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Abstract

Study design Retrospective, case-control study.

Objectives In a traumatic spinal injury (TSI) cohort from Tanzania, we sought to: (1) describe potential risk factors for pressure
ulcer development, (2) present an illustrative case, and (3) propose a low-cost outpatient protocol for prevention and treatment.
Setting Tertiary referral hospital.

Methods All patients admitted for TSI over a 33-month period were reviewed. Variables included demographics, time to
hospital, injury characteristics, operative management, length of hospitalization, and mortality. Pressure ulcer development
was the primary outcome. Regressions were used to report potential predictors, and international guidelines were referenced
to construct a low-cost outpatient protocol.

Results Of 267 patients that met the inclusion criteria, 51 developed a pressure ulcer. Length of stay was greater for patients with
pressure ulcers compared with those without (45 vs. 30 days, p <0.001). Potential predictors for developing pressure ulcers
were: increased days from injury to hospital admission (p = 0.036), American Spinal Injury Association Impairment Scale grade
A upon admission (p <0.001), and thoracic spine injury (p = 0.037). The illustrative case described a young male presenting
~2 months after complete thoracic spinal cord injury with a grade IV sacral pressure ulcer that lead to septic shock and death.
Considering the dramatic consequences of pressure ulcers in lower- and middle-income countries (LMICs), we proposed a low-
cost protocol for prevention and treatment targeting support surfaces, repositioning, skin care, nutrition, follow-up, and dressing.
Conclusions Pressure ulcers after TSI in LMICs can lead to increased hospital stays and major adverse events. High-risk
patients were those with delayed presentation, complete neurologic injuries, and thoracic injuries. We recommended
aggressive prevention and treatment strategies suitable for resource-constrained settings.

Introduction

Traumatic spinal injury (TSI) with associated spinal cord
injury (SCI) is a major public health problem in lower- and
middle-income countries (LMICs) [1]. One estimated inci-
dence of TSI in Africa is 13.6 per 100,000, almost triple that
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of the United States (U.S.) and Canada [2]. Patients with
TSI suffer from downstream complications affecting nearly
every organ system. Pressure ulcer development due to loss
of sensation and lack of supportive care is particularly
dangerous and can lead to rehospitalization and sometimes
death [3].
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Pressure ulcers are defined as localized injury to the skin
and underlying tissue, most often over a bony prominence,
as a result of shear forces [4]. Pressure ulcers are categor-
ized as grade I, nonblanchable erythema; grade II, partial
thickness skin loss; grade III, full thickness skin loss with
subcutaneous fat usually visible; and grade IV, full thick-
ness tissue loss with exposed muscle, tendon, or bone [4, 5].
Healthcare costs associated with pressure ulcer management
in the U.S. range from $6 to $15 billion annually [6]. In
Africa, one report suggested that pressure ulcer treatment
accounts for 25% of all costs related to SCI care [7]. The
prevalence of pressure ulcers in TSI patients across LMICs
ranges from 27 to 46% [8], although it is believed this may
be an underestimation [9]. Prevention and treatment stra-
tegies targeting less-resourced populations have largely
been descriptive, suggesting improvements in acute care,
nurse-to-patient ratios, and support surfaces, and are limited
to inpatient settings [8]. Unlike more developed countries,
rehabilitation centers in LMICs are limited, and patients are
usually discharged home.

Despite the prevalence and financial burden of pressure
ulcers in the spine trauma population of LMICs, limited
resources exist to identify the most at risk patients and
manage this complication in the outpatient setting, where
the majority of care is delivered. In a large TSI cohort
from a major referral center in Tanzania, the objectives of
the current study were to: (1) describe risk factors
for development of pressure ulcers, (2) present an illus-
trative case, and (3) propose a low-cost outpatient man-
agement protocol for prevention and treatment of pressure
ulcers.

Methods
Study design and clinical setting

A retrospective, case-control study of prospectively collected
data at Muhimbili Orthopaedic Institute (MOI), a joint
orthopaedic and neurosurgery hospital in Dar es
Salaam, Tanzania, was performed. MOI is the tertiary referral
center for the country, with 120 general ward beds, 16
Intensive Care Unit (ICU) beds, 10 Emergency Department
beds, and 5 operating rooms. X-ray, Computed Tomography,
and Magnetic Resonance Imaging (MRI) are all readily
available. The current study represents an extension of a prior
series that focused exclusively on operative treatment of TSI
and did not address pressure ulcer development [10].

Patient identification

All patients admitted for TSI over a 33-month period
(September 2016 to May 2019) were reviewed. Patients
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under the age of 14 or with a concomitant moderate to
severe brain injury were excluded. During the study period,
operative decisions were made without an official spine
trauma protocol. Both the decision to operate and
operative plan were heavily dependent on the patient’s
financial resources to pay for spinal implants and surgeon
preference.

Clinical data collection

Independent variables included demographics, injury
mechanism, fracture type/level, and insurance status, cate-
gorized as public or private. Patients with public insurance
were required to pay for hospital services before receiving
them, while private patients were not required to provide
payment upfront. Prehospital care was described by distance
from injury site to MOI (km), prior outside hospital (OSH)
admission (yes/no), and days from injury to MOI admission.
Fracture type was defined using the AO Classification System
(A0-4, B1-3, C) [11]. Level of injury was recorded as axial
cervical (occiput-C2), subaxial cervical (C3-C7), thoracic
(T1-T12), or lumbar (L1-L5). If the injured levels included C7
and T1 or T12 and L1, it was classified as cervicothoracic or
thoracolumbar, respectively. Neurologic status upon admis-
sion and discharge was determined according to the Interna-
tional Standards for Neurological Classification of Spinal
Injury using the American Spinal Injury Association Impair-
ment Scale (AIS) [12]. Improvement or decline in neurologic
status was defined by change in at least one AIS grade during
the hospital stay.

The primary outcome of interest was development of
pressure ulcer during initial hospitalization. Location of
pressure ulcer was not recorded. Additional outcomes inclu-
ded neurologic improvement, defined as improvement in AIS
grade vs. stable or decline, length of stay (LOS), and mortality
during admission. Of note, these outcomes were treated as
predictor variables in the subsequent multivariate analysis for
development of a pressure ulcer.

Development of outpatient pressure ulcer protocol

Though pressure ulcers could be more adequately prevented
in a hospital setting, anecdotal feedback from nurses and
physicians was that patients with SCI are often readmitted
after being sent home. Given the paucity of outpatient pres-
sure ulcer care, the need for an outpatient pressure ulcer
protocol was realized. A comprehensive literature review of
pressure ulcer management was combined with weekly, local
stakeholder meetings to learn about current hospital practices.
These stakeholders included: floor nurses, ICU nurses, nur-
sing leadership, physiotherapists, nutritionists, and anesthe-
siologists. Meetings involved qualitative discussion of current
practice and cost-effective ideas for outpatient management.
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Statistical analysis

Continuous variables were reported as mean (standard
deviation) and median (range). Categorical data were pre-
sented as count (%). Student’s ¢ tests were used for com-
paring normally distributed, continuous data; chi-square and
Wilcoxon rank sum tests were used for categorical data.
Independent variables of pressure ulcer vs. non-pressure
ulcer patients were compared. Predictors of pressure ulcer
development were determined by univariate followed by
multivariate logistic regression; potential risk factors were
chosen based on prior expert knowledge of all authors to look
for associations with the outcome of interest. Any variable <
0.10 on univariate analysis was entered into the multivariate
regression, and results were considered significant if p <0.05.
Statistics were performed using RStudio, version 1.2.1335.
The study was approved by the local institutional review
board and in compliance with all ethical guidelines.

Results
Demographics

A total of 270 patients were enlisted; 3 did not have pres-
sure ulcer data and were excluded. Fifty-one patients with
pressure ulcers were compared with 216 without. The
pressure ulcer group had more males (p = 0.046), lived
farther from MOI (p = 0.038), had more complex fractures
(»p =0.002), and suffered more injuries to the thoracic
region (p <0.001) (Table 1). In terms of neurologic status,
those with pressure ulcers were more commonly AIS A (p
<0.001), and those without were more commonly AIS B (p
=0.013), AIS D (p =0.026), and AIS E (p =0.003). The
majority of pressure ulcers occurred in AIS A patients with
considerably less in AIS B-E patients (Fig. 1). No differ-
ence was seen in those who underwent operative and non-
operative treatment. Of all pressure ulcers, 49% were
categorized as severe (Grades III and IV).

Predictors of pressure ulcer development

A total of six variables were found to be significant after
univariate logistic regression: gender, distance from injury
site to MOI, days from injury to MOI, neurologic status,
and level of spinal injury (Table 2). After multivariable
logistic regression, three variables emerged as independent
predictors of pressure ulcer development: increased number
of days from injury to hospital admission (odds ratio (OR)
1.03, p =0.036, 95% confidence interval (CI) 1.00-1.06),
AIS A neurologic exam (OR 8.33, p<0.001, 95% CI
3.34-24.61), and injury to the thoracic spine (OR 2.16,
p=0.037, 95% CI 1.05-4.49).

Illustrative case

A 25-year-old male with no prior medical history was
playing competitive soccer in the coastal region of Mtwara,
Tanzania when he reportedly collided with another player in
the air, then fell landing on his back. He immediately
experienced complete loss of strength and sensation in both
of his lower limbs. After several days of no improvement
and ensuing urinary retention, he presented to an OSH. Due
to the severity of the injury, he was transferred to a second
OSH, where he stayed for ~2 months and was managed
nonoperatively. Due to lack of improvement over that time
period, he was then transferred 562 km to MOI for further
management. Upon arrival, the patient’s neurologic exam
was AIS A and his MRI revealed T7/8 burst fractures with
spinal canal compromise.

The patient was admitted to MOI with a grade II sacral
pressure ulcer. He was given an air mattress and treated
with daily wound dressing changes, intravenous (IV)
antibiotics due to positive wound cultures, and slough-
ectomy, where necrosed tissue is debrided. On hospital
day 8, the neurosurgical team decided that the fractures
were stable given the length of time from the initial injury,
and surgery was not needed. The patient was discharged
with advice to pursue physiotherapy and purchase a
cushioned wheelchair and air mattress, and avoid direct
pressure to the ulcer.

Forty-three days after initial MOI admission, the patient
was readmitted due to progression of his sacral pressure
ulcer to grade IV, and emergence of new ulcers on his hips,
knee, and heel (Fig. 2a—c). The patient was cachectic,
contracted, and severely anemic. Treatment included broad
spectrum IV antibiotics again due to positive wound cul-
tures, daily wound dressing changes with honey and vine-
gar, serial sloughectomies, position changes every 2 hours,
2 units of transfused blood, IV fluids, and a high protein
diet. On hospital day 16 (59 days after initial MOI admis-
sion), the patient entered septic shock and died on the ward.

Development of outpatient pressure ulcer protocol

Guidelines and previous reports were used to formulate the
Outpatient Pressure Ulcer Protocol (Table 3) [13—17]. This
protocol addressed six areas of attention: (1) support sur-
faces, (2) repositioning, (3) skin care, (4) nutrition, (5)
follow-up, and (6) dressing. A proposed daily schedule for
the Outpatient Pressure Ulcer Protocol was also formulated
(Fig. 3). Relevant pictures of protocol tools are shown:
water-filled gloves, pads for repositioning, wheelchair use
for mobilization, and over-the-counter Sudocrem (Forest
Tosera Ltd., Dublin, Ireland) which contains a water-
repellant base plus antibacterial and antifungal properties
(Fig. 4a—d).
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Table 1 Demographics and presentation, injury characteristics, and outcomes.

Pressure ulcer N =51 No pressure ulcer N =216 p-value
Demographics & Presentation
Age, years
Mean, (SD) 34.4 (11.1) 35.0 (11.8) 0.758
Median, (range) 35 (17-58) 34 (8-74) 0.938
Male, n (%) 48 (94) 176 (81) 0.046%**
Private insurance, n (%) 7 (14) 26 (12) 0.926
Injury site to MOI distance (km)
Median, (range) 344 (6-1166) 192 (0-1378) 0.038#*
Days from injury to MOI admission
Mean, (SD) 8.3 (12.5) 4.9 (10.1) 0.078
Median, (range) 3 (0-72) 2 (0-105) 0.015%%*
Injury Characteristics
Mechanism, n (%)
Motor vehicle accident 16 (31) 54 (25) 0.780
Motorcycle 3 (6) 41 (19)
Pedestrian 2 (4) 19 (9)
Fall >3 m 17 (33) 47 (22)
Fall <3m 5 (10) 19 (9)
Blunt object 6 (12) 28 (13)
Other 2 (4) 84
AO Fracture Type, n (%)
A0-A3 7 (14) 80 (37) 0.0027%***
A4+B+C 44 (86) 136 (63)
Location, n (%)
Axial cervical spine 0 (0) 11 (5) 0.210
Subaxial cervical spine 17 (33) 75 (35) 0.981
Cervicothoracic spine 0 (0) 2(1) 0.999
Thoracic spine 26 (51) 53 (25) <0.001%#**
Thoracolumbar 6 (12) 23 (11) 0.999
Lumbar 2 (4) 52 (24) 0.002%*
Neurologic status on admission, n (%)
AIS A 45 (88) 87 (40) <0.001%#%#%*
AIS B 2(4) 42 (19) 0.013 %%
AIS C 3 (6) 19 (9) 0.691
AIS D 0 (0) 24 (11) 0.026%**
AIS E 1(2) 44 (20) 0.003 %
Surgical treatment, n (%) 25 (49) 99 (46) 0.799
Outcomes
Pressure ulcer severity, n (%)
Grade 1 6 (12) — —
Grade 1T 20 (39) — —
Grade III 20 (39) — —
Grade IV 5 (10) — —
Neurologic status, n (%)
Declined 1(2) 52 0.999
Stable 46 (90) 154 (71) 0.147
Improved 3(6) 28 (13) 0.151
Length of stay
Mean, (SD) 45.0 (24.4) 30.0 (21.6) <0.001 %%
Median, (range) 43 (5-120) 26 (1-190) <0.001##*
Mortality, n (%) 1(2) 26 (12) 0.058
Completed follow up, n (%) 10 (20) 37 (17) 0.910

***Denotes statistically significant at p <0.05.

Discussion

The current study described potential risk factors for
developing pressure ulcers in a cohort of TSI patients in
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Tanzania and presented an illustrative case to underscore
the dramatic consequences of this complication. Of the
267 patients included, 19% developed pressure ulcers.
Eighty-eight percent of patients with pressure ulcers had
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Fig. 1 Frequency of pressure
ulcer development among
traumatic spinal injury patients
stratified by initial American
Spinal Injury Association
Impairment Scale (AIS) grade.
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Table 2 Predictors of developing a pressure ulcer among patients with traumatic spinal injuries; multivariate regression controlled for variables that

were significant on univariate analysis.

Univariate logistic regression

Multivariate logistic regression

Variable OR (95% CI) p-value OR (95% CI) p-value
Age

<35 (n=138) 1.15 (0.62, 2.13) 0.650 — —

>35 (n = 129)

Gender

Female (n = 43) 3.64 (1.25, 15.5) 0.037" 3.22 (1.00, 14.55) 0.078
Male (n =224)

Insurance

Private (n = 33) 0.86 (0.37, 2.26) 0.742 — —
Public (n=234)

Distance, km

Distance <200 (n = 133) 1.70 (0.92, 3.21) 0.095" 1.50 (0.73, 3.13) 0.272
Distance > 200 (n = 134)

Days from injury to MOI (continuous) 1.02 (1.00, 1.05) 0.065" 1.03 (1.00, 1.06) 0.036™
AO Fracture Type

A0-A3 (n=87) 3.70 (1.68, 9.33) 0.002" 1.86 (0.74, 5.17) 0.202
A4+B+C (n=180)

Neurologic status

Incomplete/intact, AIS B-E (n = 135) 11.1 (4.88, 30.1) <0.001" 8.33 (3.34, 24.61) <0.001""
Complete, AIS A (n=132)

Injury location

Cervical (n = 105) 0.73 (0.38, 1.37) 0.331 — —
Thoracic (n =79) 3.20 (1.70, 6.04) <0.001" 2.16 (1.05, 4.49) 0.037"
Lumbar (n = 83) 0.13 (0.02, 0.44) 0.005" 0.40 (0.06, 1.65) 0.260
Management

Nonoperative (n = 143) 1.14 (0.62, 2.10) 0.682 — —

Operative (n = 124)

“Denotes statistically significant in univariate model at p < 0.10.

““Denotes statistically significant in multivariate model at p < 0.05.
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Fig. 2 Illustrative case images of a 25-year-old male who suffered multiple high grade pressure ulcers secondary to complete spinal cord
injury. a Chachectic, contracted presentation; b Infected right hip grade IV pressure ulcer; ¢ Infected sacral grade IV pressure ulcer.

Table 3 Outpatient prevention and treatment of pressure ulcers in patients with traumatic spinal injuries in resource-limited settings.

Intervention target

Evidence-based recommendation

Resource-limited correlate

Support surfaces

* Foam mattress pads

* Air-fluidized bed (redistributes pressure by forcing air
through small beads in the mattress, generating a
fluid-like surface)

* Water-filled gloves

* Water-filled mattresses

* Water-filled bags

* Wheelchair with modifiable padding

Repositioning * Minimum every 4 hours * Minimum every 4 hours
» Complete with additional soft surfaces * Complete with help of pads, rolled up sheets, or previously
« If pressure ulcer has developed, avoid direct pressure at all mentioned support surfaces
times « If pressure ulcer has developed, avoid direct pressure at all times
Skin care ¢ Creams and gels composed of hyperoxygenated * Vaseline or over-the-counter Sudocrem (Forest Tosera
fatty acids Ltd., Dublin, Ireland) which contains a water-repellant
« If pressure sore developed, use topical antiseptics such base plus antibacterial and antifungal properties
as bacitracin, cadexomer iodine, or silver sulfadiazine « If pressure sore developed, use povidone-iodine wash
Nutrition « Nutritional supplements such as high-caloric shakes « Increased caloric intake with cheap, carbohydrate filled foods such as rice,
ugali (maize porridge), and chapati (flatbread)
Follow-up « Frequent follow-up with treating hospital for 2 years « Follow-up at least once every month at local health center if treating
hospital is too far
Dressing * Hydrocolloid dressing for injuries involving a large « Standard gauze, dressed with honey and changed twice per day
surface area, i.e., entire buttocks or sacrum
« Standard gauze is equally effective as more costly alternatives for
injuries involving a smaller surface area
Fig. 3 Propose{l outpatient \\\\ // * 08:00 - out of bed, breakfast, skin protection, bath or shower, dressing change
schedule for daily pressure ulcer NV * 08:30 - position appropriately with padded areas, sitting up >45°

treatment during a 24-hour

period.
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Morning * 11:00 - wheelchair or reposition

E 12:00 - lunch

\/ * 12:30 - position appropriately with padded areas, sitting up >45°, 2nd skin application
. * 15:00 - wheelchair or reposition
Midday | . 15:30 - afternoon snack

\ « 18:00 - dinner

* 18:30 - position appropriately with padded areas, sitting up >45°

Night

N

« 21:00 - position for sleep, redress incision skin application, 3rd skin application, supplement padded
areas heavily in preparation for long night sleep in single position
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Fig. 4 Relevant equipment and therapeutic options for Outpatient Pressure Ulcer Protocol. a Large pad for frequent repositioning; b Water-
filled glove to redistribute body-weight on heels; ¢ Cost-effective wheelchair as a repositioning option; d Sudocrem (Forest Tosera Ltd., Dublin,
Ireland) to be applied on regions at high-risk for pressure ulcer development, such as the heels, sacrum, hips, back of head and other bony

prominences.

complete neurologic injuries, and the majority were high-
grade ulcers. Longer time from injury to admission, complete
injuries, and thoracic injuries were independent predictors for
pressure ulcer development. We also provided outpatient
pressure ulcer guidelines to prevent and treat patients with
pressure ulcers in resource-limited settings. The following
analysis further discusses who is most at risk and delves into
strategies for sustainable implementation of the protocol.
Consistent with prior reports, days from injury to admission
and complete spinal cord injuries were independent risk factors
for pressure ulcer development. Gélis et al. [18] in 2009 sys-
tematically reviewed 22 studies on pressure ulcer risk factors
among SCI patients and found a positive correlation between
increased time since injury and severity of neurologic injury
with pressure ulcer development. One of the only LMIC stu-
dies on pressure ulcers in TSI patients was from 2011 by
Idowu et al. [19], who analyzed 105 SCI patients at a single
center in Nigeria. The authors found that patients with pressure
ulcers had decreased nutritional status assessed by serum
albumin, longer intervals before admission, and most com-
monly suffered AIS A injuries. In the current study, the pres-
sure ulcer group presented to the hospital on average 3 days
later than patients without pressure ulcers, and AIS A patients
had eightfold increased odds of developing a pressure ulcer. It
is critical that TSI patients receive immediate supportive care,
and lack thereof due to delayed hospital admission may
increase one’s chance of developing a pressure ulcer. AIS A
patients likely were at increased odds because of complete
sensation loss below the neurologic level of injury. Further-
more, patients in our study with thoracic injuries had twofold
increased odds of having a pressure ulcer, which is contrary to
findings from Gélis et al. [18] who stated that there was strong
evidence against level of SCI being correlated with pressure
ulcers. One explanation for our finding is that severe thoracic

spine dislocations often cause bony prominences in the mid-
back that increase skin pressure and friction when laying
supine. Unfortunately, pressure ulcer location in this subgroup
or others was not recorded.

Surgical intervention was not associated with decreased
risk of pressure ulcer development, which could be a result of
significant delays to surgery. Leidinger et al. reported a mean
time of 33.2 days to surgery among 72 spinal trauma patients
from our center, primarily due to patients’ inability to pay for
implants [20]. Without insurance, patients must gather funds
from extended family, which takes time. Current efforts at
MOI are focusing on implementation of a “Spine Trauma
Protocol” that prioritizes early decompression regardless of a
patient’s ability to pay. Theoretically, early surgery increases
the chance of neurologic improvement, in turn improving a
patient’s sensation and decreasing the incidence of pressure
ulcers. We plan to further study pressure ulcer incidence after
implementation of the new “Spine Trauma Protocol.”

Due to their severity and potential for added morbidity,
SCI patients would benefit from a cost-effective treatment
plan, especially in the outpatient setting where acute hospital
services and nursing care are no longer offered. The proposed
cost-effective pressure ulcer treatment and prevention proto-
col was derived from evidence-based guidelines outlined by
the American College of Physicians [15, 16] and others
[13, 14], and emphasizes a multimodal approach. Whenever
possible, outpatient providers caring for patients with pressure
ulcers in resource-limited settings should address each of the
six intervention targets, as lacking in even one category might
increase the chance for pressure ulcer development or pro-
gression of an existing ulcer to high-grade. For instance, an
excellent plan for support surfaces and skin care would be
easily undermined by poor nutrition. Although the current
protocol is translatable to many settings, providers should also
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feel comfortable using the evidence-based recommendations
to construct their own plans. Sudocrem (Forest Tosera Ltd.,
Dublin, Ireland) is easily obtained in Tanzania, but could be
replaced by one of the many affordable over-the-counter skin
care creams depending on the provider’s location. Providers
should also consider local natural remedies when supported
by literature, such as gauze dressed with honey, which creates
a negative pressure environment due to its high osmolarity,
inactivates destructive proteases by acidifying the wound, and
provides antibacterial activity [17]. Lastly, telemedicine
should be utilized when possible, encouraging patients to send
photos of pressure ulcers to their provider for close follow-up
[21]. The adaptability of the proposed protocol makes it easy
to initiate, but long-term adherence will require a multi-
disciplinary effort as discussed below.

Successful implementation of the current protocol has the
potential to drastically reduce pressure ulcer burden in TSI
patients within resource-limited settings. We offer the follow-
ing recommendations for sustainable, long-term management:

1. Target TSI patients who are most at risk. Patients who
present in a delayed fashion with AIS A injuries at the
thoracic spine level should be identified early as high-
risk patients.

2. Counsel all stakeholders and patients on the six
intervention targets. Stakeholders and TSI patients
should be educated on the importance of (1) support
surfaces, (2) repositioning, (3) skin care, (4) nutrition,
(5) follow-up, and (6) dressing for preventing and
treating pressure ulcers. Complete patient understanding
of the protocol before discharge from the hospital is
essential for proper outpatient care.

3. Reassess patients with consistent and frequent follow-
up appointments. Pressure ulcers can progress rapidly,
as seen in our illustrative case, and require assessment
by a healthcare provider at least monthly. In addition to
wound care, these visits should address the unique
barriers that each patient faces to protocol adherence.

4. Establish local care centers with experience in pressure
ulcer treatment. TSI patients in resource-limited regions
often travel long distances to receive initial care; in the
current study, patients with pressure ulcers traveled on
average 344 km to MOL To ensure frequent follow-ups,
local facilities should be trained in basic pressure ulcer
management and understand when to escalate care to
tertiary hospitals.

The current study is not without limitation. Time of pressure
ulcer onset was not collected, and thus we were unable to
differentiate patients who came to the hospital with pressure
ulcers from those who developed pressure ulcers after admis-
sion. In addition, follow-up data were not gathered, and
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therefore the clinical outcomes of patients with pressure ulcers
was unknown. Lastly, while the pressure ulcer treatment and
prevention regimen herein was designed to work in most
resource-constrained settings, it will need to be catered to each
center’s unique set of available resources.

Conclusion

Pressure ulcers in TSI patients are difficult to manage in
LMICs and lead to increased lengths of stay and major
adverse events. TSI patients at high-risk for development of
pressure ulcers are those with delayed hospital presentation,
complete neurologic deficits (eightfold increased odds), and
thoracic spine injuries (twofold increased odds). We recom-
mended aggressive prevention and treatment strategies sui-
table for patients and providers in resource-constrained
settings. Future work should prospectively describe incidence
and outcomes among TSI patients with pressure ulcers who
adhere to the proposed protocol in a resource-limited setting.
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