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This case report presents a unique study focused on relationship between nutritional
parameters, C-reactive protein (CRP), and the marker of oxidative stress 8-hydroxy-
2’-deoxyguanosine (8-OHdQG), in 61-year-old male paraplegic patient with multiple
pressure ulcers. A multidisciplinary approach was essential for the timing of the
successful reconstruction process. The patient had a history of paraplegia since 1999
due to a skiing accident with fractures of thoracic vertebrae (Th6-Th9), requiring
spinal surgery. His medical background includes acute pancreatitis with biliary tract
revisions, partial pancreatic resection, acute respiratory failure with tracheostomy,
renal failure treated with hemodialysis, bronchopneumonia, pseudomembranous
colitis, and hyperuricemia. The patient also underwent multiple surgical interventions,
including treatment for ulnar nerve paresis, cholecystectomy, and multiple pressure
ulcer reconstructions. The study describes the relationship between selected
biochemical parameters and overall clinical status in a paraplegic patient with
three deep pressure ulcers located in the left-sided ischial, trochanteric, and sacral
regions during their multistage surgical therapy. The reconstructive procedure
and collection of biological samples for determination of selected biochemical
parameters were performed according to the same schedule: debridement of
pressure ulcers at the beginning of the particular hospitalization and on the day
of surgical reconstruction. The patient’s severe condition was accompanied by
decreased levels of both 8-OHJG and selected nutritional parameters (albumin,
prealbumin, and total protein) and increased CRP levels at the beginning of the
treatment process. The evaluation of the dynamics of the measured parameters
during the gradual improvement of the patient’s condition and the multistage
reconstruction of pressure ulcers in six hospitalizations over a period of 17 months
was continued resulting in the healing of all pressure ulcers. This case highlights
the crucial importance of investigating selected biochemical parameters, with
emphasis on 8-OHdG, and nutritional parameters, for the timing of surgical strategy
and comprehensive therapy in patients with multiple pressure ulcers and severe,
complex medical histories.
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Introduction

Extensive and multiple deep pressure ulcers (PUs) represent a
serious medical and socio-economic problems, especially in immobile
patients (1). Their healing is negatively influenced by numerous
factors, such as comorbidities, duration and number of hard-to-heal
wounds, their local status (e.g., category, size, biofilm, osteomyelitis),
and patients’ compliance and motivation (2). The success of surgical
interventions depends, among other things, on the actual health status
of the patient, monitored by a number of laboratory parameters,
including nutritional ones (2). Another factor affecting the course of
surgical therapy and subsequent healing is oxidative stress (3). One of
the important markers of oxidative stress is 8-hydroxy-2'-
deoxyguanosine (8-OHAG), an indicator of oxidative DNA damage
(4). Although DNA damage can be assessed by various approaches
(e.g., comet assay (5)) the most used parameter is 8-OHdAG. It is stable
freely filterable
be subsequently determined.

molecule, into the wurine, where it can

This case report presents the dynamics of selected nutritional,
inflammatory, and biochemical parameters in relation to planned
multistage surgical therapy in a paraplegic patient with multiple PUs

over a period of 17 months.

Case description

A 61-year-old male paraplegic patient (at the time of the first
admission) with three PUs of deep category located in the left-sided
ischial and trochanteric and sacral regions (see Figure 1) was planned
for multi-stage reconstructive surgical treatment. The patient has been
paraplegic since 1999 due to a skiing accident, which resulted in the
fractures of thoracic vertebrae (Th6-Th9) and subsequent spinal
surgery. He has a complex medical history, including acute pancreatitis
requiring biliary tract revisions and partial pancreatic resection, acute
respiratory failure with tracheostomy, and renal failure treated with
Additional left-sided
bronchopneumonia, pseudomembranous colitis, and hyperuricemia.

hemodialysis. complications  include
Surgical interventions include treatment for ulnar nerve paresis,
cholecystectomy with biliary tract revisions, and multiple PUs
surgeries over several years. This history highlights the patients
extensive medical challenges and the need for multidisciplinary care.
This case report describes the course of comprehensive therapy and
management of three extensive and deep PUs during repeated
hospitalizations (H1-H6) between February 2022 and July 2023, with
a focus on selected biochemical and nutritional parameters.

The patients overall condition fluctuated over time, and his
clinical status corresponded with the local wound symptomatology.

Abbreviations: 8-OHdG, 8-hydroxy-2'-deoxyguanosine; CRP, C-reactive protein;
DNA, Deoxyribonucleic acid; H1, First hospitalization; H2, Second hospitalization;
H3, Third hospitalization; H4, Fourth hospitalization; H5, Fifth hospitalization; H6,
Sixth hospitalization; ICU, Intensive unit care; IL-6, Interleukin-6; LC/MS/MS, Liquid
chromatography — tandem mass spectrometry; LOS, Length of stay (length of
hospitalization in days); PU/PUs, Pressure ulcer/pressure ulcers; ROS, Reactive
oxygen species; TNF-o, Tumor necrotizing factor-o; VRE, Vancomycin-resistant

Enterococcus faecium.
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During H1-H3, the patient suffered from infection and renal
insufficiency. These infections included signs of local infection with
polymicrobial colonization of the PUs, systemic infection with positive
blood cultures during H1, and a urinary tract infection in H2.
Logically, the wound extents were the largest during this period.
Moreover, some extrinsic factors influenced the course of therapy,
such as an intestinal infection (Clostridium difficile colitis) in H4. The
improved patient’s status during the H5-H6 hospitalizations allowed
for the finalization of reconstructive surgeries, which were always
planned according to the actual clinical condition and local wound
symptomatology. Clinical data of the patient and wound status during
the six hospitalizations are summarized in Table 1.

The clinical status of the patient was characterized by nutritional
and biochemical parameters measured from plasma and urine. The
samples were collected at the same time points as surgical
interventions (if performed) - debridement of PUs at the beginning of
the particular hospitalization (Day 0) and further reconstruction (Day
7). Due to the actual clinical situation of the patient, some samples
could not be collected at all or were collected on different days of
hospitalization. The detailed timeline outlining the progression and
key events of the case report is illustrated in Figure 2.

In total, 59 biological samples related to surgical therapy
(debridement and reconstruction) were analyzed over a 17-month
period. The basic nutritional parameters (prealbumin and albumin)
and biochemical parameters (total protein and CRP) were assessed
from plasma samples using routine commercial kits (Roche,
Switzerland). The oxidative stress parameter 8-OHdG was determined
from morning urine samples using a modified LC/MS/MS method
(6). The urinary concentrations of 8-OHdG were expressed in ng/mg
creatinine. The measured values of all parameters are summarized in
Table 2.

Surgical therapy was initiated with the debridement of all PUs
during H1. However, it was necessary to respond to the patient’s
unsatisfactory condition (signs of malnutrition and infectious
complications), which lasted from HI1-H3. Therefore, the
reconstruction of PUs had to be spread over a longer period of
time. In H1, the extirpation of the osteomyelitic femoral head on
the left side, along with partial resection of the sacral and ischial
tuber bone tissue for the osteolytic process, was performed. A
previous flap plasty (done several years ago) above the resected
femoral head on the left side was elevated and transponed over the
trochanteric PU to allow successful wound closure. The
postoperative status was further complicated by the presence of
Vancomycin-resistant Enterococcus faecium (VRE) in all three PUs.
Additionally, the femoral head resecate was accompanied by a
positive hemoculture of Proteus mirabilis. The patient’s nutritional
status began to worsen, and CRP levels increased. Therefore,
nutritional support (sipping and high protein diet), conservative
local therapy to eradicate biofilm, and prolonged systemic antibiotic
therapy were indicated.

During the second hospitalization, further surgical management
of multiple PUs was planned. Debridement was performed in all
affected areas; however, due to severe malnutrition, reconstructive
surgery was contraindicated. A significant deterioration of nutritional
status (decrease in prealbumin and albumin) occurred, leading to
reopening (dehiscence) of the left trochanteric PU. CRP levels
whereas 8-OHdG  concentrations

increased  significantly,

simultaneously decreased.
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TABLE 1 Clinical data of the patient.

CLINICAL DATA

Pressure ulcer H1 H3
location
Ischial left side
Category v v v v v v
Size (length, 9x8cm 9x6cm 8x5cm 7x3cm 5x4cm 6x4cm
width, pocket)* pocket:10x3cm pocket:7x6cm pocket:9x9cm
Debridement Day 0: YES Day 0: YES Day 0: YES Day 0: YES Day 0: YES Day 0: YES
Day 14: YES
partial resection of
osteolytic ischial
tuber
Reconstruction NO NO Day 0: YES Day 7: YES, NO Day 7: suture
skin graft local flap
Local complications Wound colonization | Polymicrobial Pseudomonas Proteus mirabilis, Polymicrobial Acinetobacter
Enterococcus faecium | colonization aeruginosa Acinetobacter baumanii | colonization baumanii
VRE
Trochanteric left side
Category v v v Healed Healed Healed
Size (length, 5x5cm 3x wound 6x3cm NA NA NA
width, pocket)* deep pocket 10x8cm | dehiscence
Debridement Day 0: YES Day 0: YES Day 0: YES NA NA NA
Day 14: YES
Partial resection of
osteolytic caput
femoris
Reconstruction Day 14: YES NO Day 0: YES NA NA NA
biceps femoris dorsal thigh flap
muscle + direct
suture
Local complications Osteomyelitis, Polymicrobial Pseudomonas NA NA NA
Enterococcus faecium | colonization aeruginosa
VRE,
Candida glabrata,
Wound dehiscence
Sacral
Category v v v v v Healed
Size (length, 6x5cm 10x10cm 8x5cm 4x4cm 4x4cm NA
width, pocket)* pocket:11x5cm pocket:11x5cm
Debridement Day 0: YES Day 0: YES Day 0: YES Day 0: YES Day 0: YES NA
Day 14: YES
partial resection of
osteolytic os sacrum
Reconstruction NO NO NO Day 7: YES DAY 0: YES NA
rotation gluteal revision,
fasciocutaneous flap tissue sealant,
suture
Local complications Wound colonization | Polymicrobial NO Polymicrobial Polymicrobial NA
Enterococcus faecium | colonization colonization colonization
VRE, Candida albicans,
Proteus mirabilis floating flap plasty

*Size: There was not always possible to measure depth; NA, Not applicable.
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FIGURE 1
(A) Localization and pressure ulcers status before treatment (left-sided trochanteric PU - Ls T PU, left-sided ischial PU — Ls | PU, sacral PU — S PU) and
(B) Healed pressure ulcers areas after treatment (left-sided trochanteric area — Ls T A, left-sided ischial area — Ls | A, sacral area — S A).
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FIGURE 2
Timeline of the case. More extensive photo documentation and data are available and can be obtained from the main author upon reasonable request.
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TABLE 2 Nutritional and biochemical parameters, daily protein and caloric intake, nutritional therapy.

Nutritional and biochemical parameters

10.3389/fnut.2025.1564879

Parameter H1 H2 H3
Prealbumin (g/L)
Day 0 0.19 0.09 0.24 0.19 0.21 0.19
Day 7 0.15 0.07 # 0.18 # 0.17
Day X 0.17* ## 0.16° ## ## ##
Albumin (g/L)
Day 0 29.6 20.8 23.3 26.7 28.6 29.4
Day 7 27.1 19.5 # 25.6 # 26.9
Day X 25.3° #H 25.2° ## ## #
Total protein (g/L)
Day 0 74.0 70.9 79.0 89.8 82.6 78.5
Day 7 70.2 67.9 # 86.6 # 87.9
Day X 66.6" ## 90.8° ## ## ##
CRP (mg/L)
Day 0 70.1 157.2 44.2 44.2 23.6 20.9
Day 7 88.8 156.1 # 52.0 # 299
Day X 41.8° ## 91.0° ## ## ##
8-OHdG (ng/mg crea)
Day 0 13.3 10.44 19.66 9.38 7.63 9.8
Day 7 # 8.04 # 12.63 # 9.41
Day X 17.07* ## 6.67° ## ## ##
Daily calculation and nutritional therapy
Daily protein intake 71g 122g 100g 100g Not calculated Not calculated
Daily caloric intake 5020kcal 2253kcal 2340kcal 2190kcal Not calculated Not calculated
Nutritional therapy per os Sipping (Cubitan Sipping Sipping (Cubitan)- Sipping (Cubitan)- = Sipping (Diben Sipping (Cubitan)-
2x200ml, (Cubitan)- 2x200ml /24 h 2x200ml /24 h drink 1.200ml/24 2x200ml /24 h
Nutridrink 2x200ml /24 h Fresubin Protein Fresubin Protein h, Cubitan Fresubin Protein
compact protein- Fresubin Protein Powder -3x2spoon Powder 1x200ml/ 24 h) Powder
2x 200ml/24 h) Powder /24h -3x2spoon /24h -3x2spoon/ 24h
Fresubin Protein -3x2spoon /24h
Powder -3x2
spoon /24h
Nutritional therapy enteral via None None Nutrison Diason Diben 500ml/24h | None None
nasojejunal tube Energy
HP 250ml/24 h
Nutritional therapy parenteral via None None All in One bags None None None
central venous catheter 910ml/24 h (940
keal, 60g proteins)

H, Hospitalization; #-The sample was not collected due to patient’s clinical status. ## - The collection of the samples was not planned. Day X - The day not primally planned for the sample

collection (*Day 14, "Day 13).

Between the second and third hospitalization, the patient was
admitted to the Metabolic ICU for intensive nutritional support and
stabilization of nutritional parameters. The patient received enteral
nutrition via a nasojejunal tube, which was maintained for a total of
8 months. In parallel, parenteral nutrition using All-in-One bags was
administered for 1 month to support metabolic stabilization and
optimize nutritional parameters. This comprehensive nutritional
intervention aimed to optimize the patient’s metabolic status and

Frontiers in Nutrition

ensure an adequate supply of essential nutrients necessary for surgical
treatment and recovery at the beginning of H3.

The flap plasty of recurrent trochanteric PU was performed.
However, during H3, the patient’s general clinical condition
worsened, as demonstrated by an increase in CRP and a decrease in
prealbumin and 8-OHdAG. Therefore, the next reconstructive surgical
procedure was postponed for 2 months. In H4, the flap plasty of the
sacral and left side ischial PUs was performed. Although the
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monitored parameters did not indicate any complications or
worsening of health status at the beginning of H4, the patient’s
condition deteriorated again. This situation was attributed to an
infection with Clostridium difficile colitis, suspected to be a hospital
acquired infection (7).

Repeated contamination of sutured wounds with stool led to
complete dehiscence of the sutured wound above the left ischial area
and the release of the rotation flap in the sacral region, known as
floating flap plasty. Consequently, reoperation using tissue sealant was
necessary. During periods H5-H6, the reconstruction of the remaining
PUs was gradually completed.

To provide a detailed overview of the patient’s nutritional intake,
daily caloric and protein intake during the H1-H6 period, along with
the type of nutritional therapy used, is summarized in Table 2. These
values reflect the dynamic changes in metabolic support provided
throughout the hospitalization periods. The patient remained under
continuous supervision by nutritional specialists from the first to the
last hospitalization. Throughout the entire course of treatment,
nutritional experts closely monitored the patient’s condition, adjusting
the nutritional strategy as needed to ensure optimal metabolic support
and recovery.

From the patient’s perspective, the prolonged treatment period
and multiple hospitalizations posed significant physical and
psychological challenges. The patient reported frustration due to
wound recurrence, surgical complications, and prolonged recovery
times. However, the gradual improvement of biochemical parameters
and clinical condition reinforced trust in the multidisciplinary
approach, and the patient expressed high satisfaction with the final
surgical outcomes.

Discussion

In this paper, we provide a comprehensive insight into the
dynamic interplay among nutritional status, oxidative stress, and
inflammatory markers in the context of multistage surgical
reconstruction of multiple PUs in a paraplegic patient. The systemic
therapy of patients with multiple PUs must reflect health status in
combination with biochemical parameters according to Evidence
Based Medicine (8). The nutritional status, as reflected by albumin and
prealbumin levels, is essential for the successful continuation of PU
reconstruction (9). Although several nutritional biomarkers are
known (10), we focused on two routinely used ones: albumin and
prealbumin. Among them, prealbumin is more useful for assessing
nutritional status due to its shorter half-life (2-3 days vs. 19 days for
albumin), indicating that it reflects rapid changes in nutritional state
(11). However, it must be considered that both proteins are synthesized
in the liver, and their levels decrease not only in malnutrition but also
in other situations (e.g., inflammation, severe liver diseases) (12).

During inflammatory processes, the synthesis of prealbumin and
albumin is reduced, while the synthesis of acute phase proteins, such
as CRP, which is also synthesized in the liver, is increased. Thus, in
inflammation, it is desirable to assess prealbumin with respect to CRP
changes. Nevertheless, in the perioperative process, when CRP
increase is expected, prealbumin is a useful parameter not only for
monitoring nutritional status but also for planning nutritional
intervention. It has been recommended that an increase in prealbumin
of more than 0.04 g/L per week is a sign of satisfactory nutritional
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support (13). In our patient, nutritional support resulted ina 0.17 g/L
increase in prealbumin level over 3 weeks (see Table 2, H2-Day 7 and
H3-Day 0), which is even higher than the recommended value. Due
to successful nutritional support, the first reconstruction could
be performed at the beginning of H3. Thus, according to the results
obtained, prealbumin can be used for the timing of reconstruction,
which is also consistent with prediction of successful surgical
procedure outcomes (9, 14). Our findings reinforce the crucial
importance  of  real-time  biochemical — monitoring in
perioperative planning.

Another factor influencing the healing of PUs and the success
of reconstructive procedures is the level of oxidative stress (15).
However, not only reactive oxygen species (ROS) but also
inflammation play an important role in the complex process of
wound healing. ROS activate signaling pathways leading to the
production of cytokines such as IL-6 and TNF-a, which
subsequently modulate the inflammatory phase of healing (15, 16).
A marker of inflammation is CRP, the level of which increases in
response to cytokines (e.g., IL-6 and TNF-a). Although ROS and
CRP are not directly related, they are linked through inflammatory
pathways (17).

Among the biomarkers of oxidative stress, urinary 8-OHdG is
important, since it reflects the level of DNA damage (4). However, it
has not yet been studied in patients with PUs. Thus, this study is the
first to describe the dynamics of its levels during long-term treatment
of multiple PUs in a paraplegic patient. The novelty of our study lies
in the integration of oxidative stress parameters, particularly 8-OHdG,
as a biomarker for surgical readiness in PU patients. While previous
research has focused primarily on nutritional markers such as albumin
and prealbumin (9, 12, 14), our study provides new evidence linking
oxidative stress with clinical outcomes in the setting of long-term
complex PU treatment.

It is well known that 8-OHdG is a highly recognized parameter of
oxidative stress, and high levels of 8-OHdG are a risk factor for a
number of pathologies (18-21). For example, elevated levels of urinary
8-OHdG are detected in patients with carcinomas and in diabetic
patients (22). Yet, in this case, we observed different results. During
H1 - H3, an inverse course of 8-OHdG and CRP was observed. When
CRP was elevated, a low level of 8-OHdG was measured. The
association of 8-OHdG with CRP was observed in a paraplegic patient
with a severe clinical condition, which precluded PU reconstruction.
This was accompanied by decreased values of nutritional parameters
(especially prealbumin). Decreased serum 8-OHdAG values were
reported in several studies focusing on various pathologies, e.g., breast
cancer (23, 24), polycystic ovary syndrome (25), and colorectal cancer
(26). It has been shown that the low expression of 8-OHAG is
associated with poor prognosis of breast cancer (24) and colorectal
cancer (26). In this study, we assume that the main reason for our
findings is the patient’s overall exhaustion. Moreover, the novel
relationship between oxidative stress, as represented by urinary
8-OHdG, and inflammatory markers (particularly CRP) provides new
insights into the biochemical dynamics during severe clinical
conditions. This inverse trend suggests a unique biochemical response
influenced by the patient’s overall health and exhaustion. To our best
knowledge, this has not been previously described in the context of
PU treatment.

During subsequent hospitalizations, the nutritional status and
insignificantly fluctuating CRP and 8-OHdG values allowed
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reconstructions to be performed as scheduled. The data demonstrate
that progressive nutritional optimization, particularly with high-
protein supplementation, played a crucial role in stabilizing the
patient’s metabolic status and enabling surgical interventions. These
findings further support the importance of individualized, dynamic
nutritional strategies in PU treatment and surgical planning.

This long-lasting process led to healing of all PUs. The
12-month follow-up after the last hospitalization revealed
satisfactory results. The dynamics of the monitored biochemical
parameters in the context of treating multiple PUs proved to
be crucial for the timing of surgical reconstruction and achieving
satisfactory therapeutic outcomes (see Figure 1B). The case also
underscores the importance of continuous patient engagement and
psychological support throughout long-term reconstructive
treatments. Repeated hospitalizations and surgeries can lead to
psychological distress, affecting treatment adherence and overall
recovery. A multidisciplinary approach, including psychological
counseling, enhances patient motivation and trust in the treatment
process. Providing structured psychological support can improve
emotional well-being and thus contribute to better
clinical outcomes.

In the routine operation of a clinical unit, the metabolic status of
the patient, determined especially by nutritional (prealbumin,
albumin) and inflammatory parameters (CRP), is monitored for the
timing of surgical interventions. However, the state of the body in
terms of oxidative stress level is also important for the success of
surgical interventions and subsequent wound healing. In routine
practice, this aspect has not yet been emphasized. This gap can
be filled by urinary 8-OHdG, a non-invasive oxidative stress parameter
reflecting DNA damage. It may serve as a valuable tool in perioperative
planning, improving both patient stratification and surgical outcomes.
Therefore, by monitoring urinary 8-OHdG over time, clinicians can
gain an objective, dynamic understanding of a patient’s readiness for
surgical intervention.

Finally, the integration of urinary 8-OHdG into clinical decision-
making can enhance the assessment of metabolic stress and healing
potential in patients with multiple PUs. When combined with
standard nutritional and inflammatory markers, it offers a more
complete picture of the patient’s status. This multidisciplinary
approach supports better timing of surgical interventions and more
individualized, evidence-based care for multiple PUs patients.

Next, to its contribution, this study has some limitations. Firstly,
as this is a single-case study, the results may not be generalizable to a
wider patient population. Secondly, although 8-OHdG was used as a
highly recognized marker of oxidative stress, other oxidative and
inflammatory biomarkers could provide a more comprehensive
understanding of the healing process.

Conclusion

The preparation and timing of PU reconstruction require complex
approach with an emphasis on a multidisciplinary strategy. It includes
local conservative treatment, surgical interventions, systemic antibiotic
therapy, evaluation of the patient’s condition using laboratory
parameters, and nutritional and psychological support. A
comprehensive approach, involving collaboration between pre-clinical

and clinical experts, leads to successful long-term therapy results.
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Monitoring nutritional, inflammatory, and oxidative stress parameters
(such as prealbumin, CRP, and 8-OHdG) is highly beneficial and
desirable for the timing of surgical strategies and can advance research
in this area.
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