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Abstract

Pelvic fractures, accounting for 2—-8% of skeletal injuries, present a significant burden in

patients with trauma. High-energy incidents often result in severe pelvic trauma

accompanied by comorbidities leading to high mortality rates. Managing these

complications adds complexity to the treatment process, particularly in older patients who

experience longer recovery times and higher injury severity. To improve the long-term

quality of life, a multidisciplinary approach is essential. However, rehabilitation

feasibility is influenced by the patient’s condition and pelvic fixation stability,

necessitating individualized treatment. This study investigated the rehabilitation status

and long-term outcomes of older patients with severe polytrauma and pelvic ring fractures

caused by high-energy trauma. The results revealed that 79.2% of the patients achieved

full weight-bearing, with a median time of 41.5 days, and eventually 58.3% were

discharged home. Complications were observed in 83.3% of the patients, with various

challenges affecting successful home

discharge. Multidisciplinary rehabilitation programs are promising for optimizing

outcomes and facilitating recovery in vulnerable patient populations. Still, larger, more

focused studies are needed to gain more comprehensive insights into the treatment and

recovery of older patients with pelvic ring fractures and severe polytrauma.
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Understanding these factors is crucial for guiding clinical decision-making and improving

long-term outcomes in this population.

Keywords: pelvic ring fracture, older patients, rehabilitation, polytrauma, intensive care

unit
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Introduction

Pelvic fractures account for approximately 20% of blunt trauma injuries and 2—8% of all
skeletal injuries” They can occur due to both high- and low-energy trauma and range in
severity from mild to life-threatening®.

Pelvic trauma, particularly from high-energy incidents, is often accompanied by
significant comorbidities”. The occurrence of pelvic fractures, especially when combined
with intra-abdominal injuries and intracranial hemorrhages, can result in mortality rates
as high as 50%®. Managing these complications may require surgery and prolonged
recovery periods, adding complexity to the treatment process”. Additionally, older
patients tend to suffer from severe injuries and require longer recovery times because they
often have a lower reserve capacity and pre-existing medical conditions. Pelvic ring
fractures are considered one of the most serious traumas that significantly affect a patient's
daily life. Even though patients survive, the recovery and rehabilitation processes are
challenging compared to other trauma injuries. Therefore, rehabilitation services must
prioritize a multidisciplinary approach to help patients improve their long-term quality of
life and function, thereby facilitating their reintegration into society®'?).

Moreover, patients in the intensive care unit (ICU) tend to lose muscle mass'>!'¥. Early

mobilization is necessary to prevent muscle loss during hospitalization and bed rest. Still,
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the feasibility of rehabilitation is influenced by various factors, such as the patient's
general condition, complications, and stability of pelvic fixation, necessitating an
individualized approach for each patient. However, there are few reports on the current
state of rehabilitation and long-term outcomes of patients with severe pelvic ring fractures
caused by high-energy trauma. Therefore, this study aimed to investigate the

rehabilitation status and long-term outcomes of older patients with severe pelvic fractures.

Materials and Methods
Patient Cohort

191 patients with pelvic fractures were admitted to Kyushu University Hospital between
April 2013 and April 2023. Of these, 39 patients that were over 65 years had pelvic
fractures due to high-energy trauma Patients were excluded from our study if they met
the following criteria: (1) patients with acetabular fractures; (2) patients with an injury
severity score (ISS) of 15 or less'”; and (3) patients with a brain hernia or head injury of
AIS 5 or greater who were not eligible for rehabilitation. As shown in Fig. 1, 24 patients
were eligible for inclusion.
This retrospective study was approved by the Ethics Committee of Kyushu University

Hospital (23217-00). The informed consent was obtained in the form of opt-out. Those
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who rejected were excluded.

As shown in Table 1, the mean age of the patients was 78.5 years old (range, 66—93 years),
and the mean ISS was 27.9 (range, 16—48). Hemorrhagic shock occurred in 14 patients.
Twenty-three patients required blood transfusion, and six required massive blood
transfusion within 24 h. The mean transfusion volume was 12.4 units (range, 0-28) of red
blood cells, 9 units (range, 0-32) of fresh frozen plasma, and 7.5 units (range, 0-80) of
platelets. Twelve patients required transcatheter arterial embolization (TAE), and 12
required external fixation (EF).

The pelvic ring fractures were classified using the AO/OTA and Young-Burgess
classifications, with the following distributions: A2.1:2, A2.2:2, B2.1:7, B2.2:4, B2.3:2,
B3.2:2, C1.1:1, C1.3:3, C3.2:1, APC1:1, APC2:2, LCI1:11, LC2:4, LC3:3, and VS:3
(Table 1).

Osteosynthesis was performed in 16 patients diagnosed with unstable fractures, while
only one patient was treated with EF alone. The fixation technique was chosen by the
surgeon according to each fracture type: ramus screws were used in nine patients,
transiliac-transsacral or iliosacral screws were used in 12, trans-iliac rod fixation
(TIRF)!® was performed in eight patients, and plates were used in five patients. The mean

follow-up duration after the fracture was 27 months (range, 3—120 months).
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Initial Medical Treatment and Operative Technique

Initial trauma care was provided in accordance with the Japan Advanced Trauma
Evaluation and Care Resuscitation protocol'”'®. EF was performed in patients who
presented with hemodynamic and/or mechanical instability due to multiple trauma and
pelvic fractures. Patients with extravasation confirmed on enhanced computed
tomography underwent TAE. Patients in unstable respiratory, circulatory, and conscious
states were admitted to the ICU for stabilization. After recovery, osteosynthesis was
attempted as soon as possible. The fixation method was also selected to allow early weight

bearing.

Rehabilitation Protocol and Follow-Up

Our ICU rehabilitation protocol commences with an assessment of the patient's level of
consciousness, respiratory condition, and circulatory status. In cases of altered
consciousness, our medical team evaluates whether it stems from sedation, delirium or
dementia and makes necessary medication adjustments. If head trauma is suspected to

impact communication, we initiate bedside passive motor exercises to prevent joint
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contractures. If the patient's respiratory status is not stable, monitor for tachypnea and

oxygen saturation, and try to increase the level of bed rest. Ventilated patients receive

careful oversight from nurses and specialist physical therapists, transitioning to sitting at

the bedside or reclining wheelchair, with an eventual goal of progressing to standing

training. Additionally, the level of rehabilitation should be adjusted while closely

monitoring the minute volume and tidal volume of the ventilator. With regard to

circulatory status, we assess the use of high volume catecholamines (e.g., noradrenaline

at <0.1 gamma) and the need for continuous blood transfusions. If stable, we initiate

rehabilitation with bedside sitting; if not, we limit activities to bedside passive motor

exercises. Patients on extracorporeal membrane oxygenation or undergoing continuous

renal replacement therapy also begin with bedside passive motor exercises. Following

surgical completion and stabilization of the patient's overall condition, our rehabilitation

protocol typically commences on the third postoperative day. This protocol includes

advancing to wheelchair transfers, standing training, and weight-bearing exercises,

decisions made through multidisciplinary discussions involving surgeons, nurses,

psychiatrists, and physical therapists. Once sufficient fixation is achieved through

osteosynthesis, weight-bearing limitations are not established. Patients requiring not

weight bearing due to other limbs injury are preferentially trained using the limbs that

10
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could perform weight-bearing. If the lower extremities cannot perform weight-bearing,

toe touch exercises are permitted. Patients are discharged from the ICU upon stabilization

of respiratory and circulatory status. Subsequently, as the patient's general condition

improved and the need for multidisciplinary management decreased, the patient are

transferred to a rehabilitation hospital, where rehabilitation become the mainstay of

treatment.

The follow-up of the patients’ conditions is conducted primarily at the rehabilitation

hospital, with the primary surgeon following up through telephone calls and outpatient

visits at the rehabilitation hospital.

Results

The median time to wheelchair transfer was 12 days (inter-quartile range (IQR): 7-16

days) after the injury, and the median time to wheelchair transfer postoperatively was 3

days (IQR: 2—12 days). One patient could not be transferred to a wheelchair because of

severe head trauma and dementia, exhibiting risky behavior that made wheelchair transfer

difficult. The median dates of training initiation in the standing position were 17 days

(IQR: 740 days) after the operation and 7 days (IQR: 4-28 days) postoperatively. The

median full weight bearing time was 41.5 days (IQR: 7.8—60.5 days), and postoperatively,

11
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it was 28.5 days (IQR: 6—48 days) (Table 2).

The median length of ICU stay was 4.5 days (IQR: 3—11 days). The median length of

ventilation time was 0 days (IQR: 0-5 days). The median length of hospital stay was 28.5

days (IQR: 19.5-44.5 days). The median hospital stay was 142 days (IQR: 108—193 days).

Fifteen patients were eventually discharged home, five were transferred to a nursing home,

and four died in the hospital. The causes of death were as followings: two were due to

pneumonia, one was due to intestinal necrosis, and one was due to the worsening of pre-

existing cancer. Finally, nine patients could walk without any supportive apparatus (Table

3). Four patients needed a cane, and one still needed a walker. The other four patients still

needed wheelchairs. Unfortunately, two patients had to be bedridden.

Complications occurred in 20 patients (83 %) during the study period. Five patients had

deep vein thrombosis; five had aspiration pneumonia; three had urinary tract infections;

two had ileus; two had sacral bedsores; two had non-union (ramus and ankle); and one

each had pin site infection, acute respiratory distress syndrome, fat embolism, and

cholangitis.

Discussion

This study investigated the weight-bearing times, discharge rates, and complications in

12
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older patients with severe polytrauma and pelvic ring fractures at a single facility. Our
findings revealed that 79.2% of the patients achieved full weight-bearing, with a median
time of 41.5 days, and the median length of hospital stay was 142 days. Notably, 58.3%
of the patients were discharged to their homes. Various factors were examined to identify
what made home discharge possible. Still, no significant differences were found in factors
such as ISS, presence of head trauma, presence of hemorrhagic shock, presence of lower
extremity trauma other than pelvic ring fracture, date of start of wheelchair transfer, date
of start of full weight bearing, and the duration of total hospitalization. However, these
results may have been influenced by the small number of patients, the heterogeneous
nature of severe polytrauma, including pelvic ring fractures, and the impact of individual
patient and environmental factors, representing a limitation in our study of patients with
multiple traumatic injuries.

Previous studies have reported return-to-work rates for young patients with unstable
pelvic fractures, ranging from 54% to 84%'°2%. Gabbe et al. reported that 77% of patients
with severe pelvic ring fractures could return to work. The significant factors for return
to work were low ISS and time since injury*>>. However, that study was based on data
from a group of patients, 65% of whom were under 50 years of age. To date, there have

been no reports on critically ill older patients with pelvic ring fractures. Therefore, this is

13
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the first report to present real data regarding these patients. In this study, the rate of
returning home was higher than expected, even in the severe group. We can probably
compare the rate of return home in this study to the rate of return to work in previous
studies because patients older than 65 years have most likely retired from their jobs.
Regarding weight-bearing time, Rojas et al. reported average periods of 105.9 and 71.2
days for independent ambulation in patients with unstable and stable pelvic ring fractures,
respectively, with an average age of 45.5 years?®. Although our study focused on the time
when patients started full weight-bearing, the time when independent walking became
possible was not recorded because of the transfer of patients to rehabilitation hospitals.
Despite this limitation, considering the period from full weight-bearing to discharge, the
patients may have achieved a stable, independent gait before discharge, and the time to
achieve walking independence was comparable.

There is no ideal rehabilitation protocol for multiple trauma patients with pelvic ring
fractures. These complex traumatic injuries vary greatly, and some patients may exhibit
unstable consciousness, respiratory issues, and circulatory concerns, making them
reluctant to undergo aggressive rehabilitation. In reports on early rehabilitation
interventions for ventilator-dependent patients admitted to the ICU, there is evidence both

in favor and against interrupting sedation and providing rehabilitation while the patient is

14
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on a ventilator. One study suggests that such interventions can reduce delirium, shorten
hospital stays, and improve functional outcomes’”- However, there is also report
indicating potential risks, including adverse events such as arrhythmias and
hypotension®®). Therefore, it is essential to develop a customized rehabilitation program
tailored to each patient's specific condition. Considering that elderly patients often have
limited reserve capacity, our approach aims to facilitate early hospital discharge while
prioritizing their overall well-being.

The individualized, tailor-made medical care required to treat polytrauma is best achieved
through a multidisciplinary rehabilitation program. At our facility, this approach is
adopted by various specialists collaborating to deliver comprehensive care to patients.
These include emergency physicians, intensivists, orthopedic surgeons, trauma surgeons,
cerebral cardiologists, cardiologists, anesthesiologists, and cardiac surgeons. Once the
trauma is localized, patients are referred to specialists for targeted interventions. In the
ICU, a multidisciplinary rehabilitation program involving psychiatrists, dentists, nurses,
physical therapists, occupational therapists, nutritionists, and social workers is employed
to address factors hindering early mobilization and expedite bed release. Although the
cost-effectiveness of such multidisciplinary rehabilitation programs in multiple traumas

is yet to be established®”, they have shown promise in shortening treatment time and

15
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improving patient function and quality of life,”*” particularly in older patients with
polytrauma and pelvic ring fractures.

This information is crucial for guiding clinical decision-making and optimizing long-term
outcomes in this vulnerable patient population. Despite the severity and frailty, higher
rates of full weight-bearing and home discharge were observed. These results highlighted
the importance of comprehensive rehabilitation and tailored medical care.

In conclusions, this study showed the weight-bearing times, discharge rates, and
complications in older patients with severe polytrauma and pelvic ring fractures.
Individualized multidisciplinary rehabilitation programs are promising for improving

patient outcomes and facilitating recovery.
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Figure legends

Fig. 1. Participant flow diagram.

ICU, intensive care unit; ISS, injury severity score.

Patients admitted to hospital with pelvic fractures
from April 2013 to April 2023
n=191

n=152 not eligible
+ Age<65 (n=116)
* low energy (n=36)

A 4

A 4

Pelvic fracture over 65 years of age
due to high energy trauma

n=39 n=15 not eligible
* not admitted to ICU (n=4)
.| ° acetabulum fracture (n=5)
+ transferred for spine surgery (n=1)
* cerebral herniation (n=5)
Pelvic ring fracture in ICU - IS8<16 (n=0)

v

ISS=16
n=24

Figure 1 Participant flow diagram.
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Table 1. Characteristics of the patients with pelvic ring fractures due to

high energy trauma treated in ICU

Factor

Patients (n=24)

Age, (years) (range)

Gender (Female/Male)

Injury severity score (range)

Hemorrhagic shock (%)

Massive transfusion (MAP >20 U)

Transarterial embolization

External fixation

AO/OTA, No. (%)

A2.1

A2.2

B2.1

B2.2

B2.3

B3.2

Cl.1

78.5 (66-93)

12/12

27.9 (16-49)

14 (58)

12

12

2 (8.3)

2 (8.3)

7(29.2)

4 (16.7)

2 (8.3)

2 (8.3)

1(4.2)

26

26



Cl3

C3.2

Younge

-Burgess, No. (%)

APCI

APC2

LC1

LC2

LC3

VS

Osteosynthesis, No. (%)

Ramus Screw

TIRF

Conservative

TITS Screw

Plate

IS screw

External Fixation

3(12.5)

1 (4.2)

1 (4.2)

2(8.3)

11 (45.8)

4 (16.7)

3(12.5)

3(12.5)

16 (67)

9 (37.5)

8 (33.3)

7(29.2)

7(29.2)

7(29.2)

5(20.8)

3 (12.5)

418

27

27
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Table 2
Factor Duration
Wheelchair transfer, days (IQR) 12 (7-16)
Standing position, days (IQR) 17 (7-40)
Full weight-bearing walk, days (IQR) 42433
ICU stay, days (IQR) 4.5 (3-11)

Total hospital stay, days (IQR)

142 (108-193)

419

420

28



Table 3. Data regarding patient prognosis

29

Factor Number of patients
Survival (Alive/Dead) 20/4
Walking ability Total (n=20)
Walking alone 9(45%)
Use of a walker 1
Use of a cane 4
Wheel chair 4
Bedridden 2
Discharge location
Home 15
Nursing home 5

421

422
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