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Abstract
Background The benefits of surgical treatment of a me-
tastasis of the extremities may be offset by drawbacks such
as potential postoperative complications. For this group of
patients, the primary goal of surgery is to improve quality
of life in a palliative setting. A better comprehension of
factors associated with complications and the impact of
postoperative complications on mortality may prevent

negative outcomes and help surgeons in surgical decision-
making.
Questions/purposes (1) What is the risk of 30-day post-
operative complications after surgical treatment of osseous
metastatic disease of the extremities? (2) What predispos-
ing factors are associated with a higher risk of 30-day
complications? (3) Are minor and major 30-day compli-
cations associated with higher mortality at 1 year?
Methods Between 1999 and 2016, 1090 patients with
osseous metastatic disease of the long bones treated sur-
gically at our institution were retrospectively included in
the study. Surgery included intramedullary nailing (58%),
endoprosthetic reconstruction (22%), plate-screw fixation
(14%), dynamic hip screw fixation (2%), and combined
approaches (4%). Surgery was performed if patients were
deemed healthy enough to proceed to surgery and wished
to undergo surgery. All data were retrieved by manually
reviewing patients’ records. The overall frequency of
complications, which were defined using the Clavien-
Dindo classification system, was calculated. We did not
include Grade I complications as postoperative complica-
tions and complications were divided into minor (Grade II)
and major (Grades III-V) complications. A multivariate
logistic regression analysis was used to identify factors
associated with 30-day postoperative complications. A
Cox regression analysis was used to assess the association
between postoperative complications and overall survival.
Results Overall, 31% of the patients (333 of 1090) had a
postoperative complication within 30 days. The following
factors were independently associated with 30-day post-
operative complications: rapidly growing primary tumors
classified according to the modified Katagiri classification
(odds ratio 1.6; 95% confidence interval, 1.1-2.2; p =
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0.011), multiple bonemetastases (OR 1.6; 95%CI, 1.1-2.3;
p = 0.008), pathologic fracture (OR 1.5; 95% CI, 1.1-2.0;
p = 0.010), lower-extremity location (OR 2.2; 95% CI,
1.6-3.2; p < 0.001), hypoalbuminemia (OR 1.7; 95% CI,
1.2-2.4; p = 0.002), hyponatremia (OR 1.5; 95% CI,
1.0-2.2; p = 0.044), and elevated white blood cell count
(OR 1.6; 95% CI, 1.1-2.4; p = 0.007). Minor and major
postoperative complications within 30 days after surgery
were both associated with greater 1-year mortality (hazard
ratio 1.6; 95% CI, 1.3-1.8; p < 0.001 and HR 3.4; 95% CI,
2.8-4.2, respectively; p < 0.001).
Conclusion Patients with metastatic disease in the long
bones are vulnerable to postoperative adverse events.
When selecting patients for surgery, surgeons should
carefully assess a patient’s cancer status, and several pre-
operative laboratory values should be part of the standard
work-up before surgery. Furthermore, 30-day post-
operative complications decrease survival within 1 year
after surgery. Therefore, patients at a high risk of having
postoperative complications are less likely to profit from
surgery and should be considered for nonoperative treat-
ment or be monitored closely after surgery.
Level of Evidence Level III, therapeutic study.

Introduction

Given the prognosis and poor physical condition of most
patients with metastatic bone disease, postoperative
complications and long rehabilitation periods should be
minimized and considered during surgical decision
making [19]. Knowledge about postoperative complica-
tions may be used to prepare patients for possible adverse
events and to monitor high-risk patients closely for early
detection and treatment in the event of a postoperative
complication. Moreover, for this group of patients, the
primary goal of surgery is to improve quality of life in a
palliative setting.

A large systematic review has quantified the risk of
postoperative complications in this population, reporting
complication rates between 5.8% and 25% [19]. The
studies included in this review lacked detailed information
regarding a definition of complications, and postoperative
complications were not the primary outcome. Two other
studies primarily focused on postoperative complications
and postoperative mortality in a comparable population.
One (n = 1497) found a complication rate of 12.1% and
identified that older age, type of primary tumor, higher
Charlson comorbidity index, and blood transfusion were
associated with postoperative morbidity [36]. The other
study (n = 1317) comparing prophylactic versus post-
fracture stabilization among patients with metastatic long-
bone disease found a substantial difference in complication
rates between these groups (9.8% versus 16%) [1].

However, none of the previous studies have used the
Clavien-Dindo classification to systematically assess
complications [6]. Therefore, details about the different
kinds of complications that occur and the consequences of
these complications remain unclear. A better comprehen-
sion of the risk of postoperative complications, predis-
posing factors, and the impact of complications on survival
may help surgeons in their surgical decision-making and
postoperative management. Ultimately, for some patients,
operative treatment will not be the best option in terms of
short-term and long-term complications.

We therefore asked, (1) What is the risk of 30-day
postoperative complications after surgical treatment of
osseous metastatic disease of the extremities? (2) What
predisposing factors are associated with a higher risk of 30-
day complications? (3) Are minor and major 30-day
complications associated with higher mortality at 1 year?

Patients and Methods

Study Design and Setting

This retrospective study was approved by our institutional
review board and a waiver of informed consent was gran-
ted. All medical record data were collected at two tertiary
care centers. Patients were included if they had an In-
ternational Classification of Diseases, 9th Revision (ICD-
9), code for secondary neoplastic disease or a pathologic
bone fracture and a Current Procedural Terminology (CPT)
code for fixation of a fracture or an impending fracture or
another oncologic orthopaedic procedure.

Participants

After manually assessing the patients’ records, we in-
cluded those who met the following criteria: age of 18
years and older, receipt of surgical treatment for a path-
ologic fracture or an impending fracture, and diagnosis of
metastatic disease in the treated long bone between Jan-
uary 1999 and December 2016. If a patient had un-
dergone multiple operations, we only included the first
surgery per patient to prevent violation of the statistical
assumption of independence. Patients who underwent
multiple orthopaedic procedures at the same time were
included as well. The long bones included the humerus,
radius, ulna, femur, tibia, and fibula. We excluded
patients who underwent revision procedures and surgical
treatments other than endoprosthetic reconstruction,
plate-screw fixation, intramedullary nailing, or dynamic
hip screw fixation.

Patients with myeloma, multiple myeloma, or lym-
phoma were also included because the surgical approach
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to these diseases is similar to the treatment of metastatic
long-bone disease.

Demographics, Description of Study Population

After manually reviewing the patients’medical records, we
included 1090 patients who met the inclusion criteria. The
median time of follow-up after surgery was 216 days (IQR
69-651 days) (Table 1). The median age was 63 years (IQR
54-72 years), and 44% (480 of 1090 patients) were men.
The median BMI was 26.6 kg/m2 (IQR 23.2-30.3 kg/m2),
and the median time from the primary diagnosis to opera-
tive treatment of the affected long bone was 611 days (IQR
70-2064 days). In total, 55% (594 patients) had a patho-
logic fracture and 45% (496 patients) had an impending
fracture (Table 2). The femur and humerus were the most
operated-on long bones (70% [764 patients] and 22% [244
patients], respectively). Intramedullary nailing was the
most commonly used type of surgery (58% [637 patients]),
followed by endoprosthetic reconstruction (22% [241
patients]) and plate-screw fixation (14% [155 patients]).
The most common primary tumors were breast (24% [257
patients]), lung (23% [247 patients]), multiple myeloma
(15% [162 patients]), kidney (11% [117 patients]), and
prostate tumors (5% [58 patients]) (Table 3).

Description of Experiment, Treatment, or Surgery

Because of the retrospective nature of this study, there were
no predefined criteria regarding operative treatment or
surgical strategy, and preferences varied among surgeons.
In general, we operated on patients with a bony metastasis
when a patient was deemed healthy enough to proceed to
surgery and wished to undergo surgery. Among those who
had surgery, we generally performed arthroplasty in those
with more destructive (and therefore fractured) lesions and
more proximally located lesions. In patients with higher
estimated survival and smaller or more diaphyseally lo-
cated lesions, intramedullary nailing or plate-screw fixa-
tion was performed. In patients with a shorter life
expectancy and femoral neck lesions, dynamic hip screw
implementation was performed. Only patients who were
surgically treated were included.

Variables, Outcome Measures, Data Sources, and Bias

Our primary outcome was the occurrence of one or more
complication within 30 days of surgery. All data were re-
trieved by manually reviewing patients’ records. We clas-
sified complications according to the Clavien-Dindo
system [6, 8]. Complications were graded between Grade II

and Grade V. Grade II complications were defined as any
deviation from the postoperative course resulting in phar-
macologic intervention. Grade III complications were de-
fined as any postoperative complications resulting in a
surgical, endoscopic, or radiologic intervention. Grade IV
complications were defined as any life-threatening post-
operative deviation resulting in intensive care unit man-
agement. Grade V was defined as any postoperative
complication leading to the death of a patient. We did not
differentiate between Grade IIIa and IIIb complications or
between Grade IVa and IVb complications.

Table 1. Patient demographics (n = 1090)

Variables
Median

(interquartile range)

Age (years) 63 (54-72)

BMI (kg/m2)a 26.6 (23.2-30.3)

Time from diagnosis of the
primary tumor to surgery for bone
metastasis (days)b

611 (70-2064)

Length of follow-up after
surgery (days)

216 (69-651)

Number (%)

Men 480 (44)

Racec

White 965 (90)

Other 102 (10)

Comorbiditiesd

Congestive heart failure 134 (12)

Chronic pulmonary disease 256 (24)

Liver disease 254 (23)

Diabetes 153 (14)

Renal disease 131 (12)

Oncologic status

Primary tumor type

Slow growth 460 (42)

Moderate growth 263 (24)

Rapid growth 367 (34)

Multiple bone metastasese 845 (78)

Spinal metastases 626 (57)

Visceral metastases 487 (45)

Brain metastases 175 (16)

Previous systemic therapy 676 (62)

Previous local radiotherapy of the
affected long bone

194 (18)

aBMI was available for 853 patients (78%)
btime from diagnosis of the primary tumor to surgery was
available for 1079 (99%)
crace was available for 1067 (98%)
dpreoperative comorbidity was available for 1085 (99%), and
evisceral or brain metastases were available for 1089 (99%).
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Grade I complications, defined as any deviation from
the postoperative course without the need for pharmaco-
logic treatment or surgical, endoscopic, or radiologic

interventions, were not graded andwere included in the “no
complication” group. This type of complication is less
serious and was considered clinically irrelevant for this

Table 2. Surgical factors and preoperative laboratory values (n = 1090 patients)

Variable Number (%)

Surgical factors

Pathologic fracture 594 (55)

Anatomic location

Femur 764 (70)

Humerus 244 (22)

Tibia 36 (3.3)

Radius 4 (0.37)

Ulna 4 (0.37)

Multiple locationsa 38 (3.5)

Type of surgeryb

Intramedullary nailing 637 (58)

Endoprosthetic reconstruction 241 (22)

Plate-screw fixation 155 (14)

Dynamic hip screw 20 (2)

Multiple types 37 (4)

Prior embolizationc 29 (3)

Cement used 356 (33)

Median (interquartile range)

Duration of surgery (minutes)e 187 (151-224)

Estimated blood loss (mL)f 201 (100-400)

Laboratory valuesg Median (interquartile range)

Albumin (g/dL) 3.7 (3.2-4.1)

Blood urea nitrogen (mg/dL) 16 (12-22)

Calcium (mg/dL) 9.2 (8.7-9.7)

Creatinine (mg/dL) 0.80 (0.65-1.1)

Hematocrit (%) 34 (31-38)

Hemoglobulin (g/dL) 11 (10-13)

Sodium (mmol/L) 138 (136-140)

Platelet count (1000/mm3) 251 (184-332)

White blood cell count (1000/mm3) 7.3 (5.2-9.9)

aMultiple metastatic fracture locations in patients undergoing fixation during the same procedure were femur and humerus (19
patients), bilateral femur (11 patients), bilateral humerus (two patients), humerus and tibia (one patient), femur and tibia (one
patient), tibia and fibula (one patient), humerus and radius (one patient), femur and ulna (one patient) femur, and bilateral humerus
and ulna (one patient).
bMultiple types of surgery performed during the same procedure were two nails (24 patients), nail and plate-screw fixation (five
patients), nail and prosthesis (four patients), plates and screws (two patients), two prostheses (one patient), and prosthesis and
plate-screw fixation (one patient).
cPrior embolization was performed in 858 patients (79%)
dcement was used in 1087 (99%)
eduration of surgery was available for 760 (70%)
festimated blood loss was available for 780 (72%)
galbumin level was available for 770 (71%), blood urea nitrogen level was available for 924 (85%), calcium level was available for 890
(82%), creatinine level was available for 924 (85%), hematocrit level was available for 944 (87%), hemoglobulin level was available for
944 (87%), potassium level was available for 925 (85%), sodium level was available for 891 (82%), platelet count was available for 944
(87%), and white blood cell count was available for 944 (87%).
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study. Furthermore, it is hard to consequently grade this
kind of complication retrospectively.

Our secondary outcome was survival, defined as the
time from surgery to death. The date of death was obtained
by manually reviewing medical records and by searching
the Social Security Death Index, a database of death
records from the United States Social Security Adminis-
tration, which was last updated on February 28, 2014 [15].
Death records of patients who were still alive after this date
were manually obtained through the hospital’s medical
records and administrative databases.

The following explanatory variables were collected by
record review: age, sex, race (self-reported), BMI, pre-
operative comorbidities, primary tumor type, other bone
metastases, spinal involvement, visceral metastases, any
previous chemotherapy, previous local radiotherapy of the
affected long bone, type of fracture, location of fracture,

type of surgery, duration of surgery, estimated blood loss,
cement use, and prior embolization of the tumor. We also
requested preoperative laboratory values, including the
blood urea nitrogen level (mg/dL), calcium level (mg/dL),
creatinine level (mg/dL), hematocrit level (%), hemoglobin
level (g/dL), sodium level (mmol/L), platelet count
(u * 103/mm3), white blood cell count (u * 103/mm3), and
albumin level (g/dL).

BMI was categorized as underweight (less than
18.5 kg/m2), normal weight (between 18.5 kg/m2 and
30 kg/m2), and obese (greater than 30 kg/m2).

Preoperative comorbidity data (congestive heart failure,
diabetes, chronic obstructive pulmonary disease, renal
disease, and liver disease) were obtained by ICD-9 and
ICD-10 codes given on the day before surgery [30].

The primary tumor type was categorized according to
the method of Katagiri et al. [18] as slow-growth (mye-
loma, hormone-dependent breast, hormone-dependent
prostate, lymphoma, and thyroid), moderate-growth (mo-
lecularly targetable lung, hormone-independent breast,
hormone-independent prostate, renal cell, sarcoma, gyne-
cologic except cervical, and all other types of cancer), and
rapid-growth (non-molecularly targetable lung, melanoma,
esophageal, colorectal, head and neck, hepatocellular,
urologic, pancreatic, gastric, cervical, and unknown
origin).

The fracture type was dichotomized as pathologic or
impending. An impending fracture was defined as a bone
that did not show a visible fracture line, loss of height, or
any other radiographic sign of a fracture that still resulted in
surgical treatment.

We assessed radiology reports to evaluate for the pres-
ence of metastases in the bones, brain, lung, or liver.
Multiple bone metastases were defined as any bone me-
tastasis affecting a bone other than the long bone that
resulted in surgery. We dichotomized brain metastases and
visceral metastases (lung or liver).

We retrieved the most recent laboratory value within
14 days before surgery for all laboratory values, except
for serum albumin, for which the most recent value
within 90 days before surgery was used. Most patients
underwent preoperative screening within this time
period. We assumed a patient’s nutritional status to be
reflective of the day of surgery when undergoing pre-
operative screening. Laboratory values on the day
of surgery were excluded because it was unclear
whether the values were retrieved preoperatively or
postoperatively.

Statistical Analysis

Variables are presented as frequencies and percentages for
categorical variables and as medians with interquartile

Table 3. Tumor distribution (n = 1090 patients)

Primary tumor Number (%) Group

Lung cancer

Non-molecularly targetable NSCLC 226 (21) R

Molecularly targetable NSCLC 21 (2) M

Breast cancer

Breast hormone-dependent 212 (20) S

Breast hormone-independent 45 (4) M

Multiple myeloma 162 (15) S

Renal cell carcinoma 117 (11) M

Malignant lymphoma 44 (4) S

Prostate cancer

Prostate hormone-independent 33 (3) M

Prostate hormone-dependent 25 (2) S

Malignant melanoma 30 (3) R

Esophageal cancer 24 (2) R

Colorectal cancer 18 (2) R

Thyroid cancer 18 (2) S

Head and neck cancer 18 (2) R

Hepatocellular cancer 16 (1) R

Sarcoma 14 (1) M

Other urologic cancer 13 (1) R

Other gynecologic cancer 12 (1) M

Pancreatic cancer 7 (0.6) R

Gastric cancer 2 (0.2) R

Cervical cancer 1 (0.1) R

Othera 16 (1) M

Unknown origin 16 (1) R

aOther included neuroendocrine (six patients), skin squamous
cell carcinoma (five patients), hemangiopericytoma (two
patients), paraglioma (two patients), and skin basal cell
carcinoma (onepatient). NSCLC= non-small-cell lung carcinoma;
R = rapid growth; M = moderate growth; S = slow growth;
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ranges for continuous variables. Bivariate analyses with
univariate logistic regression were performed to assess the
association between explanatory variables and complica-
tions within 30 days.

The aim of this study was to assess whether factors were
associated with postoperative complications. Regression
models assume that an association between predisposing
variables and a dependent variable is uniform. This means
that this relation, linear or nonlinear, is constant over the
entire range of values [31]. However, in the current study,
this did not apply to continuous variables such as labora-
tory values. We therefore dichotomized all continuous
variables before analysis, although dichotomizing contin-
uous variables results in lost information. All laboratory
values were dichotomized based on the reference range
used in the two tertiary care centers: albumin level < 3.5
g/dL (normal: 3.5-5.5 g/dL), blood urea nitrogen level > 20
mg/dL (normal: 7-20 mg/dL), calcium level < 9 mg/dL
(normal: 8.9-10.1 mg/dL), creatinine level > 1.3 mg/dL
(normal: 0.4-1.2 mg/dL), sodium level < 135 mmol/L
(normal: 135-145 mmol/L), platelet count < 150 or > 450 *
103/mm3 (normal: 150-450 * 103/mm3), and white blood
cell count > 11 * 103/mm3 (normal: 4.5-11 * 103/mm3).
Hematocrit level < 30% and hemoglobin level < 10 g/dL
were dichotomized based on the original threshold for
transfusion in other studies [5, 16]. Age was dichotomized
as 65 years or older and younger than 65 years. The loca-
tion of surgery was dichotomized into lower and upper
extremity. If patients underwent surgery of multiple loca-
tions during the same procedure, they were included in the
lower-extremity group if at least one of the locations was a
lower extremity [17].

All variables with a p value < 0.10 in bivariate testing
were tested in a multivariable logistic regression anal-
ysis to determine whether these variables were in-
dependently associated with complications within
30 days (Table 4). We assumed missing values were
random, and multiple imputations (40 imputations) were
used to replace missing values if less than 30% were
missing [11, 23]. This resulted in the imputation of
missing values for albumin (29%), blood urea nitrogen
(15%), hematocrit (13%), hemoglobin (13%), sodium
(18%), white blood cell count (13%), creatinine (15%),
platelet count (13%), visceral metastases (1%), and
comorbidities (1%).

To evaluate the correlation between 30-day post-
operative complications and our secondary outcome of
survival, a Cox regression analysis was performed and
visualized with a Kaplan-Meier plot. The patients’ com-
plications (none, minor, or major postoperative complica-
tions) were analyzed.

Only a two-sided p value less than 0.05 was considered
significant. We used STATA® version 13.0 (StataCorp LP,
College Station, TX, USA) for all statistical analyses.

Results

Within 30 days, 31% of the patients (333 of 1090) had a
postoperative complication (Table 5). Of those who had at
least one complication, 65% (215 of 333 patients) had
minor complications (Clavien-Dindo Grade II), and 35%
(118 patients) had major complications (Clavien-Dindo
Grades III-V). Of the 333 patients who had at least one
complication, 69% (231 patients) had only one compli-
cation, 23% (77 patients) had two complications, and
7.5% (25 patients) had more than two complications. In
general, urinary tract infection (9.4% [102 of 1090
patients]), pneumonia (6.8% [74 patients]), delirium
(6.5% [71 patients]), pulmonary embolism (3.4%
[37 patients]), and atrial fibrillation (3.0% [33 patients])
were the most common postoperative complications
(Table 6). Sixty patients were lost to follow-up within
1 year. Of these, 16 patients were lost to follow-up within
30 days; two still had a registered complication during the
follow-up period.

After imputation of the missing variables and con-
trolling for potentially confounding variables such as age,
hemoglobin level, and platelet count, we identified the
following factors as independently associated with
30-day postoperative complications: rapidly growing
primary tumors according to the modified Katagiri clas-
sification [18] (OR 1.6; 95% CI, 1.1-2.2; p = 0.011),
multiple bone metastases (OR 1.6; 95% CI, 1.1-2.3;
p = 0.008), pathologic fracture (OR 1.5; 95% CI, 1.1-2.0;
p = 0.010), lower-extremity location (OR 2.2; 95% CI,
1.6-3.2; p < 0.001), albumin level < 3.5 g/dL (OR 1.7;
95% CI, 1.2-2.4; p = 0.002), sodium level < 135 mmol/L
(OR 1.5; 95% CI, 1.0-2.2; p = 0.044), and white blood cell
count > 11 * 103/mm3 (OR 1.6; 95% CI 1.1-2.4;
p = 0.007) (Table 7).

Minor and major complications within 30 days after
operative treatment were both associated with an increased
risk of mortality (hazard ratio 1.6; 95% CI, 1.3-1.8;
p < 0.001 and HR 3.4; 95% CI, 2.8-4.2, respectively;
p < 0.001). The survival probability was the lowest at all
time points for patients who had major complications and
the highest for patients with no complications (Fig. 1).

Discussion

Background and Rationale

The aim of surgical treatment of metastatic disease is to
relieve pain and regain biomechanical stability and
functional independence [19]. However, surgery also has
drawbacks such as postoperative complications [19].
Therefore, the decision to operate on metastases in the
long bones must be carefully considered in terms of
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Table 4. Bivariate analysis

Explanatory variables Odds ratio (95% CI) p value

Preoperative variables

Age $ 65 years 1.44 (1.11-1.86) 0.006

Men 0.86 (0.66-1.12) 0.252

Race (other than white) 0.99 (0.63-1.54) 0.953

BMI (kg/m2)

< 18.5 1.87 (0.83-4.20) 0.129

18.5-30 Reference value

> 30 0.96 (0.68-1.34) 0.804

Congestive heart failure 1.95 (1.35-2.83) < 0.001

Chronic obstructive pulmonary disease 1.47 (1.10-1.98) 0.010

Liver disease 1.08 (0.80-1.46) 0.610

Diabetes 1.28 (0.90-1.84) 0.175

Renal disease 1.47 (1.01-2.15) 0.046

Primary tumor type

Slow-growth Reference value

Moderate-growth 1.00 (0.71-1.41) 0.991

Rapid-growth 1.63 (1.22-2.19) 0,001

Multiple bone metastases 1.51 (1.09-2.10) 0.013

Spinal metastases 1.13 (0.87-1.47) 0.369

Visceral metastases 1.29 (0.99-1.70) 0.055

Brain metastases 1.27 (0.90-1.78) 0.178

Previous systemic therapy 1.07 (0.82-1.39) 0.637

Previous local radiotherapy of the affected
long bone

0.94 (0.67-1.31) 0.697

Laboratory values

Albumin < 3.5 g/dL 2.82 (2.07-3.86) < 0.001

Blood urea nitrogen > 20 mg/dL 1.55 (1.15-2.09) 0.004

Calcium < 9 mg/dL 1.21 (0.91-1.62) 0.200

Creatinine >1.3 mg/dL 1.65 (1.12-2.43) 0.011

Hematocrit < 30% 2.02 (1.47-2.78) < 0.001

Hemoglobin < 10 g/dL 1.96 (1.44-2.66) < 0.001

Sodium < 135 mmol/L 1.94 (1.37-2.76) < 0.001

Platelet count < 150 or > 450 * 1000/mm3 1.50 (1.09-2.07) 0.013

White blood cell count > 11 * 1000/mm3 2.15 (1.53-3.01) < 0.001

Operative variables

Pathologic fracture 1.39 (1.07-1.80) 0.015

Lower extremity 1.82 (1.30-2.53) < 0.001

Type of surgery

Intramedullary nailing Reference value

Endoprosthetic reconstruction 1.09 (0.79-1.49) 0.614

Plate-screw fixation 0.92 (0.62-1.35) 0.660

Dynamic hip screw 0.77 (0.27-2.15) 0.619

Multiple implements 1.51 (0.77-2.95) 0.231

Prior embolization 0.70 (0.30-1.67) 0.426

Cement use 0.91 (0.69-1.20) 0.507

Duration of surgery (minutes) 1.00 (0.99-1.00) 0.587

Estimated blood loss (mL) 1.00 (0.99-1.00) 0.563
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positive and negative outcomes. A better comprehension
of the risk of postoperative complications, predisposing
factors, and the impact of complications on survival may
help surgeons in surgical decision making and post-
operative management. We found several factors were
associated with 30-day postoperative complications. In
addition, minor and major complications were both as-
sociated with increased 1-year mortality. Therefore,
patients who are less likely to have postoperative com-
plications might benefit more from surgery and patients
with a high risk of postoperative complications should be
considered for nonoperative treatment or be monitored
closely after surgery.

Limitations

This study has several limitations. The primary limitation
of this study is the high percentage of missing data for
some explanatory variables, such as albumin (29%). We
used multiple imputation to address this issue when less
than 30% of the data was missing, assuming the missing
data to be random [11, 23]. Future studies may seek to
conform our findings. Second, because of the retrospec-
tive nature of the study, we were not able to ascertain any
predefined criteria for operative treatment. This might
have resulted in selection bias. For example, some
patients were not considered for surgery because of their
very poor overall health status. Our results can therefore
only be interpreted for patients with metastatic bone dis-
ease who are primarily considered fit enough for surgery.
Furthermore, there was no uniform protocol to actively
screen for and register complications. We may have

missed some complications, although these would prob-
ably be minor and all available medical reports were
screened. Additionally, there was no standard screening

Table 5. Outcomes (n = 1090 patients)

Outcome Number (%)

At least one complication 333 (31)

Minor complication 215 (20)

Major complication 118 (11)

Number of complications

One complication 231 (21)

Two complications 77 (7.1)

Three or more complications 25 (2.3)

Clavien-Dindo classification

II. Requiring pharmacologic
treatment

216 (20)

III. Requiring surgery/endoscopy 20 (1.8)

IV. Life-threatening complication 46 (4.2)

V. Death because of complication 51 (4.7)

Table 6. Complication types (n = 1090 patients)

Complication type Number (%)

Surgical-site complication

Wound infection 28 (2.6)

Wound dehiscence 8 (0.7)

Persistent wound bleeding 1 (0.1)

Fungal skin infection 1 (0.1)

Systemic infection

Urinary tract infection 102 (9.4)

Pneumonia 74 (6.8)

Sepsis 18 (1.7)

Gastrointestinal infection 12 (1.1)

Persistent fever of unclear source 8 (0.7)

Thromboembolism

Pulmonary embolism 37 (3.4)

Deep vein thrombosis 14 (1.3)

Pulmonary morbidity

Respiratory distress 8 (0.7)

Respiratory failure 4 (0.4)

Pneumothorax 2 (0.2)

Hydropneumothorax 1 (0.1)

Chronic obstructive pulmonary
disease exacerbation

1 (0.1)

Cardiac morbidity

Atrial fibrillation 33 (3.0)

Other supraventricular tachycardia 7 (0.7)

Myocardial infarction 6 (0.6)

Cardiac arrest 6 (0.6)

Gastrointestinal morbidity

Small-bowel obstruction 2 (0.2)

Ileus 1 (0.1)

Pancreatitis 1 (0.1)

Gastrointestinal bleeding 1 (0.1)

Esophagitis 1 (0.1)

Renal morbidity

Acute renal failure 9 (0.8)

Other

Delirium 71 (6.5)

Hemodynamic decompensation 4 (0.4)

Hardware failure 3 (0.3)

Persistent hypertension 2 (0.2)

Multiple-organ failure 1 (0.1)

Epileptic seizure 1 (0.1)

Fat embolus 1 (0.1)

Muscle spasms 1 (0.1)

Volume 478, Number 2 Postoperative Complications Among Patients With Metastatic Bone Disease 313

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



protocol before surgery. Patients with active preexisting
infections such as pneumonia did not undergo surgery,
but we cannot determine whether there were patients with
an asymptomatic infection. However, we believe our
results are valid because they reflect the patients’ state
before surgery. Third, the use of ICD-9 and CPT codes to
find eligible patients might have resulted in missing
patients. However, we think the number of patients with
missing data was low and therefore did not influence our
results. Fourth, because data on postoperative complica-
tions were collected by reviewing medical records retro-
spectively, we may have underestimated the risk of
complications. However, we manually reviewed all
medical records, including discharge summaries, follow-
up visit notes, and medical microbiology, pathology, and
radiology reports to minimize the underestimation of
postoperative complications. Sixteen patients were lost to
follow-up within 30 days; two still had a complication
registered. We could have missed complications if these
patients have been treated elsewhere; however, we as-
sume this amount was too small to influence our results.
Fifth, the time period in which data was collected was
quite long (1999 to 2016). Changes in medical guidelines
regarding pharmacy or surgery during this time period
might have influenced our results. Therefore, validation

in a prospective setting would contribute greatly to the
strength of our results.

Risk of 30-day Complications After Surgery for
Bone Metastases

We found a high incidence (31%) of 30-day postoperative
complications. A recently published study found a com-
parable risk (26%) of postoperative complications among
141 patients with metastatic disease in the long bones [28].
In that study, systemic complications were defined asmajor
adverse events such as pneumonia, deep vein thrombosis,
and pulmonary embolism within 30 days postoperatively,
and local complications were defined as any complications
at the surgical site at any time. Complications such as
urinary tract infections, delirium, and respiratory failure
treated with pharmacologic treatment were not included. In
other studies, the complication rates differ widely, between
9.6% and 25%, but most of these studies lack detailed
information about how complications were defined [1, 10,
17, 32, 36, 41, 42, 44]. None of these studies used the
Clavien-Dindo classification system to identify post-
operative complications, although the Clavien-Dindo sys-
tem has a broader definition than most studies [6]. This
might explain the higher risk we found in our study. A
standardized classification grading system makes it easier
to compare detailed information on complications between

Table 7. Multivariate analysis

Explanatory variables
Odds ratio
(95% CI) p value

Age $ 65 years 1.33 (0.99-1.79) 0.059

Congestive heart failure 1.45 (0.95-2.20) 0.082

Chronic pulmonary disease 1.22 (0.88-1.69) 0.237

Renal disease 1.03 (0.65-1.64) 0.909

Primary tumor type

Slow-growth Reference value

Moderate-growth 1.02 (0.70-1.49) 0.919

Rapid-growth 1.56 (1.11-2.21) 0.011

Multiple bone metastases 1.63 (1.14-2.34) 0.008

Visceral metastases 1.09 (0.81-1.46) 0.581

Pathologic fracture 1.48 (1.10-1.99) 0.010

Lower extremity 2.24 (1.55-3.23) < 0.001

Albumin < 3.5 g/dL 1.71 (1.21-2.41) 0.002

Blood urea nitrogen > 20 mg/dL 1.24 (0.86-1.79) 0.240

Hematocrit < 30% 1.28 (0.69-2.38) 0.431

Hemoglobulin < 10 g/dL 1.19 (0.67-2.13) 0.557

Sodium < 135 mmol/L 1.48 (1.01-2.15) 0.044

White blood cell count > 11 *
1000/mm3

1.65 (1.13-2.40) 0.010

Creatinine > 1.3 mg/dL* 1.33 (0.81-2.18) 0.266

Platelet count < 150 or > 450 *
1000/mm3

1.08 (0.76-1.54) 0.664

Fig. 1 This Kaplan Meier plot shows survival curves by com-
plication grade. Minor complications (HR 1.6; 95% CI, 1.3-1.8; p
< 0.001) and major complications (HR 3.4; 95% CI, 2.8-4.2; p <
0.001) were associated with a decreased probability of survival
within the first year after surgery.
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different studies, and we encourage future studies to use the
same classification system for this purpose [35].

Factors Associated With a Higher Risk of 30-day
Postoperative Complications?

We found the following factors were independently asso-
ciated with postoperative complications: primary tumor
category by growth, multiple bone metastases, pathologic
fracture, surgery of the lower extremities, low albumin
level, low sodium level, and high white blood cell count.

First, the type of primary tumor was an independent risk
factor of 30-day postoperative complications. Rapidly
growing tumors, as categorized according to Katagiri
et al.’s method [18], increase the risk of complications.
Other studies found similar results regarding esophageal
and lung cancer [17, 36]. A large Scandinavian study,
however, did not find the primary type of tumor to be
associated with systemic complications [32]. This may be
explained by the fact that the authors did not differentiate
between rapid-growth and moderate-growth tumors that
were classified according to the method of Katagiri et al.
[18]. Second, in our study, the presence of multiple bone
metastases was independently associated with post-
operative complications, which was not seen by others
[43]. However, another study found that an advanced
cancer status, including the presence of multiple bone
metastases, was associated with the development of post-
operative complications [17]. Third, we found that patients
with a pathologic fracture had a higher risk of having
postoperative complications than patients with an
impending fracture. This confirms the finding of previous
studies [1, 29, 33], although other studies did not find this
association [28, 32].

The type of primary tumor and the presence of multiple
bone metastases and a pathologic fracture have been
identified as risk factors for decreased survival [3, 16]. Our
results again emphasize the importance of assessing a
patient’s cancer status before selecting patients for surgery,
because an advanced preoperative cancer status is associ-
ated with not only worse prognosis, but also postoperative
complications.

In the current study, patients who underwent surgery of
the lower extremities had a higher complication rate than
those with upper-extremity surgery. In general, this cor-
relates with the results of other studies. A large systematic
review [19] reported widespread complication rates of the
femur between 5.8% and 20% [24, 27, 40, 44, 45], but only
two studies mentioned a complication rate lower than 15%.
However, these studies reported only surgical [24] or only
systemic complications [40]. A study examining humeral
metastases found a complication rate of 9% [41]. This
difference could be explained by the fact that surgery of the

lower extremity is a more complicated and lengthier op-
eration than surgery of the upper extremity. Additionally,
postoperatively, patients stay in the hospital longer and
require a more intense rehabilitation period. Pre-
operatively, surgeons should inform patients receiving
surgery of the lower extremities about their vulnerability to
postoperative complications and monitor these patients
more closely after operative treatment.

After controlling for confounding variables, we found
that age older than 65 years was not independently asso-
ciated with complications in this study. Although one study
reported similar results [32], more recent studies reported
age as a risk factor [17, 36, 43]. This might be explained by
the threshold of 65 years; a higher threshold or categorized
approach might have been different.

Our study revealed that several preoperative laboratory
values were independently associated with the risk of
postoperative complications. This is an interesting finding,
as these laboratory values are easy to obtain and cost ef-
fective. The association of hypoalbuminemia with a poor
outcome is in line with the results of previous studies [4, 9,
20, 22, 25, 37]. Low serum albumin level is related to poor
nutritional status; therefore, preoperative supplementation
7 to 14 days before surgery might improve postoperative
outcomes [14, 37]. However, there are indications that
hypoalbuminemia in patients with cancer is also related to
an inflammatory response. Thus, only treating malnutrition
to resolve hypoalbuminemia might oversimplify the
problem. The ongoing inflammatory response results in an
increasing loss of protein elements, with death as a con-
sequence [7, 26]. According to the American Society of
Parental and Enteral Nutrition Clinical Guidelines, mod-
erately or severely malnourished patients might benefit
from nutritional support therapy, but routinely starting
supplementation for every patient with hypoalbuminemia
is not recommended [13, 14]. Screening of serum albumin
should be part of the standard preoperative work-up to help
predict complications and outcomes.

A high white blood cell count was associated with a
higher risk of postoperative complications in our study. No
studies that we know of have assessed the association be-
tween preoperative white blood cell count and the risk of
postoperative complications among patients with meta-
static long-bone disease. Leukocytosis is associated with
an infectious or inflammatory process [2, 34]. The associ-
ation between preoperative leukocytosis and postoperative
complications could be explained by the presence of a pre-
existing infection or inflammatory process. If patients were
not considered healthy enough for operative treatment (for
example, they suffered from pneumonia), they did not
undergo surgery. Furthermore, all preoperative assess-
ments were manually reviewed and only new-onset prob-
lems were graded as a postoperative complication.
However, there were no uniform predefined criteria for
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operative treatment; therefore, not every patient underwent
complete screening before surgery. Our results indicate
that white blood cell count should be measured before
surgery and if it is elevated, surgeons should reconsider
these patients for operative treatment and monitor this
group more closely after surgery.

Hyponatremia was independently associated with the
risk of postoperative complications in our study. Pre-
operative sodium levels were described as a prognostic
factor for general 30-day mortality and morbidity in an
American nationwide study of 964,263 adults [21].
Hyponatremia was associated with a higher rate of post-
operative major coronary events, wound infections, and
pneumonia. Another large study of 11,079 patients found
that in-hospital mortality was increased in patients un-
dergoing orthopaedic surgery, but the rates of preoperative
and postoperative hyponatremia were not differentiated
[39]. A smaller retrospective article also found more ad-
verse events after orthopaedic surgery among 1067 patients
with preoperative hyponatremia [12]. However, it is un-
clear whether preoperative hyponatremia is a marker or
mediator of postoperative complications [21, 38]. One
study recommends perioperative use of a more physiologic
crystalloid solution instead of ringer lactate or 0.9% saline
solution for orthopaedic patients to prevent a further drop
of sodium levels postoperatively [12]. However, we do not
know the actual cause of hyponatremia in this group of
patients. As a consequence, it remains unclear whether this
would be a modifiable intervention and would result in
better postoperative outcomes.

Association Between Complications and Survival at
1 Year

In this study, we found that minor and major complications
were both associated with higher mortality within 1 year.
This confirms the finding of a previous study on 1497
patients with femoral metastases showing that post-
operative complications were associated with 30-day
mortality [36]. A study focusing on patients with spine
metastases found a comparable association between post-
operative complications and survival, with a 1-year mor-
tality rate of 28% for patients with a complications versus
6.8% for those without complications [29]. Thus, when
selecting patients for operative treatment, surgeons must
assess who is at a high risk of having postoperative com-
plications. Regarding 1-year survival, patients with an in-
creased risk of postoperative complications are less likely
to profit from surgery and should be considered for non-
operative treatment.

Future research is needed to validate our findings. The
decision to operate or not in patients with a skeletal me-
tastasis is difficult, and the surgeon must weigh the benefits

and drawbacks of surgical treatment. Negative con-
sequences of nonoperative treatment such as pain and loss
of function and mobility should be considered as well. One
must strive to have the best understanding of all these
factors. Therefore, it would be interesting to further explore
the outcomes of patients regarding their quality of life
when the decision is made not to treat the patient surgically.

Conclusions

Patients with metastatic disease in the long bones are vul-
nerable to postoperative adverse events. When selecting
patients for surgery, surgeons should carefully assess a
patient’s cancer status. Rapid-growing primary tumors
such as lung and esophageal cancer, the presence of mul-
tiple bone metastases or a pathologic fracture, and surgery
of the lower extremities increase the risk of postoperative
complications. In addition, preoperative laboratory values
such as low albumin level, hyponatriemia, and elevated
white blood cell count were identified as predisposing
factors and should be part of the standard preoperative
work-up. Furthermore, 30-day postoperative complica-
tions decrease survival within 1 year after surgery. There-
fore, patients at a high risk of having postoperative
complications are less likely to profit from surgery and
should be considered for nonoperative treatment or be
monitored closely after surgery.
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