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Abstract

Objective: To evaluate the clinical application of damage control surgery (DCS) in patients with

sacrococcygeal deep decubitus ulcers complicated by sepsis.

Methods: We conducted a 3-year retrospective clinical study of 32 patients with deep sacro-

coccygeal bedsores and sepsis admitted from January 2018 to January 2021. According to the

concept of DCS, the wound was temporarily closed with vacuum sealing drainage after primary

debridement, and a local rhomboid flap was designed to repair the wound in the second stage.

Finally, the clinical therapeutic effect was observed.

Results: Twenty-nine patients were treated with skin flap translocation and were cured clinically.

Specifically, the skin flap survived in 27 of the 29 patients after the first translocation attempt

(success rate of 93.1%). One patient developed incisional dehiscence, and one patient developed

a hydrocele under the skin flap.

Conclusions: Application of DCS in patients with sacrococcygeal deep decubitus ulcers com-

plicated by sepsis improves the therapeutic success rate and reduces the risks of the operation

and complication rate. It has unique advantages and is worthy of clinical promotion.
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Introduction

In recent years, the incidence of pressure
sores has been increasing as population
aging has intensified. Pressure sores are
divided into stage I, II, III, and IV accord-
ing to their depth. Stages III and IV are
considered deep pressure sores.1 When
deep decubitus wounds are not repaired in
a timely manner, patients are at higher risk
of developing sepsis, which is life-
threatening. The mortality rate of decubitus
wounds combined with sepsis is as high as
50%.2 The high incidence rate of sepsis, the
rapid progression of disease, and the high
mortality rate all make clinical care diffi-
cult. In recent years, the application of
damage control surgery (DCS) has been
becoming increasingly more popular. The
concept of DCS is to restore patients’
normal physiological state to the greatest
degree possible through early and short
operations followed by several stages of
trauma-specific treatments.3 From January
2018 to January 2021, we selected 32 con-
secutive patients with sacrococcygeal deep
bedsores complicated by sepsis. The
patients recovered well with application of
DCS. Specifically, we used vacuum sealing
drainage (VSD) to temporarily close the
wound after primary debridement and
then used a local modified rhomboid skin
flap to repair the wound surface as a
second-stage procedure. The reporting of
this study conforms to the STROBE
guidelines.4

Data and methods

Patients’ backgrounds

From January 2018 to January 2021, 32
patients with sacrococcygeal deep decubitus
ulcers complicated by sepsis were admitted
to the Burn Department of Quanzhou First
Hospital. They comprised 19 male and 13
female patients ranging in age from 14 to 97
years (mean age, 63 years). Eighteen
patients had paraplegia, seven had hemiple-
gia after a cerebrovascular accident, five
had senile dementia, and two were bedrid-
den for other causes. The duration of the
pressure sores ranged from 1 month to
6 years, with an average of 18 months. All
pressure sores were located in the sacral
region. According to the pressure sore
stages5 revised and recommended by the
National Pressure Ulcer Advisory Panel
(NPUAP), 21 patients had stage III ulcers
and 11 patients had stage IV. The diameter
of the pressure sores ranged from 3.0 to
13.0 cm with a mean of 7.8� 2.5 cm, and
their depth ranged from 1.2 to 5.0 cm with
a mean of 3.5� 1.2 cm. The shape of the
pressure sore cavity was similar to the
shape of a flask with a small opening and
flat, wide bottom. Large amounts of puru-
lent secretions and necrotic tissues were pre-
sent in the cavity. All 31 patients presented
with chills, fever, shortness of breath, an
increased heart rate, and an elevated white
blood cell count. The patients had a 24-
to 48-hour Sequential Organ Failure
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Assessment score of 2 to 16 (mean of 11),
an Acute Physiology and Chronic Health
Evaluation II score of 14 to 30 (mean of
23.2), and met the diagnostic criteria for
sepsis according to the International
Guidelines for Management of Sepsis and
Septic Shock: 2016.6 Pathologic laboratory
testing revealed 15 cases of Escherichia
coli infection, 11 cases of Enterococcus fae-
calis infection, 8 cases of Staphylococcus
aureus infection, 5 cases of Pseudomonas
aeruginosa infection, and 3 cases of
Klebsiella pneumoniae infection. Other crit-
ical complications were hypoproteinemia in
32 patients, pulmonary infection in 19, dia-
betes in 15, hypertension in 11, coronary
heart disease in 8, class IV heart failure in
5, hepatic insufficiency in 11, kidney failure
in 8, and nephrotic syndrome in 2.

Preoperative treatment

The patients received nutritional support;
were treated for hypoalbuminemia; under-
went correction of any negative nitrogen
balance, anemia, or water–electrolyte disor-
ders; received therapy to maintain the sta-
bility of their internal environment; and
were treated with antibiotics according to
the results of a drug sensitivity test based
on the pathologic culture result. For
patients with lung infection, hypertension,
diabetes mellitus, and liver and kidney dys-
function, treatments were adjusted based on
consultation with a specialist. The patients
also underwent intestinal preparation to
avoid fecal contamination of the wound,
and their tolerance of surgery was assessed
to complete the preoperative preparation.

Surgical treatment

Anesthesia. An anesthetic technique involv-
ing little disturbance to the whole body
was adopted to ensure the shortest
possible anesthesia time. Fourteen patients

underwent paraplegic anesthesia, eight

underwent intraspinal anesthesia, and

seven underwent general anesthesia.

Stage 1: Primary debridement and VSD

therapy

After exploration of the pressure sore, the

wound surface or sinus wall was stained

with methylene blue, the necrotic skin and

fascia were incised, the necrotic cavity was

enlarged, and the necrotic, thickened wall

and old granulation and scar tissue were

thoroughly removed. In 11 patients with

stage IV pressure sores, necrotic bone

tissue and cancellous bone were removed,

no osteomyelitis was found, and the

coccyx was preserved. To remove all poten-

tially infected tissue upon debridement, the

wound was rinsed repeatedly with 3%

hydrogen peroxide solution, normal saline,

and 0.1% iodophor solution until the rins-

ing solution was clear. The concentration of

the solution was maintained within a safe

range to reduce the wound irritation and

injury caused by the hydrogen peroxide

and iodophor.
The wound cavity was filled with VSD

material, the wound surface was covered

by the same VSD material, and a drainage

tube was fixed in the VSD dressing. A semi-

permeable membrane was used to seal the

wound surface with the surrounding

normal skin. Upon connecting the

negative-pressure device, the wound was

checked to ensure that the device was air-

tight and that the drainage was smooth.

After the operation, 20 to 40 kPa of nega-

tive pressure was used for continuous suc-

tion, and normal saline was used for

continuous irrigation to keep the wound

moist. The average operation time was

about 50 minutes, and the average blood

loss volume was about 100mL.
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Stage 2: Local modified rhomboid skin

flap translocation

A one- or two-sided modified rhomboid

fasciocutaneous flap was designed accord-
ing to the size and shape of the wound.

Twenty-four patients with a wound diame-
ter of <10 cm underwent repair with a one-

sided modified rhomboid fascia flap, and
five patients with a wound diameter of

>10 cm or a transverse-to-vertical diameter

ratio of >1.5 underwent repair with a two-
sided modified rhomboid fascia flap. The

predesigned line was followed to cut the
skin and subcutaneous tissue to the deep

fascia, and the skin flap was lifted. The

bleeding was carefully stopped, protecting
the blood flow of the pedicle. The skin

flap was then rotated to cover the wound,
and the opposite side of the skin flap inci-

sion was sutured subcutaneously. A

negative-pressure silica gel drainage tube
was placed, and the incision was sutured

in layers. The wound was pressurized and
wrapped with sterile dressing. The average

operation time was about 70 minutes, and

the average blood loss volume was about
120mL.

Postoperative management

An air-flow suspension bed was used to
provide good surface pressure for the skin

flap, reduce the shear force, provide uni-

form pressure to avoid local sites of high
pressure or necrosis, and avoid repeated

roll-over, which would negatively affect
wound healing. The negative-pressure

silica gel drainage tube was retained for
2 to 7 days; it was removed when the
drainage fluid volume was <10mL.
The postoperative medical care included
dilation of blood vessels, improvement of
microcirculation, anti-infection therapy,
and nutritional support. The flap blood
flow, fluid accumulation, and incision
were continuously observed. The dressing
was changed 24 hours after the operation
and once every 2 days thereafter. The
sutures were removed 14 days after the
operation.

Statistical analysis

Student’s paired t test was used to compare
infection indexes and organ function index-
es before and after treatment. All statistical
analyses were performed with IBM SPSS
Statistics for Windows, Version 23.0 (IBM
Corp., Armonk, NY, USA). The data are
presented as mean� standard deviation. P
values of <0.05 were considered statistically
significant.

Results

Among the 32 patients, 29 were cured and
discharged. The mean length of the hospital
stay was 31.2� 7.3 days. Two patients of
advanced age discontinued treatment, and
one of them died of multiple organ dysfunc-
tion syndrome. After open reduction, anti-
infection therapy, early debridement, and
negative-pressure aspiration, the patients’
white blood cell count, procalcitonin
concentration, and C-reactive protein

Table 1. Comparison of infection indexes before and after treatment.

n WBC count (109 cells/L) CRP (mg/L) PCT (ng/mL)

Day 1 32 23.07� 4.98 172.97� 22.64 3.65� 0.78

Day 10 32 11.18� 3.05 27.16� 5.36 0.37� 0.12

P value <0.05 <0.05 <0.05

Data are presented as mean� standard deviation.

WBC, white blood cell; CRP, C-reactive protein; PCT, procalcitonin.
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concentration were significantly decreased
(Table 1) and their organ function was
improved (Table 2). The patients’ condition
significantly improved from before to after
treatment (P< 0.05). After the first stage of
the operation, the patients underwent con-
tinuous rinsing and drainage of the wound
by VSD for 7 to 12 days (mean of 10� 1.8
days). The wound infection was well con-
trolled, the granulation tissue was fresh,
the tissue growth was good, and the
wound bed was ready for flap transloca-
tion. The success rate was 93.1% (27 cases
were cured among 29 cases treated). One
patient developed incisional dehiscence,
and one developed a hydrocele under the
skin flap. The wound was completely
closed after the dressing changes. All
29 patients were followed up in 6 to
12 months. The skin flap had a good
appearance, good elasticity, good resistance
to abrasion and pressure, and had not
burst. Scar hyperplasia was not obvious,
and the appearance was satisfactory.

Representative case

A 72-year-old man had been bedridden for
1 year due to post-traumatic coma and had
developed sacrococcygeal ulceration. Upon
admission, his diagnoses were stage IV sac-
rococcygeal decubitus ulcers, sepsis, pulmo-
nary infection, hypoalbuminemia, type 2
diabetes, and stage 3 hypertension (very
high risk).

The patient’s sacrococcygeal pressure
sore was about 12� 8 cm. It was

flask-shaped with a small opening and

wide bottom, and it invaded the surround-

ing tissue. A large amount of fascial and

muscle necrosis was observed, and the

cavity contained a large amount of purulent

secretion and necrotic tissue. The wound

was deep to the sacral bone (Figure 1(a)–(c)).
In the first stage of treatment, debride-

ment and VSD were performed. The exist-

ing cavity was enlarged, and the necrotic

and thickened lesion wall were completely

removed. All old granulation tissue, scar

tissue, and necrotic and infected bone

tissue were removed up to the cancellous

bone (Figure 1(d)). After debridement, the

wound surface was covered with VSD

material, and a drainage tube was fixed in

the VSD dressing. A semipermeable mem-

brane was used to seal the wound surface

with the surrounding normal skin to enable

continuous irrigation and drainage after the

operation (Figure 1(e), (f)).
Upon removal of the negative-pressure

material, the wound infection was found

to be well controlled, the granulation

tissue was fresh, tissue growth was good,

and the wound bed was ready for flap

translocation (Figure 1(g)). A modified

rhomboid flap was designed to cover the

sacral decubitus wound with a subdermal

drainage tube (Figure 1(h), (i)). The skin

was cut along the predesigned line until

reaching the fascial layer to form a fascial

flap without damaging the gluteus maximus

muscle (Figure 1(j)). The skin flap was then

rotated to repair the sacrococcygeal

Table 2. Comparison of organ function indexes before and after treatment.

n BUN (mol/L) Cr (mmol/L) Alb (g/L) ALT (U/L) AST (U/L) TBil (mmol/L)

Day 1 32 9.95� 1.00 182.17� 36.89 20.47� 1.52 143.90� 21.48 137.10� 19.54 83.90� 11.48

Day 10 32 4.68� 1.17 76.17� 20.16 33.00� 1.88 56.77� 10.3 31.83� 4.49 30.77� 8.26

P value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Data are presented as mean� standard deviation.

BUN, blood urea nitrogen; Cr, creatinine; ALB, albumin; ALT, alanine transaminase; AST, aspartate transaminase; TBil, total

bilirubin.
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Figure 1. Representative case. (a)–(c) Appearance of sacrococcygeal pressure sore. (d) Debridement and
vacuum sealing drainage. (e), (f) Coverage of wound surface with vacuum sealing drainage material and
placement of drainage tube. (g) Appearance of wound upon removal of negative-pressure material. (h),
(i) Modified rhomboid flap. (j) Incision along predesigned line. (k), (l) Rotation of skin flap and closure of
wound. (m) Five-day postoperative appearance of the flap. (n), (o) One- and 12-month postoperative
appearance of the flap.
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decubitus wound; the tissue was sutured in

layers and the wound surface was sealed

(Figure 1(k), (l)).
Five days after the operation, the skin

flap was rosy in color, the blood circulation

was good, and no obvious effusion was pre-

sent. The skin flap had survived well

(Figure 1(m)). At the 1- and 12-month post-

operative follow-up visits, the skin flap had

a good appearance, was elastic and durable,

had good pressure resistance, and had not

burst. No obvious scar hyperplasia was pre-

sent. The patient was satisfied with the

overall appearance (Figure 1(n), (o)).

Discussion

The sacrococcygeal region is characterized

by protrusion of the sacrococcygeal bone

and various other bony structures with

little subcutaneous tissue coverage; thus, it

is the most common site of pressure sores.

Pressure sores in this area are susceptible to

becoming damp and contaminated by feces

and urine, often resulting in wound infec-

tion. This in turn leads to fascia and muscle

necrosis and even disruption of the bone.

The pathologic bacterial analysis in the pre-

sent study revealed Escherichia coli,

Enterococcus faecalis, and S. aureus infec-

tion. These bacteria commonly reside in the

gastrointestinal tract and on the skin sur-

face and are able to cause serious infections,

even sepsis,7 when the body’s immunity

declines or trauma occurs. Patients with

pressure sores often have a variety of con-

sumptive diseases such as paraplegia, stroke

sequelae, dementia, or coma. Because of the

loss of voluntary movement, a long-term

bedridden status is often accompanied by

pneumonia and thrombosis. Such patients

also often have metabolic abnormalities

such as diabetes, hypertension, kidney dis-

ease, and other basic diseases,8 all of which

are risk factors for sepsis. The complex and

variable conditions of these patients place

them at high risk for anesthesia and
surgery.

DCS was first introduced in the 1990s
during wound treatment in the Gulf War.
The main goal of DCS is to rapidly repair
the anatomical structure of critical injuries
and return the patients to a physiologically
stable state.9 After a development period of
nearly 30 years, the concept of DCS has
been extended into various fields of surgery,
such as critical brain injury, thoracoabdo-
minal trauma, and orthopedic trauma, and
has achieved good clinical therapeutic
results.10 Once the pathological process of
sepsis has begun, the body rapidly develops
from systemic inflammatory response
syndrome to multiple organ dysfunction
syndrome. Therefore, prediction of the
occurrence and development of sepsis and
interruption of this pathological process
will help reduce the incidence and mortality
rate of sepsis and multiple organ dysfunc-
tion syndrome.

Current guidelines for the treatment of
sepsis advocate early surgical removal of
the primary infection; this concept is
known as “early debridement, delayed
suturing.”11 The deep decubitus wounds in
the present study contained a large amount
of necrotic fascia, muscle, and even bone,
and the wounds were severely infected;
thus, early and effective debridement
was the key to treatment. The wound was
enlarged, the necrotic infection focus
was removed, the blood circulation was
improved, the muscle necrosis was alleviat-
ed, the infection was controlled, and finally
the occurrence and development of sepsis
were blocked.

As the gold standards for assessing infec-
tion and sepsis,12 the white blood cell count,
C-reactive protein concentration, and pro-
calcitonin concentration were measured,
and all rapidly decreased after debridement.
At the same time, the concentrations of
blood urea nitrogen, creatinine, aspartate
transaminase, alanine transaminase, and
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total bilirubin, which reflect kidney func-
tion, significantly improved. The function
of every organ markedly improved. Many
reports worldwide have described the treat-
ment of decubitus ulcers with VSD.13

After primary debridement in our study,
the sinus and deep cavity were filled with
VSD dressing and the surface of the
wound was temporarily covered with VSD
dressing, which helped to maintain the tem-
perature and humidity of the wound.
Continuous negative-pressure suction, irri-
gation, and drainage helped to remove
protease-rich wound exudate, reduce the
bacterial count, reduce local tissue edema,
and promote fresh granulation tissue
growth.14 The average operation time of
the first stage was 50 minutes, which effec-
tively reduced the anesthesia time, opera-
tion risk, and operation trauma. The
continuous irrigation and drainage after
the operation effectively reduced the exuda-
tion and controlled the infection. It also
provided a good wound bed for wound
repair in the later period,15 which is consis-
tent with the concept of DCS.

The traditional repair method of deep
decubitus ulcers is application of a gluteus
maximus myocutaneous flap. The nutrient
vessels of the gluteus maximus are the supe-
rior gluteal artery and inferior gluteal
artery. The gluteus maximus muscle is
thick and can withstand high pressure,
and its use effectively reduces the recurrence
rate of pressure sores. However, the muscle,
blood vessels, and nerves are easily dam-
aged during the operation, which leads to
limitation of the activity of the hip joint.
Additionally, if the operation fails or pres-
sure sores recur, a gluteus maximus myocu-
taneous flap cannot be used to repair the
wound, thus increasing the difficulty of
treatment.16 With the development of
microsurgery, the use of free skin flaps has
been reported in recent years to repair pres-
sure sores, and good results have been

achieved. However, the operative wound is
large, the operation time is long, the anes-
thesia risk is high, many postoperative com-
plications may occur, and recovery is slow.

Free skin flaps are also difficult to pop-
ularize and apply because of the require-
ment for high operative skill.17 The
modified rhomboid flap has the advantages
of direct design, simple preparation, and a
reliable blood supply, and it has been used
in the repair of deep pressure ulcer wounds
with good outcomes.18 The modified rhom-
boid flap maintains the vertical movement
of the skin around the wound, increases the
movement of the skin, reduces the rotation
angle of the flap, reduces the deformity,
changes the direction of tension of the inci-
sion, shortens the total length of the scar,
and improves blood flow.19 In the present
study, 24 patients with a wound diameter of
<10 cm underwent repair with a 1-sided
modified rhomboid fasciocutaneous flap,
and 5 patients with a wound diameter of
>10 cm underwent repair with a 2-sided
modified rhomboid fasciocutaneous flap.
The operation only requires separation of
the fascia; the muscle does not need to be
separated. Thus, the operation is simple, the
wound is small, and the risks of the opera-
tion and anesthesia are greatly reduced.

The average operation time in the pre-
sent study was 70 minutes, which is much
shorter than that of the traditional method,
effectively reducing the severity of
operation-related injury. At the same time,
this technique avoids the impact of hip joint
movement in the later postoperative period
due to muscle separation. This is beneficial
for rehabilitation of lower limb function. In
the current study 27 of 29 patients achieved
primary wound healing with a success rate
of 93.1%. If the modified rhomboid flap
becomes necrotic or a pressure sore recurs,
a local skin flap or musculocutaneous flap
can be used to repair the wound because the
local muscle and blood vessels are not
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damaged.20 This satisfactory result further

confirms the feasibility of using a modified

rhomboid flap to repair pressure sore

wounds.

Conclusion

When treating deep decubitus ulcers and

sepsis according to the concept of DCS,

the wound should be temporarily closed

with VSD dressing after thorough debride-

ment in stage 1 to remove the focus of

necrotic infection, and the wound must be

continuously rinsed and drained after the

operation. In stage 2, a rhomboid skin flap

is modified to repair the deep pressure sore.

This strategy may effectively control infec-

tion, improve organ function, repair pres-

sure sores in a timely manner, shorten the

anesthesia and operation times, and effec-

tively avoid secondary trauma to the patient

caused by operative injury; it is thus benefi-

cial for postoperative recovery with reduced

complications. It is also consistent with the

concept of DCS. Based on the therapeutic

outcomes observed in the present study,

this scheme may effectively improve the

treatment success rate and reduce mortality;

it is effective, safe, and worthy of clinical

promotion. However, because this was only

a small retrospective study, a multicenter,

large-sample study is still needed to further

improve the treatment regimen.
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