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Hip fractures, in usually frail, elderly patients, have high mor-
tality rates of around 9% within 30 days (Sheikh et al. 2017) 
and up to 30% within 1 year (Lund et al. 2014). If a deep 
surgical site infection (SSI) ensues, a 1-year mortality rate of 
50% (Edwards et al. 2008) has been reported. However, it is 
not clear to what extent this increased mortality rate is due to 
the infection and the treatment thereof and to what extent it 
is due to a more pronounced frailty which predisposed these 
patients to SSI (Belmont et al. 2014).

Considering the serious consequences of SSI for hip frac-
ture patients it is important to optimize modifiable risk fac-
tors. However, reported risk factors differ, ranging from 
operative delay to the lead surgeon’s experience, duration of 
surgery, choice of implant, and patient factors such as obesity 
(Harrison et al. 2012, Cordero et al. 2016, de Jong et al. 2017, 
Zajonz et al. 2019). 

Duration of surgery is a risk factor commonly focused upon. 
However, the question remains as to whether longer duration 
of surgery increases the risk of SSI by prolonging exposure to 
possible bacterial contamination (Stocks et al. 2010) or if pro-
longed duration of surgery represents a surrogate parameter 
for a difficult procedure or a complication as the main cause 
for an increased risk of SSI.

In this observational cohort study, we investigated the con-
tribution of early deep SSI to mortality after hip fracture sur-
gery and risk factors for early and delayed deep SSI in hip 
fracture patients with particular emphasis on the role of dura-
tion of surgery.

Background and purpose — Surgical site infection (SSI) 
is a devastating complication of hip fracture surgery. We 
studied the contribution of early deep SSI to mortality after 
hip fracture surgery and the risk factors for deep SSI with 
emphasis on the duration of surgery.

Patients and methods — 1,709 patients (884 hemi
arthroplasties, 825 sliding hip screws), operated from 2012 
to 2015 at a single center were included. Data were obtained 
from the Norwegian Hip Fracture Register, the electronic 
hospital records, the Norwegian Surveillance System for 
Antibiotic Use and Hospital-Acquired Infections, and the 
Central Population Register.

Results — The rate of early (≤ 30 days) deep SSI was 
2.2% (38/1,709). Additionally, for hemiarthroplasties 7 
delayed (> 30 days, ≤ 1 year) deep SSIs were reported. In 
patients with early deep SSI 90-day mortality tripled (42% 
vs. 14%, p < 0.001) and 1-year mortality doubled (55% 
vs. 24%, p < 0.001). In multivariable analysis, early deep 
SSI was an independent risk factor for mortality (RR 2.4 
for 90-day mortality, 1.8 for 1-year mortality, p < 0.001). 
In univariable analysis, significant risk factors for early and 
delayed deep SSI were cognitive impairment, an intraopera-
tive complication, and increasing duration of surgery. How-
ever, in the multivariable analysis, duration of surgery was 
no longer a significant risk factor.

Interpretation — Early deep SSI is an independent risk 
factor for 90-day and 1-year mortality after hip fracture sur-
gery. After controlling for observed confounding, the asso-
ciation between duration of surgery and early and delayed 
deep SSI was not statistically significant.
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Patients and methods
Patients
All patients 18 years of age or older who were operated with 
a hemiarthroplasty or a sliding hip screw for a non-patho-
logic fracture of the proximal femur at a single institution 
(Akershus university hospital [AUH]) from January 2012 
through December 2015 and who were reported to the Nor-
wegian Hip Fracture Register (NHFR) (Gjertsen et al. 2008) 
were included in this study (Figure 1). In patients who sus-
tained 2 hip fractures during the study period (n = 92), only the 
1st fracture was included in the analyses. 

Other data from the present cohort of hip fracture patients 
have previously been used in an observational study on the 
effect of fast-track hip fracture care on mortality (Pollmann 
et al. 2019).

Data collection
In Norway, hip fracture operations are prospectively reported 
to the NHFR (Gjertsen et al. 2008) by the surgeon on a 1-page 
questionnaire, which includes information on the time elapsed 
from fracture to surgery, cognitive impairment (“no”, “uncer-
tain,” “yes”), ASA score, type of fracture, type of operation, 
type of anesthesia, pathological fractures, intraoperative com-
plications (“no”/“yes” with supplemental free text), duration 
of surgery (time from incision to skin closure), and the sur-
geon’s experience (at least 1 surgeon present with > 3 years 
of experience in hip fracture surgery; “yes”/“no”). Using the 
unique 11-digit Norwegian personal identification number 
data from the NHFR and the electronic hospital records were 
linked deterministically. 

Surgical site infection
SSIs after hemiarthroplasty and total arthroplasty of the hip 
are surveyed under the Norwegian Surveillance System for 
Antibiotic Use and Hospital-Acquired Infections (NOIS) with 
30-day and 1-year follow-up. A questionnaire is sent to each 
patient or, in the case of cognitive impairment or institution-
alization, to the primary health care provider. If the patient 
reports an SSI or a suspicion of SSI this has to be confirmed by 
a physician on the same questionnaire. In equivocal cases the 
electronic hospital records are scrutinized and/or the primary 
health care provider is contacted. Until 2014, cases of SSI 
were defined according to the American Centers for Disease 
Control and Prevention (Horan et al. 2008) while from 2014 
onwards case definitions from the European Centre for Dis-
ease Prevention and Control have been applied (Dalli 2012). 
Concerning SSIs, both definitions are practically identical. 
Sliding hip screws are not monitored by NOIS, but the Depart-
ment of Microbiology and Infection Control at AUH also sur-
veys SSIs with 30-day follow-up in these patients using the 
same method and criteria. The completeness of follow-up was 
99%. In this study, SSI within 30 days of the index operation 

is termed early SSI, while an SSI diagnosed between 30 days 
and 1 year from the index operation is termed delayed SSI.

Mortality
Mortality data from the Central Population Register are rou-
tinely imported into the electronic hospital records. There was 
no loss to follow-up regarding mortality. Mortality rates were 
calculated from the time of arrival at the hospital. Survival was 
censored at 1 year.

Antibiotic prophylaxis
Fixation with antibiotic-loaded bone cement (0.5 g gentami-
cin per 40 g cement) was used in all hemiarthroplasties. All 
patients received perioperative systemic antibiotic prophy-
laxis.

Statistics
Fisher’s exact test was used for unadjusted comparisons of 
proportions. 

Due to the relatively high mortality rates we chose risk 
ratios as the statistical effect measure (Davies et al. 1998) for 
the multivariable model analyzing the effect of early deep 
SSI on mortality. Since log-binomial regression did not con-
verge, Poisson regression with robust variance was chosen as 
the statistical model (Barros and Hirakata 2003). Risk ratios 
(RR) are presented with 95% confidence intervals (CI). We 
considered survival analysis by Cox regression. However, the 
Schoenfeld residuals ph-test showed that the proportional haz-
ards assumption was not met, which is also illustrated by the 
Kaplan–Meier survival curve (Figure 2). Age squared was not 
a significant risk factor for mortality indicating that the effect 
of age on mortality was linear in our cohort. Age was therefore 
included as a continuous variable in the regression models. 
The type of intraoperative complication, specified as free text, 
ranged widely from myocardial infarction to technical prob-

Figure 1. Flowchart of patient inclusion. NHFR: Norwegian Hip Fracture 
Register.

Primary hip fracture operations from  
January 2012 through December 2015 

in patients ≥ 18 years of age
n = 2,634

Excluded (n = 925 ): 
– second fracture in patients who 
   sustained bilateral fractures, 92
– pathologic fracture, 47
– not reported to the NHFR, 265
– surgical procedures not routinely 
   surveyed for surgical site infection, 426
– no surgical site infections recorded 
   after total hip arthroplasty, 95

Patients included (n = 1,709):
– hemiarthroplasties, 884
– sliding hip screws, 825
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lems to nausea and vomiting, to name a few. Therefore, we 
made no attempt at further classification and intraoperative 
complication was treated as a binary variable. Both the ASA 
score (≤ 2/≥ 3) and time from fracture to surgery (≤ 24 hours/> 
24 hours) were dichotomized and included as binary variables.

Since there were relatively few cases of SSI, the analysis 
of risk factors for SSI was based on both early (sliding hip 
screws and hemiarthroplasties) and delayed (hemiarthroplas-
ties only) SSIs to achieve a more robust statistical analysis. 
Logistic regression was used to analyze the risk factors for 
early and delayed deep SSI.

In all multivariable models, the variables to be adjusted for 
were chosen from directed acyclic graphs (DAG), which were 
constructed using DAGitty (Textor et al. 2017).

We performed a sensitivity analysis for the effect of early 
deep SSI on mortality by calculating the E-value. “The 
E-value is the minimum strength of association on the risk 
ratio scale that an unobserved confounder would need to have 
with both the exposure and the outcome, above and beyond 
the measured covariates, to fully explain away a specific expo-
sure–outcome association” (VanderWeele and Ding 2017).

A p-value < 0.05 was considered as statistically significant. 
Data were analyzed with the SPSS statistical package version 
25.0.0.1 (IBM Corp, Armonk, NY, USA). 

was 2.4% (21/884) while it was 2.1% (17/825) for sliding hip 
screws. The cumulative 1-year SSI rate (early and delayed) for 
hemiarthroplasties was 3.2% (28/884). All SSIs were classified 
as deep and all but 1 patient with an infected hemiarthroplasty, 
who declined surgical treatment, were reoperated due to the SSI. 

Early deep surgical site infection and mortality
30-day mortality did not differ statistically significantly between 
patients with or without early deep SSI (Table 3). However, 
90-day mortality tripled and 1-year mortality more than dou-
bled in patients with early deep SSI (Table 3). A Kaplan–Meier 
cumulative survival curve illustrates that the increased mor-
tality in patients with early deep SSI becomes apparent from 
approximately 6 weeks postoperatively (Figure 2).

The analysis of the causal association between early deep 
SSI and mortality was based on a DAG (Figure 3a, see Supple-
mentary data) and confounders to be adjusted for were chosen 
from this DAG (Figure 3b, see Supplementary data). In this 
model, obesity, diabetes mellitus, and smoking represent 
unobserved confounders. In a multivariable analysis adjusted 
for age, sex, cognitive impairment, ASA score, the occurrence 
of an intraoperative complication, and time from fracture to 
surgery, early deep SSI was an independent risk factor for both 
90-day and 1-year mortality (Table 4). 

Table 1. Patient characteristics. Values are n (%) unless otherwise specified

		  Survivors	 Deceased
	 Entire cohort	 at 90 days	 at 90 days	 No SSI	 SSI
Factor	 (n = 1,709)	 (n = 1,459)	 (n = 250)	 (n = 1,664)	 (n = 45)

Age, mean (SD)	 82 (9.5)	 81 (9.7)	 85 (7.5)	 82 (9.5)	 81 (8.6)
Female sex	 1,166 (68)	 1,019 (70)	 147 (59)	 1,138 (68)	 28 (62)
ASA					   
	 1	 27 (1.6)	 27 (1.9)	 –	 27 (1.6)	 –
	 2	 451 (26)	 429 (29)	 22 (8.8)	 444 (27)	 7 (16)
	 3	 1,021 (60)	 865 (59)	 156 (62)	 988 (59)	 33 (73)
	 4	 171 (10)	 104 (7.1)	 67 (27)	 166 (10)	 5 (11)
	 5	 3 (0.2)	 1 (0.1)	 2 (0.8)	 3 (0.2)	 –
	 Not reported	 36 (2.1)	 33 (2.3)	 3 (1.2)	 36 (2.2)	 –
Cognitive impairment					   
	 No	 1113 (65)	 1009 (69)	 104 (42)	 1091 (66)	 22 (49)
	 Uncertain	 178 (10)	 143 (9.8)	 35 (14)	 169 (10)	 9 (20)
	 Yes	 374 (22)	 267 (18)	 107 (43)	 362 (22)	 12 (27)
	 Not reported	 44 (2.6)	 40 (2.7)	 4 (1.6)	 42 (2.5)	 2 (4.4)
Type of fracture					   
	 Femoral neck
	     undisplaced	 68 (4.0)	 62 (4.2)	 6 (2.4)	 64 (3.8)	 4 (8.9)
	     displaced	 806 (47)	 683 (47)	 123 (49)	 782 (47)	 24 (53)
	 Basocervical	 54 (3.2)	 45 (3.1)	 9 (3.6)	 54 (3.2)	 -
	 Trochanteric
	     2 fragments	 341 (20)	 301 (21)	 40 (16)	 334 (20)	 7 (16)
	     > 2 fragments	 345 (20)	 282 (19)	 63 (25)	 337 (20)	 8 (18)
	 Intertrochanteric	 39 (2.3)	 34 (2.3)	 5 (2.0)	 38 (2.3)	 1 (2.2)
	 Subtrochanteric	 33 (1.9)	 32 (2.2)	 1 (0.4)	 32 (1.9)	 1 (2.2)
	 Other	 19 (1.1)	 16 (1.1)	 3 (1.2)	 19 (1.1)	 –
	 Not reported	 4 (0.2)	 4 (0.3)	 –	 4 (0.2)	 –

Percentages are column percentages; 
SSI: early (sliding hip screws) and early and delayed (hemiarthroplasties) deep 
surgical site infection.

Ethics, registration, funding, and potential 
conflicts of interest
The Regional Ethics Committee South East 
deemed this study not to require approval (refer-
ence number 2015/409). Data were collected and 
handled in accordance with the requirements of 
the local data protection officer. The study was 
exempt from consent to participate. The Norwe-
gian Data Inspectorate has approved the registra-
tion of data in the NHFR.

The study was funded by research grants from 
Sophies Minde AS and from the Norwegian 
Orthopedic Association in cooperation with Her-
aeus and by the Department of Orthopedic Sur-
gery, Akershus university hospital.

The authors declare no conflicts of interest.

Results

Patient characteristics are presented in Table 1; 
baseline data on the primary surgical treatment 
are given in Table 2 (see Supplementary data).

Surgical site infection
The rate of early SSI for all included procedures 
(hemiarthroplasties and sliding hip screws) during 
the study period was 2.2% (38/1,709) with a 
variation of between 0.5% and 3.1% per calendar 
year. For hemiarthroplasties the rate of early SSI 
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Omitting the variables intraoperative complication and time 
from fracture to surgery reduces missing cases from 9.8% to 
3.9% while the parameter estimates for the remaining vari-
ables remain practically unchanged.

For the association between early deep SSI and mortality the 
E-values for the point estimate of the RR and for the lower 
bound of its CI were 4.2 and 2.6 for 90-day and 3.0 and 1.9 
for 1-year mortality. Hence, an unobserved confounder that is 
associated with both early deep SSI and 90-day mortality by an 
RR of 4.2 each could explain away the observed RR of 2.4. An 
unobserved confounder that is associated with both early deep 
SSI and 90-day mortality by an RR of 2.6 each could move the 
lower bound of the CI to 1 (VanderWeele and Ding 2017).

Risk factors for early and delayed deep surgical site 
infection
In a univariable analysis, cognitive impairment, the occur-
rence of an intraoperative complication, and longer duration 
of surgery were statistically significantly associated with an 
increased risk of early and delayed deep SSI (Table 5, see 
Supplementary data). An ASA score ≥ 3 bordered on being a 
statistically significant risk factor for early and delayed deep 
SSI (Table 5, see Supplementary data).

Table 3. Mortality (% and 95% CI) with and without early deep surgi-
cal site infection

		  Early	
	 No SSI	 deep SSI	 Between-group
Mortality	 (n = 1,671)	 (n = 38)	 difference	 p-value a

	
30-day	 8.3 (7.1–9.8)	 5.3 (0.9–19)	 –3.0 (–12 to 5.5)	 0.8
90-day	 14 (12–156)	 42 (27–59)	 28 (11 to 45)	 < 0.001
1-year	 24 (22–26)	 55 (39–71)	 31 (14 to 49)	 < 0.001

SSI: surgical site infection. 
a Fisher’s exact test.

Figure 2. Kaplan–Meier patient survival curves with 95% con-
fidence intervals for patients with and without early deep sur-
gical site infection. SSI: early deep surgical site infection.

Table 4. Multivariable Poisson regression with robust variance of indepen-
dent risk factors for 90-day and 1-year mortality

 
	 90-day mortality	 1-year mortality
Factor	 Risk ratio (CI)     p-value	 Risk ratio (CI)     p-value

Age	 1.04 (1.02–1.06)	 < 0.001	 1.03 (1.02–1.04)	 < 0.001
Male sex	 1.7 (1.4–2.2)	 < 0.001	 1.5 (1.3–1.8)	 < 0.001
Cognitive impairment
	 uncertain	 1.5 (1.1–2.2)	 0.02	 1.3 (1.0–1.7)	 0.05
	 yes	 2.2 (1.7–2.8)	 < 0.001	 1.8 (1.5–2.2)	 < 0.001
ASA score ≥ 3	 3.0 (1.9–4.8)	 < 0.001	 2.5 (1.9–3.5)	 < 0.001
Intraoperative
	 complication	 1.1 (0.7–1.6)	 0.7	 1.2 (1.0–1.6)	 0.1
Time from fracture to 
	 surgery > 24 h	 1.2 (0.9–1.5)	 0.2	 1.0 (0.8–1.2)	 0.9
Early deep SSI	 2.4 (1.6–3.5)	 < 0.001	 1.8 (1.3–2.5)	 < 0.001

SSI: surgical site infection; 9.8% missing.

Duration of surgery and early and delayed 
deep surgical site infection
The analysis of the causal association between dura-
tion of surgery and early and delayed deep SSI was 
based on a DAG (Figure 4a, see Supplementary data). 
Figure 4b shows which variables have to be adjusted 
for to control for observed confounding. Obesity rep-
resents an unobserved confounder.

In a multivariable analysis adjusted for the occur-
rence of an intraoperative complication and for sur-
geon’s experience the association between duration of 
surgery and early and delayed deep SSI is no longer 
statistically significant (Table 6, see Supplementary 
data).

Figure 4b. Directed acyclic graph depicting the adjustment for observed 
confounding of the association between duration of surgery and early 
and delayed deep surgical site infection.  ▼  exposure; ■  outcome; 

 ancestor of exposure;  ancestor of outcome;  ancestor of 
exposure and outcome (confounder);  adjusted variable;  unob-
served;   causal path;   biasing path.
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Discussion
Early deep surgical site infection and mortality
In our cohort, 90-day mortality tripled and 1-year mortality 
more than doubled in patients with early deep SSI compared 
with patients without SSI. 

In multivariable analysis, early deep SSI was an independent 
and important risk factor for both 90-day and 1-year mortality. 
Adjusting for age, cognitive impairment, and ASA score con-
trols for a large part of frailty and the fact that SSI remained an 
independent risk factor for mortality indicates that SSI in itself 
increases the mortality rate. 

The 30-day mortality rate did not differ statistically signifi-
cantly between patients with early deep SSI and without SSI in 
our cohort and was in fact slightly lower in patients with early 
deep SSI. Edwards et al. (2008) observed a similar phenomenon. 
As the authors pointed out, this observation might have been 
caused by survival bias. The increase in 1-year mortality in our 
cohort was similar to the one reported by Merrer et al. (2007) 
(50% vs. 20%) and by Edwards et al. (2008) (50% vs. 30%).

The rate of deep SSI in our cohort was in the mid-range of 
earlier reported rates (Harrison et al. 2012, Sprowson et al. 
2016, de Jong et al. 2017). Interestingly, we observed only 
deep SSIs as opposed to most other studies that report both 
deep and superficial SSIs (Merrer et al. 2007, Edwards et al. 
2008, de Jong et al. 2017). What caused this discrepancy is 
unclear. Superficial SSIs may have been underreported in our 
cohort. Another possible explanation might be a difference 
in treatment strategy. It can be difficult to ascertain that an 
SSI is purely superficial and we might have a more aggressive 
approach revising SSIs that others might classify as superfi-
cial. Since a diagnosis of deep SSI made by the surgeon is 
one of the possible criteria that define a deep SSI (Horan et al. 
2008, Dalli 2012), an aggressive revision policy could partly 
explain why no superficial SSIs were reported.

Risk factors for early and delayed deep surgical site 
infection
In the univariable analysis cognitive impairment, the occur-
rence of an intraoperative complication and an increasing dura-
tion of surgery were statistically significantly associated with an 
increased risk of early and delayed deep SSI, while the associa-
tion with an ASA score ≥ 3 bordered on statistical significance. 

For clinical practice it is most relevant to identify modifiable 
risk factors for SSI. Pre-existing cognitive impairment can be 
considered non-modifiable, while delirium, which has a high 
incidence amongst hip fracture patients (Watne et al. 2014), 
and therefore probably accounts for some of the reported cog-
nitive impairment in our cohort, may be preventable in some 
patients. A high ASA score might be modifiable if it is due to 
an acute condition or an acute deterioration of an existing ail-
ment. However, most often the ASA score will not be modifi-
able. Some intraoperative complications may be preventable 

with adequate preoperative planning and experienced staff; 
however, it is in the nature of complications that not all of them 
can be prevented or even foreseen. An association between a 
longer duration of surgery and SSI has been shown before in 
several other studies (Harrison et al. 2012, Daley et al. 2015, 
Cheng et al. 2017, de Jong et al. 2017). On this basis, some 
authors have advocated measures to reduce duration of surgery 
(Cheng et al. 2017), such as expeditious surgical technique 
(Daley et al. 2015). However, the question remains how much 
of this association is due to the prolonged exposure to possible 
microbial contamination (Stocks et al. 2010) and how much is 
due to a longer duration of surgery being an indicator of a more 
complex surgical procedure, an inexperienced surgeon, or an 
intraoperative complication. To try to approach this question, 
we used a DAG with duration of surgery as the exposure and 
SSI as the outcome. From this DAG we determined that con-
trolling for the occurrence of an intraoperative complication 
and for surgeon’s experience would control for all the observed 
confounders in our cohort. In the corresponding logistic regres-
sion model duration of surgery was no longer an independent 
risk factor for SSI. The fact that controlling for the occurrence 
of an intraoperative complication and for surgeon’s experience 
eliminated the statistical significance of the duration of surgery 
cannot readily be interpreted as duration of surgery not having 
a direct influence on the risk of SSI. However, this finding 
highlights the uncertainty that the prolonged exposure to pos-
sible bacterial contamination is the main reason for an associa-
tion between duration of surgery and SSI. De Jong et al. (2017) 
reported an increased risk of SSI after hemiarthroplasty of the 
hip for both short (< 45 minutes) and long (> 90 minutes) dura-
tions of surgery. This might support the notion that careless 
tissue handling (short durations of surgery) and intraoperative 
complications (long durations of surgery) might play an impor-
tant role in the development of SSI. 

Our study has several strengths. With 1,709 patients the 
studied cohort is quite large. By using data from the NHFR, 
NOIS, the electronic hospital records, and the Central Popu-
lation Register the cohort was well characterized. The loss 
to follow-up for SSI was small and no patients were lost to 
follow-up concerning mortality.

The study also has limitations. It is a single-center study. 
However, approximately 8% of all hip fracture operations in 
Norway are performed at our institution making this a relevant 
sample of Norwegian hip fracture patients. The number of 
cases of SSI was small (38 early SSIs, 7 delayed SSIs), limit-
ing the number of covariates that could be included in and the 
statistical power of the multivariable regression model analyz-
ing the risk factors for SSI. Information on delayed SSIs was 
only available for patients operated with a hemiarthroplasty.

Data on patients’ comorbidities was restricted to the ASA 
score and cognitive impairment, while no information was 
available on some known risk factors for SSI, such as dia-
betes mellitus (Tsang and Gaston 2013), obesity (Zajonz et 
al. 2019), or smoking (Durand et al. 2013). Obesity, in par-
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ticular, represents an unobserved confounder in the associa-
tion between duration of surgery and SSI. However, for the 
association between early deep SSI and mortality the E-val-
ues indicate that the evidence for causality is rather robust 
(VanderWeele and Ding 2017).

The variable “intraoperative complication” comprises a 
wide range of different events, which makes a detailed analy-
sis impossible.

While a DAG can help to decide which variables to include in 
an analysis, it will always represent a simplification of reality.

In conclusion, our results indicate that an early deep SSI 
has a clinically significant impact on mortality in hip frac-
ture patients and, hence, that the prevention of SSI should be 
seen as an essential aspect of hip fracture treatment. While we 
found no easily modifiable risk factors for early and delayed 
deep SSI in our cohort, we highly recommend adherence to 
the existing guidelines for the prevention of SSI (Ban et al. 
2017). Additional measures, such as the use of high-dose dual-
impregnated antibiotic-loaded bone cement in hemiarthroplas-
ties (Sprowson et al. 2016) might be considered. We question 
the common wisdom that a longer duration of surgery in itself 
is closely associated with an increased risk of SSI and sug-
gest that the underlying reason for a longer duration of surgery 
might be at least equally as important.
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