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Abstract

Purpose To investigate the association between treatment, comorbidities, concomitant injuries, and procedures with in-
hospital mortality in patients aged 80 years or older with axis fractures.

Methods Data were extracted from the German InEK (Institut fiir das Entgeltsystem im Krankenhaus) GmbH database
(2019-2021) for patients aged 80 years or older with axis fractures and the in-hospital mortality rate was calculated. Differ-
ences in comorbidities and concomitant diseases and injuries were analyzed using the Chi-square test. In surgically treated
patients, odds ratios (OR) with 95% confidence intervals (95% CI) were used to analyze potential risk factors for in-hospital
mortality.

Results Among 10,077 patients, the in-hospital mortality rate was 8.4%, with no significant difference between surgically
(9.4%) and non-surgically treated patients (7.9%; p=0.103). The most common comorbidities were essential hypertension
(67.3%), atrial fibrillation (28.2%), and chronic kidney disease (23.3%), while the most common concomitant injuries were
head and face wounds (25.9%), concussions (12.8%), and atlas fractures (11.6%). In surgically treated patients, spinal cord
injury (OR =4.62, 95% CI: 2.23-9.58), acute renal failure (OR =3.20, 95% CI: 2.26-4.53), and acute bleeding anemia
(OR=2.06, 95% CI: 1.64-2.59) were associated with increased in-hospital mortality (all p <0.01). Screw-rod-system fixa-
tion of one segment (OR=0.74, 95% CI: 0.56-0.97) and intraoperative navigation (OR=0.45, 95% CI: 0.16-0.71) were
identified as potential protective factors (both p < 0.05).

Conclusion Comprehensive geriatric assessment and optimization of comorbidities during treatment are crucial. The indica-
tion for surgical treatment must be carefully individualized. Future studies should focus on the choice of surgical technique,
perioperative blood management, and intraoperative navigation as potential protective factors.
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Introduction

The rapidly aging population in the Western world presents
a significant healthcare challenge, as this demographic is
particularly susceptible to fractures and will undoubtedly
play a pivotal role in shaping the future of medical care.
According to the Global Burden of Disease Study females
had an age-standardized rate of 92.2 vertebral fractures
per 100,000 people, while males had a rate of 125.3 per
100,000 in Central Europe [1]. Recently, a staggering 94%
increase in cervical spine fractures in Germany between
2009 and 2019 was demonstrated, with a notable shift in
the age distribution of affected individuals, and patients
aged 70 or older accounting for 70% of all cases [2]. In
fact, axis fractures had an incidence rate of 8.2 per 100,000
inhabitants in Germany in 2019, with an 82.5% increase
since 2009, and predominantly affected males and geriat-
ric patients aged 80 years or older, accounting for 59.1%
of cases [3]. The most common type of axis fracture of
patients aged 80 years or older is the dens axis (odontoid)
fracture, with type II fractures according to Anderson and
D'Alonzo being the most prevalent, followed by type 111
fractures [4-8]. The current epidemiological trend has
inspired a plethora of retrospective studies, reviews, and
meta-analyses in the literature investigating the morbidity
and mortality of geriatric patients. The optimal treatment
strategy is an ongoing controversy and the discussion has
been shifted in recent years primarily to patients older than
80 years [9-11]. While non-surgical management with
external immobilization has been the traditional approach
for type I and some type II fractures, recent evidence sug-
gested that surgical intervention may provide better out-
comes, particularly for unstable type II and type III frac-
tures [10, 12]. However, surgery may be associated with
higher risks of complications, such as infection and neu-
rovascular injury, and may not be suitable for all patients,
especially if “modifiers” like osteoporosis, a nonreducible
fracture or a reverse fracture line among others are present
[12, 13]. Therefore, a careful evaluation of the fracture
type, patient factors, and potential risks and benefits of
each treatment approach should be considered before mak-
ing a decision [13, 14]. Despite the availability of up-to-
date treatment guidelines and research efforts, the mortal-
ity of odontoid fractures in geriatric patients is still high
and according to Venkatesan et al., it is even higher than
hip joint-related fractures [9, 15]. Graffeo et al. recently
suggested, that among octogenarian patients with type Il
odontoid fractures, frailty was associated with increased
mortality, independent of the chosen treatment strategy
[9]. Despite several meta-analyses that provide several risk
factors for in-hospital mortality in geriatric patients with
axis fractures, the general conclusions of most studies are
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limited by the low quality of evidence available, highlight-
ing the need for randomized controlled trials and large
register-based analyses [12, 16, 17].

To provide data with a high degree of generalizability we
conducted a nationwide cross-sectional study, aiming (1) to
identify risk factors for high in-hospital mortality in patients
aged 80 and older with axis fractures. (2) The second aim
was to identify factors that were associated with in-hospital
mortality in the surgically treated patient cohort.

Methods

We conducted a cross-sectional nationwide study with
pooled data from 2019 through 2021. In accordance with
Section 17b of the German Hospital Financing Act, a univer-
sal, performance-based, and flat-rate remuneration system
has been introduced for general hospital services. The basis
for this is the German Diagnosis Related Groups system
(G-DRG system), whereby each inpatient case of treatment
is remunerated using a corresponding DRG lump sum pay-
ment. The Institut fiir das Entgeltsystem im Krankenhaus
(InEK) GmbH provides detailed data on the main diagnoses
based on “International Statistical Classification of Diseases
and Related Health Problems, 10th Revision” (ICD-10)
codes, age- and sex distribution, length of hospital stays, rea-
sons for discharge (including “death’), coded concomitant
diagnoses (based on ICD-10 codes) and coded procedures
based on “Operationen- und Prozedurenschliissel” (OPS)
codes. The InEK browser enables analysis back to the year
2019. For the following comprehensive analysis, all cases
from 2019 through 2021 were extracted and pooled. Based
on the ICD-10 code for axis fracture (S12.1), data for total
case numbers, the numbers of coded concomitant diagno-
ses, and the number of in-hospital deaths were extracted.
In the second step, case combinations of the ICD-10 code
S12.1 with any surgical procedure of the spine (OPS-
codees 5-83.-; 5.030.-) for the years 2019 through 2021
were extracted and pooled to conduct the same analysis as
mentioned above for surgically treated patients exclusively.

The study included only patients aged 80 years or older,
for these have been in the recent focus of debate regard-
ing the optimal treatment. The analysis was conducted on
comorbidities that were documented in at least 1.0% of
cases. The primary outcome parameter was the event of
in-hospital death. To identify potential risk factors for the
in-hospital mortality, the prevalence of comorbidities, con-
comitant injuries (each by ICD-10 code), and procedures
(by OPS-codes) were compared between two groups: Group
A (Survival Group) and Group B (Deceased Group). In
the next step, cases with documented surgical procedures
were further divided into these two groups (A and B) to
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investigate potential risk and protective factors for the in-
hospital mortality in surgically treated patients.

Ethics statement

Informed Consent and Investigational Review Board (IRB)
were not required for this cross-sectional study as it used
data from an anonymous, de-identified, administrative
database.

Statistical analysis

Data are presented as total numbers and as percentages of
the total. The Chi-Square test was used for statistical com-
parison between groups (A and B). To analyze the associa-
tion between potential risk factors and the outcome param-
eter of in-hospital mortality the odds ratios (OR) with 95%
confidence intervals (95% CI) were calculated for the previ-
ously identified factors.

Results
Patient characteristics

In total, N=10,077 hospital admissions cases were pooled
from 2019 to 2021 and analyzed. Only patients aged 80
years or older were included. In total n =843 cases of in-
hospital deaths were documented, giving an in-hospital
mortality rate of 8.4%. The proportion of male patients was
35.2% (n=3544) and 64.8% (n=6533) for female patients
(»<0.001). In the deceased group, 47.7% (n=402) were
male and 52.3% (n=441) were female patients. Among all
cases, n=201 (2.0%) were classified as short-stay patients,
n=28876 (88.1%) as normal-stay patients, and n= 1000
(9.9%) as long-stay patients. Ten-point seven percent of
cases (n=1076) had severe motor function impairment (Bar-
thel Index: 20-55 points). Mild to moderate motor func-
tion impairment (Barthel Index: 60-75) was documented in
4.1% of cases (n=417) and 1.4% of cases (n=142) had mild
motor function impairment (Barthel Index: 80-95 points).
A significantly higher proportion of cases were classified as
having “very severe” motor function impairment (Barthel
Index: 0-15 points), whereas significantly fewer cases with
‘mild,” “‘moderate,” and ‘moderately severe” motor func-
tion impairment were documented in the deceased group
(all p<0.01; Table 1).

Risk factors for in-hospital mortality
The most prevalent comorbidity was essential hypertension,

which was reported in n=6731 cases (67.3%). Codes for
essential hypertension were significantly more often used in

the survival group than in the deceased group (p <0.001).
In only n=34 cases (0.3%) obesity and in n=1665 (16.5%)
cases a form of Type 2 Diabetes Mellitus was coded with no
difference between the two groups (both p>0.05). A code
for atrial fibrillation was used in n=2837 (28.2%) of cases
and the proportion was significantly higher in the deceased
group (n=315; 37.4%; p <0.001). Further, left-sided heart
failure was significantly more prevalent in the deceased
group (n=201; 23.8% vs. n=1024; 11.1%; p <0.001). The
frequencies of codes for volume deficiency (n=107; 12.7%),
hyperkalemia (n=59; 7.0%), hypokalemia (n=197; 23.4%),
acute kidney failure (n=148; 17.6%) and chronic kidney
disease (n=257; 30.5%) were significantly higher in the
deceased group (all p <0.01). Hospital-acquired pneumo-
nia was documented in n=444 (4.4%) of all cases and sig-
nificantly more frequently in the deceased group (n=133;
15.8%; p<0.001). There was a statistically significant differ-
ence between the groups in the prevalence of acute anemia
(due to hemorrhage) which was documented in the deceased
group in n =193 (21.3%) cases (p <0.001). Similarly, a sig-
nificantly higher portion of cases of hemorrhagic diathesis
was found in the deceased group (n="78; 9.3% vs. n=249;
2.7%; p<0.001). However, no difference in the frequency
of long-term anticoagulant therapy was found between the
groups (p=0.536). The prevalence was 25.6% in all cases.
Most codes for cognitive disorders and motor dysfunc-
tions (according to the Barthel Index stratification) were
more prevalent in the deceased group. Table 1 provides an
overview of all analyzed comorbidities in the total cohort
(A+B) and the deceased group (B).

The most common concomitant injuries were head and
face wounds in 25.9% of all cases, followed by a concussion
in 12.8% of all cases. Traumatic brain injuries were rare,
traumatic subdural hemorrhage was documented in n =161
(1.6%), and traumatic subarachnoidal hemorrhage in n =137
cases (1.4%). Traumatic subdural hemorrhage was signifi-
cantly more prevalent in the deceased group (n=29; 3.4%;
p <0.001). The frequency of Cranium and facial skeleton
fractures was documented in n=945 (9.4%) cases and was
significantly more frequent in the deceased group (n =127,
15.1%; p<0.001). Concomitant cervical fractures were doc-
umented in 11.6% of all cases represented by 1st cervical
vertebra (atlas) fractures and 7.0% of all cases represented
by subaxial cervical spine fractures. Atlas fractures were
significantly more frequent in the deceased group compared
to the survival group (n=147; 17.4% vs. n=1020; 11.0%;
p<0.001). There was a significant difference in the fre-
quency of fractures of the rib cage which was documented
in n=280 (9.5%) cases of the deceased and n=324 (3.5%)
of the survival group (p <0.001). Cervical Spinal cord inju-
ries (SCI) were rare, but significantly more frequent in the
group of deceased patients (n=64; 0.7% in group A vs.
n=17;2.0% in group B; p<0.001). In Table 2, all analyzed
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Table 1 Comparison of the prevalence of comorbidities in all patients with axis fractures and the deceased patient cohort

All patients (Group A +B) Deceased patients (Group B) p-value
ICD-10 code Condition Number of cases Cumu-  Percentage Number Cumu-  Percentage
lative of all cases of cases lative of all cases
cases cases
S12.1 Fracture of 2nd cervical vertebra 10,077 100.00% 843 100.00%
Coagulation
D62 Acute bleeding anemia 905 905 9.0% 183 183 21.7% 0.000
D50.8 Other iron deficiency anemias 154 401 4.0% 9 38 4.5% 0.412
D63.8 Anemia due to other chronic diseases classi- 75 6
fied elsewhere
D64.8 Other specifically stated anemias 133 11
D64.9 Unspecified anemia 39 12
D68.33 Hemorrhagic diathesis due to coumarins 79 326 3.2% 16 78 9.3% 0.000
(vitamin K antagonists)
D68.35 Hemorrhagic diathesis due to other antico- 69 13
agulants
D68.4 Acquired deficiency of clotting factors 178 49
792.1 Long-term anticoagulant therapy 2576 2576 25.6% 208 208 24.7% 0.536
Metabolic disease
E11.20 Type 2 diabetes mellitus with renal compli- 97 1665 16.5% 8 137 16.3% 0.825
cations
E11.90 Type 2 diabetes mellitus without complica- 1416 106
tions, without derailment
El11.91 Type 2 diabetes mellitus without complica- 152 23
tions, with derailment
E66.00 Obesity grade I (WHO) 34 34 0.3% 5 5 0.6% 0.181
110.00 Benign essential hypertension: Without 5055 6781 67.3% 353 498 59.1% 0.000
mention of hypertensive crisis
110.01 Benign essential hypertension: With men- 716 73
tion of hypertensive crisis
110.90 Essential hypertension, unspecified: With- 872 65
out mention of hypertensive crisis
110.91 Essential hypertension, unspecified: With 138 7
mention of hypertensive crisis
Heart disease
125.0 Atherosclerotic cardiovascular disease as 171 1327 13.2% 18 140 16.6% 0.002
described
125.11 Atherosclerotic heart disease: Single-vessel 225 25
disease
125.12 Atherosclerotic heart disease: Two-vessel 240 13
disease
125.13 Atherosclerotic heart disease: Three-vessel 382 51
disease
125.19 Atherosclerotic heart disease: Unspecified 309 33
125.22 Old myocardial infarction: 1 year or more 303 303 3.0% 31 31 3.7% 0.234
ago
134.0 Mitral valve insufficiency 245 245 2.4% 31 31 3.7% 0.014
135.0 Aortic valve stenosis 138 138 1.4% 17 17 2.0% 0.091
135.1 Aortic valve insufficiency 69 69 0.7% 0 0 0.0% 0.012
136.1 Nonrheumatic tricuspid valve insufficiency 158 158 1.6% 20 20 2.4% 0.049
148.0 Paroxysmal atrial fibrillation 1564 2837 28.2% 181 315 37.4% 0.000
148.1 Persistent atrial fibrillation 341 39
148.2 Permanent atrial fibrillation 932 95
148.9 Atrial fibrillation and flutter, unspecified 342 342 3.4% 37 37 4.4% 0.096
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Table 1 (continued)

All patients (Group A +B) Deceased patients (Group B) p-value
ICD-10 code Condition Number of cases Cumu-  Percentage Number Cumu-  Percentage
lative of all cases of cases lative of all cases
cases cases
150.12 Left-sided heart failure: With symptoms 435 1225 12.2% 22 201 23.8% 0.000
with greater stress
150.13 Left-sided heart failure: With symptoms 471 79
with milder stress
150.14 Left-sided heart failure: With symptoms at 284 90
rest
150.19 Left-sided heart failure: Unspecified 35 10
Fluid and electrolyte imbalance. Kidney disease
E86 Volume deficiency 776 776 7.7% 107 107 12.7% 0.000
E87.5 Hyperkalemia 262 262 2.6% 59 59 7.0% 0.000
Eg87.6 Hypokalemia 1850 1850 18.4% 197 197 23.4% 0.001
N17.91 Acute kidney failure, unspecified: Stage 1 228 381 3.8% 58 148 17.6% 0.000
N17.92 Acute kidney failure, unspecified: Stage 2 78 37
N17.93 Acute kidney failure, unspecified: Stage 3 75 53
N18.2 Chronic kidney disease, Stage 2 329 2352 23.3% 32 257 30.5% 0.000
N18.3 Chronic kidney disease, Stage 3 1488 137
N18.4 Chronic kidney disease, Stage 4 401 61
N18.5 Chronic kidney disease, Stage 5 134 27
Infectious disease
U69.01 Pneumonia acquired in the hospital 444 444 4.4% 133 133 15.8% 0.000
N30.0 Acute cystitis 156 1561 15.5% 6 134 15.9% 0.734
N39.0 Urinary tract infection 1405 128
Cognitive disorders
F00.1 Alzheimer's disease dementia with late 213 2011 20.0% 26 214 25.4% 0.001
onset (Type 1)
FO1.8 Other vascular dementia 213 22
FO3 Unspecified dementia 1585 166
F05.0 Delirium without dementia 252 1201 11.9% 40 160 19.0% 0.000
FO05.1 Delirium with dementia 462 61
F05.8 Other forms of delirium 487 59
R26.8 Other and unspecified disturbances of gait 916 2045 20.3% 49 126 14.9% 0.001
and mobility
R29.6 Tendency to fall, not otherwise classified 1129 77
Motor dysfunction
U50.10 Mild motor dysfunction, Barthel Index: 142 142 1.4% 0 0 0.0% 0.004
80-95 points
U50.20 Moderate motor dysfunction, Barthel Index: 417 417 4.1% 0 0 0.0% 0.000
60-75 points
U50.30 Moderately severe motor dysfunction, Bar- 941 941 9.3% 22 22 2.6% 0.000
thel Index: 40-55 points
U50.40 Severe motor dysfunction, Barthel Index: 1076 1076 10.7% 68 68 8.1% 0.010
20-35 points
U50.50 Very severe motor dysfunction, Barthel 808 808 8.0% 109 109 12.9% 0.000

Index: 0-15 points
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Table 1 (continued)

All patients (Group A +B) Deceased patients (Group B) p-value
ICD-10 code Condition Number of cases Cumu-  Percentage Number Cumu-  Percentage
lative of all cases of cases lative of all cases
cases cases
Osteoporosis
M81.00 Postmenopausal osteoporosis: Multiple 321 813 8.1% 13 23 2.7% 0.000
locations
M81.09 Postmenopausal osteoporosis: Unspecified 34 0
location
M81.80 Other osteoporosis: Multiple locations 209 5
M81.89 Other osteoporosis: Unspecified location 79 0
M81.99 Osteoporosis, unspecified: Unspecified 170 5
location

Data are presented as total numbers, cumulative cases for condition groups, and percentages. Results of the Chi-square test for the comparison

between the survival group and the deceased group are presented

concomitant injuries in the total cohort and the deceased
group are listed.

Surgical procedures

A total of n=3178 (31.5%) patients in this cohort were
treated surgically. The in-hospital mortality rate in the sur-
gically treated patients was 9.4% (n =298 cases with in-hos-
pital deaths vs. n=1545; 7.9% in the non-surgically treated
group). The OR for in-hospital mortality depending on the
surgical treatment was 1.13 (95% CI: 0.99-1.3; p=0.103).
In n=1954 (61.5%) cases a dorsal approach was used and
in n=1266 (39.8%) cases a ventral approach was, which
indicates, that a 360° approach was applied in n=42 (1.3%)
cases. Most frequently, screw fixation for one segment was
applied (n=1404 cases, 44.2%) followed by fixation with
a screw-rod system for 1 segment (n=919 cases; 28.9%).
Multisegmented fixation with a screw-rod system of up to 5
segments was conducted in n =728 (22.9%) cases. A dorsal
fusion of 1-5 segments was coded in n =823 (25.9%) cases.
Decompression at one segment was only documented in
n=62 (2.0%) cases (Table 3).

Risk factors in surgically treated patients

In the group of surgically treated patients (n=3178) the
prevalence of hospital-acquired pneumonia had a high OR
for in-hospital mortality among comorbidities, with 2.12
(95% CI: 1.60-2.80; p <0.001). Hemorrhagic diathesis
due to medication and congestive heart failure also had
high ORs, with 1.98 (95% CI: 1.42-2.77) and 1.80 (95%
CI: 1.37-2.37), respectively (both p <0.001). Chronic kid-
ney disease stage 3 or higher had a modestly elevated OR
of 1.44 (95% CI: 1.09-1.89; p=0.02). The other evalu-
ated conditions, including dementia, diabetes, urinary tract
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infections, and coronary heart disease, showed ORs close
to 1, indicating little to no association with in-hospital
mortality (Fig. 1).

Considering the concomitant injuries and factors, we
found the odds for the in-hospital mortality to be the high-
est in patients with SCI, although only prevalent in 1.1%
(n=34) of surgically treated patients (OR=4.62, 95%
CI: 2.23-9.58; p<0.001). Further, acute renal failure
(OR=3.20,95% CI: 2.26—4.53, p=0.000) and acute bleed-
ing anemia (OR =2.06, 95% CI: 1.64-2.59, p =0.000) were
associated with a higher in-hospital mortality rate compared
to cases without these conditions. Traumatic subdural hem-
orrhage (OR =2.04, 95% CI: 1.16-3.61, p=0.080) and
concomitant atlas fracture (OR =1.34, 95% CI: 1.00-1.80,
p=0.147) were not associated with statistically significant
higher in-hospital mortality odds (Fig. 2).

The cases in which blood transfusion was indicated were
associated with a significantly, 2.02-fold increased OR of in-
hospital mortality (95% CI: 1.60-2.55, p=0.000). Further,
multi-segmental instrumentation using a screw-rod system
with 4 or more segments was by tendency associated with
1.79-fold increased odds of in-hospital mortality (95% CI:
1.15-2.79, p=0.052).

As seen in Fig. 3, most surgical techniques were not asso-
ciated with a relevant change in the OR for in-hospital mor-
tality. However, patients who were dependent on care level 3
had 1.39-fold increased odds (95% CI: 1.06-1.83, p=0.035).
Screw fixation for 1 segment as applied for anterior dens-
screws was not associated with a significantly elevated
OR of in-hospital mortality (OR 1.14; 95% CI: 0.92-1.40;
p=0.260). On the other hand, fixation by a screw-rod system
of one segment, as used for encoding C1/C2 fusion pro-
cedures (e.g., Goel-Harms technique) showed a moderate
negative association with in-hospital mortality (OR =0.74,
95% CI: 0.56-0.97; p=0.044).
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Table 2 Comparison of the prevalence of concomitant injuries in all patients with axis fractures and the deceased patients cohort

All patients (Group A +B) Deceased patients (Group B) p-value
ICD-10 code Condition Number of cases Cumu-  Percentage Number Cumu-  Percentage
lative of all cases of cases lative of all cases
cases cases

S12.1 Fracture of 2nd cervical vertebra 10,077 100.00% 843 100.00%
Head and face wound
S01.0 Open wound of hairy scalp 1024 2606 25.9% 101 246 29.2% 0.021
SO1.1 Open wound of eyelid and periocular region 40 0
S01.21 Open wound of external skin of nose 125 0
S01.80 Unspecified open wound of other parts of 691 50

head
S01.84 Soft tissue injury, first degree, with closed 376 44

fracture or dislocation of head
S01.9 Open wound of head, part unspecified 350 51
Cranium and facial skeleton fractures
S02.1 Fracture of skull base 38 945 9.4% 12 127 15.1% 0.000
S02.2 Nasal bone fracture 701 87
S02.3 Fracture of orbital floor 75 15
S02.4 Fracture of zygomatic bone and maxilla 131 13
Traumatic brain injury
S06.0 Concussion 1293 1293 12.8% 97 97 11.5% 0.695
S06.5 Traumatic subdural hemorrhage 161 161 1.6% 29 29 3.4% 0.000
S06.6 Traumatic subarachnoidal hemorrhage 137 137 1.4% 17 17 2.0% 0.398
Spinal cord injury
S14.12 Central cervical cord injury (incomplete 23 81 0.8% 5 17 2.0% 0.000

cross-sectional injury)
S14.13 Other incomplete cross-sectional injuries of 10 5

the cervical spinal cord
S14.71 Injury of the spinal cord: C1 11 0
S14.72 Injury of the spinal cord: C2 37 7
Concomitant cervical fractures
S12.0 Fracture of 1st cervical vertebra 1167 1167 11.6% 147 147 17.4% 0.000
S12.21 Fracture of 3rd cervical vertebra 241 704 7.0% 27 80 9.5% 0.031
S12.22 Fracture of 4th cervical vertebra 120 15
S12.23 Fracture of 5th cervical vertebra 91 14
S12.24 Fracture of 6th cervical vertebra 121 15
S12.25 Fracture of 7th cervical vertebra 131 9
Thoracic injury
$22.01 Fracture of thoracic vertebrae T1 and T2 187 385 3.8% 20 40 4.7% 0.544
S$22.02 Fracture of thoracic vertebrae T3 and T4 192 14
S$22.04 Fracture of thoracic vertebrae T7 and T8 6 6
$22.20 Fracture of sternum, unspecified 6 404 4.0% 6 80 9.5% 0.000
$22.32 Fracture of other rib 85 8
S22.43 Fracture of rib series, with involvement of 118 16

three ribs
S22.44 Fracture of rib series, with involvement of 195 50

four or more ribs

Data are presented as total numbers, cumulative cases for condition groups, and percentages. Results of the Chi-square test for the comparison
between the survival group and the deceased group are presented
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Table 3 Frequencies of surgical procedures by documented OPS-codes in n=3178 surgically treated patients

OPS Code Procedure Number Cumulative Total number Percentage
Approach
5-030.1 Approach to the cranio-cervical junction and cervical 413 Posterior approach 1954 61.5%

spine: Cranio-cervical junction, posterior

5-030.30  Approach to the cranio-cervical junction and cervical 717
spine: Posterior cervical spine: 1 segment

5-030.31  Approach to the cranio-cervical junction and cervical 356
spine: Posterior cervical spine: 2 segments

5-030.32  Approach to the cranio-cervical junction and cervical 468
spine: Posterior, cervical spine: 2 segments or more

5-030.70  Approach to the cranio-cervical junction and cervical 1052 Anterior approach 1266 39.8%
spine: Anterior: 1 segment

5-030.71  Approach to the cranio-cervical junction and cervical 141
spine: Anterior cervical spine: 2 segments

5-030.72  Approach to the cranio-cervical junction and cervical 73
spine: Anterior cervical spine: 2 segments or more

Fusion

5-836.30  Spinal fusion: posterior: 1 segment 526 Spinal fusion: posterior 823 25.9%

5-836.31  Spinal fusion: posterior: 2 segments 168

5-836.32  Spinal fusion: posterior: 3 to 5 segments 90

5-836.34  Spinal fusion: posterior: 3 segments 26

5-836.35  Spinal fusion: posterior: 4 segments 13

5-836.50  Spinal fusion: anterior: 1 segment 158 Spinal fusion: anterior 158 5.0%

Decompression

5-839.60 Decompression: 1 segment 62 Decompression 62 2.0%

Fixation

5-83b.20  Osteosynthesis (fixation): Screws: 1 segment 1404 Fixation: Screws: 1 segment 1404 44.2%

5-83b.30  Osteosynthesis (fixation): Anterior fixation by screw- 101 Anterior: Screw-plate system 101 32%
plate-system: 1 segment

5-83b.50  Osteosynthesis (fixation): Screw-rod-system: 1 seg- 919 Fixation: Screw-rod-system: 1 segment 919 28.9%
ment

5-83b.51  Osteosynthesis (fixation): Screw-rod-system: 2 seg- 332 Fixation: 2 segments or more 728 22.9%
ments

5-83b.52  Osteosynthesis (fixation): Screw-rod-system: 3 seg- 154
ments

5-83b.53  Osteosynthesis (fixation): Screw-rod-system: 4 or 160
more segments

5-83b.54  Osteosynthesis (fixation): Screw-rod-system: 4 seg- 62
ments

5-83b.55  Osteosynthesis (fixation): Screw-rod-system: 5 seg- 20
ments

Data are presented as total numbers, cumulative cases for procedure group and percentages

The use of intraoperative navigation was found to have an Discussion
OR of 0.45 (95% CI: 0.16-0.71, p=0.001) for in-hospital mor-
tality. Figure 3 lists the ORs for in-hospital mortality depend— This nationwide cross-sectional register study on 10’077

ing on all analyzed procedures (by OPS code) for surgically  geriatric patients aged 80 or older, that suffered axis
treated patients.
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Pneumonia

Hemorrhagic diathesis (due to medication)

Congestive heart failure

Dehydration

Very severe motor impairment: Barthel Index: 0-15 points
Chronic kidney disease stage 3 or higher

Atrial fibrillation

Long-term (currently) treatment with anticoagulants
Severe motor impairment: Barthel Index: 20-35 points
Dementia

Hypertension

Gait disorder and tendency to fall

Diabetes

Urinary tract infection

Coronary heart disease

OR

2.12
1.98
1.80
175
1.52
1.44
143
1.01
0.96
0.91
0.90
0.89
0.86
0.76
1.03

95% Cl
(1.60-2.80)
(1.42-2.77)
(1.37-2.37)
(1.20-2.56)
(1.04-2.23)
(1.09-1.89)
(1.15-1.78)
(0.79-1.36)
(0.67-1.52)
(0.71-1.32)
(0.76-1.10)
(0.62-1.32)
(0.65-1.22)
(0.64-1.18)
(0.52-1.09)

0.000
0.000
0.000
0.016
0.127
0.020
0.000
1.000
0.994
0.165
0.949
0.868
0.740
0.402
0.993

Fig. 1 Risk factors for in-hospital mortality in surgically treated patients: ORs for comorbidities are displayed with 95% CI and results of the

Chi-squared test. Whiskers indicate the 95% CI. OR=1.00 is indicated by the dotted vertical line

Spinal cord injury :

Acute renal failure

Acute bleeding anemia :
Traumatic subdural hemorrhage . —_——————————————
Spinal canal stenosis (cervical) »—:—0—4
C1 vertebral fracture i—o—c
Delir '—:—0—1

Head wound »—9—'

Fractures of the skull >—0-—'
Rip fractures '—'—‘—'

Subaxial cervical fracture ~ —e——

0.0 1.0

3.0 4.0 5.0
Odds ratio

7.0

OR
4.62
3.20
2.06
2.04
1.40
134
1.15
1.00
0.89
0.73
0.29

95% Cl
(2.23-9.58)
(2.26-4.53)
(1.64-2.59)
(1.16-3.61)
(0.77-2.53)
(1.00-1.80)
(0.87-1.54)
(0.80-1.24)
(0.60-1.34)
(0.29-1.83)
(0.12:0.72)

p
0.000
0.000
0.000
0.080
0.725
0.147
0.704
1.000
0.947
0.926
0.033

Fig.2 Risk factors for in-hospital mortality in surgically treated patients: ORs for concomitant diseases, injuries and complications are displayed
with 95% CI and results of the Chi-squared test. Whiskers indicate the 95% CI. OR =1.00 is indicated by the dotted vertical line

Transfusion

Fixation: By screw-rod system: 4 or more segments
Care dependency: Dependent on care level 4
Care dependency: Dependent on care level 3
Care dependency: Dependent on care level 5
Fixation: By screws: 1 segment

Care dependency: Dependent on care level 2
Approach to the cranio-cervical junction (ventral)
Ventral screw-platefixation

Approach to the cranio-cervical junction (dorsal)
Spondylodesis: Dorsal: 1 segment

Fixation: By screw-rod system: 3 segments
Fixation By screw-rod system: 1 segment
Microsurgical or minimally invasive technique
Fixation: By screw-rod system: 2 segments
Spondylodesis: Ventral: 1 segment

Navigation

0.0

%

|

|

|

|

=
o

2.0

OR
2.02
1.79
153
139
1.29
114
1.06
0.96
0.92
0.88
0.82
0.74
0.74
0.71
0.62
0.58
0.45

95% Cl
(1.60-2.55)
(1.15-2.79)
(1.04-2.24)
(1.06-1.83)
(0.55-3.05)
(0.92-1.40)
(0.80-1.40)
(0.77-1.22)
(0.48-1.78)
(0.72-1.07)
(0.58-1.16)
(0.40-1.39)
(0.56-0.97)
(0.48-1.05)
(0.39-0.99)
(0.28-1.20)
(0.29-0.71)

p
0.000
0.052
0.121
0.035
0.951
0.260
0.968
0.973
0.996
0.101
0.637
0.813
0.044
0.295
0.179
0.497
0.001

Fig.3 Risk factors for in-hospital mortality in surgically treated patients: ORs for surgical procedures and interventions are displayed with 95%
CI and results of the Chi-squared test. Whiskers indicate the 95%CI. OR =1.00 is indicated by the dotted vertical line
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fractures revealed an association between certain comor-
bidities and concomitant injuries with in-hospital mor-
tality. In surgically treated patients, comorbidities played
a less central role, but hospital-acquired pneumonia and
acute renal failure are associated with a more than twofold
OR.

General risk factors for in-hospital mortality
in geriatric patients with axis fractures

Comorbidities indicating frailty and severe illness were
associated with higher in-hospital mortality, such as essen-
tial hypertension, atrial fibrillation, left-sided heart failure,
chronic kidney disease, dementia, and very severe motor
dysfunction (Barthel index: 1015 pts.). These findings are
consistent with previous studies that have shown the impor-
tance of comorbidities and concomitant injuries in predict-
ing mortality in elderly patients with axis fractures [6, 18].
In general, comorbidities are known to be associated with
elevated risk for mortality after cervical spine fractures [19].
Concordant with our findings, chronic kidney disease is one
of the key prognostic factors for early mortality in older
patients with traumatic cervical spine injuries [20]. Shafafy
et al. identified several predictors of mortality in elderly
patients with fractures of the odontoid process [21]. They
found that head injury and the presence of other spinal inju-
ries increase the risk of mortality after 30 days [21]. Simi-
larly, we revealed that concomitant injuriese such as SCI,
traumatic brain injuries, atlas fractures, subaxial vertebral
fractures, and rib cage fractures were indicators for high-risk
in-hospital mortality. The knowledge of these factors can
help to identify patients at risk, which should be monitored
very carefully. Anyhow, there was no statistically signifi-
cant difference in mortality rates between surgically treated
(9.4%) and non-surgically treated patients (7.9%; p=0.103)
in the current cohort. Smith et al. retrospectively analyzed
the complications of surgical versus conservative treatment
of isolated type II odontoid fractures in octogenarians and
found, that no relevant difference in the acute in-hospital
mortality rate between 15.0% in the nonsurgical group and
12.5% in the surgical group [22]. These findings are in line
with other retrospective studies [23]. Similarly, a meta-anal-
ysis by Deng et al. on the treatment of odontoid fractures
in the octogenarians on 22 cases series and retrospective
studies including 248 patients reports on a higher mortal-
ity rate of 10.1% for non-surgery vs. 5.4% for surgery, but
without statistical significance [12]. Yang et al. conducted
a meta-analysis to grade the evidence on conservative ver-
sus surgical treatment for type II odontoid fractures in the
elderly. Analyzing twelve studies involving 730 patients
aged 60 years or older, they did not find a difference with
regard to the mortality between the two procedures [16]. In
a prospective study on 336 patients, Rizvi et al. identified

@ Springer

major comorbidities and older age as significant factors
contributing to physicians’ decision to refrain from the sur-
gical fixation of odontoid fractures [6]. Prospective trials
are emerging to better understand the outcomes associated
with different treatment options. Currently Robinson et al.
are conducting the Uppsala Study on Odontoid Fracture
Treatment (USOFT) which is one of the first randomized
controlled trials comparing non-surgical and surgical man-
agement of type II odontoid fractures in the elderly [24].
Regarding stability and fusion rates meta-analysis see an
advantage for the surgical treatment [12].

Risk factors for the in-hospital mortality
in surgically treated patients

In the current cohort 31.5% of the patients were treated sur-
gically. Most frequently, a screw fixation for one segment
was applied as used to encode for dens-screws or transarticu-
lar “Mager]” screws, followed by fixation with a screw-rod
system for 1 segment as used to encode the dorsal Atlanto-
axial fusion techniques. The role of comorbidities was less
pronounced in this cohort of surgically treated patients. We
revealed Pneumonia to be a relevant risk factor (OR=2.12).
The occurrence of pneumonia after surgery is a frequent
complication that is linked with significant morbidity and
mortality [25]. Aspiration may be partially accountable,
which is associated with significantly greater length of stay,
costs, and mortality and has been reported with an incidence
of 5.3 cases of per 1000 cervical procedures [26]. The high-
est OR in this sudy of 4.62 for in-hospital mortality in surgi-
cally treated patients was associated with SCI, although it
was only prevalent in 1.1% of the cases. SCI has been well
recognized as a significant factor for a fatal outcome in cer-
vical spine fractures, especially in the geriatric population
[27, 28]. However, low case numbers of SCI in this cohort
prevented statistical differentiation between complete and
incomplete SCI. Furthermore, only SCI diagnoses coded as
concomitant but not primary ICD-10 code could be ana-
lyzed. Acute renal failure was found to have an OR of 3.20
for mortality in our cohort and could potentially be sug-
gested as another significant predictor. Acute renal failure
is well-known to be associated with increased mortality and
therefore should be meticulously screened for and treated as
early as possible [29, 30]. The current analysis suggests that
bleeding complications are likely to play a major role for the
in-hospital mortality, with medication-induced hemorrhagic
diathesis having a high OR of 1.98. The deceased group
had a significantly higher prevalence of acute anemia due to
hemorrhage and hemorrhagic diathesis compared with the
survival group. The cases in which blood transfusion was
indicated were associated with 2.02-fold increased odds of
in-hospital mortality. However, no difference was found in
the frequency of long-term anticoagulant therapy between
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the groups, which was present in 25.6% of all cases. It has
been demonstrated, that massive intraoperative hemorrhage
is an important risk factor for in-hospital mortality after
spine surgery with a reported OR of 28.2 [31]. For planned
spine surgery various guidelines on the perioperative man-
agement of anticoagulation have been published [32, 33].
The initial findings from the AO Spine Anticoagulation
Global Survey recognized the challenge of offering consist-
ent perioperative anticoagulation advice to patients due to
the lack of universally acknowledged literature or guidelines
[34]. Cutler et al. demonstrated, that next to age and white
race the history of bleeding disorders were independently
predictive of complications in the multivariate analysis in
their retrospective cohort of 103 patients treated with ante-
rior fixation for odontoid fractures with a significant OR
of 4.4 [35]. Our results and the body of the literature sug-
gest that investigating the peri-operative management of
coagulopathies to mitigate adverse events and exploring the
feasibility of bridging anticoagulants in the trauma setting
should be further considered. Hemoglobin levels might be
employed to identify high-risk patients for in-hospital mor-
tality and could be integrated into a predictive score system
[21].

The geriatric population is prone to an increased risk of
complications during the peri-operative period caused by
prevalent comorbidities and weak bone structure. None-
theless, Robinson et al. propose, that surgical treatment
improves survival of elderly with axis fracture based on
their national population-based multi-registry cohort study
on 3375 patients [37]. A systematic analysis of the literature
on the morbidity and mortality related to odontoid fracture
surgery in the elderly population showed that major com-
plications after surgery include cardiac failure, deep vein
thrombosis, stroke, pneumonia, respiratory failure, liver
failure, and severe infection [38]. Notable, anterior surgery
had a higher rate of site-specific complications such as non-
union and revision surgery [38]. Longo et al. report a mortal-
ity rate of 7.6% and a complication rate of 9.1% in elderly
patients treated with anterior odontoid screw fixation and
described functional dependency as one predictor for mor-
tality, which is in line with our findings [36]. Interestingly,
we identified the fixation using a screw-rod system for one
segment (e.g., as in "Goel/Harms" technique) to be associ-
ated with a significantly decreased risk for in-hospital mor-
tality (OR =0.74). Based on the results of their retrospective
study of 70 patients above 75 years of age with odontoid
fractures Faure et al. conclude, that the Harms technique
showed lower risk of complications and better mechanical
stability compared to anterior screw fixation [39]. In line,
Cutler et al. report on a high complication rate (37.9%) and
relevant mortality rate of 6.8% of anterior fixation of odon-
toid fractures in a retrospective analysis of 103 patients aged
73.9 years at average [35].

One further protective surgical factor was the use of
intraoperative navigation. Due to substantial improvements
and rapidly increasing availability, computer-assisted
navigation is establishing itself as the gold standard for
instrumentation at the cervical spine. It has been reviewed
to increases the accuracy of pedicle screw placement, to
reduce screw mispositioning and leading to fewer revi-
sion surgeries [40]. Ishak et al. retrospectively analyzed
35 patients suffering type II odontoid fractures with an
average age of 86.5 years, that were treated with a navi-
gated C1-C2 fusion. They found no in-hospital deaths and
the overall major complication rate was 11%, leading to
their conclusion, that Atlanto-axial fusion by using intra-
operative spinal navigation is a safe and effective proce-
dure [41].

Limitations

The findings of this study should be interpreted within
the scope of its limitations. In general, registry studies
are commonly not accepted by design to allow causative
relationships to be made. The ICD-10 coding system does
not allow for the differentiation of axis fractures (ICD10:
S12.1) into odontoid or corpus or vertebral arch fractures.
Furthermore, the InEK database does not provide any
information about the fracture classification or disloca-
tion. Thus, this study is based on the assumption, that the
majority of axis fractures in the geriatric population are
odontoid fractures. Further, the database employed did not
enable to analyze the mid-to long-term results, but only in-
hospital mortality. However, while focusing on risk factors
in surgically treated patients this analysis adds important
information to be considered for the indication for surgery.
The retrospective character of this database study is prone
to selection bias. The main statistical limitation is present
in the analysis of frequency data, as it does not allow for
the consideration of multiple variables affecting the out-
come variable in-hospital mortality. Additionally, internal
validity checks, such as bootstrapping or cross-validated
estimates cannot be performed with this frequency data.
The generalizability of this study's results may be limited
due to its focus on German patients aged 80 years or older
and the retrospective design. Differences in healthcare
systems, clinical practices, and patient populations could
impact the applicability of the findings to other settings or
age groups. Therefore, it is important to carefully inter-
pret the data and consider alternative approaches, such as
prospective studies to gain a deeper understanding of the
association between the tested risk factors and in-hospital
mortality.
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Conclusion

This study provides important insights into the factors
associated with in-hospital mortality in geriatric patients
aged 80 and older with axis fractures, which can aid in the
identification of high-risk patients. The findings under-
score the importance of comprehensive geriatric assess-
ment and optimization of comorbidities prior and during
treatment. The indication for surgical treatment must be
carefully individualized, respecting the comorbidities
and concomitant injuries and tailored treatment should be
aimed for. We suggest, that prospective, multicentric stud-
ies should focus on the choice of the surgical technique,
perioperative blood management and intraoperative navi-
gation as potential protective factors to further improve the
standard of care in the geriatric population.
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