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Risk factors for early mortality

in elderly patients with unstable
isolated C2 odontoid fracture
treated with halo-vest or surgery
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The aim of this study was to compare in-hospital mortality of three procedures —halo-vest
immobilization, anterior spinal fixation (ASF), and posterior spinal fixation (PSF)-in the treatment of
elderly patients with isolated C2 odontoid fracture. We extracted data for elderly patients who were
admitted with C2 odontoid fracture and treated with at least one of the three procedures (halo-vest
immobilization, ASF, or PSF) during hospitalization. We conducted a generalized propensity score-
based matching weight analysis to compare in-hospital mortality among the three procedures. We
further investigated independent risk factors for in-hospital death. The study involved 891 patients
(halo-vest, n=463; ASF, n=74; and PSF, n=354) with a mean age of 78 years. In-hospital death
occurred in 45 (5.1%) patients. Treatment type was not significantly associated with in-hospital
mortality. Male sex (odds ratio 2.98; 95% confidence interval 1.32-6.73; p=0.009) and a Charlson
comorbidity index of =3 (odds ratio 9.18; 95% confidence interval 3.25-25.92; p<0.001) were
independent risk factors for in-hospital mortality. In conclusion, treatment type was not significantly
associated with in-hospital mortality in elderly patients with isolated C2 odontoid fracture. Halo-
vest immobilization can help to avoid adverse events in patients with C2 odontoid fracture who are
considered less suitable for surgical treatment.

The incidence of C2 odontoid fracture in elderly patients has increased during the past two decades because of
expansion of the geriatric population worldwide'. In elderly patients, C2 odontoid fracture mostly results from
low-energy impacts such as falls®. With this increase in the number of elderly patients sustaining C2 odontoid
fracture, the number of conservative treatments has increased by two to three times in the last decade’. Because
most elderly patients have comorbidities and high baseline mortality, optimal management of odontoid fracture
has long been a major concern.

We previously reported that most patients with C2 odontoid fracture were elderly and treated conservatively
without halo-vest*. However, when the fracture is unstable and conservative treatment with a cervical collar is
insufficient, we should consider external immobilization using a halo-vest or surgical treatment involving anterior
spinal fixation (ASF) or posterior spinal fixation (PSF)°. Although a halo-vest is widely used for conservative
treatment, several studies showed that halo-vest immobilization had worse survival outcomes than surgery®. The
mortality rate of elderly people treated with halo-vest ranged from 16 to 42%; thus, halo-vest was considered
less suitable for elderly patients than young patients’. In contrast, several other studies showed no association
between the treatment type and clinical outcome?®. This controversy makes it difficult for clinicians to select
the optimal treatment for patients with unstable odontoid fracture, especially in elderly patients who are likely
to have several comorbidities.
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In the present study, we conducted a generalized propensity score-based analysis to compare clinical outcomes
among halo-vest immobilization, ASE, and PSF in elderly patients with unstable isolated C2 odontoid fracture.

Materials and methods

Data source

Inpatient data were extracted from the Japanese Diagnosis Procedure Combination database, a national database
containing administrative claims and discharge data’. All academic hospitals are obliged to participate in the
database, and more than 1000 community hospitals voluntarily contribute to the database. Overall, the database
provides data for approximately 50% of all acute-care inpatients in Japan. The database contains the following
information: encrypted unique identifiers; age and sex; body weight and height; admission and discharge dates;
diagnoses coded according to the International Classification of Diseases (ICD), 10th revision; surgical and
nonsurgical procedures coded according to Japanese original codes (K codes); drugs prescribed; and discharge
status. A previous study showed that the validity of diagnoses and procedure records in the database was high
(sensitivity and specificity of primary diagnoses: 78.9% and 93.2%, respectively)'’. The database clearly differ-
entiates between comorbidities that were already present at admission and complications that occurred after
admission, and many studies using the database have been reported elsewhere*!12.

This study was approved by the Institutional Review Board of The University of Tokyo [approval number:
3501-(3) (December 25th, 2017)]. The requirement for informed consent was waived by the Ethics committee of
The University of Tokyo because of the anonymous nature of the data. All study were performed in accordance
with relevant guidelines and regulations.

Patient selection

From July 2010 to March 2017, we screened all patients who were admitted with C2 fracture (ICD-10 code: S12.1)
and further identified odontoid fracture using Japanese disease codes. The inclusion criteria were age of > 65 years
and admission for treatment of odontoid fracture by at least one of three procedures (halo-vest immobilization
(K1444), ASF(K142-1), or PSF (K142-2)) during hospitalization. We excluded patients with multiple fractures
(any fractures other than odontoid fractures), with severe consciousness disturbance at admission, who under-
went combined surgery (both ASF and PSF), or who died within 2 days of admission. The patients who were
treated with halo-vest before or after ASF or PSF were included in the surgery group.

Covariates and outcomes

We compared the three procedures (halo-vest immobilization, ASF, and PSF) using the following covariates at
admission: age; sex; body mass index (BMI) (kg/m?); smoking status; academic hospitals; emergency admission;
ambulance use; primarily admitted to intensive care unit; oxygenation, hemodialysis, or renal catheter use on
admission; pre-existing comorbidities such as diabetes mellitus (E10-E14), hypertension (I10-115), or chronic
lung disease (J40-J47); history of cerebrovascular disease (160-169), cardiac disease (120-125, 130-152), hepatic
cirrhosis (K74), or dementia (FO0-F03); Japan Coma Scale score on admission, which is correlated with the
Glasgow Coma Scale score'; Charlson comorbidity index (CCI)'; and Barthel index". Use of navigation (K9391)
was identified among the surgical groups. We categorized eligible patients into two age groups: 65 to 79 years and
>80 years. BMI was categorized into underweight (< 18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight
(25.0-29.9 kg/m?), obesity (=30.0 kg/m?), and missing according to the World Health Organization definition.
Smoking status was categorized into nonsmoking, smoking, and missing.

The primary endpoint was overall in-hospital mortality. The secondary endpoints were at least one complica-
tion after admission, post-treatment length of stay (PLOS), and total hospitalization cost in US dollars (USD).
We identified complications after admission from the diagnoses recorded after admission using the following
ICD-10 codes and defined at least one complication as at least one of the following complications during hos-
pitalization: sepsis (A40-A41), pulmonary embolism (I126), respiratory complications [pneumonia (J12-]18,
J69), respiratory failure (J96), respiratory disorders (J95)], acute coronary syndrome (121-124), heart failure
(150), stroke (I60-164), urinary tract infection (N30, N34, N36-N37, N39), and renal failure (N17-N19). PLOS
was defined as the length of stay from the day treated with halo-vest, ASE, or PSF to discharge (or death). Total
hospitalization cost includes item-by-item prices for surgical, pharmaceutical, laboratory, nursing care, and other
inpatient services, that are offered by universal health care in Japan. The currency exchange rate was set at 100
Japanese yen per USD to account for the average rate of the study period.

Statistical analysis
We used a propensity score-based method to account for differences in observed factors that might affect either
the treatment assignment or outcome’®. The propensity score was defined as the probability of a patient under-
going halo-vest immobilization, ASF, or PSF based on the patient’s baseline covariates. Covariate selection was
prespecified by using both potential confounding factors and variables that can serve as proxies for unknown or
unmeasured confounding variables. The propensity score was estimated using a multinomial logistic model with
the procedure received as the dependent variable and the following baseline factors as independent variables!”:
age; sex; BMI category; smoking status; ambulance use; emergency admission; admission to intensive care unit
before treatment; oxygenation therapy before treatment; use of urinary catheter; pre-existence of diabetes mel-
litus, hypertension, or chronic lung disease; history of cerebrovascular disease, cardiac disease, hepatic disease,
dementia, or osteoporosis; at least one comorbidity; Japan Coma Scale score category; Barthel index; and CCI
category on admission.

To balance the patients’ baseline characteristics among the three procedures, a matching weight approach
was applied'®. Matching weights is recommended for comparing outcomes across multiple treatment groups
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when the covariates” overlaps are relatively limited, outcomes are rare, or exposure distributions are unequal’.
Each patient was weighted by the inverse probability with the lower propensity score of the three procedures
as the numerator. The patients would receive each of the treatments among halo-vest immobilization, ASE, or
PSE allowing average treatment effects to be estimated. Baseline covariate balance was checked after weighting,
using a p value of > 0.05 calculated by analysis of variance or the chi-squared test among the three treatments.

We compared the following outcomes among the three groups (halo-vest immobilization, ASF, and PSF)
using analysis of variance and the chi-square test in the matching weighted cohort: overall in-hospital death,
complications after admission, PLOS, total hospitalization costs, and Barthel index at discharge. We further
conducted logistic regression analyses to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for
overall in-hospital death and at least one complication after admission. We also conducted a linear regression
analysis to estimate the regression coefficient and 95% CI for the PLOS. Moreover, we conducted a multivari-
able logistic regression analysis with adjustment for age, sex, BMI category, smoking status, and CCI category
in the non-weighted and weighted cohorts to identify risk factors for in-hospital death. The following sensitivity
analyses were undertaken to assess the robustness of the results. We combined the ASF and PSF groups as the
surgery group and compared halo-vest immobilization with the surgery group using propensity score-matching
analysis and matching weight analysis to balance the baseline variables.

Statistical analyses were performed using Stata/MP version 15 software (StataCorp, College Station, TX,
USA). A two-tailed significance level of p <0.05 and 95% CIs were used in the analyses.

Ethical approval
The study design was approved by the Institutional Review Board of The University of Tokyo.

Consent to participate
The requirement for informed consent was waived because of the anonymous nature of the data.

Results

We finally included 891 patients (halo-vest, n=463; ASE, n=74; and PSE, n=2354) with isolated C2 odontoid
fracture (Fig. 1). More than half of the patients underwent halo-vest immobilization. Table 1 shows the patients’
baseline characteristics before and after matching weight. Overall, 366 patients (41%) were male, and their
mean age was 78+ 7.5 years. Navigation was used in 115 patients among the surgical groups (ASF: 8/74, 11%;
PSF: 107/354, 30%). Despite significant differences in emergency admission, ambulance use, urinary catheter
use on admission, and Barthel index on admission, the weighted cohort became well balanced for the recorded
baseline variables.

Table 2 shows the clinical outcomes among the treatments before and after weighting. Overall and 30-day
in-hospital death occurred in 45 (5.1%) and 10 (1.1%) patients, respectively. The proportion of patients with at
least one complication was 15%, and the most common complications after admission were respiratory complica-
tions (7.4%). The halo-vest group had a significantly longer PLOS than the ASF and PSF groups and significantly
lower total costs than the PSF group. Univariable analysis in the weighted cohort showed that (i) in-hospital
death was higher in the halo-vest group (6.6%) than the ASF (4.1%) and PSF (4.7%) groups with no significant
difference, (ii) at least one complication was not significantly different among the treatments, and (iii) the PLOS
was significantly longer in the halo-vest group than in the ASF or PSF group. Regarding complications after
admission in the weighted cohort, the proportion of respiratory complications, cardiac events, and stroke were
lower in the halo-vest group than in the ASF or PSF group.

Table 3 shows the results of logistic regression and linear regression analyses of the main outcomes before and
after matching weight. In the weighted cohort, there was no significant difference in overall in-hospital death
between the halo-vest group and the ASF group (OR 0.60; 95% CI 0.17-2.07; p=0.42) or PSF group (OR 0.70;
95% CI 0.35-1.44; p=0.34). Although there was no significant difference in patients who developed at least one
complication among the procedures, halo-vest immobilization was significantly associated with a longer PLOS
than ASF (regression coeflicient, —25 days; 95% CI —32.9 to —17.5; p<0.001) and PSF (regression coeflicient,
—25 days; 95% CI —29.6 to — 19.7; p< 0.001).

Figure 2 shows the results of the multivariable logistic regression analysis for in-hospital death before and
after weighting. Male sex and a higher CCI category were independent risk factors for in-hospital mortality
(male sex: OR 3.02; 95% CI 1.47-6.22; p=0.003; CCI category 2: OR 3.61; 95% CI 1.65-7.92; p=0.001; CCI of
>3: OR 9.18; 95% CI 3.25-25.92; p <0.001). The results of the sensitivity analyses were similar to those of the
main analyses (Appendix Tables S1-S6).

Discussion

We used a nationwide database and conducted a propensity score-based matching weight analysis to compare
clinical outcomes of halo-vest immobilization, ASE, and PSF for elderly patients with isolated C2 odontoid
fracture. In-hospital mortality and the development of at least one complication were not significantly different
among the three procedures, whereas the PLOS was longer in the halo-vest group than in the surgery groups.
Male sex and a higher CCI were independent risk factors for in-hospital mortality.

Halo-vest has been considered to be associated with higher mortality than surgical treatment in patients
with C2 odontoid fracture, especially elderly patients”?. Furthermore, in the latest meta-analysis, conservative
treatment showed a trend toward higher mortality than surgical treatment?'. The present study also showed
relatively higher mortality in the halo-vest group than in the ASF or PSF group. However, halo-vest immobiliza-
tion was not an independent risk factor for in-hospital death. One reason for higher mortality with conservative
treatment may be selection bias due to limited settings of the target population. Most previous studies may have
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Patients with main diagnosis of C2 odontoid fracture
(ICD-10: S12.1 and Japanese disease code)
(n=4,113)

Did not meet inclusion criteria
Conservative treatment without halo-vest (n = 1,582)
Age of <65 years (n = 368)

v

C2 odontoid fracture treated with halo-vest immobilization, ASF, or PSF
(n=2,163)

Excluded from study
Multiple fractures (n = 1,176)
Severe consciousness disturbance on admission (n = 96)
Treated with both ASF and PSF (n = 0)

A\ 4

Eligible patients (n = 891)

v v v

Halo-vest group ASF group PSF group
(n =463) (n=74) (n=354)

Figure 1. Flow chart of patients. We screened all patients who were admitted with C2 fracture (ICD-10 code:
$12.1) and further identified odontoid fracture with the Japanese disease code. After excluding patients who
were treated conservatively without halo-vest and who were aged < 65 years, we further excluded patients who
had severe consciousness disturbance, had multiple injuries, and died within 2 days after admission to exclude
critically ill patients. Finally, 891 patients with isolated C2 odontoid fracture were identified (halo-vest, n=463;
ASFE, n=74; PSE n=354). ICD-10, International Classification of Diseases, 10th revision; ASE, anterior spinal
fixation; PSE, posterior spinal fixation.

included critically ill patients with C2 fracture who could not be treated surgically. Furthermore, the sample
sizes were small, even in the meta-analysis"*’. According to our results, the difference in in-hospital mortality
between halo-vest immobilization and surgery may be slight. Halo-vest immobilization can be an option for C2
odontoid fracture if the patient cannot be treated surgically even when the fracture should be initially stabilized
with surgery.

Respiratory complications are a cause of increased mortality of elderly patients who undergo halo-vest
immobilization, and surgical treatment can reportedly decrease the incidence of pneumonia, cardiac arrest,
and respiratory failure®. However, several studies showed no significant difference in complications between
conservative and surgical treatment®®. In the present study, complications including pneumonia, heart failure,
and stroke were less common in the halo-vest group than in the ASF and PSF groups. Respiratory and cardiac
complications can also occur as a result of surgery or general anesthesia, especially in elderly patients, who tend
to have higher comorbidities and lower cardiac function??. Because surgical treatment may have more complica-
tions than halo-vest immobilization in elderly patients, careful attention is needed to avoid adverse events after
surgical treatment of C2 odontoid fracture.

Optimal treatment for odontoid fracture has been discussed over the years. Previous studies have revealed
that surgical treatment is more effective than conservative treatment for inducing bony fusion®. However, fibrous
fusion is a more acceptable outcome than morbidity or mortality associated with surgery?. Thus, osseous union
is not a prerequisite to obtaining satisfactory clinical outcomes in elderly patients. Additionally, the association
between bony fusion and mortality remains inconsistent if neurological complications are absent?. In the pre-
sent study, male sex and a higher CCI were strongly associated with in-hospital death in patients with isolated
C2 odontoid fracture. Among elderly patients, pre-existing comorbidities themselves can be associated with
mortality**. A comprehensive decision is necessary regardless of treatment type for C2 odontoid fracture, espe-
cially in terms of age, sex, and comorbidities.

This study has several limitations. First, we could not obtain data on the type of fracture, severity of insta-
bility, degree of dislocation, or surgical techniques details from the database. Second, despite using propensity
score-based analysis, unmeasured confounding may not have been completely removed. The above-mentioned

Scientific Reports |

(2023) 13:17962 | https://doi.org/10.1038/s41598-023-45180-6 nature portfolio



www.nature.com/scientificreports/

panunuo)

980 (T¢) 41 (L) € (L) 1 (67) 9 001 (87) 01 (L7) 4 (877) €1 (877) ST Sun um%mw
S6°0 (62) 801 (1) 1€ (0€) 14 (0€) $9¢C 680 (62) 201 (1€) €T (82) €1 (62) 95T uotsuaadAy
780 (1) €9 (s1) ST (91) L9 (o1) 541 060 (049) 65 (s1) It (91) €L (o1) €Y1 | SMIPW sajaqerq
SUONIPUOD PIGIOWO))

570 (82) w0t ¥€) ve (0€) L (0€) €9z 2000 (z2) 6L (¥€) T ¥€) se1 (62) 657| oo ponmbon
790 (¥0) 1 #1) 1 (50) 4 (s0) i4 050 (€0) 1 1) 1 (9°0) € (9°0) S| oway ﬁmmﬁw
160 (@D s 1) €1 (€D € (€D I 690 (on) 9 (1) o1 (i T (i 6| tvo ww_mw_wm
ST°0 (1) i (17) i4 (02) 8 (61) 91 710 (8°0) € (%) € 61) 6 (1) S1| NDI 03 paniupy
SUOT)IPUOd Arewtiq

$8°0 (8%) SL1 (05) 0S (6¥%) 60T (6%) 434 100°0> (6€) 8€1 (05) L€ (¥9) 15T (8%) 9Tk asn due[nqUIy
010 (18) L6T (s8) S8 (98) s9¢ (¥8) LyL|  10000> (€9) vee (s8) €9 (16) 61¥% (62) 902 _srupe 559“_%
66'0 (s8) 313 (s8) S8 (s8) 65¢ (s8) LSL ¥60 (¥8) L6T (s8) €9 (s8) 76€ (¥8) T6L | Tendsoy orwapesy
F1) €S (1) 11 (11) Ly (4] 81 (¥1) 8F (1m) 8 (11) 0S (49] 901 Surss

8L°0 (61) [ (¢0) 44 (61) 08 (61) PLI €0 (02) [ (z0) 91 1) SL (81) €91 Injows
(99) ¥V (89) L9 (02) S6¢ (89) 909 (99) ¥€T (89) 0s (€2) 8€€ (02) 44y IowWsuoN

Sunjowug

(6°9) (44 (#5) S (19) 9T (6'5) €S (1°9) 81 #9) 14 ¥o1) 8¥ (6°2) 0L Surssiy

(10) 8 #1) I (8'1) 8 (8'1) L1 (1°¢) 1 1) I (s1) L (1) 61 0°0€ 2 4Ms2q0

(n 6¢ (s'6) 6 (e1) vy ¥1) 6 (tn Lg (o1) L (1n) 0s (€1) 6 ﬁ_mwﬁwm%

(1) 09 (00) 0z an " (€D Is1 (1) 9¢ (07) o1 «n 6L (s1) 0st ém_oéw.wwm

(59) e (¥9) €9 (sL) 274 (1) 8.5 (99) wee (¥9) w (09) 6Lt (1) 855 | quBrom pion

66°0 ST'0 /3 TNE
(99) L0T (19) 19 (£9) we (£5) 01S (L9) 102 (19) 94 (09) 6LT (65) §Ts s[ewag

89°0 (¥%) 91 (6€) 6€ (€¥) 181 (¢v) 8¢ LS°0 (¢v) €51 (6€) 6T (o) ¥81 (1%) 99¢ SeN
(¢¥) 091 (05) 0 (V%) 881 (2%) €0C (4] ¥S1 (09) L€ (1%) 161 (€%) 8¢ 08<

(L9) 60¢ (0s) 0S (99) ({54 (89) 9Lt (£9) 002 (05) L€ (6) (944 (L9) 60S 6L-59

670 S€0 s1eaf A10801e0 33y
670 SL¥8L TLF6L 9LF8L SLF8L 080 SLF8L TLF6L SL¥8L SLF8L s1eaf 98y
d (69¢=1) (001 =1) (czp=1) (168=1) d (pse=1u) (FL=1) (g9p =) (168=1) |  sonstEIRY)

d8d SV 159A-0[eH e0L dsd SV 183A-OJeH [®10L
110105 paySoM 110705 pajySromun

nature portfolio

https://doi.org/10.1038/s41598-023-45180-6

17962 |

(2023) 13

Scientific Reports |



"Xopul AJIPIGIOTIOD UOS[TRYD) TD)) 2[0S ewo)) Uede[ ‘gD Iun aed dAISUIUT D] XUl ssewr £poq TN ‘uonexy [eurds Joraisod IS4 ‘uonexy reurds Jorrajue Sy "(28uer ayyrenbiajur)
UBTPAUI JO ‘UOIIRIAID PIepPUL)S F UL (%) U se pajuasaid are ere JySiom Surypjewr 1a)je pue 210Joq 2IM10BIJ PIOJUOPO ¢0) PAT[OST UM sjuarjed Jo sonsLIa)deerd autjeseq *I d[qel,

www.nature.com/scientificreports/

o

(0°9) 81 #1) I (9%) 0T %) 81 (T9) 44 (@] I (0°9) €C (T9) 9% €2 ..M

(91) 86 (61) 61 (s 59 (1) Wi (Ln) 19 (61) ¥1 (€1) 79 (s1) L€1 T _m.

(6£) 1434 (08) 6L (08) 6€€ (08) 01L (LL) 1L (08) 6S (28) 8L¢ (6£) 80L 1= L

SH0 61°0 100 m
9900 | (05-0) sl (v sl (v0 s| (50 s 2000|  (5L-0) sl (v sl (0z-0) S| (0 §| o xopur pupreg
(€1) Ly (61) 61 (z1) 49 (€1) 811 (1) or (61) ¥1 (2'6) Sy (1) 66 Azz1q
(L8) 143 (18) 8 (88) L€ (£8) €LL (68) jaf3 (18) 09 (06) 81¥ (68) 6L Y
980 7900 £1030780 §O
660 (65) 812 (65) 65 (65) 8vz (65) 528 190 ) 20t (09) ¥ (19) 082 (65) 928 Wﬂﬁm% o
€€0 (z1) 54 (89) L (T1) 0S (11) 701 920 F1) 8¥ (89) S (€1) 19 (€1) P11 s15010d023sQ
90 (6%) 81 (1'8) 8 (€9) 44 (#¢) 8% 650 ¥5) 61 (1'8) 9 (T9) ¥ (5°9) 54 lasiscletcleg
L60 (68) €€ (s'6) 6 (#'8) 9¢ (£8) 8L 08°0 (z8) 6T (s'6) L (s6) 44 (0'6) 08| aseastp onedoy
¥6'0 (91) 09 (91) 91 (s1) s9 (o1) 71 91’0 (049) 19 (o1) 41 (€1) 8¢ (s1) IET | 3seasip deIpre)
80 9 mN ) S (s9) ) ) Ls €0 (69) 1z ) ¥ #'8) 6¢ @) %9 Esuw?owﬂw_w

https://doi.org/10.1038/s41598-023-45180-6

(2023) 13:17962 |

Scientific Reports |




www.nature.com/scientificreports/

Unweighted cohort Weighted cohort

Total Halo-vest ASF PSF Total Halo-vest ASF PSE
Outcome | (n=891) (n=463) (n=74) (n=354) P (n=891) (n=423) (n=100) (n=368) P
Overall
in-hospi- | 45 (1) |26 (56) |3 41 |16 45 072 |49 (55) |28 66) |4 @y |17 (4.7) 0.37
tal death
30-day in-
hospital | 10 11y |5 (1) |1 (14) |4 (1.1) |098 |10 12 |6 15 |1 (14) |3 (0.9) 0.71
death
At least
one com- | 132 (15) 60 (13) 14 (19) 58 (16) 0.23 137 (15) 57 (14) 19 (19) 61 17) 0.28
plication
Post-
treatment
lengthof |7 (20-70) | 63 (29-88) | 31 (21-54)| 27 (17-42)| <0.001 | 36 (20-68) | 62 (28-88) | 31 (21-54) | 28 (18-46) | <0.001
stay, days
Total cost,
thousand |26+13 24+11 22+13 29+13 0.001 26+13 23+11 22+13 31+13 <0.001
dollars
Complications
Sepsis 6 (0.7) 5 (1.1) 0 (0.0) 1 (0.3) 0.29 5 (0.6) 5 (1.2) 0 (0.0) 0 (0.1) 0.06
Pulmo-
‘;Ian'go_ 2 02 |o (00) |o (0.0) |2 (06) |022 |3 (05) |0 0.0) |0 00 |3 (0.7) 0.12
lism
Res-
f(‘)rr;l“glri?’ 66 (74) |31 67) |6 (81) |29 (82 |070 |70 (7.8) |30 (700 |8 (81) |32 (8.6) 0.71
cations
Sjergtlgc 17 (19 |5 Ly |3 @1 |9 25 012 |20 23 |5 (1.3) |4 @1 |1 (2.9) 0.11
Stroke 11 (12) |3 0.6) |2 @7 |6 (17) |020 |12 (14) |3 08 |3 @7 |6 (1.7) 0.17
Urinary
tract 25 (28 |14 (30 |1 (14) |10 (28 |072 |23 (26) |11 26) |1 14) |11 (3.0) 0.55
infection
Renal
X 7 (0.8) 2 (0.4) 0 (0.0) 5 (1.4) 0.21 7 (0.8) 2 (0.5) 0 (0.0) 5 (1.3) 0.24
failure
Barthel
. (50~ (50— (30- (50— (45— (50— (30— (45—
tirfce}i(;;e 85 100) 85 100) 80 100) 85 100) 0.65 80 100) 85 100) 80 100) 80 100) 0.011

Table 2. Clinical outcomes of patients before and after inverse probability treatment weighting. Data are
presented as n (%), mean + standard deviation, or median (interquartile range). ASF, anterior spinal fixation;
PSE posterior spinal fixation.

Unweighted cohort Weighted cohort
Logistic regression 95% Confidence 95% Confidence
model Odds ratio interval p Odds ratio interval P
Overall in-hospital death
Halo-vest Reference - - Reference - -
ASF 0.71 0.21to2.41 0.58 0.60 0.17 to 2.07 0.42
PSF 0.80 0.42to 1.51 0.48 0.70 0.35t0 1.44 0.34
At least one complication
Halo-vest Reference - - Reference - -
ASF 1.57 0.82 to 3.00 0.17 1.49 0.77 to 2.90 0.24
PSF 1.32 0.89to 1.95 0.17 1.26 0.80to 1.99 0.31
Linear regression Regression 95% Confidence Regression 95% Confidence
model coefficient (SE) interval P coefficient interval P
Post-treatment length of stay (days)
Halo-vest Reference - - Reference - -
ASF -26 -344to-17.1 <0.001 |-25 -329t0o-17.5 <0.001
PSE -27 -32.1t0o—-224 <0.001 | -25 -29.6t0—-19.7 <0.001

Table 3. Logistic regression and multiple linear regression models of main outcomes before and after

weighting. ASE anterior spinal fixation; PSE, posterior spinal fixation; SE, standard error.
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Variables Non-weighted OR (95% CI) Weighted OR (95% CI) Weighted OR V4
Procedure
Halo-vest Reference Reference '
ASF 0.65 (0.18-2.35) 0.59(0.16-2.17) } 043
PSF 0.71 (0.36-1.38) 0.70 (0.33-1.47) —o:— 034
Age category, years }
65-74 Reference Reference +
75-84 1.1 (0.50-2.44) 1.01 (0.41-2.47) —]y— 098
=85 1.97 (0.86-4.52) 2.07 (0.81-5.30) —:—0— 0.13
Sex :
Female Reference Reference +
Male 3.02 (1.47-6.22) 2.98 (1.32-6.73) : _— 0.009
BMI category, kg/m? :
Normal weight, 18.5-24.9 Reference Reference +
Underweight, <18.5 1.54(0.69-3.43) 1.75 (0.73-4.22) —:—0— 021
Overweight, >25.0 0.19 (0.03-1.42) 0.17 (0.01-1.93) 4 0.15
Smoking status :
Nonsmoker Reference Reference +
Smoker 1.13 (0.51-2.51) 1.13 (0.47-2.73) —:o— 078
CCI category |
<1 Reference Reference i
3.87(1.92-7.81) 3.61(1.65-7.92) : —_— 0.001
6.47 (2.57-16.28) 9.18 (3.25-25.92) : - e <0.001
o5 10 20 s

‘0 Mean difference 95% CI ‘

Figure 2. Risk factors for in-hospital death. Non-weighted and weighted ORs for each subgroup are shown.
ORs and 95% ClIs were obtained by multivariable logistic regression analysis adjusted by procedure, age
category, sex, BMI category, smoking status, and CCI category. The square and horizontal bars represent the
mean difference and 95% CI, respectively. OR, odds ratio; CI, confidence interval; ASE, anterior spinal fixation;
PSE, posterior spinal fixation; BMI, body mass index; CCI, Charlson comorbidity index.

unavailable data may have been an unmeasured potential confounder affecting the indication for each treat-
ment type. However, because more severe conditions make clinicians more likely to choose surgery, the surgery
group likely had patients with more severe fractures. We conducted a sensitivity analyses, and the results were
unchanged. Third, the database provides no data on outcomes after discharge. However, we assume that we
covered most of the early adverse events because of the relatively long length of index hospitalization in Japan
(median LOS for odontoid fracture is 31 days)®. Despite these limitations, we believe that our findings will have
a significant impact on future treatment.

In conclusion, our study showed that the treatment type (halo-vest immobilization, ASF, or PSF) was not
significantly associated with in-hospital mortality. Because elderly people are susceptible to higher comorbidity
and baseline mortality rates, careful management may be required when these patients are male or have a higher
CCI, regardless of treatment type for isolated C2 odontoid fracture.

Data availability
The datasets analyzed during the current study are not publicly available because of contracts with the hospitals
providing data to the database but are partially available from the corresponding author on reasonable request.

Code availability
All statistical analyses were performed with STATA/MP version 15 software (StataCorp, College Station, TX,
USA). The codes are available to interested researchers upon request to the corresponding author.
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