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Abstract 

Background:  Advancements in the field of oncological therapies during the last decades have led to a significantly 
prolonged survival of cancer patients. This has led to an increase in the incidence of spinal metastases. The purpose 
of this study was to assess risk factors for wound-related complications after surgical stabilization of spinal metastases 
with a special focus on the effect of postoperative RT and its timing.

Methods:  Patients who had been treated for metastatic spine disease by surgical stabilization followed by radiother‑
apy between 01/2012 and 03/2019 were included and a retrospective chart review was performed.

Results:  Of 604 patients who underwent stabilizing surgery for spinal metastases, 237 patients (mean age 66 years, 
SD 11) with a mean follow-up of 11 months (SD 7) were eligible for further analysis. Forty-one patients (17.3%) had 
wound-related complications, 32 of them before and 9 after beginning of the RT. Revision surgery was necessary in 
26 patients (11.0%). Body weight (p = 0.021), obesity (p = 0.018), ASA > 2 (p = 0.001), and start of radiation therapy 
within 21 days after surgery (p = 0.047) were associated with an increased risk for wound complications. Patients with 
chemotherapy within 3 weeks of surgery (12%) were more likely to have a wound-related surgical revision (p = 0.031).

Conclusion:  Body weight, obesity and ASA > 2 were associated with an increased risk for wound complications. 
Patients with chemotherapy within 3 weeks of the surgery were more likely to have a wound-related revision surgery. 
Patients who had begun radiation therapy within 21 days after surgery were more likely to have a wound complica‑
tion compared to patients who waited longer.
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Background
The progress and innovations in the field of oncological 
therapies during the last decades have led to a signifi-
cantly prolonged survival of cancer patients. At the same 
time, this development is associated with an increased 
prevalence of metastatic disease among the world’s pop-
ulation. About 70% of the secondary malignant skeletal 
manifestations are located in the spine [1]. Metastatic 
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spinal cord compression as a complication of meta-
static spine disease (MSD) occurs in at least 10% of these 
patients [1, 2]. Main indications for a surgical interven-
tion are pathological fractures, severe pain, and neuro-
logical deficits caused by spinal cord compression [3].

For most tumor entities, the common treatment of 
symptomatic MSD consists of surgery in combination 
with radiotherapy (RT) and chemotherapy. The goal of 
combining surgery and RT is to avoid local recurrence 
of MSD and to improve the patient’s quality of life in the 
long term [3]. Even in the setting neurological deficits 
due to MSD, a combined approach showed better results 
compared to RT alone [4]. In addition, better patient sur-
vival and cost savings were demonstrated throughout the 
treatment period [5, 6].

The earlier RT is applied, the better local tumor control 
will be. One of the downsides of early RT is the increased 
likelihood of postoperative wound-related complications 
[4, 7]. In particular, the proliferation phase of wound 
healing can be affected by the damaging effect of ionizing 
radiation on fibroblasts and their growth [8]. Likewise, 
the risk of infection for wounds in additionally irradiated 
skin areas is increased, since the inflammatory and local 
leukocyte reaction proceeds at a slower rate after RT. As 
in people with peripheral arterial disease or diabetes, tis-
sue hypoxia is observed with RT, resulting in a decreased 
ability to fight bacterial contamination [9].

In consequence, patients with a short time interval 
between surgery and RT are likely to have a higher rate 
of wound complications [10, 11]. In addition, a variety of 
other risk factors such as obesity and diabetes act as pre-
disposing factors [12].

Hence, the purpose of this study was to assess risk fac-
tors for wound-related complications after surgical stabi-
lization of spinal metastases with a special focus on the 
effect of postoperative RT and its timing.

Methods
A monocentric retrospective cohort study was conducted 
at a university level 1 spine center through review of 
charts. This study was approved by the local institutional 
ethics committee (reference 027/21-ek).

Patients
All consecutive patients aged 18 or older who were 
treated for metastatic spine disease by surgical stabiliza-
tion between January 2012 and March 2019 were identi-
fied (N = 604). Patients who received no radiation therapy 
(RT) or had incomplete documentation or a follow-up of 
less than 4 weeks after surgery were excluded leaving 237 
patients for final analysis (Fig. 1). Indications for surgical 
intervention were pathological fractures leading to insta-
bility, neurological deficits due to metastatic spinal cord 

compression, and persistent tumor pain. As a standard, 
all patients received an intravenous antibiotic prophylaxis 
with cefuroxime or—in case of known allergy—clinda-
mycin at 30 min before incision. For patients with spinal 
metastases from level T1 to S1 (N = 219), the standard 
open intervention was performed in prone position by 
a posterior approach to the spine with fixation of the 
affected segments by internal pedicle screw/rod fixa-
tion and optional additional laminectomy or hemilami-
nectomy for spinal cord or nerve root decompression. 
A posterior approach was also commonly chosen for 
metastases of the cervical spine (N = 14). However, cervi-
cal vertebral body resection via an anterior approach was 
performed in four cases. Wound drains were used in all 
cases and left in situ for 24–72 h.

All patients included received individualized conven-
tional radiotherapy according to established treatment 
regimens by the institutional university department of 
radiation oncology.

Data acquisition
Patient-related variables on epidemiology, pre-exiting 
conditions including the American Society of Anesthe-
siologists’ risk classification (ASA), medication, type of 
primary tumor, localization of the metastases, and data 
regarding the surgical and oncological procedures were 
obtained by a retrospective chart review. In addition, 
the occurrence of wound complications and the need 
for surgical revisions within 6 months after surgery were 
documented. Wound complications were defined as 
either surgical site infections or any delay in healing of 

Fig. 1  Patient inclusion flow chart. RT radiation therapy
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the wound > 3 weeks. In accordance with the CDC crite-
ria, surgical site infections were defined as wounds that 
showed one of the following criteria: (1) purulent drain-
age, or (2) spontaneous dehiscence or surgical revision 
and detection of microorganisms in the microbiological 
culture and fever or local tenderness, or (3) an abscess or 
other evidence of infection involving the incision that is 
detected on gross anatomical or histopathologic exam, or 
imaging test [13].

Statistical analysis
All data were recorded in an Excel database (Microsoft 
Corp., Washington, DC, USA) and exported to SPSS 
26.0 (SPSS Inc., Chicago, IL, USA) for statistical analysis. 
Unless otherwise denoted, data was summarized as mean 
with standard deviation (SD) or frequencies and percent-
ages (%).

Primary outcome was the occurrence of wound-related 
complication within 6  months after surgery. Where 
applicable, nominal variables crosstabs were associated 
using Chi-Square or Fisher’s Exact tests. Nonparametric 
tests were used to compare continuous data. The level of 
significance was defined as p < 0.05.

Results
In total, 237 patients (84 female, mean age 66 years, SD 
11) were available for final analysis. The mean follow-
up was 11  months (SD 7). Forty-one patients (17.3%) 
had wound-related complications that only required 
prolonged hospitalization in 15 cases (6.3%) and an 
additional revision surgery in 26 patients (11.0%). Revi-
sion surgery was performed mean 27 days (SD 24, range 
7–112) after the initial surgery. In 21 patients (8.9%), a 
pathogenic microorganism was found in the wound with 
Staph. epididermidis (n = 8) and Staphylococcus aureus 
(n = 8) being the most frequent ones.

Patient‑related risk factors
Body weight (p = 0.021), obesity (BMI > 30  kg/m2, 
p = 0.018), ASA > 2 (p = 0.001), and anticoagulant medi-
cation (p = 0.045) were associated with an increased risk 
for wound complications (Table 1). In addition, patients 
who had received chemotherapy within 3  weeks of the 
surgery (29/237, 12%) were more likely to have a wound-
related revision surgery compared to patients who were 
not under chemotherapy (22% vs. 9%, p = 0.031).

Surgery‑related risk factors
The mean duration of the surgical intervention was 
168  min (SD 82) from incision to suture with mean 5.4 
(SD 2.2) vertebral bodies being instrumented. Open 
surgery was performed in 205 cases (86%), percutane-
ous instrumentation was done in 30 cases (13%), and 

percutaneous KP/VP in 2 patients (1%). Decompres-
sion by (hemi-)laminectomy was performed in 184 cases 
(78%). There was no significant association between 
the occurrence of any wound complication and surgical 
duration (p = 0.126), the number of instrumented verte-
bral bodies (p = 0.642), or whether the intervention was 
performed through an open or percutaneous approach 
(p = 0.054).

However, patients who had undergone a (hemi-)lami-
nectomy were more likely to require revision surgery 
than patients without such an additional procedure (15% 
vs. 4%, p = 0.044). Three patients (1%) suffered an inci-
dential durotomy during the initial intervention, requir-
ing revision surgery in one patient.

Radiation‑related risk factors
All patients received postoperative radiation therapy 
mean 39 days (SD 29) after surgery. The mean single dose 
applied was 2.8  Gy (SD 0.6) resulting in a total dose of 
31.4 Gy (SD 6.7).

Of the 41 wound complications observed in this cohort, 
only 9 (22%) were observed mean 38 days (SD 21, range 
5–78) after beginning of the radiation therapy. Hence, 
patients with a wound complication prior to radiation 
therapy were excluded from further analysis. Among the 
remaining 205 patients, those with a wound complication 
had a significantly shorter waiting time between surgery 
and radiation compared to those without a complication 
(23 days, SD 7 vs. 40 days, SD 30, p = 018). Patients who 
had begun radiation therapy within 21 days after surgery 

Table 1  Patient-related risk factors

ASA American Society of Anesthesiologists’ risk classification, BMI body mass 
index
† Mann–Whitney-U-Test. *Pearson Chi-square/Fisher’s exact test
a Within 3 weeks before/after surgery

Wound 
complication

p Total

No Yes

N 196 41 237

Age [y (SD)] 66 (12) 67 (10) 0.703† 66 (11)

Female sex 73 (37%) 11 (27%) 0.138* 84 (35%)

Height 171 (9) 173 (8) 0.377 172 (9)

Body weight 77 (13) 82 (16) 0.021† 78 (14)

Obesity [BMI > 30 kg/m2] 31 (16%) 18 (44%) 0.018* 49 (21%)

ASA > 2 87 (44%) 30 (73%) 0.001* 117 (49%)

Comorbidity

 Diabetes 41 (21%) 14 (34%) 0.056* 55 (23%)

 Chemotherpya 27 (14%) 10 (24%) 0.076* 37 (16%)

 Smoking 26 (13%) 6 (15%) 0.491* 32 (14%)

 Anticoagulant medication 51 (26%) 7 (17%) 0.045* 58 (24%)
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were more likely to have wound complication compared 
to patients who had waited longer (p = 0.047).

Discussion
Spine surgery for metastatic bone lesions is associated 
with a significant risk for postoperative complications 
regarding the surgical wound site resulting in longer hos-
pital stays, unplanned reoperations, poor neurological 
outcomes and significant morbidity [14–16].

The purpose of this study was to assess risk factors for 
wound-related complications after surgical stabilization 
of spinal metastases with a special focus on the effect of 
postoperative radiation and its timing.

In the present study, body weight, obesity, and ASA 
were associated with an increased risk for wound com-
plications. Patients who had received chemotherapy 
within 3 weeks of the surgery were more likely to have a 
wound-related revision surgery. These findings are in line 
with data summarized in a recent systematic review on 
wound-related complications after surgery for metastatic 
spine lesions by Schilling et al. [17]. In addition, compli-
cation rates after spine surgery have been associated with 
female sex, smoking history, preoperative radiotherapy, 
corticosteroid use, previous spine operations, transfusion 
rates, postoperative delirium, dysphagia and incidental 
durotomy [18–21].

While patients with (hemi-)laminectomy were more 
likely to require revision surgery in the present study, 
other surgery-related risk factors like duration of surgery, 
number of instrumented levels, or open versus percu-
taneous approach were not found to have a significant 
effect on the occurrence of wound-related complications. 
This is in contrast to the current literature. In a com-
parative study of open versus MIS by Kumar et al. [22] it 
was shown that the postoperative infection rate was 3% 
in the MIS group versus 16% in the open surgery group. 
It was also noted that patients undergoing MIS had ear-
lier wound healing, hence, allowing earlier introduction 
of RT for residual local disease control [23]. However, 
Kumar et al. included all kind of patients with metastatic 
spine tumors while the present study focused on patients 
who received surgery and RT.

Beyond the parameters investigated in this study, it has 
been discussed that pre-existing venous thromboembo-
lisms (VTE) increase the risk for wound complications 
[24–26]. This could be explained by the fact that patients 
developing VTE are treated with anticoagulants, thereby 
delaying wound healing. It is in line with the significant 
correlation between wound complications and anticoag-
ulation that was found in the present study.

In our patient cohort, patients with a wound compli-
cation had a significantly shorter time interval between 
surgery and radiation compared to those without a 

complication. Patients who had begun radiation ther-
apy within 21  days after surgery were more likely to 
have wound complications compared to patients who 
had waited longer. A cutoff of 21  days was chosen as it 
resembles the clinical routine at the authors’ institu-
tion with suture removal in the outpatient clinic 2 weeks 
after surgery and start of radiation a week later. It has 
been well described that both, pre- and post-operative 
RT can affect surgical wound healing [7, 27]. Ionising 
radiation impairs fibroblast function and has a negative 
impact on their growth [8]. Such fibroblast depletion may 
account for the effects of radiation such as dermal atro-
phy, wound contraction, and a predisposition to necro-
sis [28]. Radiotherapy also increases the frailty of wounds 
to infection by suppressing the inflammatory response, 
hindering antibody production, and reducing the imme-
diate leukocyte response [9]. Irradiated skin wounds are 
hypoxic and are therefore unable to counteract bacterial 
contamination.

The current literature clearly underlines the fact 
that postoperative RT is associated with a lower rate of 
wound infections compared to preoperative RT. Lao-
hacharoensombat et  al. [29] only saw wound infection 
in one out of thirty patients who received RT 14  days 
after surgery. Berriochoa et  al. [30] also reported a low 
incidence of wound complications in their retrospective 
study of patients undergoing RT within 3  months after 
surgery. Nevertheless, several studies favor preoperative 
radiation.

Various authors investigated what duration between 
pre-operative RT and surgery, which ranges from 1  day 
to 6  weeks. Ghogawala et  al. [25] reported a wound 
complication rate of 46% when the surgery was per-
formed ≤ 7  days after RT, as compared to 20% when 
surgery was performed > 7  days after RT. Lee et  al. [31] 
concluded that surgery should be performed 2  weeks 
after RT, with a minimum interval of 1  week. This 
topic still is discussed controversially, as there are sev-
eral studies figured out preoperative radiation as a fac-
tor for wound complications [24, 32–34]. The optimal 
time between surgery and post-operative RT, however, 
remains debated. In our therapeutic regime we only use 
postoperative RT.

Of note, most postoperative wound complications 
(78%) occurred before RT had begun. This underlines the 
fact that wound complications in patients with metastatic 
bone disease are the result of multiple factors and that 
RT is only one of them.

This study offers some limitations associated with 
its retrospective design. The relatively short follow-up 
period of one year is a result of the patients’ advanced 
general condition in context of the tumor disease. How-
ever, with wound-complications being the primary 
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outcome a follow-up of one year seems sufficient. No dis-
tinction between different tumor entities and their grad-
ing was made and it is possible that are more aggressive 
tumors may affect wound-healing directly—or vice versa 
as RT can be more effective in more aggressive entities.

The findings of this study may allow patients and sur-
geons to address modifiable risks when preparing for 
operations and postoperative radiation therapy. Future 
prospective comparative studies need to further inves-
tigate the risk factors for wound complications and the 
ideal duration between surgery and radiation therapy. It 
is very likely that different time thresholds may apply for 
different individual patterns of risk factors. Further evi-
dence about the risks of wound complications can influ-
ence common clinical decisions such as the cost benefit 
analyses of adjuvant therapies or the decision to pursue 
palliative operations.

Conclusion
Body weight, obesity and ASA > 2 were associated with 
an increased risk for wound complications. In addition, 
patients who had received chemotherapy within 3 weeks 
of the surgery were more likely to have a wound-related 
revision surgery compared to patients who were not 
under chemotherapy. It was found that patients who 
had begun radiation therapy within 21 days after surgery 
were more likely to have wound complications compared 
to patients who waited longer.
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