.16]; p < 0.001). Finally, dependent
functional status (OR 2.27 [95% CI 1.60 to 3.21]; p <
0.001), American Society of Anesthesiologists Class IV +
compared with Classes I and II (OR 4.81 [95% CI 2.33 to
9.90]; p = 0.001), and the presence of disseminated cancer
(OR 2.20 [95% CI 1.57 to 3.09]; p < 0.001) were in-
dependently associated with an increased risk of 30-day
mortality.

Table 2. Propensity-adjusted multivariable logistic regression analysis for complications in patients undergoing delayed versus
early surgery

Complications Propensity-adjusted OR 95% CI p valuea

Major complications 1.23 0.94 to 1.6 0.13

Wound complications 0.78 0.42 to 1.43 0.4

Pulmonary complications 1.24 0.83 to 1.86 0.29

Renal complications 2.76 0.88 to 8.65 0.05

Cardiac complications 0.89 0.46 to 1.73 0.74

Deep vein thrombosis/pulmonary
embolism

1.25 0.77 to 2.02 0.38

Septic complications 1.86 1.04 to 3.32 0.03

Urinary tract infections 1.23 0.82 to 1.85 0.33

Transfusions 1.13 0.94 to 1.36 0.18

Extended postoperative length of stay 1.94 1.62 to 2.33 < 0.001

Reoperations 0.78 0.5 to 1.24 0.29

Readmissions 1.23 0.95 to 1.6 0.12

Death 1.26 0.91 to 1.76 0.16

aStatistical significance is p < 0.004 per the Bonferroni correction.
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Discussion

Many studies have explored the association between time
to surgery and the outcomes of surgical treatment of stan-
dard hip fractures, generally finding that surgery within
2 days of hospital arrival is associated with reduced short-
term and long-term complications [7, 13, 15, 16]. How-
ever, to our knowledge, these findings have never been
explored in patients with pathologic hip fractures. In this
large study of 2627 patients with pathologic hip fractures,
we found that surgery performed within 2 days of hospital
arrival was not associated with a reduction in any post-
operative complication. The only difference between early
and delayed surgery in this study was an increased risk of
extended postoperative length of stay for patients with
delayed surgery. Given the complex and interdisciplinary
decision making that is often necessary for patients with
pathologic hip fractures, these results have an important
implication for the management of these fractures.

This study has several limitations. First, information on
the type of surgery and fracture type was limited to in-
formation available in ICD and CPT codes. This study
focused on the surgical treatment of acute pathologic hip
fractures that may have been treated with earlier operative
intervention; thus, CPT codes for prophylactic treatment of
impending pathologic fractures were intentionally ex-
cluded. Similarly, ICD diagnosis codes for neoplasms were
excluded, which are the indicated diagnosis codes in
patients undergoing prophylactic treatment. Second, the
reason for surgical delay could not be assessed from
the NSQIP database; therefore, we could not quantify if

(or how) surgical delay was beneficial for certain patients
with delayed surgery (for example, offsetting some of the
risk of delay seen for patients with standard hip fractures).
Alternatively, the lack of an adverse effect associated with
surgical delay could be because patients with pathologic
fractures were younger on average than those with standard
hip fractures. Hospitals are anonymized in the NSQIP da-
tabase; thus, hospital-specific reasons for delay could not
be assessed. Next, no information on the time from fracture
diagnosis to hospital arrival, the type of primary ma-
lignancy, or long-term cancer-specific outcomes was
available in the NSQIP database. The definition of “dis-
seminated cancer” in the NSQIP database is not necessarily
linked to any known clinical outcomes (for example, tumor
grade and stage); therefore, it is difficult to ascertain its
clinical importance [11, 21]. Although we did not identify
any complications that were independently associated with
delayed surgery, it is possible that with a larger sample such
associations could have been identified. This study had a
very large sample size, however, which suggests any un-
detected effects would be due to a very low effect size or
extremely rare events. Additionally, not only were there a
large number of events in both groups for the complications
most strongly associated with delayed time to surgery for
standard hip fractures (for example, 30-day mortality [13,
15, 16] and pulmonary complications [7]), but also specific
sensitivity analyses further increased the robustness of
these results. For valid statistical analyses with sufficient
numbers of events, similar complications (for example,
pulmonary embolism and deep vein thrombosis leading to
anticoagulation) were grouped together [5, 7]. However,

Table 3. Factors independently associated with selected outcomes

Complications OR 95% CI p valuea

Extended postoperative stay

Delayed versus early surgery 2.2 1.84 to 2.63 < 0.001

American Society of
Anesthesiologists IV + versus I-II

2.73 1.98 to 3.77 < 0.001

Disseminated cancer 1.8 1.51 to 2.15 < 0.001

Major complications

History of chronic obstructive
pulmonary disease

2.48 1.76 to 3.5 < 0.001

History of congestive heart failure 2.64 1.41to 4.95 0.002

Disseminated cancer 1.68 1.3 to 2.16 < 0.001

Mortality

Dependent functional status 2.27 1.6 to 3.21 < 0.001

American Society of
Anesthesiologists
Class IV + versus I-II

4.81 2.33 to 9.9 0.001

Disseminated cancer 2.2 1.57 to 3.09 < 0.001

aStatistical significance is p < 0.004 per the Bonferroni correction.
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even with grouping, renal complications were extremely
rare (13 total) making accurate propensity adjustment in-
valid; these results should be interpreted with caution.
These limitations were offset to some degree by our use of
the NSQIP database, which is an excellent source to use in
the study of complications after surgery for pathologic hip
fractures given its large sample size and its provision of
outcome measures through the first 30 days, which may be
especially important for oncology patients, whose life ex-
pectancy could be limited.

Our finding that delayed time to surgery is not in-
dependently associated with an increased risk of 30-day
postoperative complications among patients with patho-
logic fractures parallels findings in other studies on peri-
prosthetic hip fractures [5, 14]. In a retrospective analysis
of the NSQIP database [5], time to surgery for peri-
prosthetic hip fractures was not associated with 30-day
postoperative complications other than longer post-
operative hospital length of stay, which was also the only
significant result in this study. As previously mentioned,
this is in contrast to similar retrospective studies about
standard hip fractures, which demonstrated that an earlier
time to surgery was associated with reduced short-term
postoperative complications [7, 13, 15, 16]. For example,
in a recent retrospective analysis of NSQIP data, Fu et al.
[7] demonstrated that time to surgery within 1 day for
standard hip fractures was associated with an lower
odds of pulmonary complications—including pneumo-
nia, failure to extubate, or reintubation—and extended
hospital length of stay. A meta-analysis of more than
250,000 patients [15] demonstrated that surgical delay for
at least 2 days was associated with increased 30-day and
1-year all-cause mortality. Other meta-analyses have
shown similar increases in mortality and postoperative
complications [13, 16].

Although the time to surgery was not independently
associated with complications in this study, we found
several factors that were. Namely, a history of chronic
obstructive pulmonary disease, congestive heart failure,
and disseminated cancer were independent risk factors for
major complications, while advanced American Society of
Anesthesiologists classification, dependent functional sta-
tus, and disseminated cancer were associated with in-
creased rates of 30-day mortality. These results were
similar to the risk factors independently associated with
serious adverse events (defined as major complications
plus reoperations and death) observed in patients with
periprosthetic fractures (that is, a history of congestive
heart failure, dependent functional status, and advanced
age [5]). Although a dependent functional status and his-
tory of congestive heart failure continue to be major risk
factors of postoperative complications, the addition of
chronic obstruction pulmonary disease in patients with
pathologic fractures may further underscore the large effect

metastatic cancer may have on pulmonary function. Tsuda
et al. [19] reported that pulmonary complications were the
most common complications after surgical treatment of
pathologic hip fractures, which was also observed in this
cohort.

Delayed surgery has been shown to be associated with
extended postoperative length of stay in pathologic and
periprosthetic settings [5], as well as with extended total
hospital length of stay in patients with standard hip frac-
tures [7]. One possible explanation for the postoperative
length of stay findings is that a longer hospital time before
surgery may result in deterioration in functional status,
which may take additional time to restore postoperatively
before the patient is ready for discharge. Alternatively,
there is always the possibility of an uncontrolled con-
founder in any non-randomized study, although it did not
manifest in any other outcome measures. With respect to
mortality, we determined that advanced American Soci-
ety of Anesthesiologists classification, dependent func-
tional status, and the presence of disseminated cancer were
strongly associated with 30-day mortality. These findings
are likely because patients with more advanced disease had
an increased perioperative risk of death. Nonetheless, these
results provide some validation to surgeons and anes-
thesiologists that these intuitive risk factors are important
risk factors for 30-day mortality among patients with
pathologic hip fractures.

This study has important implications for guiding future
clinical decision making for patients with pathologic hip
fractures for whom surgery is indicated. Developing a
treatment plan for these patients is complex and involves
many key individuals, which may take time to coordinate.
Furthermore, additional time may be needed for medical
management, such as correction of international normal-
ized ratios, platelet counts, and volume status. If the path-
ologic fracture leads to the discovery of cancer in a patient,
additional biopsy or staging procedures may be indicated
before surgical treatment. If a patient presents to a hospital
without a dedicated orthopaedic traumatologist or oncol-
ogist who is comfortable treating pathologic fractures, this
patient may need to be transferred to a tertiary care center.
These, among other factors, may lead to the need to delay
surgery more often than is seen for patients with standard
hip fractures. Despite the many reasons surgery may need
to be delayed, current knowledge extrapolated from studies
on primary hip fractures suggests that taking time for tasks
that could delay surgery may pose an unacceptable risk to
the patient [7, 13, 15, 16]. In contrast to our expectations
and current thinking, this study demonstrates that surgeons
may be able to take this time when necessary. Surgical
delay beyond the 2-day time period was not associated with
increased complications, including 30-day mortality or
pulmonary complications, as has been seen for patients
with standard hip fractures.

614 Varady et al. Clinical Orthopaedics and Related Research®

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



This study demonstrated that delayed time to surgery
was not independently associated with increased 30-day
complications after surgical treatment of pathologic hip
fractures. Delay to surgery was only associated with an
increased risk of extended postoperative length of stay.
These results are in contrast to the traditional dogma for
standard hip fractures that surgery within 2 days of hospital
arrival is associated with reduced complications [7, 13, 15,
16], which, in our experience, is sometimes extrapolated to
pathologic hip fractures. However, this study offers the
strongest evidence to date, and perhaps the strongest evi-
dence possible given the low frequency of these diagnoses,
that the association between delayed surgery and compli-
cations seen for patients with standard hip fractures may not
exist in the pathologic setting. Although surgery should not
be needlessly delayed, if the surgeon feels additional time
could provide benefit to the patient, he or she should not feel
the need to expedite surgery because of the risk of surgical
delay observed for patients with standard hip fractures.
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