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Lower all-cause 30-day mortality during summer following 
foot and ankle fracture surgery: a Swedish perioperative 
register-based study
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Background and purpose — An important quality indi-
cator of perioperative care is the all-cause 30-day mortality. 
Little is known about early mortality after foot and ankle frac-
ture repair. We aimed to assess the all-cause 30-day mortality 
associated with surgical repair of foot and ankle fractures in 
Sweden during 2017–2022 and its seasonal variation.

Methods — Foot and ankle fracture patients aged ≥ 18 
years registered in the Swedish Perioperative Quality Regis-
ter (SPOR) between 2017 and June 30, 2022 were included 
in the analysis (n = 26,404). Patient characteristics, perioper-
ative observations, and early mortality were collected. Sea-
sonal variation was analyzed for summer, autumn, winter, 
and spring. Perioperative mortality rate and odds ratio (OR) 
are reported with 95% confidence intervals (CI).

Results — The all-cause 30-day mortality rate was 58 
of the 26,404 studied patients (0.22%, CI 0.17–0.28). There 
was no change in mortality rate over the study period includ-
ing the COVID-19 pandemic year. Increased adjusted odds 
ratio (OR) for 30-day mortality was seen among the elderly, 
age > 80 years, OR 22 (CI 9.2–50), and those with low health 
status, ASA class 3–4, OR 4.2 (CI 2.3–7.9), while surgery 
during summer was associated with a lower adjusted OR 0.4 
(CI 0.1–0.9).

Conclusion — The all-cause 30-day mortality rate after 
foot and ankle fracture surgery in Sweden is reassuringly 
low with expected higher OR for mortality associated with 
age and health status, while surgery during summer months 
was associated with lower mortality.

All-cause 30-day mortality is one well-accepted quality indi-
cator of perioperative care providing the possibility of making 
comparisons between healthcare systems [1]. The incidence 
of ankle fractures has a profound seasonal variation in the 
Nordic countries [2-4], and most fractures occur during win-
tertime. The seasonal variability in surgical outcome and all-
cause 30-day mortality associated with foot and ankle frac-
ture surgery is, however, not well studied. A recent study on 
seasonal variation in surgical outcome showed an increase in 
surgical site infections and mortality during winter, which is 
more pronounced in emergency procedures [5]. There is no 
recent study that has assessed the all-cause 30-day mortality 
among patients undergoing foot and ankle fracture repair and 
the impact of season. Whether the all-cause 30-day mortality 
is higher during the winter months in Sweden and, further, the 
impact of age and health status (i.e., ASA class), are unknown. 

We aimed to assess the all-cause 30-day mortality associ-
ated with surgical repair of foot and ankle fractures in Sweden 
during 2017–2022 and its seasonal variation. The hypothesis 
was that 30-day mortality should be higher during winter after 
adjusting for age and ASA class. 

Methods
Study design
This is a register-based study, based on data from the SPOR 
register [6,7]. It was designed as a national, observational, ret-
rospective, quality register study with no additional data col-
lection. The included study population comprised all foot and 
ankle fractures undergoing surgery (ICD code NHJ00-99) in 
patients aged ≥ 18 years registered in the national Swedish 
perioperative quality register (SPOR) [7] between January 1, 
2017, and June 30, 2022 (n = 26,404). In patients with surgery 
on several occasions, only the last procedure was analyzed for 
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all-cause mortality. The manuscript adheres to the STROBE 
guidelines for cohort studies.

Data collected
SPOR [6] is a national quality register collecting perioperative 
data started in 2011. It has an increasing coverage, and a vast 
majority of hospitals are today reporting to the register. 71 base 
variables including patient data, time stamps, codes for the 
surgical procedure and diagnoses, and anesthetic technique. 
Outcomes and quality parameters (e.g., perioperative bleed-
ing, patient body temperature, postoperative pain, nausea/
vomiting, and selected vital parameters) are also reported. It 
cross-references with the Swedish death register. It has been 
validated and found to have good agreement between local 
and central databases [7]. 

Age, sex (male/female), ASA class (1–5), duration of anes-
thesia, surgery and recovery room stay, compliance with 
WHO safe surgical checklist, and all-cause 30-day mortality 
were collected. 

The primary outcome was all-cause 30-day mortality rate as 
defined by the revised Utstein definition [8]. 

Exposure was the 4 seasons, winter, spring, summer, and 
autumn, in line with the hypothesis of increased risk of 30-day 
mortality during winter months

Categorization of data
The study population was divided into 4 groups based on the 
season in which surgery was performed: winter (December–
February), spring (March–May), summer (June–August), or 
autumn (September–November). 

Age was categorized into 3 groups: 18–65 years, 66–80 
years, and > 80 years of age. ASA was divided into classes 1–5 
in accordance with ASA definitions [9] and further classified 
as low-risk (ASA 1–2) and high-risk (ASA 3–5). 

Statistics
Data was presented for the entire study population and season-
ally for the time studied (2017–2022), and no power analysis 
was performed. Continuous numerical data, such as age and 
time events, was presented as mean and standard deviation 
(SD). Categorical variables, such as sex and ASA class, were 
presented as numbers and percentages (%). To determine 
whether continuous numerical data was normally distributed, 
histograms were made in Excel (Microsoft Corp, Redmond, 
WA, USA) for ocular assessment. Comparisons of continu-
ous normally distributed numerical data between the 4 seasons 
and deceased and alive were performed with a parametric test, 
one-way ANOVA with Tukey’s post-hoc analysis. A non-para-
metric test, Mann–Whitney U-test, was performed for skewed 
data. Differences in proportions between the 4 seasons and 
deceased and alive were analyzed with a chi-square test and 
Fisher’s exact test. 

Further comparisons of 30-day mortality between seasons 
were conducted using binary logistical regression and pre-

sented as odds ratios (OR) together with 95% confidence 
intervals (CI). The OR for all cause 30-day mortality was 
analyzed adjusted for year and seasons of surgery, age class, 
ASA class, and sex. 

Primary outcome 30-day mortality was available for all 
patients. Missing data for patients’ characteristics and season 
were assessed as missing completely at random (MCAR), thus 
analysis was performed on available information.

A P value < 0.05 was considered statistically significant. 
All data derived from the SPOR register was initially handled 
in Microsoft Excel (2024, version 16.83). Statistical analysis 
was performed using the SPSS statistical program (IBM SPSS 
Statistics, version 29, Armonk, NY, USA). 
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Results

The study cohort consists of 26,404 patients’ last surgical pro-
cedures for foot and ankle fracture. In all 2,410 procedures 
were duplicates and subsequently excluded from the analysis 
(Figure 1). Missing information regarding patients’ character-
istics are sex in 151 patients and ASA class in 813 patients. 
The cohort divided by year and season shows an increasing 
number of procedures, 2,017 to 2,019 and decline in 2020, the 
COVID-pandemic year, and an increase in 2021 as well as in 
the first 6 months 2022 (Table 1). 

There was a female predominance, 57%, and adults with 
ASA class 1–2 were the most common (Table 2). Overall, 
ASA class 2 was the most common (n = 11,581), followed 

Foot and ankle fracture patients
aged ≥18 years registered in the

Swedish Perioperative-Quality-Register
(SPOR) between 2017 and June 2022

 n = 28,814

Excluded
duplicate procedures

n = 2,410

Study data set
n = 26,404

Figure 1. Flowchart describing patients included in study dataset.
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by ASA class 1 (n = 10,241). The most common ASA class 
in the 18–65 years age group was ASA class 1. In patients 
between 66 and 80 years, ASA class 2 was the most common, 
and in the over 80 years patient group, ASA class 3 was most 
frequent (Table 3). 

Mortality
Overall, 58 patients died within 30 days out of the 26,404 
included in the analysis, i.e., 0.22% (CI 0.17–0.28) (see Table 
1). There was minor variability in annual mortality rate (Figure 
2) and for the entire cohort over the 4 seasons (Figure 3). 

The logistic regression assessing all-cause 30-day mortality 
adjusted for patients’ characteristics’, sex, age, ASA class, and 
year as well as season of procedure showed an increased OR 
for high ASA class and even more for age > 80. 

There were only minor differences in the OR for 30-day 
mortality over the study period, even including 2020, the 
COVID-19 pandemic year, which did not show any signifi-
cant difference compared with the year before or after. The 
summer period was associate with a statistically significant 
lower odds ratio compared with winter (Table 4).There was 
a profound increase in mortality in ASA 4, especially among 
elderly patients (see Table 3). 

Table 1. Patients having surgery for foot and ankle fracture over the 5.5 years studied, 2017–
June 30, 2022. Values are number of patients deceased/alive

Season	 2017	 2018	 2019	 2020	 2021	 2022 a	 Total

Winter	 5/1,106	 3/1,347	 4/1,708	 4/1,186	 4/1,902	 2/1,248	 22/8,597
Spring	 2/774	 5/1,264	 2/1,135	 3/1,080	 3/1,070	 2/1,364	 17/6,687
Summer	 1/839	 2/994	 0/1,247	 1/1,341	 2/1,318	 0/412	 6/6,151
Autumn	 1/819	 2/901	 4/1,042	 4/1,130	 2/1,119	 –	 13/5,011
Total 	 9/3,538	 12/4,506	 10/5,132	 12/4,737	 11/5,409	 4/3,024	 58/26,346

a 6-month data, January 1–June 30.

Table 2. Patients’ characteristics and 
perioperative data for patients having 
surgery for foot and ankle fracture during 
the period 2017–June 30, 2022. Values 
are count unless otherwise specified

Sex
 female	 14,980
 male 	 11,273
Mean age (SD)	 53 (18)
Age category	
 18–65	 18,921
 66–80	 6,018
 > 80	 1,465
ASA class	
 1	 10,241
 2	 11,581
 3	 3,612
 4	 157
 missing	 813
ASA low (1–2)	 21,822
ASA high (3–4)	 3,769

SD = standard deviation, ASA class = 
American Society of Anesthesiologists 
physical status classification system

Table 3. Relationship between age and ASA class in the study pop-
ulation and proportion of dead. Values are group count and per-
centage of deceased 

Age group	 ASA 1	 ASA 2	 ASA 3	 ASA 4

18–65	 9,342 (0.01)	 7,625 (0.04)	 1,335 (0.30)	 47 (2.2)
66–80	 863 (0)	 3,366 (0.09)	 1,528 (0.39)	 64 (12)
> 80	 36 (0)	 590 (1.9)	 749 (2.0)	 46 (15)

ASA: see Table 2.
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Table 4. Logistic regression assessing 
adjusted odds ratio (OR) and 95% con-
fidence interval (CI) for all-cause 30-day 
mortality associated with foot and ankle 
fracture surgery in Sweden 2017–2022, 
based on SPOR register data, unad-
justed and adjusted for covariates

Item	 OR (CI)

Age (ref. 18–65)
 66–80	 3.7 (1.6–8.6)
 > 80	 22 (9.2–50)
ASA class (3–4 vs 1–2)	 4.2 (2.3–7.9)
Sex (male vs female)	 1.1 (0.6–2.0)
Year of surgery (ref. 2017)
 2018	 1.0 (0.4–2.4)
 2019	 0.7 (0.3–1.8)
 2020	 1.0 (0.4–2.4)
 2021	 0.8 (0.3–1.9)
 2022	 0.5 (0.2–1.7)
Season (ref. Winter)
 Spring	 1.0 (0.5–1.9)
 Summer	 0.4 (0.1–0.9)
 Autumn	 0.8 (0.4–1.7)

ASA class: see Table 2.
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Figure 2. Annual all-cause 30-day mortality 
rates over the 6-year study period 2017–June 
30, 2022 with 95% confidence intervals.

Figure 3. All-cause 30-day mortality rates per 
season, winter, spring, summer, and autumn 
with 95% confidence intervals.
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Discussion

The purpose of this national, quality register study was to 
investigate seasonal differences, and whether there is a high 
risk for all-cause 30-day mortality during winter, associated 
with surgical repair of foot and ankle fractures in Sweden. The 
main findings were that the 30-day mortality rate in the total 
study population was 0.22%, and with merely minor differ-
ences over the 5.5-year study period, but when adjusting for 
sex, age, and ASA class, summer was associated with lower 
OR for all cause 30-day mortality. Advancing age and increas-
ing ASA class were associated with significantly higher OR 
for 30-day mortality, as expected, while sex did not impact the 
OR for a fatal outcome in the adjusted analysis. 

Perioperative mortality 
Perioperative mortality for foot and ankle fracture repair was 
found to be reassuringly low, while advancing age and higher 
ASA class were associated with increasing early mortality, 
as expected. Our previous SPOR-based studies investigating 
perioperative mortality following hip [10] and wrist fracture 
repair [11] showed a similar association between age and 
ASA class in relation to early mortality. However, in contrast 
to our study assessing foot and ankle fracture repair, females 
had an increasing risk of early mortality associated with wrist 
surgery [11], while surgery of hip fractures showed a higher 
risk among male patients [10]. In comparison with the present 
study, the 30-day mortality rate among patients undergoing 
hip and wrist fracture repair was either much higher (7.7%) 
or far lower (0.08%), respectively, placing early mortality fol-
lowing foot and ankle fracture repair in Sweden in between 
hip and wrist fracture repair [10,11]. 

We could not identify previous studies assessing early, all-
cause 30-day mortality rate, following foot and ankle fracture 
repair in Sweden or the Nordic countries, and studies report-
ing this particular outcome are somewhat limited. In a study 
from Belmont et al. [12] based on the American College of 
Surgeons National Surgical Quality Improvement Program 
(ACS-NSQIP) database covering all ankle fractures requir-
ing surgery in patients aged 18 years or more, between 2006 
and 2011, a 30-day mortality rate of 0.30% was reported. Bel-
mont et al. reported a more in-depth description of medical 
comorbidities and complications, making it possible for them 
to conclude an increasing risk of mortality after ankle fracture 
surgery among patients diagnosed with chronic obstructive 
pulmonary disease. Our study revealed an increased risk for 
early mortality among patients with an ASA class 2 or higher, 
which reflects a higher burden of medical comorbidities and 
systemic disease, including COPD, among others. Xu et al. 
[13] conducted a study based on the same American register 
as Belmont et al. including all patients aged 18 years or more, 
undergoing lower extremity repair of hip, knee, and ankle 
fractures between 2010 and 2019. They reported a 30-day 

mortality rate of 0.52% following surgery for foot and ankle 
fractures, which may indicate a higher mortality rate in the 
USA. We reported a slightly lower 30-day mortality rate. 

Seasonal variation in incidence of foot and ankle 
fracture
Previous studies from Sweden and the Nordic countries have 
concluded that there is a seasonal variation in the incidence of 
foot and ankle fractures [2-4].  In a Japanese study by Ogawa 
et al. [14] the seasonal impact on in-hospital mortality after 
hip fracture surgery was addressed. They concluded that there 
was a significantly higher mortality during fall and winter 
largely due to an increased incidence of respiratory infec-
tions. A recent meta-analysis from the UK addressing seasonal 
variations in patient outcomes in perioperative care provided 
evidence for an increased risk of postoperative surgical site 
infections in the summer and an increased risk of worse out-
comes after surgery in the winter [5]. Though less studied, 
the seasonal variability results of our study appear to be in 
line with previous studies. Since we did not address medical 
comorbidities and peri- and postoperative complications, we 
can only speculate whether the lower 30-day mortality rate 
seen during summer is because of a lower rate of respiratory 
diseases or other seasonal infections, or because the seasonal 
subgroups might have different medical risk profiles. 

Patient characteristics
The patient characteristics of our study population align with 
previous literature. The Swedish epidemiological study by 
Rydberg et al. [2]  spans the same period and presents almost 
the same mean age and sex distribution. In a previous study 
from Denmark [2-4], the sex distribution of the study popula-
tion was similar to our study, but the mean age was more than 
10 years lower. That may be because they included patients 
aged ≥0 years. The patient population in the study by Bel-
mont et al. [12]  assessing early mortality after ankle fracture 
repair is also notably similar to our study in terms of age, 
sex, and ASA class. However, Belmont et al. also presented 
information on comorbidities, revealing diabetes and morbid 
obesity as notable comorbidities. When comparing the char-
acteristics between the seasons in our study, patients having 
surgery during summer were significantly younger. However, 
it is questionable whether this merely 2-year mean age differ-
ence is clinically relevant. Patients undergoing foot and ankle 
fracture repair during summer also had a significantly higher 
proportion of low-risk ASA, but similarly, the clinical signifi-
cance of the 2% difference can be argued. Our patients’ char-
acteristics are also in line with the Danish register-based study 
for the later period studied 1997–2018 [15].

Strengths
A main advantage of the SPOR is its inclusion of variables 
from the whole perioperative care process and not only col-
lecting data primarily concerning the anesthesia process or 
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specific surgical procedures [16]. A recent validity study by 
Holmström et al. [7] also found the SPOR to be reliable and 
accurate overall, revealing good agreement between local data 
and the SPOR. 

Limitations
The continuous expansion of the relatively new SPOR register 
must be acknowledged. The number of participating hospitals 
in the register has increased over time but the SPOR’s cover-
age rate is still not 100% [7]. However, with regards to pub-
licly funded hospitals caring for emergent patients the cover-
age rate is today assessed as acceptable and its use is sup-
ported [16,17]. As foot and ankle fractures surgery are emer-
gent procedures we do not see coverage having any significant 
impact on our results. Missing data was overall minor and all 
random, thus it should not, in this huge dataset, have had any 
significant impact on our main results. The SPOR  lacks some 
variables, such as detailed information on patients’ character-
istics, comorbidities, and the clinical course after discharge 
from the recovery room. Finally, the register does not provide 
any information regarding anesthesia and fracture mechanism 
and severity, indication for surgery, and whether the foot and 
ankle fracture is concomitant with any other injury. 

These factors may have contributed to the outcome, and we 
have not reviewed causes of death, comorbidities, and compli-
cations after the end of recovery care in detail, as this informa-
tion is not available in the register. 

Conclusions 
The perioperative 30-day mortality rate following foot and 
ankle fracture repair in Sweden was 0.22%. The summer 
season was associated with significantly lower odds for 
30-day mortality. High age, especially above 80 years, and 
high ASA class was expectedly associated with higher odds 
of early mortality, when adjusted for sex, age and ASA class. 

In perspective, further efforts to improve perioperative care, 
preoperative optimization, and postoperative observation 
should be considered for above 80-year-old ASA 3–4 patients. 
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