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Objective: Hip fracture surgery in geriatric patients on anticoagulants may increase the risk for blood
loss. Anticoagulation reversal may lower these risks; however, data on blood loss and transfusions are
limited. The study purpose was to compare outcomes between hip fracture patients 1) not on antico-
agulants 2) whose anticoagulants were reversed, and 3) whose anticoagulants were not reversed.
Methods: This four-year retrospective cohort study at six Level 1 Trauma Centers enrolled geriatric pa-
tients (�65) with isolated hip fractures. The primary outcome was total hospital blood loss (ml). Sec-
ondary outcomes: hospital length of stay (HLOS) and volume of packed red blood cells (pRBC)
transfusions (ml). Statistical analyses included: Fisher’s, chi-squared, Kruskal-Wallis, linear mixed-effect
and logistic regression. Bonferroni adjusted alpha¼ 0.025.
Results: Of the 459 patients, 189 (41%) were not on anticoagulants, 186 (41%) were reversed, and 84 (18%)
were not reversed. The LS mean (SE) blood loss was 134ml (12) for not reversed patients and 159 (17) for
reversed patients; no significant difference compared to those not on anticoagulants [138 (12)], p-
diff¼ 0.14 and 0.83, respectively. The LS mean (SE) HLOS was significantly longer for the reversed patients,
7.7 (0.4) days, when compared to those not on anticoagulants, 6.8 (0.4), p¼ 0.02, and when compared to
those not reversed, 6.3 (0.6), p¼ 0.01. There was no significant difference in pRBC transfusions.
Conclusion: Not reversing anticoagulants for geriatric hip fractures was not associated with increased
volume of blood loss or transfusions when compared to those reversed. Delayed surgery for anticoag-
ulant reversal may be unnecessary and contributing to an increased HLOS.

© 2019 The Author(s). This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Approximately 300,000 geriatric people (aged� 65) are hospi-
talized for hip fractures each year in the United States.1 Fragility hip
fractures have an associated one-year mortality rate of 6e30%.2e4

Many geriatric patients take anticoagulants, requiring reversal in
four to six percent of patients often for an urgent invasive pro-
cedure, surgery for patients on pre-injury anticoagulants may in-
crease the risk for blood loss and blood transfusions.5e12 However,
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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anticoagulation reversal may increase the time to surgery. Surgery
within 24 h of admission has been associated with reduced
morbidity, hospital length of stay (HLOS), and complication
rates.14,15 Delaying surgery for more than 24 h has shown to in-
crease the time in rehabilitation, pressure sores, urinary infection,
pneumonia, and thromboembolic complications.13,16 The urgency
for surgery pressures surgeons to act quickly, determine the pa-
tient’s current medications, treatment course, coagulation status,
and the best method for anticoagulant reversal.17

Reversal agents can counter anticoagulants faster and prevent
surgical delays.16 Vitamin K is used to reverse warfarin, but can
cause warfarin resistance.16 A drawback to direct oral anticoagu-
lants (DOACs) is the lack of FDA-approved and available reversal
agents.10,18 Still, DOACs (dabigatran, rivaroxaban, apixaban, and
edoxaban) are preferred to warfarin because they have fewer in-
teractions, a wider therapeutic window, no need for monitoring,
and a lower risk for bleeding.8e11 “Non-specific” reversal agents:
fresh frozen plasma (FFP), prothrombin complex concentrates
(PCC), activated PCC (aPCC) and recombinant activated factor VIIa
have been used to reverse DOACs or accelerate warfarin
reversal.9,10,16 Another option is to “wait and watch” for the anti-
coagulation effect to dissipate naturally.5,12,19 However, there is no
evidence demonstrating that reversal reduces mortality.20

Data on blood loss and transfusions for patients whose antico-
agulant was not reversed is limited. The purpose of this study was
to compare outcomes among 1) “patients not on anticoagulants” 2)
patients whose pre-injury anticoagulants were “reversed”, and 3)
patients whose pre-injury anticoagulants were “not reversed”.

2. Methods

This multicenter retrospective observational study was
approved by the institutional review boards at all six participating
Level 1 Trauma Centers with a waiver of informed consent. The
study included geriatric patients (�65) with an isolated fragility hip
fracture requiring surgery from January 2014eJanuary 2018. Poly-
trauma patients were excluded, defined as an Abbreviated Injury
Fig: 1. Enrollmen
Scale of�2 in any other anatomical body region. ICD 9 and 10 codes
for hip fractures were used to identify patients from trauma
registries.

It was estimated that at least 195 patients would adequately
power this study for comparing blood loss using an ANOVA at a
significance level of 0.025; however, to account for potential con-
founders a sample size of 606, or 202 per study arm, was
approved.22,23 All patients identified were screened and catego-
rized into one study arm: 1) “not on anticoagulants”, 2) “reversed”,
and 3) “not reversed”. Patients were enrolled in reverse chrono-
logical order until the enrollment goal of 202 per group was met. If
the following reversal therapies were utilized prior to surgery for
patients taking pre-injury anticoagulants, the patient was consid-
ered reversed: vitamin K, factor VIIa, PCC, aPCC, FFP, Idarucizumab,
and wait and watch. Patients who went to surgery >24 h after the
last dose of anticoagulation medication was taken were reversed
using the wait and watch method. This cut-off was calculated using
anticoagulant half-lives to determine when serum levels are
reduced by 94e97%.21 If the timing of the last dose was not recor-
ded, it was estimated using the pharmacological dosing regimen.
Patients were considered reversed using the wait and watch
method regardless of the reason for surgical delay.

The primary aim was to evaluate the efficacy of not reversing
anticoagulants prior to hip fracture surgery on outcomes. The pri-
mary outcome was the total volume of blood loss during hospi-
talization. All instances of blood loss recorded in the electronic
medical record were included in the total volume of blood loss.
Secondary outcomes included: total volume of packed red blood
cells (pRBC), cryoprecipitate, FFP, and platelets transfused, throm-
boembolic complications, HLOS, intensive care unit (ICU) LOS,
readmission, and wound hematomas. All blood loss and trans-
fusions were reported in milliliters (ml).

Categorical and dichotomous data were expressed as pro-
portions (counts) and compared using Fisher’s exact or chi-squared,
when appropriate. Continuous data were expressed as means
(standard deviation, SD) or medians (interquartile range, IQR) and
compared using Kruskal-Wallis or ANOVA, when appropriate.
t algorithm.



R. Meinig et al. / Journal of Clinical Orthopaedics and Trauma 11 (2020) S93eS99 S95
Linear mixed-effect andmultivariable logistic regressionwere used
to determine if the study arms were independently associated with
outcome variables for outcomes with sufficient numbers to adjust.
Bonferroni adjusted alpha¼ 0.025. All hypothesis tests were two-
tailed.
3. Results

There were 2633 patients screened, all patients who were
reversed or not reversed were included in the study and 202 pa-
tients not on anticoagulants were included in reverse chronological
order. All other patients screened were not on anticoagulants and
were not included in the study as the enrollment goal was met. Of
the patients not on anticoagulants, 13 who were taking pre-injury
anti-platelets but treated as they were on anticoagulants were
excluded. An additional 13 patients were excludedwhowere taking
pre-injury therapeutic doses of heparin or enoxaparin. Therefore,
459 patients were included in the final population: 189 (41%) were
not on anticoagulants, 186 (41%) underwent anticoagulant reversal,
and 84 (18%) were not reversed. See Fig. 1.
Table 1
Patient demographic and clinical characteristics.

Not on Anticoagulants n¼ 189

Age Median (IQR) 82 (76, 88)
Sex % Female (n) 68% (128)
Pre-ambulatory Status
Walks without an assistive device 68% (128)
Walks with an assistive device 27% (50)
Cannot walk 5% (9)

Prior Hip Fracture 9% (16)
Pre-injury Medications
Cholinesterase Inhibitors 12% (22)
Analgesic 15% (28)
Narcotic 15% (29)
Anti-arrhythmia 1% (2)
Beta Blocker 15% (29)
Calcium Channel Blockers 22% (42)
Vitamin D 21% (40)
Iron 6% (11)
Potassium 11% (20)
Statin 32% (61)
Medication Count Median (IQR) 5 (2, 8)

Comorbidities
Diabetes Mellitus 18% (34)
Hypertension 63% (119)
Congestive Heart Failure 8% (16)
Dementia 24% (46)
COPD 15% (29)
Smoker 8% (16)
Cerebrovascular Accident 5% (10)
Anemia 0
Cancer 1% (2)

Admission Vital Signs
SBP Median (IQR) 144 (129, 166)
DBP Median (IQR) 75 (67, 86)
RR Median (IQR) 18 (16, 18.5)
HR Median (IQR) 79 (70, 90)
O2 Median (IQR) 95 (93, 98)

Bonferroni-adjusted p¼ 0.025, N/A¼ not applicable, no values collected for this patient g
walked with an assistive device than those not on anticoagulants, no significant differen
reversed and reversed, p¼ 0.23. b¼A higher proportion of patients on anticoagulants
difference between those not reversed and reversed, p¼ 0.95. c¼A higher proportion of p
no significant difference between those reversed and not reversed, p¼ 0.55. d¼A highe
taking anti-arrhythmia medication, no significant difference between those not reversed
not on anticoagulants were taking pre-injury beta-blockers, no significant difference betw
and not reversed, p¼ 0.08. f¼A higher proportion of reversed patients were taking pre-in
not on anticoagulants and those not reversed, p¼ 0.58, or those reversed and not reverse
not on anticoagulants, no significant difference between those reversed and not revers
anticoagulants had congestive heart failure, no significant difference between those not on
reversed, p¼ 0.11.
The median [IQR] age was 83 [77e88] years old and 66% of
patients were female; age and sex were not statistically different
between study arms (Table 1). There were fewer patients not on
anticoagulants who walked with an assistive device (27%) than and
reversed patients (41%), p¼ 0.01. Patients not on anticoagulants
were taking a median [IQR] of 5 [2, 8] medications, whereas those
not reversed were taking 6 [4, 9] and those reversed were taking 7
[5, 10]. There were a higher proportion of reversed patients (23%)
who had congestive heart failure (CHF) than patients not on anti-
coagulants (8%), p< 0.001. Other comorbidities were comparable
across study arms.

Pre-injury anticoagulants were DOACs (34%) and warfarin (66%)
(Table 2). Thereweremore patients onwarfarin in the reversed arm
(73%) than in the not reversed arm (52%), and less patients in the
reversed arm (27%) who were taking DOACs than in the not
reversed arm (48%), p< 0.001. Indications for anticoagulant use
were similar among groups. There were more patients in the
reversed arm (45%) who received an anticoagulant bridge than in
the not reversed arm (18%), p< 0.001. Anticoagulation reversal
methodswere vitamin K (42%), FFP (22%), factor VIIa (1%), and “wait
Not Reversed n¼ 84 Reversed n¼ 186 p

83.5 (75.5, 88) 83.5 (78, 88) 0.39
71% (60) 62% (116) 0.29

62% (50) 55% (100) 0.01a

38% (31) 41% (75)
0 3% (6)
8% (7) 11% (21) 0.54

12% (10) 10% (19) 0.88
26% (22) 26% (48) 0.02b

31% (26) 27% (51) 0.004c

29% (24) 30% (56) <0.001d

35% (33) 28% (54) <0.001e

24% (20) 24% (44) 0.93
17% (14) 26% (48) 0.22
8% (7) 9% (16) 0.55
18% (15) 19% (36) 0.05
36% (30) 50% (93) 0.001f

6 (4, 9) 7 (5, 10) <0.001g

14% (12) 25% (46) 0.09
62% (52) 65% (120) 0.91
14% (12) 23% (42) <0.001h

14% (12) 18% (34) 0.12
10% (8) 15% (28) 0.40
6% (5) 6% (11) 0.58
8% (7) 11% (21) 0.11
1% (1) 1% (1) 0.18
0 2% (4) 0.50

148.5 (129, 168.5) 144 (127, 161) 0.53
81 (70, 94) 77 (67.5, 89) 0.41
16 (16, 18) 18 (16, 18) 0.58
76 (68, 87.5) 80 (70, 89.5) 0.33
94.5 (92, 97) 96 (94, 97) 0.21

roup; therefore, p-value not calculated. a¼ A higher proportion of reversed patients
ce between those not on anticoagulants and those reversed, p¼ 0.04, or those not
than those not on anticoagulants were taking pre-injury analgesics, no significant
atients on anticoagulants than patients not on anticoagulants were taking narcotics,
r proportion of patients on anticoagulants than patients not on anticoagulants were
and reversed, p¼ 0.80. e¼ A higher proportion of reversed patients were than those
een those not on anticoagulants and those not reversed, p¼ 0.36, or those reversed
jury statins than those not on anticoagulants, no significant difference between those
d, p¼ 0.03. g¼ Patients on anticoagulants had a higher medication count than those
ed, p¼ 0.17. h¼A higher proportion of reversed patients were than those not on
anticoagulants and those not reversed, p¼ 0.14, or between those not reversed and



Table 2
Anticoagulant information.

Not Reversed n¼ 84 Reversed n¼ 186 p

Anticoagulation Medication
Edoxaban 0 1% (1) 0.002
Apixaban 15% (13) 11% (20)
Dabigatran 1% (1) 3% (6)
Warfarin 52% (44) 73% (135)
Rivaroxaban 31% (26) 13% (24)

Anticoagulation Medication Type
Warfarin 52% (44) 73% (135) 0.001
DOAC 48% (40) 27% (51)

Indication for Anticoagulation1

A-fib 64% (54) 70% (131) 0.31
DVT or PE 12% (10) 15% (27) 0.56
Mechanical Valve Replacement 5% (4) 4% (8) >0.99
Stroke or CVA 10% (8) 5% (10) 0.21
CAD 8% (7) 9% (16) 0.94
Other 1% (1) 3% (5) 0.44

Bridge Given % Yes (n) 17% (14) 48% (90) <0.001
Anticoagulant Bridge Medication
Heparin 1% (1) 4% (7) 0.44
Enoxaparin 15% (13) 45% (83) <0.001

Total Bridge Dose (ml)
Heparin Median (IQR) 50002 5000 (2500, 13500) N/A
Enoxaparin Median (IQR) 120 (60, 150) 60 (30, 140) 0.12

Bridge Timing
Pre-Op 0 4% (8) N/A
Post-Op 17% (14) 46% (86) <0.001
Time from last dose to surgery (hours) Median (IQR) 22 (17, 26) 48 (29, 62) <0.001

Bonferroni-adjusted p¼ 0.025, DOAC¼ direct oral anticoagulant, A-fib¼ atrial fibrillation, VTE¼ venous thromboembolism, CVA¼ cerebrovascular accident, CAD¼ coronary
artery disease, Alpha 1¼Alpha 1 antitrypsin deficiency, PVD¼ peripheral vascular disease. 1¼ Patients can havemultiple indications for anticoagulant use, 2¼ heparin bridge
only provided to one patient in the not reversed group.

Table 3
Methods for anticoagulation reversal.

Reversed n¼ 186

Reversal Agents Useda

FFP 22% (40)
Factor VIIa 1% (2)
Vitamin K 42% (79)
Watch and Wait 46% (86)

Total Dose of Reversal Agent
FFP (ml) Median (IQR) 516 (387, 622)
Factor VIIa (mcg) Mean (SD) 10026 (14106)
Vitamin K (mg) Median (IQR) 5 (4, 10)

Surgical Delay Reasona

Concern for anticoagulation effect 38% (71)
Family reasoning 2% (3)
Medical clearance 17% (32)
No dedicated operating room available 2% (4)
No dedicated surgeon available 1% (1)
No reason for delay dictated 41% (77)

a Multiple anticoagulation reversal strategies or reasons for surgical delays for
some patients.
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and watch” (46%) (Table 3). Patients could have had multiple
reversal methods. Thirty-eight percent of reversed patients had
surgery delayed due to a concern for the anticoagulant effect. Other
reasons for surgical delay included family reasons (2%) and medical
clearance (17%).

The types of hip fracture were similar across study arms
(Table 4). Clinical labs collected before, during and after surgery
were comparable, except for pre-operative hemoglobin and pre-
operative international normalized ratio (INR). The mean (SD)
pre-operative hemoglobinwas higher for patients not reversed 13.0
(2.1), when compared to patients not on anticoagulants 11.7 (2.1)
and reversed patients 11.2 (2.2), p< 0.001. The median [IQR] pre-
operative INR was lower for patients not on anticoagulants, 1.1
[1.0, 1.2] when compared to patients not reversed 1.4[1.2, 2.0] and
reversed patients 1.6 [1.3, 1.8], p< 0.001. The median [IQR] time to
surgery was significantly longer for the reversed group, being 33 h
[24, 44]; when compared to those not on anticoagulants, 20 h [15,
28] and those not reversed being 17 h [12, 23], p< 0.001. There was
a higher proportion of not reversed patients (15%) and reversed
patients (10%) who had a bipolar hemiarthroplasty than patients
not on anticoagulants (4%), p¼ 0.006. There were fewer not
reversed patients (6%) than patients not on anticoagulants (20%),
who had a hemiarthroplasty, p¼ 0.02. There were more reversed
patients (22%) who had internal fixation than patients not on an-
ticoagulants (10%), p¼ 0.004. All other procedures were compara-
ble across study arms.

The median [IQR] hospital LOS was shorter for not reversed
patients, 4 days [4,5], than patients not on anticoagulants, 5 days [4,
7], and reversed patients, 6 days [4, 9], p< 0.001 (Table 5). More
patients not on anticoagulants (6%) returned to the ICU than
reversed patients (1%), p¼ 0.007. There were no other significant
differences observed for in-hospital complications or ICU LOS. The
median volume of blood loss was similar across groups. Patients not
on anticoagulants lost a median [IQR] of 100 [50, 150] ml of blood,
compared to 100 [50, 150] for not reversed patients, and 100 [50,
200] for reversed patients; this was not significant. The median
[IQR] volume of pRBC transfused approached statistical signifi-
cance, with the highest median volume of transfusions for the
reversed patients 660 [359, 761], not reversed patients had a me-
dian volume of 570 [310, 660], whereas patients not on anticoag-
ulants had a median volume of 498 [350, 700] pRBC transfusion,
p¼ 0.03. Therewere few platelet transfusions, none of the reversed
patients received a platelet transfusion, only one not reversed pa-
tient and one patient not on anticoagulants had a platelet trans-
fusion. FFP transfusions were similar across study arms and there
were no cryoprecipitate transfusions for any patient in this study.
There were no deaths in the not reversed group, two deaths (1%) in
the reversed group, and one death (1%) in the not on anticoagulants
group, however there was no statistically significance in mortality.



Table 4
Hip fracture and procedure details.

Not on Anticoagulants n¼ 189 Not Reversed n¼ 84 Reversed n¼ 186 p

Fracture Type
Intertrochanteric 50% (93) 48% (45) 46% (87) 0.68
Femoral Neck 47% (87) 49% (46) 50% (95) 0.84
Peritrochanteric 2% (3) 2% (2) 1% (1) 0.38
Subtrochanteric 8% (15) 6% (6) 8% (16) 0.83

Clinical Labs
Pre-Op Hemoglobin Mean (SD) 11.7 (2.1) 13.0 (2.1) 11.2 (2.2) <0.001a

Op. Hemoglobin Median (IQR) 11.61 121 8 (7.6, 7.9) N/A
Post-Op Hemoglobin Median (IQR) 10.6 (9.2, 12.5) 10.4 (9.9, 11.7) 9.8 (8.9, 12.2) 0.92
Hemoglobin Drop Median (IQR) �0.6 (�2.1, 0.1) �1.2 (�1.8, �0.5) �0.1, (�0.8, 0.2) 0.43
Pre-Op INR Median (IQR) 1.1 (1.0, 1.2) 1.4 (1.2, 2.0) 1.6 (1.3, 1.8) <0.001b

Post-Op INR Median (IQR) 6.4 (1.1, 11.6) 3.3 1.3 (1.2, 1.5) N/A
ALT Median (IQR) 21 (17, 27) 21 (17, 28) 22 (19, 28) 0.52
Cr Median (IQR) 1.0 (0.8, 1.2) 0.9 (0.7, 1.2) 1.0 (0.8, 1.3) 0.16
Lactate Median (IQR) 1.4 (1.1, 1.9) 1.2 (1.0, 2.4) 1.5 (1.2, 1.9) 0.75
K Median (IQR) 4 (3.7, 4.2) 4 (3.8, 4.3) 4.1 (3.8, 4.3) 0.12
CrCl Abnormal (<60) % (n) 90% (171) 86% (72) 92% (172) 0.22

Time to Surgery Median (IQR) 20 (15, 28) 17 (12, 23) 33 (24, 44) <0.001c

Procedures
Bipolar Hemiarthroplasty 4% (8) 15% (13) 10% (19) 0.006d

Individual Screw Placement 3% (5) 5% (4) 3% (5) 0.60
Total Hip Arthroplasty 10% (19) 14% (12) 7% (13) 0.16
Locking Plate 3% (5) 2% (2) 5% (9) 0.42
Dynamic Hip Screw Placement 7% (14) 2% (2) 7% (13) 0.26
Hemiarthroplasty 20% (37) 6% (5) 16% (29) 0.02e

Intramedullary Fixation 55% (104) 55% (46) 53% (98) 0.89
Internal Fixation 10% (19) 12% (10) 22% (41) 0.004f

Bonferroni-adjusted p¼ 0.025, N¼ number of patients, p¼ p-value, pre-op¼ pre-operative, SD¼ standard deviation, op.¼ operative, IQR¼ interquartile range, post-
op¼ post-operative, ALT¼ Alanine Aminotransferase, Cr¼ creatinine, K¼ potassium, CrCl¼ creatinine clearance. 1¼Only one patient with operative hemoglobin collected.
a¼ Patients reversed and not on anticoagulants had a significantly lower pre-op hemoglobin than those not reversed, no significant differences observed between those
reversed and not on anticoagulants, p¼ 0.11. b¼ The pre-op INR for patients on anticoagulants was significantly higher than those not on anticoagulants, no significant
differences between those reversed and not reversed, p¼ 0.68. c¼ Reversed patients had a significantly longer time to surgery than those not on anticoagulants and those not
reversed, no significant differences observed between those not reversed and those not on anticoagulants, p¼ 0.04. d¼ Patients on anticoagulants had significantly more
bipolar hemiarthroplasties than those not on anticoagulants, no statistical difference observed for patients reversed and not reversed, p¼ 0.22. e¼ Patients not on antico-
agulants had a higher proportion of hemiarthroplasties than those not reversed, no significant difference between those not on anticoagulants and those reversed, p¼ 0.31, or
between those not reversed and reversed, p¼ 0.03. f¼ Reversed patients had significantly more internal fixation devices placed than those not on anticoagulants, no sig-
nificant difference between those not reversed and not on anticoagulants, p¼ 0.65, or not reversed and reversed, p¼ 0.05.
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After adjusting for the enrolling facility, the average difference
(CI) in the total volume of pRBCs transfused was a decrease of
232ml (�470, 6) for the not reversed group when compared to
those reversed, (Table 6). The mean (SE) volume of blood loss was
138ml (12) in patients not on anticoagulants and was 134ml (17)
for not reversed patients; whereas blood loss for reversed patients
Table 5
Outcomes and complications by study arm.

Not on Anticoagulants n¼ 189

ICU LOS Median (IQR) 3 (3, 5)
Hospital LOS Median (IQR) 5 (4, 7)
Complications
PE 2% (3)
Return to ICU 6% (11)
Pneumonia 2% (3)
DVT 4% (7)
Stroke or CVA 2% (3)
MI 1% (2)
Wound Hematoma 1% (2)

Mortality % (n) 1% (1)
Odds Ratio (CI) 0.3 (0.1, 1.3)

Blood transfusions (ml)
FFP Median (IQR) 6231

pRBC Median (IQR) 498 (350, 700)
Platelets Median (IQR) 456 (284)

Blood Loss Median (IQR) 100 (50, 150)

Bonferroni-adjusted p¼ 0.025, N¼ number of patients, p¼ p-value, ICU¼ intensive care
CVA¼ cerebrovascular accident, MI¼myocardial infarction, FFP¼ fresh frozen plasma,
ferences observed were significantly different. b¼ Patients not on anticoagulants were m
observed for patients not on anticoagulants and not reversed patients, p¼ 0.36, or for p
was 159 (12), after adjustment; but these differences were not
significant. The ICU LOS was a mean difference (CI) of 1.9 days
shorter (�7.5, 3.6) for patients not reversed when compared to
those reversed, p-diff¼ 0.49. Whereas, the hospital LOS was an
average of 1.4 days significantly shorter (�2.4, �0.3) for not
reversed patients when compared to those reversed, p-diff¼ 0.01.
Not Reversed n¼ 84 Reversed n¼ 186 p

4 (3, 7) 4 (3, 9) 0.50
4 (4, 5) 6 (4, 9) <0.001a

0 0 0.22
2% (2) 1% (1) 0.007b

0 4% (7) 0.12
1% (1) 2% (4) 0.59
0 1% (1) 0.53
0 0 0.67
1% (1) 2% (4) 0.78
0 1% (2) >0.99
0.3 (0, 2.5) Reference 0.20

513 (316, 661) 443 (299, 620) N/A
570 (310, 660) 660 (359, 761) 0.03
2631 N/A N/A
100 (50, 150) 100 (50, 200) 0.70

unit, LOS¼ length of stay, PE¼ pulmonary embolus, DVT¼ deep vein thrombosis,
RBC¼ packed red blood cells. 1¼Value only collected for one patient. a¼All dif-
ore likely than those reversed to return to ICU, no statistically significant differences
atients not reversed and reversed, p¼ 0.23.



Table 6
Adjusted models for outcomes and complications by study arm.

Not on Anticoagulants n¼ 189 Not Reversed n¼ 84 Reversed n¼ 186 Model p-value

Total Volume of pRBC Transfused n¼ 115
LS Mean (SE)a 581 (58) 511 (106) 743 (54) 0.008
LS Mean (CI) Differencea �161 (�317, �5) �232 (�470, 6) Reference
p-difference 0.04 0.06 Reference

Total Volume of Blood Loss n¼ 443
LS Mean (SE)b 138 (12) 134 (17) 159 (12) 0.001
LS Mean (CI) Differenceb �21 (�48, 7) �25 (�62, 12) Reference
p-difference 0.14 0.18 Reference

Hospital LOS n¼ 448
LS Mean (SE)c 6.8 (0.4) 6.3 (0.6) 7.7 (0.4) <0.001
LS Mean (CI) Differencec �0.9 (�1.6, �0.1) �1.4 (�2.4, �0.3) Reference
p-difference 0.02 0.01 Reference

ICU LOS n¼ 57
LS Mean (SE)d 7.3 (1.8) 6.6 (2.7) 8.5 (1.8) 0.005
LS Mean (CI) Differenced �1.2 (�5.2, 2.9) �1.9 (�7.5, 3.6) Reference
p-difference 0.56 0.49 Reference

Bonferroni-adjusted p¼ 0.025, LS¼ least-squared mean, SE¼ standard error, CI¼ confidence internal, p-difference¼ p-value for the difference in LS Means, a¼ adjusted for
enrolling facility, b¼ adjusted for hemiarthroplasty and enrolling facility, c¼ adjusted for pre-ambulatory status and enrolling facility, d¼ adjusted for total hip arthroplasty
and enrolling facility. Variables available to adjusted models: pre-ambulatory status, pre-operative hemoglobin, pre-operative INR, enrolling facility, pre-injury potassium,
pre-injury statins, preinjury analgesics, bipolar hemiarthroplasty, hemiarthroplasty, total hip arthroplasty, internal fixation, and congestive heart failure.
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4. Discussion

This study evaluated the outcomes for geriatric patients with
hip fractures requiring surgery who were not taking pre-injury
anticoagulants, whose pre-injury anticoagulant was reversed, and
whose pre-injury anticoagulant was not reversed. The results
showed that patients who were not reversed did not experience
statistically significant increase in the total volume of blood
transfusions, total volume of blood loss, mortality, or ICU LOS when
compared to those reversed. Though, there a significant decrease in
the HLOS for patients not reversed when compared to those
reversed.

Although statistically non-significant, there was an increase of
the blood transfusions and blood loss for patients in the reversed
armwhen compared to patients not reversed; it is possible that this
may be in part due to the differences in anticoagulant bridging.
Almost half of the reversed patients were given an anticoagulation
bridge prior to surgery. However, limited data exists to demon-
strate a benefit of bridging, and more recently studies have shown
an increase of bleeding and transfusions for patients who had their
anticoagulant bridged after interruption when compared to pa-
tients who did not have their anticoagulant bridged.25,26 The
American Academy of Neurology guideline states there is insuffi-
cient evidence to support or refute bridging, but also states that
most studies have found that bridging is probably associated with
increased bleeding.27 The American College of Cardiology recom-
mends selective bridging for patients with a history of bleeding
complications and not to bridge for patients who are at a lower risk
for bleeding complications.24 Additionally the rapid onset and
offset of DOACs is thought to obviate the need for bridging.17

It is no surprise that there was a higher proportion of patients
who were taking pre-injury warfarin who were reversed than not
reversed, given that there are only two FDA approved reversal
agent for DOACs, Idarucizumab for dabigatran and Andexanet for
rivaroxaban and apixaban.10,18,20,28 However, Idarucizumab can
lead to thrombotic events.20 The lack of approved reversal agents
for DOACsmay contribute to the decision not to reverse. Despite the
approval of Idarucizumab in 2015, there were no patients in this
study reversed using Idarucizumab.28 Andexanet was not approved
during enrollment in this study. Antiocoagulation reversal for pa-
tients on DOACs was attained using non-specific reversal agents or
thewait andwatchmethod. Thromboembolism is a complication of
non-specific reversal agents, occurring in 1.6% of PCC treated pa-
tients and 4.5% of FFP treated patients; though there was no
significant difference in the rate of thromboembolic complications
among groups in this study.7 It is possible these patients went to
surgery without complete or with inadequate reversal of the anti-
coagulant. Therefore, some of the reversed and not reversed pa-
tients may be in a similar coagulant status, evidenced by the lack of
statistical difference in the pre-operative INR for patients reversed
and not reversed, p¼ 0.68. The American Society for Regional
Anesthesia and Pain Medicine recommends an INR of less than 1.5
before surgery because of hematoma and bleeding risks.12 Further
research is needed to determine if outcomes are improved for pa-
tients considered adequately reversed when compared to patients
considered partially reversed.

Given that anticoagulation reversal is thought to lower the risk
for blood loss and transfusions, it was unexpected that there were
no significant differences in blood loss or transfusions between
groups.16,19,29 This may be due to the mean pre-operative hemo-
globin being significantly lower for the reversed group than the not
reversed group, p< 0.001. The unadjusted volume of pRBC trans-
fusions approached statistical significance and was higher for those
reversed than those not reversed, p¼ 0.03. After adjustment there
were no significant differences in blood loss or transfusion, though
all volumes were highest for the reversed patients. Additionally, the
reversed patients had a significantly longer time to surgery when
compared to those not on anticoagulants and those not reversed,
p< 0.001. Grimes et al. found that 11% of patients who went to
surgery �24 h of admission were provided a blood transfusion;
whereas only 3% of those who went to surgery <24 h required a
blood transfusion, however no p-value was provided for the dif-
ference in these proportions.30 Delaying surgery for anticoagulant
reversal may be associated with bleeding or need for transfusions.

However, there was a significant decrease in the HLOS for not
reversed patients when compared to those reversedwhich could be
in part because of the wait and watch method for anticoagulation
reversal. This is similar to another prior study by Buecking et al.
which found reversed patients had a significantly longer HLOS,
however they compared to patients not on anticoagulants,
p¼ 005.31 To the best of our knowledge, no other studies compared
the HLOS amongst patients who were reversed to patients who
were not reversed.

There were limitations to this study. The anticoagulant status or
timing of the last dose may not have been known before surgery. It
is also possible patients in the reversed group did not have their
anticoagulant effect completely reversed; consequently, some
reversed patients may have been in a similar anticoagulant status
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as those not reversed. The decision to reverse the anticoagulant was
not standardized across participating centers. There is a potential
that selection bias was introduced by selecting not to reverse pa-
tients who were in better condition for immediate surgery, when
sicker patients may have been reversed using the “wait and watch”
method if deemed not safe for immediate surgery. Investigation of
patient demographic and clinical characteristics to adjust for were
methods to reduce the effect of this bias. Future randomized trials
are needed to confirm the results of this study.

Geriatric patients with an isolated hip fractures on pre-injury
anticoagulant who did not have their anticoagulant reversed
prior to hip fracture surgery did not experience any significant in-
creases in blood loss, blood transfusions, in-hospital complications,
mortality, or ICU LOS. However, the patients not reversed did have a
significantly shorter LOS when compared to those reversed. Our
data also suggests that geriatric patients with an isolated hip
fracture taking pre-injury anticoagulants, with or without reversal
prior to surgery, seem to have a similar risk of blood loss compared
to patients not on anticoagulants. Given the extra cost, delays in
surgery, increased HLOS, and potential side effects of reversal
strategies, we recommend against routinely reversing anti-
coagulation in patients with hip fractures.
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