Clinical Interventions in Aging DIOVepl'eSS
Taylor & Francis Group

ORIGINAL RESEARCH

Complications, Blood Transfusion Prediction, and
Long-Term Survival in Elderly Patients with Pubic
Rami Fractures

Yichayaou Beloosesky "2, Muhammad Saeed Naser 2, Yochai Levy3, Lisa Cooperz,
Nadya Kagansky3, Avraham Weiss?

' Adelson School of Medicine, Ariel University, Ariel, Israel; 2Department of Geriatrics, Rabin Medical Center, Beilinson Hospital, Gray Faculty of
Medical and Health Sciences, Tel Aviv University, Petach Tikvah, Israel; 3Shmuel Harofeh Geriatric Hospital, Gray Faculty of Medical and Health
Sciences, Tel Aviv University, Be’er Ya’akov, Israel

Correspondence: Yichayaou Beloosesky, Adelson School of Medicine, Ariel University, Ariel, Israel, Email yichayaoub@ariel.ac.il

Introduction: The elderly population is steadily increasing, concurrently with the incidence of pubic rami fractures (PRFs),
impacting function, morbidity and mortality. We aimed to assess functional background, clinical course, hemoglobin decline,
transfusion needs, complications, and long-term survival.

Methods: A retrospective cohort study. Data was collected from patients hospitalized in a geriatric internal medicine ward, due to
PRFs between 2012 and 2022. Demographic, clinical, and outcome data were recorded and analyzed.

Results: The study comprised 165 patients, mean age 85.9+6.4 years; 138 (83.6%) were women, 133 (80%) had experienced at least
one PRF, an additional 32 cases had experienced another pelvic fracture. Functionally, 76 (46%) were independent, 49 (29.7%)
partially dependent, and 40 (24.2%) fully dependent. Cognitively, 106 (64.2%) were preserved, 29 (17.6%) experienced a cognitive
decline, and 30 (18.2%) suffered from dementia. The complication rate was 15.1%, half from infectious diseases. One-year mortality
was 20%. The average maximum decrease in hemoglobin occurred 4.4 days post-fracture, with a difference in average admission
hemoglobin between those who required blood transfusions and those who did not (9.81 g/dL and 12.06 g/dL) (p=0.0001). Almost
10% of the elderly needed blood transfusions. Logistic regression analysis identified two independent predictors for blood transfu-
sions: an admission hemoglobin level <10 g/dL and the presence of cognitive decline or dementia. The model showed high accuracy,
with a ROC AUC of 0.885, sensitivity of 0.875, and specificity of 0.792. Over half of the patients returned home; 35% were
transferred to rehabilitation facilities.

Conclusion: This study provides new and important information on PRFs in the elderly. We recommend closely monitoring these
patients because of complications, functional decline, need for rehabilitation, and the high risk of significant blood loss peaking several
days post-fracture, thereby, requiring transfusions, particularly, in elderly individuals suffering from cognitive decline or dementia and
low initial hemoglobin.

Plain Language Summary:

e We found a complication rate of 15.1% after pubic rami fractures, half from infectious diseases and a one-year mortality of 20%.

® The average maximum decrease in hemoglobin occurred 4.4 days post pubic rami fractures, with 9.7% of the elderly needing blood
transfusions.

® We developed a simple and highly accurate model (AUC 0.885, sensitivity 0.875, specificity 0.792), predicting which patients >65
with pubic rami fractures will need transfusions, based on hemoglobin levels <10 g/dL and cognitive decline or dementia at
admission.

® Over half of the patients with pubis rami fractures returned home; 35% were transferred to rehabilitation facilities.
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Introduction

The global elderly population is projected to reach 15.9% by 2050, with higher rates in industrialized countries." The
occurrence of pelvic fragility fractures is increasing due to aging of populations, osteoporosis and falls.> The annual
incidence of fragility pubic rami fractures (PRFs) is at least 13% after age 65, and has steadily risen in many countries
during the last few decades, ie, the USA,? Germany,4 the UK>*® and Switzerland.” These fractures are significantly more
common in women, increasing with age, thus, leading to severe consequences. Elderly patients with PRFs experience
elevated rates of complications, prolonged hospital stays, increased in-hospital and long-term mortality, as well as higher
incidences of ambulation deterioration, loss of independence, and institutionalization.® !

Pubic ramus fractures have been less extensively studied than hip fractures,'? mainly because they are usually stable,
treated conservatively,"> occasionally, under-recognized'* and are associated with lower mortality. In contrast, hip
fractures require surgical management, carry a high morbidity and mortality, and are systematically recorded in major
databases.'> Consequently, research efforts and funding have traditionally focused on hip fractures, whereas, pubic ramus
fractures have received limited attention despite their impact, especially in old age on pain, complications, mobility, and
very often functional decline.

The aim of this retrospective study was to assess functional background, clinical course, hemoglobin decline,
transfusion requirements, complications, and long-term survival in a cohort of elderly patients hospitalized with PRFs.

Methods
Study Design and Subjects

The study was conducted in the Acute Geriatric Ward at Rabin Medical Center, Beilinson Hospital, Petach Tikvah Israel,
and approved by the Hospital’s Institutional Review Board. Participants’ consent was exempted by the Hospital’s
Institutional Review Board because it was a retrospective study. Patient data was kept strictly confidential.

Inclusion criteria: patients >65 years admitted from January 2012 to December 2022 for conservative treatment of
fragility PRFs. Exclusion criteria: terminal illnesses, end-stage heart and lung failure, other limb fractures, and candidates
for surgical treatment.

Data Collection

Data including socio-demographic characteristics, cognitive and functional status, laboratory data, comorbidities, number
of packed cells (PCs) given and medications were collected from the electronic medical records of the Rabin Medical
Center. Cognitive level was assessed by the Mini-Mental State Examination,'® categorizing patients into three groups:
severely impaired (scores <14), moderately impaired (scores 15-24), and normal (scores >25)."” Functional status was
evaluated by the Katz Index of Activities of Daily Living so as to classify patients as fully dependent, partially
dependent, and independent.'® Survival was recorded for all patients; the last one recruited was followed-up for at
least one year.

Statistical Analysis

This study was primary hypothesis-generating, therefore, subgroups were not predefined, but, based on the analysis of the
data. The pelvic fracture cohort consisted of patients with varying fracture types, some with only PRF and others with
additional pelvic fractures, as well as differing levels of function and cognition. Therefore, we compared several
variables between these subgroups, such as the need for blood transfusions. Non-normally distributed continuous
variables were compared by the Wilcoxon Rank-Sum test; normally distributed continuous variables were analyzed by
T tests and ANOVA. The Fisher’s exact test compared variables between patient groups. A logistic regression analysis
was conducted to identify independent variables affecting blood transfusion. The variables were hemoglobin levels (<10
g/dL vs >10 g/dL), functional levels (independent, partially dependent, fully dependent), cognitive levels (normal,
cognitively impaired, demented), use of anti-aggregant and anticoagulant drugs, and background diseases. Sensitivity
and specificity for predicting blood transfusions among patients with PRFs were assessed via a ROC analysis and AUC.
A p value of <0.05 was considered significant for all analyses. Analyses were performed using the SAS 9.4 software.
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Results

The study included 165 patients aged 65 to 100 years, with an average age of 85.9+6.4 years. Of these, 138 (83.6%) were
women and 27 (16.4%) were men. Among the patients, 133 (80%) had experienced at least one PRF; 32 (20%) had
experienced other pelvic fractures including sacrum, acetabulum, and ileum. Table 1 shows the demographic and clinical
parameters for each group, with no significant differences between them.

Overall, 25 (15.1%) patients experienced complications: urinary tract infections —8, respiratory infections —3, other
infections —3, severe delirium —6, cerebral vascular accident/transient ischemic accident —2, pressure sores —1, pulmon-
ary embolus —1 and acute coronary syndrome —1. Fifty-four (32.7%) patients received anti-aggregating drugs; 49
(29.7%) - anticoagulation drugs, and 62 did not receive any medications. Patients lost an average of 0.91 g/dL
hemoglobin from admission to discharge, with the lowest point averaging a 1.5 g/dL loss on an average of 4.4 days
after admission. There were no significant differences in the lowest hemoglobin levels among the groups taking anti-
aggregating drugs, anticoagulation drugs, or no drugs at all (p = 0.26). Sixteen patients (9.7%) needed PCs transfusions,
with an average blood loss of 2.4 g/dL. Among them, six received anti-aggregating drugs, four - anticoagulating drugs,
and six - no medication at all. The need for PCs transfusions did not significantly differ between patients receiving anti-
aggregating or anticoagulating drugs to those not receiving these medications (p=0.19). Among the sixteen patients who
received blood transfusions, eleven presented with PRF only, whereas, five had additional pelvic fractures; this difference
was not statistically significant (p=0.2). There was also no significant difference between the functional groups and the
PCs transfusions (p=0.7). Of the cognitively normal, cognitively impaired, and demented groups, 5.71%, 24.14%, and
10.0%, respectively, required a PC transfusion (p=0.012).

Patients with cognitive impairment had a significantly higher risk of needing a PC transfusion compared to
cognitively normal patients (OR 5.2, CI: 1.6—-17.2, p=0.017). However, the difference between demented and cognitively
normal groups was not statistically significant, possibly due to sample size limitations (OR 1.8, CI: 0.4-7.8). Patients
with chronic renal failure required more PCs transfusions than those without (p=0.033). The mean hemoglobin level at
admission was 9.81 g/dL for patients who received PCs and 12.06 g/dL for those who did not (p=0.0001).

Table 1 Demographic and Clinical Parameters of Patients’ Groups

Parameter All Patients (165) | Isolated PRF (133) | PRF with Additional
Pelvic Fractures (32)
Mean age (years +SD) 85.99 + 6.4 86.05 + 6.3 85.75 + 6.8
Women 138 (83.64%) 116 (87.22%) 22 (68.75%)
Men 27 (16.36%) 17 (12.78%) 10 (31.25%)
Functioning
Independent 76 (46.06%) 65 (48.87%) Il (34.38%)
Partially dependent 49 (29.70%) 38 (28.57%) Il (34.38%)
Fully dependent 40 (24.24%) 30 (22.56%) 10 (31.25%)
Cognition
Normal 106 (64.24%) 88 (66.17%) 18 (56.25%)
Impaired 29 (17.58%) 23 (17.29%) 6 (18.75%)
Demented 30 (18.18%) 22 (16.54%) 8 (25.0%)
Major Comorbidities
Hypertension 120 (72.73%) 98 (73.68%) 22 (68.75%)
Diabetes 45 (27.27%) 39 (29.32%) 6 (18.75%)
Chronic atrial Fibrillation | 45 (27.7%) 37 (27.8%) 8 (17.78%)
Ischemic Heart Disease 35 (21.21%) 26 (19.55%) 9 (25.71%)
CVA/TIA 29 (17.58%) 25 (18.79%) 4 (12.5%)
Chronic Renal Failure 28 (16.96%) 21 (15.78%) 7 (21.87%)
Heart Failure 21 (12.73%) 14 (10.53%) 7 (21.88%)
Osteoporosis 85 (51.52%) 76 (57.14%) 9 (28.13%)
Pulmonary Disease 21 (12.73%) 16 (12.03%) 5 (15.63%)

Abbreviation: CVA/TIA, cerebral vascular accident/transient ischemic attack.
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Figure | ROC curve and AUC value predicting blood loss, sensitivity 0.875, specificity 0.792.

Logistic regression analysis showed that only hemoglobin <10 g/dL (p<0.0001) and cognitive impairment/dementia
(p=0.005) independently affect blood transfusion. Receiver operating characteristic (ROC) curve analysis yielded an
AUC of 0.885, with a sensitivity of 0.875 and specificity of 0.792 for predicting blood transfusion in patients with PRF
(Figure 1). The average length of hospitalization was 9 days, (range 1-32 days) with a longer duration for patients with
PRF and additional pelvic fractures compared to those with PRF-only, 10.5 and 8.7 days, respectively, (p=0.38). Eighty-
nine patients (54%) returned home, 59 (35.15%) were transferred to rehabilitation facilities, 12 (7.27%) were sent to
nursing homes, and 5 (3.21%) died during hospitalization.

One-year mortality was 20% (33 patients). Over the 11-year follow-up, 99 patients (60%) died: 86 in the PRF-only
group (64.7%) and 13 in the PRF additional pelvic fracture group (40.6%). The Kaplan-Meier curves showed worse
survival for the PRF-only group (p = 0.03), and worse long-term survival for the 16 patients who needed PCs compared
to those who did not (p=0.049) (Figure 2).

Discussion

We describe the clinical, functional and cognitive background of elderly patients with fragility PRFs, their hospital stays,
complications, and 10-year survival. We ascertained three key findings: 1. ~10% of the elderly patients needed blood
transfusions; 2. hemoglobin levels dropped most significantly after the fourth day post-fracture; 3. in patients >65 with
cognitive impairment or dementia, and hemoglobin <10 g/dL, the need for a blood transfusion can be predicted with high
sensitivity and specificity.
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Overall Survival

Blood Transfusion

=-= Yes

Survival probability (%)

Years
Number at risk

Group: No

148 94 44 23 9 0
Group: Yes

16 7 4 2 0 0

Figure 2 Kaplan Meier survival analysis graphs of 16 patients who needed packed cells compared to 148 who did not (p=0.049) (Data for one patient is missing).

The average age of the patients was 85.9 &+ 6.4 years, with ages ranging from 65 to 100 years, similar to previous
studies.””'"'” Most patients were women (83.6%), consistent with prior findings.”*'*** A few studies mention the
functional and cognitive status of patients pre-fracture, though, Mears et al'® lacks detailed information. Approximately
38% of the patients were demented, comparable to our study of 35.2%. In the present study, 46% were independent,
29.7% partially dependent, and 24.2% fully dependent prior to their fracture.

No significant differences were observed in demographic, functional, clinical data, and background diseases between
patients with isolated PRFs and those with additional pelvic fractures. Similar findings were reported by others who
compared pelvic fractures with or without displacement with additional fractures.'® The lack of differences between the
groups may be attributed to the fact that many patients in the present study were frail and had experienced multiple PRFs,
rather than a single branch. Moreover, some studies indicated that most cases involved other fractures in different parts of
the pelvis, which were discovered only after a further evaluation with a CT or MRI, thus, suggesting that these injuries
were more complex than initially identified as just a PRF.?'-*

The in-hospital complication rate was 15.1%, with ~50% urinary and respiratory tract infections, and the rest
primarily significant delirium and cardiovascular events. The low delirium rate observed may be due to the retrospective
study design and lack of awareness. Delirium was not recorded as a complication in previous studies, most probably,
overlooked rather than absent. Other studies reported complication rates of 25.4%," 20.2%,”* 40%'" (including urinary
retention), and 16.5%.® The average length of stay was ~9 days, ranging from 1 to 32 days due to patient variability.
Other studies have reported varying lengths: Switzerland averaged 39 days,” France, 45 days,'' the USA, 7 days,'? and
Germany, 8 days.® Differences were most probably due to healthcare systems, hospital practices, and transfer protocols.

Sixteen patients (9.7%) received PCs. The average blood loss among these patients was 2.4 g/dL. Apart from one
study that reported a 2 g/dL drop in hemoglobin,?® we found no quantitative data on hemoglobin reduction or the lowest
hemoglobin levels in patients with PRFs in the reviewed literature. Furthermore, the proportion of patients who received
the PCs was not documented. Several case reports and brief reviews describe massive hemorrhages resulting from these
fractures; some hemorrhages were life-threatening, and some resulted in fatalities, despite treatment with PCs, other
blood products, and embolization of bleeding pelvic arteries.>> >® These hemorrhages are often caused by tears in the
corona mortis and obturator arteries which are in close proximity and in contact with the pubis. These tears are more
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common in the elderly due to changes in their connective tissue, muscles and atherosclerosis of the arteries, causing high
fragility and inability to adequately vasoconstrict, as well as the use of anti-coagulants and antiplatelet medications.
Indeed,10 out of 16 patients who received PCs were on such medications. Significant drops in hemoglobin can occur
with a delay, so close monitoring is essential for up to several days post-fracture.> ¢

Logistic regression analysis identified two independent predictors for blood transfusions in patients with PRFs: admission
hemoglobin levels <10 g/dL and cognitive impairment/dementia. The model’s AUC was 0.885, indicating excellent predictive
ability with high sensitivity (0.875) and good specificity (0.792). Most patients (54%) returned home; 36% needed continued
treatment in rehabilitation facilities, indicating the severity of this injury. Some studies showed that 49% had lost independence
and 34% required rehabilitation.” Other studies have reported that half did not regain pre-fracture function and ~25% moved to
nursing homes."" Other authors reported that 33% moved to nursing homes and 36% needed mobility assistance.*

The overall mortality rate after one year among our patients was 20%. Previous studies reported similar mortality
rates, ranging from 14.3% to 27%.” '"** This variation in mortality rates may be attributed to different patient
demographics, fracture types, hospital settings, and backgrounds. Only a limited amount of studies have tracked long-
term mortality following PRFs. Hill et al’s study of 286 patients, with an average age of 74.7 years, (36 of whom were
involved in traffic accidents), found a 5-year mortality rate of 54.4%.° Hamilton et al’s study of 43 patients, with an
average age of 79.4 years, reported a mortality rate of 58.1% after 5 years.?°

In the only study with a 10-year follow-up, involving 99 patients with an average age of 80.1 years (fractures
occurred between 1994-2007), the mortality rate was 93.8%. The authors compared the PRF group to age and sex-
matched controls and found a higher mortality among patients with fractures.*® In the current study, only 40% survived
after 11 years of follow-up (but, patients were recruited over a 10-year period). Those who received PCs experienced
a higher long-term mortality. This is most probably due to overall poorer health and a higher vulnerability at baseline,
since they had a higher rate of cognitive impairment, renal failure and initially lower hemoglobin levels.

Our study has several limitations. As a retrospective study based on data from databases, the study inherently lacks
the advantages of a prospective study. It was challenging to ensure that all the information was accurately received and
recorded. Some complications might not have been documented or may have been incorrectly recorded. This is a single
center rather than multi-center study, thus, introducing potential biases due to differing approaches, including diagnoses
and treatments between centers, thereby, may not represent a comprehensive, multi-regional sample of patients with PRF.

There is also a selection bias at multiple levels. Some patients with PRFs may have been discharged home or returned
to nursing homes after a diagnosis in the emergency room, potentially leading to an underrepresentation of seemingly
milder cases in our sample. Additionally, patients with more complex medical conditions could have been hospitalized in
geriatric or internal medicine departments for ongoing medical issues, while those with less severe medical issues were
admitted to the orthopedic department.

On the other hand, the current study has notable strengths. A relatively large number of patients were examined
compared to other studies in the field. Patients were hospitalized in a geriatric internal medicine department where they
were evaluated and classified according to function and cognition, parameters that are seldom referenced in medical
literature. The follow-up period was extensive and unique. Accurate hemoglobin level recordings were made upon
admission to the emergency department and at the point when it reached its lowest level, allowing for the determination
of hemoglobin drop for all patients. Additionally, a precise record was kept of the number of patients who received blood
transfusions, both, rarely addressed in the medical literature.

Conclusions

PRFs are common in the elderly, leading to a high morbidity, mortality, rehabilitation need and dependency on care.
Maximal blood loss typically occurred after 4 days post-fracture, with ~10% of patients needing transfusions. We
developed a simple and highly accurate model, predicting which patients >65 with PRFs will need transfusions, based on
hemoglobin levels <10 g/dL and cognitive impairment/dementia at admission. In clinical practice, we highly recommend
close monitoring of these patients due to possible complications, functional deterioration, rehabilitation needs, and most
significantly, even life-threatening blood loss that may require transfusions, especially, in those with cognitive impair-
ment/dementia and low initial hemoglobin level.
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Abbreviations
AUC, area under the curve; CVA/TIA, cerebral vascular accident/transient ischemic attack, PCs, packed cells; PRFs,
pubic rami fractures.
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