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ABSTRACT
Our aim in this study was to examine which factors are associated with post-operative complications after sur-
gery for pressure ulcers in individuals with spinal cord injury. We performed a retrospective cohort study
including all spinal cord injured patients undergoing pressure ulcer surgery in our department between 2002
and 2019. Patient demographics and comorbidity were collected from medical records, as were treatment data
and information on post-operative complications within 30days. Assessment of outcomes was performed
through t-tests, v2-tests and ANOVA. Out of 118 operations, 51 (43%) had a post-operative complication of any
kind. The vast majority (44 cases, 86% of all complications) had minor complications (Clavien–Dindo grade I or
II). Seven patients (6%) had a complication of Clavien–Dindo grade III or higher, requiring return to theatre or
ICU care. We found that a higher age, a low serum albumin (<3.5g/dl), and over or underweight, were associ-
ated with an increased risk of complications (p< 0.05). Out of 143 treated ulcers, 132 were evaluated at a fol-
low-up visit one to two months after surgery, and 99 of these (75%) were healed. Surgery of pressure ulcers in
patients with spinal cord injury is not a low-risk venture, however, few patients will suffer serious post-opera-
tive complications. A majority of treated ulcers will heal shortly post-operatively. A number of risk factors are
associated with post-operative complications, which can be of help to guide patient selection in the future.
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Introduction

As many as 86% of spinal cord injured individuals will develop a
pressure wound during their lifetime [1–4]. Risk factors for pres-
sure ulcers in this patient group include male gender, high age,
complete spinal cord injury, metabolic syndrome, smoking, and
overconsumption of alcohol [5–7].

Pressure ulcers influence patient quality of life as well as self-
esteem negatively [8–10]. The risk of infections is elevated [11,12].
Furthermore, pressure ulcers are associated with high costs for
the health care system [13,14]. A successful treatment strategy is
of the essence for both patient and society. Superficial ulcers can
heal on conservative treatment, while deeper ulcers may require
surgical treatment. Successful surgery has been shown to improve
both patient health and quality of life [15].

Surgery and anesthesia on spinal cord injured patients involve
specific challenges, due to the increased risk of spinal cord dysre-
gulation such as autonomic dysreflexia and hypotension [16,17].
On the other hand, the risk of for example deep venous throm-
bosis is probably lower than among other patients [18,19].

As many as half of all patients develop post-operative complica-
tions such as wound dehiscence, local necrosis, or infection, how-
ever, no previous study has investigated other complications than
flap-related, and only one looked at risk factors for complications
[15,20–27]. Among 135 patients, Keys et al. found a high HbA1c
and previous pressure ulcer surgery to be associated with increased
risk of wound dehiscence, and younger age as well as low serum
albumin (<3.5 g/dl) to be associated with flap necrosis [26]. Two

additional studies, not limited to spinal cord injured patients, found
an increased risk of post-operative complications in individuals
with female gender, renal failure, low serum albumin (<3.0 g/dl), or
obesity [27,28]. Various surgical approaches for wound excision fol-
lowed by coverage by musculocutaneous or fasciocutaneous flaps
of different designs have been described [25,27,29–33]. Whether
one flap is preferable over others is unclear [34].

The importance of a close, multidisciplinary collaboration
between the surgical clinic and the rehabilitation clinic has been
described previously [20,35]. Since 2002, we offer patients with
spinal cord injury and pressure ulcers a comprehensive treatment
program consisting of standardized perioperative care, surgery
with flap coverage, and a four week post-operative rehabilitation
regime, in a collaboration between Karolinska University Hospital
and Rehab Station Stockholm. A first evaluation of patients
treated 2002–2007 showed very promising results [36].

The aim of this study was to examine the risk of immediate
(within 30 days) post-operative complications after pressure ulcer
surgery in spinal cord injured patients, and to identify potential
patient-related or surgery-related risk factors for complications.

Material and methods

Treatment programme

Patients were offered surgery if they had a pressure ulcer cat-
egory 4 which had not healed after 6–9months of conservative
treatment, and if they were motivated to participate in the post-
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operative rehabilitation programme. Patients had to be in a non-
infectious state to be admitted to the treatment programme. A
pre-operative CT scan was occasionally performed in severe cases
to confirm suspected osteomyelitis, but the absence of an
ongoing clinically significant infection was normally assessed
through ulcer status and through inflammatory parameters.
Regardless of radiologic findings, the extent of resection was
determined by intra-operative wound status.

Included patients were admitted firstly via a visit at the
rehabilitation clinic, and then admitted to the hospital ward
1–2 days prior to surgery. Blood samples were drawn and micro-
bial swabs from the wound were taken. The patients underwent
enema pre-operatively if they did not have an ostomy. A first
meeting with nutritionist and physiotherapist took place upon
admittance or immediately post-operatively. The operation was
performed under general anaesthesia, where the wound was thor-
oughly excised and fistulas removed. Immediately underlying
bone was removed and the remaining bony surface smoothed.
The defect was covered with a musculocutaneous or a fasciocuta-
neous flap. No wound dressing was used. Wound drainages were
kept for 4–7 days and removed when producing less than 40ml
per 24 h. All patients were treated with intravenous antibiotics
(Cloxacillin and Metronidazole) followed by oral antibiotics for
one week in total, starting the day of surgery.

Post-operatively, the patients lay in supine position in an air
fluidized therapy bed (ClinitroneVR , Hill-Rom), until transferred to
the rehabilitation centre after 7–11 days. At the rehabilitation
centre, the patients were given thorough information and instruc-
tions regarding transfers, positioning, toilet routines, self-care with
skin check, and behavior to facilitate healing and to reduce risk of
recurrent ulcers. Careful mobilization took place and after two
weeks the patients were gradually allowed to sit. Patients were
discharged after 4–5weeks, with follow-up visits at the outpatient
clinic within 60 days of surgery.

Patients

All spinal cord injured patients participating in our treatment pro-
gramme for pressure ulcers between 1 January 2002 and 31
January 2019 were included in this retrospective cohort study.

Patients were identified through a patient register kept by the
responsible caregivers, as well as through a search of the pressure
ulcer diagnosis code L89.X (ICD-10) in the electronic medical
records system. Patients treated for chronic ulcers that were not
pressure-induced, and non-compliance with the treatment pro-
gramme, such as premature discharge from the rehabilitation
clinic, or discharge from the hospital not to the designated
rehabilitation clinic but elsewhere, were excluded. Individuals
could participate more than once in the treatment programme,
and each care episode was entered as one case of surgery and
included in the analysis.

Data was collected retrospectively through the electronic med-
ical records system, and assembled in an ExcelVR protocol. Data
comprised of patient characteristics, including age, gender, smok-
ing status, type and genesis of spinal cord injury, comorbidity,
and prior medical history; wound characteristics, including loca-
tion and previous surgery; and treatment, including type of sur-
gery and adherence to standardized peri-operative antibiotics and
antithrombotic treatment plan.

Information on all post-operative complications, occurring
within 30 days from surgery, was collected, as was information on
healing status at the first post-operative visit to surgeon or speci-
alized wound care nurse, usually 30–60 days post-operatively.
Complications were graded according to Clavien–Dindo [37,38].
The criterion for local infection was administration of antibiotics
for clinical symptoms of infection, such as redness, swelling or
tenderness, at the surgical site. The criterion for systemic infection
was administration of intravenous antibiotics, or a switch in anti-
biotic regime, due to fever, elevated infectious parameters, or
investigations revealing distant infections such as pneumonia or
urinary tract infection. Complications were regarded as flap-
related if they occurred at the site of surgery, and included
wound dehiscence, flap necrosis, bleeding/hematoma, and surgi-
cal site infections. These could occur concurrently in the same
patient and all complications were counted.

Statistical analysis

Assessment of outcomes was performed through t-tests, v2-tests
and ANOVA. Age was tested as a continuous variable as well as a
categorical variable (0–18, 19–39, 40–59, 60–79, and �80), smok-
ing was tested as a categorical variable (previous smoker, current
smoker, and never smoker) and as a binary variable (ever smoker
and never smoker), and BMI was tested as a continuous variable
as well as a categorical variable (<19.0, 19.0–24.99, and �24.99).
A p-value of 0.05 or smaller was considered statistically significant.
Data was assessed per care episode, referred to as case, not per
individual, since several individuals in the cohort participated
more than once in the care programme. Statistical analysis was
carried out using STATA version 13 (StataCorp, Texas, USA). The
Regional Ethical Review Board in Stockholm, Sweden, approved
the study (reference number 2018/694-31).

Results

We identified 138 cases of surgery in our records search (Figure
1). Out of these, 5 cases were excluded due to surgery being for
non-pressure-induced ulcers, 10 cases were excluded for not hav-
ing any spinal cord injury, and 5 were excluded because they had
surgery without being included in the treatment programme or
because they opted out of all follow-up. A total of 118 cases of
surgery, hereafter referred to as cases, operations, or care epi-
sodes, on 97 individual patients, hereafter referred to as patients,

Figure 1. Flow chart. Cases identified through records search (138), exclusion cri-
teria, and included patients (118).
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fulfilled the inclusion criteria, see Table 1. The majority of cases
were male (82, 69.5%) and paraplegic (87, 73.7%), mean age at
surgery was 49.7 years (standard deviation, SD, 17), and the most
common cause of the spinal cord injury was trauma. At time of
admittance for surgery, most cases had no known history of
smoking (72, 62.6%) or of diabetes (102, 86.5%), and the mean
BMI was 22.8 (SD 4). A colostomy, ileostomy, or sigmoidostomy
was present in 29 (24.6%) of cases.

A majority of care episodes concerned only one pressure ulcer
(97 episodes, 82.2%), whereas in 17 cases (14.4%) two ulcers on
the patient were treated as the same time, and 3 wounds were
surgically treated in the same session in 4 (3.4%) care episodes.
Thus, in 118 cases of surgery, 143 pressure ulcers were treated
in total.

Out of 143 treated pressure ulcers, 43 (30.1%) were known to
be recurrent ulcers from previous surgery. The most common
location of the pressure ulcer was the tuber ischii (109 wounds,
76.2%), followed by the trochanter major (19 wounds, 13.3%) and
the sacrum or coccyx area (15 wounds, 10.5%). Flaps raised were
musculocutaneous gluteal (81 ulcers, 56.6%), biceps femoris (29,
20.3%), fascia lata (12, 8.4%), and gracilis (1, 0.7%). In the remain-
ing 20 cases (14.0%), one or more local fasciocutaneous flaps
were used.

Out of 118 operations, 51 (43.2%) were followed by a post-
operative complication of any kind (Table 2). The majority of com-
plications (44 complications, 86.3% of all complications) occurring
after these operations were minor complications of Clavien–Dindo
grade I or II. Seven cases, corresponding to 5.9% of all cases, had

a complication of Clavien–Dindo grade III or higher. Five of these
required return to theatre because of bleeding, major wound rup-
ture or substantial flap necrosis, and two required intensive care
unit (ICU) management due to hyponatremia with seizures, and
cardiac failure, respectively. There were no deaths (Clavien–Dindo
grade V) in our study. An additional 13 cases (11.0% of all cases)
had minimal wound dehiscence or local wound hematoma,
treated conservatively, which were graded as Clavien–Dindo 0.

Compared to cases without post-operative complications, indi-
viduals with post-operative complications were older (mean age
54.9 versus mean age 45.8), more likely to have a low serum albu-
min pre-operatively (<3.5 g/dl) (68.3% versus 43.6%), and more
likely to be under- or overweight (57.6% versus 42.4%) (p� 0.05).
Cases with post-operative complications were also to a larger
extent women (47.2% versus 41.5%), underwent surgery for three
concurrent wounds (75.0% versus 25.0%), had diabetes mellitus
(56.3% versus 41.2%), or had an ostomy of any kind (55.2% versus
39.3%), although these differences were not statistically significant
(p> 0.05 for all). Smoking, genesis to or type of spinal cord injury,
location of ulcer, recurrent ulcer, or previous pressure ulcer sur-
gery, did not appear to be associated with higher risk of post-
operative complications.

One or more flap-related complications occurred in 30 cases
(25.4% of all cases) (Table 3). Out of 28 cases of wound dehis-
cence, two needed surgical treatment. Two of the eight cases of
hematomas or local bleeding required return to theatre, five were
managed bedside through local evacuation and/or compression,
and one only through blood transfusion. Out of five cases of flap
necrosis four cases were partial and could be managed conserva-
tively, whereas one was substantial and required surgical treat-
ment. The frequency of complications did not vary between
different flaps (p¼ 0.259).

Out of 143 treated ulcers, 132 were evaluated at a post-opera-
tive follow-up visit 30–60 days after surgery, out of which 99
ulcers (75.0%) were healed. Cases with post-operative complica-
tions (p< 0.01), cases of age 60 years or older (p< 0.01), and cases
with low serum albumin (p< 0.05) were less likely to be com-
pletely healed at the first post-operative follow-up visit. Smoking,
genesis to or type of spinal cord injury, location of ulcer, recurrent
ulcer, or previous pressure ulcer surgery were not associated with
lower healing rates.

Discussion

In this retrospective cohort study we reviewed 118 cases of sur-
gery and standardized post-operative rehabilitative care for pres-
sure ulcers in individuals with spinal cord injury. We found that
although post-operative complications were common (43.2%),
most consisted of minor complications, and serious complications
of Clavien–Dindo grade III or IV were rare.

Our finding of 25% flap-related complications is similar to the
findings of Biglari et al., who found an overall rate of 21% flap-
related complications in 352 spinal cord injured patients under-
going pressure ulcer surgery, and considerably lower than two
other studies, in which suture line dehiscence occurred among
49% and 31% of patients, and 16% and 13% required return to
theatre, respectively [22,26]. In line with previous findings, wound
dehiscence was the most common complication in our cohort, fol-
lowed by infection and hematoma, however, only two individuals
in our cohort required return to theatre because of wound dehis-
cence. We could not replicate the findings of Biglari et al. of dif-
ference in complication rates or types between different flaps.

Table 1. Characteristics of the study population.

All cases 118

Sex
Male 82 (69.5 %)
Female 36 (30.5 %)

Age in years, mean (range) 49.7 (17-82)
0–18 1 (0.8 %)
19–39 37 (31.4 %)
40–59 41 (34.7 %)
60–79 36 (30.5 %)
80þ 1 (0.8 %)
Missing 2 (1.7 %)

Spinal cord injury
Paraplegic 87 (73.7 %)
Tetraplegic 31 (26.3 %)
Complete 95 (80.5 %)
Incomplete 23 (19.5 %)

Cause of spinal cord injury
Trauma 79 (67.0 %)
Meningomyelocele 20 (17.0 %)
Myelitis / other spinal infection 12 (10.2 %)
Aortic aneurysm 3 (2.5 %)
Spinal cord malignancy 3 (2.5 %)
Multiple sclerosis 1 (0.8 %)

Smoking
Never known smoker 72 (62.6 %)
Current smoker 15 (13.0 %)
Quit smoking 1–3 months before surgery 14 (12.2 %)
Previous smoker (>3 months ago) 14 (12.2 %)
Missing 3 (2.5 %)

Diabetes mellitus
No known diabetes 102 (86.5 %)
Diabetes mellitus, per oral medication 9 (7.6 %)
Diabetes mellitus, insulin dependent 7 (5.9 %)

BMI, mean (range) 22.8 (14.9-46.0)
�18.99 15 (12.7 %)
19–24.99 35 (29.7 %)
�25.0 18 (15.3 %)
Missing 50 (42.4 %)

Cases of individuals completing the treatment programme for pressure ulcers in
Stockholm January 2002 to January 2019.

JOURNAL OF PLASTIC SURGERY AND HAND SURGERY 147



The Clavien–Dindo classification of post-operative complica-
tions has gained widespread use, but this is to our knowledge
the first study to use this classification for pressure ulcer surgery
in this patient group [37,38]. Among 118 cases only seven
patients (6%) had a complication of Clavien–Dindo grade III or IV.
Schryvers et al. report a high re-admission rate in this patient
group [25]. We did not look at re-admissions to hospital, as the
collaboration between the rehabilitation centre and the hospital
usually allows for direct consultation in case of post-operative
complications after discharge from the hospital.

We found higher age, low serum albumin, and over- or under-
weight to be associated with a higher risk of all post-operative
complications. This is somewhat different from the findings of
Keys et al., who similar to us found a low serum albumin to be a
risk factor, but who, contrary to our findings, also identified young
age and previous pressure ulcer surgery as risk factors [26]. We
found no such associations in our material.

Cases with post-operative complications were to a larger
extent under treatment for diabetes mellitus, a finding which was
not statistically significant, possibly due to low power. This could
be in line with the findings of Keys et al. of a high HbA1c, as in
dysregulated diabetes mellitus, to be associated with increased
risk of complications [26]. No other previous study has assessed
risk factors for post-operative complications after pressure ulcer
surgery in spinal cord injured patients, however, studies on other
patient groups have identified female gender, obesity, and low
serum albumin as risk factors, findings that are mostly in line with
our results. Furthermore, we found that higher age and low
serum albumin were associated with prolonged wound healing.
Non-surprisingly, post-operative complications were related to
prolonged wound healing.

Pressure ulcers are debilitating for the patient, but surgery is
not first-line treatment. The decision to proceed with surgical
excision and wound coverage should be made by the treating
surgeon, wound care nurse, and the patient together. Our find-
ings that high age, low serum albumin, and malnutrition - be it
underweight or overweight - are associated with increased risk of

post-operative complications and prolonged wound healing, are
important factors to include in the decision of surgery.

The strengths of our study include the relatively large amount
of cases in this specific patient group, the well-defined treatment
programme, and the complete follow-up data. Limitations are the
risk of misinformation or recall bias relative to the information of
smoking, which was patient-reported, and a high amount of miss-
ing values in BMI. Furthermore, minor (Clavien–Dindo grade I)
complications might not always be recorded in the medical jour-
nal, and some minor complications might have been missed due
to incomplete recording.

In conclusion, we present our results from this review of 118
cases of surgery and standardized post-operative rehabilitative
care according to a well-defined treatment programme for pres-
sure ulcers in individuals with spinal cord injury. We present for
the first time in this patient group post-operative complications
according to the Clavien–Dindo classification, and we show that
although post-operative complications are relatively common, ser-
ious complications are rare, and most wounds are healed at the
initial follow-up visit. Our rate of flap-related complications in this
treatment programme is similar to or lower than previously
reported rates from similar cohorts. Furthermore, we identify high
age, low serum albumin, and under- or overweight as risk factors
for post-operative complications, and suggest these variables are
taken into account in the clinical decision-making concerning
these patients.
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