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Introduction: Wounds that cannot be treated with conven-
tional wound care procedures or those that do not become
sufficiently smaller with 6 weeks of treatment are usual-
ly considered for reconstructive procedures. The present
study reviews surgical procedures based on the reconstruc-
tive ladder used for the treatment of difficult wounds that
contain cavities or are located on vital organs or tissues
and do not heal with standard wound care. This review,
which highlights that using conventional techniques in
such wounds may be a waste of time and money;, is intended
to guide health professionals dealing with difficult wounds.

Material and methods: Between 2018 and 2023, 37 patients
with full-thickness wounds due to various aetiologies were
retrospectively investigated. The aetiologies, associated
comorbidities, the timing, and the choice of surgical tech-
niques were reviewed. The wounds that did not demon-
strate a decrease in wound diameter with conventional
wound care in 6 weeks were included in the study.

Results: The mean age of patients was 56.11 years (range
32-80), and the sex was predominantly male (75%). The
number of surgeries were between 1 and 3 (mean 2). The
length of hospital stay after surgery was 3-7 days (mean
4.2). Surgical wound infection (7), flap failure (3), and hae-
matoma (2) were seen as complications.

Conclusions: Full-thickness wounds with deep cavities and
wounds over vital structures usually do not respond to
conventional wound care efficiently. A wound care spe-
cialist should be able to decide when to refer or perform
surgery for the wound care patients. In wounds where
wound closure is not possible with wound care alone, the
patient should be delivered the most ideal method as soon
as possible, taking into account surgical complications.

Key words: chronic wound, non-healing wound, reconstruc-
tion ladder, free flap, skin graft.

Introduction

A wound can be defined as a disruption of the normal
anatomical relationships and integrity of tissues.
Such a disruption triggers the wound healing pro-
cess for the formation of new tissue. Wound healing
follows a natural cellular process provided that the
wound does not contain dead tissue or foreign bod-
ies [1]. The wound healing process can be roughly
divided into inflammation, proliferation, and remod-
eling phases [2]. Wound healing is a complex process
involving all systems. A wound that does not heal in
4 to 6 weeks or does not regress by 20-40% despite
2 to 4 weeks of treatment can be defined as a chron-
ic wound [3]. Surgery is a useful option in chronic
wound management. Adequate surgery in chronic
wounds aims to eliminate dead tissue [4]. In trying

to heal wounds and prepare patients for repeat pro-
cedures, the primary goal is to determine the under-
lying aetiology and to correct etiologic causes where
possible and eliminate comorbidities [5]. Universally
accepted wound healing procedures may sometimes
fail to achieve adequate wound healing despite cor-
rection of all comorbidities. This is particularly the
case with wounds located on vital organs, cavity
wounds, and full-thickness chronic tissue defects.
Difficult wounds are those that do not heal with
conservative treatment, do not heal with repeat
procedures, and do not heal despite optimization of
factors affecting wound healing. The present study
presents some difficult cases followed and treated in
our clinic and is intended to guide clinicians dealing
with difficult wounds.
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Material and methods

Between 2018 and 2023, 37 patients with full-thick-
ness wounds of various aetiologies were retrospec-
tively reviewed. The study was approved by the Eth-
ics Committee of Kartal Dr. Liitfi Kirdar City Hospital
and was conducted in accordance with the principles
of the Declaration of Helsinki. The study includ-
ed wounds that did not get smaller with 6 weeks
of conventional wound care. Medical records were
screened to retrieve patient data from the hospital
registration system. A number of parameters were
retrospectively analysed including age, sex, pres-
ence of comorbidities, length of postoperative hospi-
tal stay, wound size, complications, smoking status,
location of the wound, surgical procedure performed,
C-reactive protein levels at admission, and choice of
surgical techniques. Complications were classified
as minor or major and included wound dehiscence,
hematoma, seroma, wound infection, and graft/flap
loss [6]. Complications were considered major if they
required surgical intervention and minor if they did
not require surgical intervention.

Results

The study analysed 37 patients. The mean age of the
patients was 56.11 years (32-80) and the majority were
male (75%). Of the patients, 20 had diabetes mellitus,
of whom 17 had type 2 diabetes mellitus and 3 had
type 1 diabetes mellitus. Nine patients had hyperten-
sion. Four patients had chronic kidney disease and
4 patients had peripheral arterial disease. All patients
received antibiotic therapy and nutritional support.
The number of surgeries ranged from 1 to 3 (mean 2).
All patients received debridement for three times on

average (range: 1 to 5). The length of hospital stay
after surgery was 3 to 7 days (mean: 4.2). Observed
complications comprised surgical wound infection
(7), flap failure (3), and haematoma (2). Three patients
were scheduled for surgery due to flap failure. Com-
plications requiring surgery were considered as ma-
jor, while complications not requiring surgery were
classified as minor. Of the patients, 28 were smokers.
The wound was located on the lower extremities in
28 patients and on the upper extremities in nine pa-
tients. Of the patients, 18 underwent free flap recon-
struction, 14 underwent local flap reconstruction,
and 15 underwent graft reconstruction. Demographic
and clinical characteristics of the patients are sum-
marized in Table L.

Case reports

Patient no. 1

A 56-year-old male patient presented to our outpa-
tient clinic with a tissue defect in the right ingui-
nal region. The patient’s medical history revealed
a right below-knee amputation by the Orthopaedics
and Traumatology Clinic about 3 months prior to
presentation to our clinic; the patient had undergone
hemipelvectomy for failure of the stump to heal af-
ter amputation. The patient had been treated with
various wound care products and was then referred
to our clinic because of non-closure of the wound.
The patient had uncontrolled type 2 diabetes and had
a history of smoking. Examination revealed a puru-
lent, foul-smelling 20 x 25-cm? cavity tissue defect on
the amputation stump with an exposed acetabular
joint. The patient was hospitalized in our clinic, and

Figure 1. A) Right hemipelvectomy defect with acetabular cavity. B) Elevation of right rectus abdominis muscle flap

(inferior epigastric arter based). C) Coverage of right hemipelvectomy defect by right rectus abdominis muscle flap.

D) Late postoperative period of tissue defect
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Surgery for complicated wounds

Figure 2. A) Left inguinal tissue defect with prosthetic vascular graft exposure. B) Planning of random pattern fasciocutaneous

flap to cover defect. C) Coverage of left inguinal neurovascular structures by flap

deep tissue cultures were obtained on admission. The
CRP level was 78 on admission. Tissue culture re-
vealed Acinetobacter baumannii growth, so the patient
was started on meropenem therapy by the Depart-
ment of Infectious Diseases. We then applied several
sessions of debridement and 5 sessions of negative
pressure wound therapy on the tissue defect, which
prepared the wound for surgery (Fig. 1A), and then
performed a rectus abdominis muscle flap based on
the inferior epigastric artery and adapted it to the
recipient site (Fig. 1B, C). The flap was covered with
a partial-thickness skin graft. The patient had no
complications in the early postoperative period and
was discharged with recovery on day 7 of surgery
(Fig. 1D, postoperative).

Patient no. 2

A 63-year-old male patient presented to our clin-
ic with a tissue defect in the left inguinal region.
The patient’s medical history revealed that he had
type 2 diabetes mellitus and was a smoker. It was
found that the tissue defect developed after debride-
ment performed by an external orthopaedics and
traumatology clinic for necrotizing fasciitis in the
left inguinal region; during debridement, a pseu-
doaneurysm was detected in the left femoral ar-
tery. The cardiovascular surgery team performed
a femoral artery bypass using a vascular graft
(Fig. 2A); during follow-up, the patient developed
a 7 x 15-cm? tissue defect in this region with an
exposed vascular graft. The patient was followed
up using conventional wound care procedures in
an external centre for 6 weeks and was referred
to our clinic due to nonclosure of the wound. The

© Polskie Towarzystwo Leczenia Ran, 2023

patient was considered ineligible for negative-pres-
sure wound therapy and repair with skin graft
due to the risk of rupture and was thus scheduled
for regional flap reconstruction. Wound culture
obtained from the patient at admission revealed
E. coli growth. The CRP level at admission was 45.
The patient received blood transfusion, ampicil-
lin-sulbactam therapy, and repeat debridement pro-
cedures until the wound was prepared for surgery.
Then, the wound was repaired using a random
fasciocutaneous abdominal flap (Fig. 2B). Femoral
neurovascular structures were covered, resulting in
wound closure (Fig. 2C). The patient was followed up
in the ward for 5 days and discharged with recovery.

Patient no. 3

A 67-year-old male patient presented to our outpa-
tient clinic with tissue defect on the left foot with an
exposed tendon (Fig. 3A). The patient had diabetes
mellitus and rheumatoid arthritis. Medical history
revealed that the patient presented to the Orthopae-
dics and Traumatology Clinic with a sprain in 2019
and was diagnosed with Achilles tendon rupture and
underwent Achilles tendon repair in the Orthopae-
dics and Traumatology Department of our hospi-
tal. During follow-up, the patient had erythema and
foul-smelling drainage at the wound site suggestive
of wound infection. The tissue defect was 8 x 3 cm®
(Fig. 3A). The Achilles tendon was exposed in the
tissue defect. Wound culture obtained from the tissue
defect revealed Pseudomonas aeruginosa growth. The
patient had a CRP level of 23 on admission. Upon
recommendation from the Infectious Diseases De-
partment, the patient was started on piperacillin and
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CKD - chronic kidney disease; DM - diabetes mellitus; PAD - peripheral artery disease; STSG - split thickness skin graft

Surgery for complicated wounds

tazobactam therapy. The wound was prepared for
surgery after 10 sessions of hyperbaric oxygen thera-
py, multiple sessions of debridement, and application
of dermis-equivalent materials. The patient received
antibiotic therapy and hydration therapy while wait-
ing for surgery. Our clinic repaired the tissue defect
using multiple grafts at different times. The tissue
defect persisted during follow-up, upon which the
patient was scheduled for free flap reconstruction.
The patient then underwent radiographic imaging
and was scheduled for repair of the defect using a left
free radial forearm flap (Fig. 3B). Intraoperative flu-
orescein and ICG angiography showed that the free
flap had a good blood supply in the recipient area
(Fig. 3C). The defect was repaired using a free flap
(Fig. 3D). The patient was followed up for 6 days in
our clinic and was discharged with recovery.

Discussion

Chronic wounds are characterized by problems in
every stage of healing. Wound healing is affected
by many systemic and local risk factors, including
age, sex, race, hypertension, obesity, diabetes melli-
tus, congestive heart failure, depression, history of
smoking, and the presence of an inflammatory or au-
toimmune condition predisposing to chronic steroid
use. It is inevitable that some wounds will be treated
differently from conventional treatment techniques.
In wounds that contain cavities, have exposed viable
tissues, such as tendons, vessels, and nerves, are not
granulated and do not get smaller despite 6 weeks of
conventional treatment, flap or graft repair should be
considered. Regardless of which option we use in the
reconstruction step, patients should first be assessed
using the TIME concept (tissue, infection, moisture
balance, epithelial edge advancement). The TIME
approach is a general wound management strate-
gy developed for chronic wounds, which has been
adapted based on physicians’ expertise [7]. The re-
constructive pyramid is a tenet of plastic surgery in
which soft tissue coverage techniques are arranged
hierarchically, from minimally invasive procedures
for small and superficial wounds to highly complex
procedures for large, deep, and complicated soft tis-
sue defects [8]. Treating physicians should gradually
move up the reconstructive ladder from simple to
more complex options but should bear in mind that
some cases require starting on the highest rung. In
plastic surgery, treatment of difficult wounds should
be based on the reconstructive ladder, with treatment
sometimes starting at the first rung and, at other
times, at a higher rung by skipping certain steps.
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Figure 3. A) Soft tissue defect after left Achille tendon rupture operation. B) Elevation of free radial forearm flap from left upper

extremity. C) The use of indocyanine green fluorescence angiography after microvascular anastomosis of free radial forearm flap

for reconstruction of Achille tendon. D) Late postoperative period of soft tissue

The wound care team should be able to decide at
what stage reconstructive surgery should be used
for wounds that do not close with normal wound
care. The wound care team should be well trained
on wound care techniques, able to perform conser-
vative wound care, should know when wounds be-
come suitable for surgical intervention, and in such
cases, should refer patients to reconstructive surgeons
without delay. There is no clear time frame for surgi-
cal interventions in tissue defects [9]. In the present
study, the mean time to surgery was approximately
15 days (range: 5-47). Our clinic avoids intervening
in chronic and complicated wounds too early, be-
cause premature intervention can further complicate
the wound and may even result in limb loss. It also
increases the costs. In the present study, 18 of the
37 patients underwent free flap reconstruction. In
a study involving a free flap series of 506 patients
with different aetiologies, Brady et al. reported that
50% of the patients had diabetes mellitus [10]. Z-Hye
Lee et al. investigated the aetiology of wounds and
reported that 15% of patients were smokers, 12% had
coronary artery disease, and 12% had end-stage re-
nal disease [11]. In our study, on the other hand, 54%
of the patients had diabetes, 24% had hypertension,

68

and 10% had peripheral arterial disease. Of the pa-
tients included in the present study, 75% were smok-
ers. This suggests that smoking may cause cavity
wounds that may require reconstructive surgery. Al-
though wounds are classified as complicated when
they do not respond to conservative treatment, the
management of complicated wounds may need to
make use of stromal vascular fraction, platelet-rich
plasma, hyperbaric oxygen therapy, negative pressure
wound therapy and specialized wound care products,
because appropriate surgical procedure alone is not
enough for wound closure. Hyperbaric oxygen thera-
py (HBOT) helps deliver oxygen support to the tissues
in the wound and contributes to the healing process
[12]. Our hospital has a dedicated unit for hyperbaric
oxygen therapy, which was used in 9 cases that were
difficult to manage; hyperbaric therapy was delivered
preoperatively in 5 patients and postoperatively in
4 patients. The present study has a major limitation:
it is a retrospective study and not a randomized con-
trolled study. Management of complicated wounds
warrants further studies. Wound management should
use a multidisciplinary approach and should not be
limited to a single technique. Finally, all health pro-
fessionals dealing with wounds should be trained

© Polskie Towarzystwo Leczenia Ran, 2023



periodically and keep their knowledge on innova-
tions up to date. To avoid wasting time and money
in dealing with chronic wounds, health professionals
in this field should be able to decide when to refer
patients for wound care or surgery. Moreover, re-
constructive surgeons dealing with closure of such
wounds should be comfortable with moving up and
down the reconstructive ladder depending on the
patient’s clinical picture.

Conclusions

In conclusion, full-thickness wounds with deep cav-
ities and wounds located over vital structures often
fail to respond effectively to conventional wound
care, and the management of these patients should
be multidisciplinary and multifaceted.
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