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Abstract
Introduction: Pressure injuries (PIs) arise from sustained pressure on tissue, leading to reduced blood flow to the

affected area. In patients with spinal cord injuries (SCIs), these PIs can significantly diminish their independence

and overall quality of life. This research sought to assess the frequency of surgical complications in treatment regimens

for large sacral PIs involving the anus. Specifically, the study focused on the incorporation of stoma formation in

patients with SCIs.

Methods: A retrospective review identified 25 SCI patients who had extensive sacral PIs. These patients underwent

intestinal stoma formation as a preparatory step before plastic reconstructive surgery to address the wounds between

2015 and 2020.

Results: Successful wound closure was achieved in all instances. Notably, each patient had experienced a minimum of

three unsuccessful reconstructive surgeries elsewhere before this intervention. The observed rate of surgical compli-

cations aligned with findings from previous analogous studies.

Conclusion: While often viewed as a treatment of last resort, an intestinal stoma might serve as a valuable strategy,

particularly for SCI patients with extensive PIs near the anal region, to promote the healing of such injuries. Tailored

decision-making is essential to ensure the best possible patient outcomes.
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Introduction
According to estimates from the World Health Organization,
spinal cord injury (SCI) affects 40–80 cases per 1,000,000
population globally each year, remaining a significant chal-
lenge in the medical community and leading to between
250,000 and 500,000 new cases annually (Colquhoun
et al., 2006; Waddell et al., 2020). One of the most debilitat-
ing complications arising from SCI is the development of
pressure injuries (PIs), which can significantly impair a
patient’s quality of life and independence (Rahman et al.,
2022). These complications not only escalate treatment
expenses but also prolong hospital admissions (Biglari
et al., 2014; Daniels et al., 2011; DeVivo & Farris, 2011;
Filius et al., 2013). It’s alarming that nearly 85% of
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individuals with paraplegia will experience at least one PI
during their lifetime (Byrne & Salzberg, 1996).
Furthermore, around 20% of paraplegic individuals suffer
from one or multiple concurrent PIs. For those with quadri-
plegia, the incidence of PIs ranges between 26 and s60%
(Barbenel, 1991; Wing, 2008). Notably, for patients who
spend a significant amount of time lying supine, the sacral
region becomes the most common site for these injuries
(Gaab et al., 2014).

When addressing extensive PIs, specifically those classified
as grade III–IV according to EPUAP guidelines (Black et al.,
2007; European Pressure Ulcer Advisory Panel, EPUAP/
NPIAP/PPPIA, 2019), surgical plastic reconstructive methods
often become the treatment of choice. The decision to
proceed with such interventions hinges on the injury’s location
and the overall health status of the patient (Barton, 2006; Safak
et al., 1996). It’s imperative that any surgical approach is metic-
ulously strategized, ensuring that local conditions are optimized
before the procedure. If a patient presents with signs of severe
infection, compromised circulation, or deteriorating general
health, it’s paramount to first enhance the wound and the
patient’s overall condition before considering surgery. For inju-
ries proximate to the anus or urogenital tract, contamination
risks are heightened. In such scenarios, the formation of a
stoma and the introduction of a trans-urethral or suprapubic
bladder catheter become prudent measures (Gaab et al., 2014).

The unique tissue composition of sacral PIs, combined
with their variable thickness and the ever-present risk of post-
operative fecal contamination, drastically diminishes the
likelihood of a successful surgical outcome. Consequently,
the establishment of a stoma, occasionally paired with an anus
amputation, becomes indispensable (Gray & Giuliano, 2018).
To ensure thorough decontamination of the surgical site,
employing a colostomy in conjunctions with a complete anus
removal proves to be highly effective (Ambe et al., 2018).

Patients and Methods

Study Design
The study was set up at BG Trauma Centre Ludwigshafen,
Department of Paraplegiology, Rhineland-Palatinate
(Rheinland-Pfalz). All procedures were performed according to
the Ethical Principles for Medical Research expressed in the
Declaration of Helsinki in its current form (World Medical
Association, 2013). Furthermore, the manuscript was composed
according to theSTROBEcohort checklist (VonElmet al., 2008).

Ethics Approval
The present retrospective chart review of patients was con-
ducted following the guidelines of the Declaration of
Helsinki. It was approved on 2 February 2022 (number
2022-16366-retrospective) by the State Chamber of
Physicians of Rheinland Palatinate Ethics Committee.

Patients
From 2015 to 2020, the Spinal Unit at BG Trauma Centre
Ludwigshafen in Rhineland-Palatinate, Germany, retrospec-
tively documented SCI patients who had grade III or IV
PIs, as classified by EPUAP, and underwent stoma forma-
tion. Only individuals aged 18 or older who had these spe-
cific injuries, underwent stoma formation between January
2015 and December 2020, and later had reconstructive
surgery were considered for the study. Those not meeting
all these criteria were excluded. Out of 25 eligible patients,
all were enrolled for evaluation.

Among potentially occurring complications 16 patients
were identified with osteomyelitis. Our medical institution
adopted a multi-disciplinary approach for their treatment.
Initially, these patients received targeted antibiotic therapy
based on culture and sensitivity results from bone biopsies.
Severe cases required surgical debridement of the infected
bone to remove necrotic tissue and reduce bacterial load.
The treatment’s progress was monitored through regular
radiographic assessments and laboratory tests, such as
C-reactive protein levels.

Following stoma surgery patients received antibiotics
based on their antibiogram. They were placed on alternating
pressure mattresses and frequently repositioned to alleviate
pressure on the surgical sites. Three weeks after the
surgery, skin closure materials were removed. Patients
were also provided with a high-calorie diet. A patient was
deemed ready for flap surgery once there were clear indica-
tions of the infection being under control. This was deter-
mined by a combination of factors: a consistent decrease in
inflammatory markers, no signs of active infection on
imaging, and a healthy granulating wound bed. Typically, a
minimum of 6 weeks of antibiotic treatment was required
before considering flap surgery, but this duration varied
based on individual patient response.

The average time between ostomy formation and flap
surgery was approximately 8 weeks. However, this duration
was influenced by several factors, including the patient’s
overall health, the success of the osteomyelitis treatment,
and the condition of the wound bed. Some patients required
a longer preparatory period, especially if there were compli-
cations or if the osteomyelitis was particularly aggressive.
Before undergoing flap surgery—a lengthy procedure ensur-
ing vitality of all tissues, especially around the deep skin
wound—each patient had to show no signs of osteomyelitis
for several weeks. Flap surgery was only performed after suc-
cessfully treating any complications that might impede the
skin flap’s healing.

Statistical Analysis
Statistical calculations were performed with R version 4.2.0
(R Core Team, 2023) in RStudio (Allaire, 2012), applying
the tidyr (Wickham & Wickham, 2017) and dplyr
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(Wickham et al., 2015) packages. Figures were created using
the ggplot2 package (Wickham, 2016). Where appropriate,
images were created using BioRender (https://biorender.
com/).

Results
The current study was designed retrospectively and aimed to
explore clinical outcomes. Descriptive methods were
employed for data analysis.

A total of 25 cases were examined. Among the partici-
pants, 4 females and 21 males were identified, with a
median age of 61 years (ranging from 35 to 81 years).
Complete paraplegia was observed in 23 patients, while

incomplete paraplegia was found in 2, and PIs in the sacral
region were seen in all. Thoracic SCIs were predominant.
Colostomy was performed in 15 patients, while
Sigmoidostomy was done in 10. Diabetes mellitus was iden-
tified as the most common comorbidity in 24.0% of the
patients. The median hospital stay was recorded as 56
days, and the median wound size was measured at 46.0
cm2. Grade III or IV PIs were found in all patients.

Table 1 provides the demographics, injury specifics,
comorbidities, duration of hospital stay, and wound sizes of
the participants. Routine pre- and post-operative inflamma-
tion tests, depicted in Figure 1, were conducted on the first
day and around day 55, respectively.

Microbiological tests were conducted on all patients
during debridement to identify wound pathogens. Based on
these results, targeted antibiotic treatments were adminis-
tered. A stoma was surgically created in every patient ini-
tially, and reconstructive surgeries were later performed.
The infectious agents identified are listed in Figure 2.

Based on the PI’s size and location, different surgical
approaches were chosen: gluteus maximus flaps were given
to 23 patients, total thigh flaps were given to 2. Table 2
Not only specifies the surgical method used, but also outlines
the post-operative complications and wound sizes observed.
Post-operative complications were experienced by 40% of
the patients (10 out of 25), with suture dehiscence being
the most commonly observed in seven cases. However, no
complications were reported in 15 patients.

In the group where gluteus maximus flaps were used (23
patients), a complication rate was 34.8% was observed.
Specifically, suture dehiscence was found in four patients,
hematomas in two, an infection in one, and both suture dehis-
cence and infection in one. Table 3 contrasts the complication
rates of the gluteus maximus flap in this study with results
from a previous study (Biglari et al., 2014).

Discussion
This study conducted a retrospective analysis of stoma placement
in paraplegic patients who presented with severe PIs, specifically
those of grades III and IV according to the EPUAP guidelines.
These PIs were either located at the anus or had anal involvement.
PIs are a significant concern in individuals with paraplegia
(Biglari et al., 2014; Byrne & Salzberg, 1996; Kreutztrager
et al., 2018), with recurrence rates being alarmingly high, some-
times exceeding 40% (Bertheuil et al., 2013; Grassetti et al.,
2014; Tavakoli et al., 1999; Thiessen et al., 2011). From our
observations and experiences, it is pertinent to note that patients
who are incontinent and have no prospects of regaining conti-
nence derive the most significant benefit from a permanent
stoma. This is because in these situations, a stoma can play a
pivotal role in consistently reducing the heightened contamina-
tion risks commonly linked to sacral and anal PIs. In contrast,
patients who have experienced a trauma or are in a coma but
maintain bowel continence can benefit from a temporary

Table 1. Characteristics of the Study Population.

Total (N= 25)

Gender

Female 4 (16.0%)

Male 21 (84.0%)

Age

Median (IQR) 61.0 (35.0, 81.0)

Type of plegia

Complete 23 (92.0%)

Incomplete 2 (8.0%)

NLI

Cervical 1 (4.0%)

Thoracic 18 (72.0%)

Lumbar 6 (24.0%)

Comorbidities

C2 abuse 1 (4.0%)

COPD 1 (4.0%)

DM 5 (20.0%)

DM and KHK 1 (4.0%)

Hydrocephalus 1 (4.0%)

Length of hospital stay

Median (IQR) 56.0 (41.0, 120.0)

Area [cm2]

Median (IQR) 46.0 (20.0, 450.0)

Operation

Colostoma 15 (60.0%)

Sigmoidostoma 10 (40.0%)

Complications

Haematome 2 (8.0%)

Infection 1 (4.0%)

Suture dehiscence 6 (24.0%)

Suture dehiscence and infection 1 (4.0%)

None 15 (60.0%)

Surgery ex domo [N]

Median (IQR) 4.0 (2.0, 6.0)

Osteomyelitis

No 9 (36.0%)

Yes 16 (64.0%)

Flap

Gluteus maximus Advancement flap 23 (92.0%)

Total thigh flap 2 (8.0%)
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stoma. This temporary solution can later be revised once the
wound has adequately healed. Additionally, as an alternative to
the traditional stoma, modern stool tube systems are emerging
as potential solutions (Waddell et al., 2020).

Bowel Management
Managing and emptying the bowel is a profound challenge
that has a considerable negative impact on the lives of

paraplegic patients (Glickman & Kamm, 1996; Levi et al.,
1995). For many of these individuals, the process of bowel
evacuation stands out as their most pressing issue (Hanson
& Franklin, 1976). While the creation of a colostomy is
often viewed as a last resort measure, for a significant
number of patients, it can be a transformative method to
address bowel dysfunction. This procedure can enhance
their fecal continence, grant them a greater degree of inde-
pendence, and substantially improve their overall quality of

Figure 1. Pre- and post-operative routine lab diagnostics in CRP and leukocyte concentrations, respectively, on median day 1 “pre OP”
(IQR 0-2), i.e., previously to the stoma formation, and day 55 “post OP” (IQR 40-119), namely following flap surgery. Abbreviations: CRP,

C-reactive protein; pre OP, pre-operatively; post OP, post-operatively; p-values, calculated by comparing each blood parameter before and

following surgery, <0.05 were considered as significant; *p< 0.05, **p< 0.01, ***p< 0.001, and ****p< 0.0001.

Figure 2. Infective species of the study population. Among the 25 study patients the following pathogens infected one patient each: A.
murdochii, C. freundii, C. striatum, S. agalactiae, S. constellatus, S. intermedius, and VRE. K. pneumoniae and S. epidermidis were isolated twice, E.
coli and P. aeruginosa on three patients, E. faecium and MRSA on four, S. aureus on six and P. mirabilis on seven subjects. Some patients

experienced multiple infections. Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant Enterococci.
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life (Bølling Hansen et al., 2016; Cooper et al., 2019; Kelly
et al., 1999; Safadi et al., 2003; Stone et al., 1990).
Elective colostomy, a specific type of stoma, is widely recog-
nized as a viable method for bowel management in SCI
patients (Swarnakar et al., 2022). A comprehensive review
in 2020 by Waddell O. et al. emphasized the positive out-
comes of stoma placement, noting improvements in patients’
quality of life, reduced time spent on post-operative bowel
care, and high levels of patient satisfaction with their
stomas (Waddell et al., 2020).

When patients develop large PIs, especially those in the
sacral or ischial region that involve or are proximate to the
anus, the clinical approach towards stoma indications shifts
dramatically. The heightened risk of fecal contamination
poses a significant threat to the surgical wounds, thereby
increasing the chances of surgical flap loss.

Complications and Flap Types
Post-operative complications following flap surgery in para-
plegic patients are unfortunately common, with complication
rates varying between 20 and 60% (Biglari et al., 2014;
Schryvers et al., 2000). In our study, we observed that all

participants had multiple PIs and subsequently received tar-
geted surgical interventions. The choice of flaps was deter-
mined based on individual patient needs, with some
patients experiencing complications that were directly corre-
lated to the size and severity of their PIs.

Regarding the choice of flaps for complications and
wound areas (Table 2), two out of two patients becoming a
full thigh flap surgical coverage presented suture dehiscence.
A possible correlation to the very high complication rate in
this subgroup might be related to the fact that the two
largest PIs of 450.0 cm2 and 210.0 cm2 among the 25 sub-
jects belong to the total thigh flap patients. A total thigh
flap is often seen as a last resort option to cover relatively
extended skin defects (Lazar et al., 2007), and it provides
adequate blood supply and flap thickness where coverage
of an extended PI is required (Shin et al., 2014).

In our previous study by Biglari et al. (2014), as reported
in Table 3, we found a lower incidence of complications in
gluteus maximus flap type surgeries among spinal
cord-injured (SCI) patients with PIs grade I–IV.
Specifically, out of a total of 82 gluteus maximus flap proce-
dures, 18 (22.0%) resulted in complications, with the most
common issues being infection (6.1%), suture dehiscence
(4.9%), and hematoma (4.9%). It’s important to note that
these variations could be attributed to the fact that the
current dataset primarily focuses on PIs grade III–IV, exclud-
ing less extensive grade I–II PIs, which tend to have lower
complication rates (Biglari et al., 2014).

Review of Literature
Stoma construction has emerged as a potential solution,
offering a safe procedure with a low rate of morbidity and
mortality for patients grappling with medically intractable
PIs. The rationale behind this approach is to divert the
fecal stream away from the perineal area, thereby aiding
the healing process of the PI by minimizing bacterial contam-
ination and subsequently reducing the recurrence rate of the
PI (Bock et al., 2021; Negosanti et al., 2020).

However, the evidence regarding the relationship between
fecal contamination in patients with extensive PIs and the

Table 2. Frequency of Complications and Wound Area in Relation to the Type of Flap.

Complications Total Gluteus maximus flap Total thigh flap

Complications – all patients

Total 25 (100.0) 23 (100.0) 2 (100.0)

None 15 (60.0) 15 (65.2) 0 (0.0)

Yes (details right below) 10 (40.0) 8 (34.8) 2 (100.0)

- Hematoma 2 (8.0) 2 (8.7) 0 (0.0)

- Infection 1 (4.0) 1 (4.3) 0 (0.0)

- Suture dehiscence 6 (24.0) 4 (17.4) 2 (100.0)

- Suture dehiscence and infection 1 (4.0) 1 (4.3) 0 (0.0)

Wound area [cm2] (Median IQR) 46.0 (20.0–450.0) 45.0 (20.0–92.0) 330.0 (210.0–450.0)

Abbreviations: IQR, interquartile range; p-values are calculated by comparing the flap type with each variable in the table.

Table 3. Frequency of Gluteus Maximus Flap Complications: A

Comparison between the Present Study and Biglari et al. in 2014.

Gluteus maximus flaps

(GMF)

Patients (present

study)

Patients (Biglari

et al.1)

Total (N) 23 (100.0) 82 (100.0)

Complications

None 15 (65.2) 64 (78.0)

Yes (details right below) 8 (34.8) 18 (22.0)

- Hematoma 2 (8.7) 4 (4.9)

- Suture dehiscence 4 (17.4) 4 (4.9)

- Infection 1 (4.3) 5 (6.1)

- Suture dehiscence and

infection

1 (4.3) 0 (0.0)

- Necrosis 0 (0.0) 3 (3.6)

- Partial necrosis 0 (0.0) 2 (2.4)

Heller et al. 5



necessity for stoma placement remains inconclusive. Some
studies, such as the 2021 retrospective cohort study (Pussin
et al., 2021), suggest that colostomies might not always be
the optimal solution; the authors reported that stoma patients
required more time (an average of 77 days) to achieve com-
plete healing of anus-near PIs compared to non-stoma
patients (59 days). Given the physical and psychological
challenges associated with stoma formation, the study’s
authors concluded that a colostomy might not be the standard
solution for all patients with PIs near the anus. Instead, they
advocate for more individualized approach, emphasizing the
role of a specialized team in making these decisions. Another
retrospective cohort study (Lichtenthaler et al., 2023),
showed that by comparing a group of patients with a stoma
to a matched group practicing supported natural defecation,
there was no significant difference in the variety of pathogens
found in the wound and the frequency of microbial coloniza-
tion. The only exception was a reduced isolation of E. coli in
the stoma subjects. In contrast, research, by de la Fuente et al.
(2003) and Stone et al. (1990), underscores the importance of
colostomies in treating paraplegic patients with PIs. De la
Fuente et al. (2003), in their retrospective cohort study, dis-
covered a significantly reduced rate of PI recurrence in
patients who underwent a colostomy compared to those
who did not. Additionally, a first case report suggests that
the use of autologous platelet-rich fibrin membrane can
enhance PI healing (Swarnakar et al., 2022).

Implications for Practice
The collected data and subsequent observations advocate for
a patient-centric approach. We believe in the judicious use of
stoma formation, especially as a last resort in challenging
cases. The primary goal remains the successful and timely
recovery post PI surgeries. Therefore, we champion the
idea of considering stoma formation in cases of medically
intractable PIs located in the anal region, especially before
any reconstructive surgery. Further clinical studies are essen-
tial to refine the timing and necessity of stoma formation in
these specific scenarios.

Multi-disciplinary teams, comprising doctors, nurses, and
physical therapists, play a pivotal role in making informed
decisions regarding SCI and stoma formation. These deci-
sions are based on a combination of existing literature evi-
dence (Allin et al., 2020; Benninger et al., 2022;
Küçükakça Çelik & Taylan, 2023; McColl et al., 2012),
their collective experience, and the preferences and wishes
of the patients. However, not all SCI-affected individuals
receive adequate information. In some instances, patients
turn to the internet as their primary source of information,
and while they are eager to consult healthcare professionals
about their daily challenges, such as incontinence, constipa-
tion, bleeding, and the psychosocial difficulties associated
with prolonged bowel emptying, they often feel unsupported.
Many patients express the sentiment that only those who

share their experiences, such as being wheelchair-bound,
can truly understand their struggles, leading to feelings of
abandonment by the healthcare system (Küçükakça Çelik
& Taylan, 2023). The interdisciplinary approach throughout
the entire treatment process, including the involvement of
stoma care nurses, plays a pivotal role in ensuring patient
safety and satisfaction. Furthermore, integrating clinical psy-
chology and utilizing psychological assessment tools can
offer additional support, ensuring that patients are mentally
and emotionally prepared for surgery (Boucher et al.,
2019). Telerehabilitation might be considered an additional
treatment option to improve social isolation, satisfaction,
diet, and exercise and support patients to not forget SCI man-
agement techniques (Allin et al., 2020; Solomon et al., 2022).

Strengths and Limitations
Limitations for this discussion are multifaceted and warrant
careful consideration. One primary constraint is our reliance
on a relatively limited body of published work in this special-
ized field. The existing literature often lacks uniformity in
terms of research methodology, the criteria employed, and
the analytical frameworks used. This inconsistency can
lead to varied interpretations of results, which may, in
some instances, be influenced by the author’s biases or spe-
cific objectives (Boucher et al., 2019). Furthermore, the
sample size, which focuses on a specific subgroup of TSCI
patients with PIs, is arguably too modest to draw broad clin-
ical conclusions. While our findings provide valuable
insights, they should be viewed as preliminary observations
that hint at potential directions for future therapeutic strate-
gies rather than definitive conclusions. The nuanced and indi-
vidualized nature of PIs in SCI patients further complicates
the extrapolation of our results to a broader population. To
truly understand and determine the most effective therapeutic
approach for this patient group, a more comprehensive
research approach is necessary. Ideally, this would involve
a full-scale, randomized, prospective trial that can provide
a more robust and generalizable set of findings. Such a trial
would not only validate or challenge our current understand-
ing but also pave the way for evidence-based interventions
that can significantly improve patient outcomes.

Conclusion
Despite advancements in technology and enhanced preven-
tive care, PIs remain prevalent among individuals with para-
plegia. These PIs present challenges for patients and lead to
significant burdens and costs for healthcare professionals.
For extensive and deep PIs near the anus, a tailored approach
to treatment is essential. Decisions should consider the
patient’s preferences, the size and location of the PI, any
involvement of the anus, and specific surgical guidelines.
Proper timing is crucial when managing bowel functions
for those with SCI, especially for those recently injured
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who are undergoing both physical and emotional recovery.
Elective colostomy is a reliable and safe method for bowel
management in SCI patients. It is important to continually
review the evidence that shapes professional training and
practices and to question why colostomy isn’t more routinely
adopted. We advocate for fecal diversion in bedridden
patients with resistant PIs. However, further research is
essential to determine the ideal timing for stoma procedures
in these scenarios.
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