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Abstract
Background Timing of surgery remains a topic of debate for hip fracture treatment in the geriatric patient population. The 
quality indicator “early surgery” was implemented in 2014 at the Department of Trauma Surgery of the University Hospitals 
Leuven to enhance timely operative treatment. In this follow-up study, we aim to evaluate the performance of this quality 
indicator, the clinical outcomes, and room for improvement.
Methods The charts of 1190 patients surgically treated for an acute hip fracture were reviewed between June 2017 and May 
2022 at the University Hospitals Leuven. Primary endpoints were adherence to early surgery, defined as surgery within the 
next calendar day, and the evaluation of the reasons for deviating from this protocol. Secondary endpoints were length of stay 
(LOS); intensive care unit (ICU) admission and length of ICU stay; mortality after 30 days, 60 days, 90 days, and 6 months; 
and 90-day readmission rate. Pearson’s Chi-square test and Mann–Whitney U test were used for data analysis.
Results One thousand eighty-four (91.1%) patients received early surgery versus 106 (8.9%) patients who received delayed 
surgery. The main reasons for surgical delay were the use of anticoagulants (33%), a general health condition not allowing 
safe surgery and/or existing comorbidities requiring workup prior to surgery (26.4%), and logistical reasons (17.9%). Patient 
delay and transfer from other hospitals were responsible for respectively 8.5% and 6.6% of delayed surgery. Early surgery 
resulted in a significantly shorter LOS and ICU stay (12 [8–25] vs. 18 [10–36] and 3 [2–6] vs. 7 [3–13] days, early vs. delayed 
surgery, respectively). No significant reduction was observed in ICU admission, mortality, and readmission rate.
Conclusion We have been able to maintain the early surgery hip fracture protocol in approximately 90% of the patients. 
Comorbidities and anticoagulant use were responsible for delayed surgery in the majority of the patients. Correct implemen-
tation of the existing protocol on anticoagulant use could lead to a one-third decrease in the number of delayed surgeries. 
Subsequently, since the LOS and ICU stay in the delayed surgery group were significantly longer, a further increase of early 
surgery will lower the current economic burden.

Keywords Hip fractures · Early surgery · Clinical performance · Economic burden

Introduction

Hip fractures are common injuries among geriatric patients 
causing a significant socioeconomic burden due to the asso-
ciated high morbidity and mortality [1]. Hip fractures do 
not only result in loss of independence and reduced quality 
of life, but effectively are the leading fall-related cause of 
death in the elderly [2]. Osteoporosis, increased incidence of 
fracture comminution, and high incidence of comorbidities 
all result in a higher risk for complications and mortality in 
the geriatric population [3]. The mortality following sur-
gery for hip fracture remains high, with a 3-month mortality 
of 13–19% and 1-year mortality estimated around 26–36% 
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[4–7]. Among nursing home residents, we see that the out-
comes are even worse with a 120-day mortality rate of 38.1% 
[8]. Management of hip fractures usually requires surgery 
and a multidisciplinary team approach to maximize recovery 
in these patients [9, 10].

Timing of surgery is thought to be associated to survival. 
Early surgery for hip fractures is incorporated as a quality 
indicator by several international clinical practice guidelines 
in the field of the orthopedics and trauma surgery. Notably, 
the National Institute for Health and Care Excellence (NICE) 
guidelines advocate for surgical intervention within a 48-h 
window from the patient’s admission to the hospital [11]. 
Previous investigations have demonstrated 5% heightened 
odds of 1-year mortality with each 10-h increment in surgi-
cal delay [12]. Extant data gleaned from hip registries have 
revealed that surgical delays surpassing 24 h significantly 
escalate intra- and postoperative medical complications, 
such as pressure ulcers and systemic infections, the latter 
directly attributable to immobilization [13–15]. Early sur-
gery directly facilitates early mobilization and its benefi-
cial effects. The nexus between mortality and morbidity is 
most conspicuous when surgical intervention is postponed 
beyond the 48-h threshold, persisting throughout the initial 
year post-fracture [16]. This effect is notably pronounced in 
patients with heightened comorbidities, as indicated by an 
increased ASA score.

The Department of Traumatology of the University 
Hospitals Leuven implemented the quality indicator “early 
surgery” in 2014, enhancing operative treatment within the 
next calendar day in geriatric patients suffering a hip frac-
ture. Surgery will only be postponed if the medical condi-
tion of the patient can be significantly improved within the 
next 24–48 h [17]. An evaluation of the care provided in the 
3 years preceding and in the 3 years following the protocol 
was published in 2018. The most room for improvement was 

seen in keeping the engagement of all stakeholders involved: 
following the established protocols on the use of DOACs 
(direct oral anticoagulants) and on logistic arrangements 
[17]. The actual study is an extended 5-year follow-up study 
evaluating the performance of our early surgery protocol 
for geriatric hip fracture patients. The aims of the study are 
to evaluate the performance of the quality indicator “early 
surgery” and to measure clinical outcomes. The reasons for 
surgical delay were analyzed to evaluate if there is still room 
for improvement.

Methods

Patients

This single-center retrospective study includes a total of 
1190 patients aged ≥ 75 who were surgically treated for an 
acute hip fracture at the University Hospitals Leuven, Bel-
gium, between June 2017 and May 2022. All clinical data 
were obtained from the medical records and stored at the 
hospital’s electronic patient file system KWS. Patient inclu-
sion and exclusion criteria are displayed in Fig. 1. Exclusion 
criteria are periprosthetic fractures, pathological fractures, 
coxarthrosis electively planned for total hip arthroplasty 
(THA), and patients requiring revision surgery. The follow-
up period was 6 months.

This study was completed in compliance with national 
legislation and the guidelines of the ethics committee of the 
University Hospitals Leuven.

Objectives

The aim of the study was to analyze all included geriatric hip 
fracture cases and to identify the patients not receiving early 

Fig. 1  Flow chart of inclusion 
and exclusion of patients Pa�ents aged ≥ 75  treated for hip 

fracture  between June 2017  and May 
2022; iden�fied a�er search in University 
Hospitals Leuven  database
N = 1264

Review of all selected cases for eligibility 
and exclusion
N = 74

Final inclusion
N = 1190

Reasons for exclusion:
- Periprosthe�c hip fracture – n=22
- Pathological fractures – n=10
- Revision surgery – n=38
- Total hip arthroplasty (THA) for end 

stage coxarthrosis  n=4
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surgery. Early surgery was defined as surgery within the next 
calendar day. We assessed demographic characteristics and 
outcomes of the patients receiving early and delayed surgery. 
Primary endpoints were adherence to the early surgery pro-
tocol and identifying the reasons for delayed surgery. Sec-
ondary endpoints were length of stay (LOS); ICU admission 
and length of ICU stay; mortality after 30 days, 60 days, 
90 days, and 6 months; readmission rate; and hospitalization 
costs. By analyzing the outcomes, we aimed to identify the 
main reasons for delayed surgery, allowing for optimization 
of the management of this fragile patient population.

Data collection and analysis

Demographic data and outcomes included age, sex, ASA 
(American Society of Anesthesiologists) score, date and 
time of hospital admission, time to surgery, type of surgery, 
intensive care unit (ICU) admission rate and stay (number 
of ICU days), length of stay (LOS), hospitalization costs, 
90-day readmission rate, 30-day mortality, 60-day mortal-
ity, 90-day mortality, and mortality after 6 months. The type 
of surgery was classified as either hip arthroplasty (hemi 
and total) or osteosynthesis (proximal femoral nail antirota-
tion, dynamic hip screw, and screw osteosynthesis). LOS 
was defined as the number of consecutive hospital admis-
sion days. The hospitalization costs (cost of daily patient 
care) were calculated by multiplication of the LOS with the 
day-based care fee (2017: €763.98; 2018: €746.88; 2019: 
€722.53; 2020: €756.38; 2021: €830.16; 2022: €801.89). All 
costs were corrected for inflation with reference to the last 
year of inclusion (2022). Readmission was defined as rehos-
pitalization within 90 days after discharge. The time of death 
was obtained from the federal database (Kruispuntbank). 
Statistical analyses were conducted using SPSS Statistics 
28. Continuous variables were noted as median with the 
interquartile range (IQR) values, and categorical variables 
were noted as numbers with percentages. Mann–Whitney U 
test and Pearson Chi-square test were used for data analysis 
of respectively continuous variables and categorical vari-
ables. A P-value less than 0.05 was considered statistically 
significant.

Results

Early surgery could be achieved in 1084 out of 1190 
patients (91.1%). One hundred six patients (8.9%) received 
delayed surgery. There was no significant difference in 
surgical delay between the COVID-19 pandemic years 
(2020–2022) and the previous study years (2017–2019); 
8.3% vs. 9.5%, P = 0.437, 2020–2022 vs. 2017–2019, respec-
tively. All patient characteristics in the early and delayed 
surgery groups are displayed in Table 1. In the total study 

population, there was a female predominance of 69.4%. 
However, the gender distribution differed significantly 
between the two study groups. A female predominance of 
70.6% was observed in the early surgery group versus 55.7% 
in the delayed surgery group (P < 0.001). The ASA scores 
significantly differed between both study groups, especially 
the percentage of ASA 3 and ASA 4 indicating more comor-
bidities in the delayed surgery group (70.1% ASA 3 and 
8.2% ASA 4 in early surgery group versus 59.4% ASA 3 
and 21.7% ASA 4 in the delayed surgery group; P < 0.001). 
The most frequently applied surgical treatment for the total 
population was proximal femoral nail antirotation (PFNA), 
received by 616 patients (51.8%). Other surgery types were 
hemi-hip arthroplasty (HHA) performed in 473 patients 
(39.7%), screw osteosynthesis applied in 45 patients (3.8%), 
dynamic hip screw performed in 41 patients (3.4%), and 
total hip arthroplasty (THA) applied in 15 patients (1.3%). 
Treatment type prevalence was found to be significantly dif-
ferent between the two study groups (P < 0.001). PFNA was 
the primary surgery type in the early surgery group (584 
patients, 53.9%) with HHA as second (416 patients, 38.4%). 
HHA was the most common treatment in the delayed sur-
gery group (57 patients, 53.8%) and secondly PFNA (32 
patients, 30.2%). Treatment with a dynamic hip screw and 
screw osteosynthesis was equally distributed between the 
two groups, performed in 3.4% and 3.8% of the early and 
delayed surgery group, respectively. There were only a few 
patients with a THA in both groups (0.9% vs. 4.7%, early 
vs. delayed surgery group, respectively). Hip arthroplasty 
(HHA and THA) was twice as likely to be delayed as hip 
osteosynthesis (12.7% vs. 6.3%, respectively).

The median LOS of the total study population was 
12 days (IQR 8–26 days). The median LOS was found to 
be significantly shorter in the early surgery group compared 
to the delayed group: 12 days (IQR 8–25 days) in the early 
surgery group and 18 days (IQR 10–36 days) in the delayed 
surgery group (P < 0.001). The median hospitalization costs 
per patient were €9125.85 (IQR €5963.74–€19,426.10). The 
median hospitalization costs were significantly lower in the 
early surgery group (€9014.90 [IQR €5761.89–€18,920.85] 
vs. €13,811.36 [IQR €7883.52–€27,911.89]) compared to 
the delayed surgery group (P < 0.001).

Sixty-nine patients from the total population of 1190 were 
transferred to the ICU with a median stay of 4.7 days. The 
number of ICU admitted patients was equally distributed 
between the early and delayed surgery groups, amounting 
to 61 (5.6%) and 6 (7.5%) patients, respectively (P = 0.420). 
However, the duration of stay at the ICU was significantly 
different, with a median stay of 4.2 days in the early surgery 
group and 8.5 days in the delayed surgery group (P = 0.041).

For the whole study group, the 30-day mortality rate 
was 8.1%, the 90-day mortality rate was 14.5%, and the 
6-month mortality rate after treatment for acute hip fracture 
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was 21.6%. There was no significant difference in 30-day, 
60-day, 90-day, and 6-month mortality rates between the 
two study groups. The 90-day readmission rates as well were 
equally distributed between the early surgery and delayed 
surgery group; in total, 176 patients (14.7%) were readmitted 
within 90 days from discharge (161 [14.9%] vs. 15 [14.2%], 
P = 0.846, early vs. delayed surgery group, respectively).

To determine possible room for improvement, the reasons 
for surgical delay were defined for all 106 patients not oper-
ated within the next calendar day. The results are shown in 
Fig. 2 and Table 2. The main reasons for delayed surgery 
were the use of anticoagulants (35 patients, 33.0%), the gen-
eral condition of the patients, and medical reasons not allow-
ing for safe surgery within the next calendar day (e.g., infec-
tious, cardiovascular, or pulmonary comorbidities) or the 
presence of comorbidities requiring workup prior to surgery 
(28 patients, 26.4%) and logistical problems (19 patients, 
17.9%). In case of logistical problems and the use of antico-
agulants, the patients who could not be operated within the 

next calendar day were most likely to be operated the day 
after. Some of the latter still met the NICE guidelines criteria 
of operation within 48 h. Late presentation and transfer from 
other hospitals were responsible for, respectively, 8.5% (9 
patients) and 6.6% (7 patients) of delayed surgeries. When 
for some patients a combination of factors was responsible 
for the delay in surgery, we only considered the main reason 
registered as cause in the patient chart for this study.

Discussion

This study aimed to analyze the current adherence to the 
“early surgery” protocol in geriatric patients surgically 
treated for an acute hip fracture between June 2017 and 
May 2022 in the University Hospitals Leuven. Outcomes 
were evaluated and the reasons for surgical delay were 
identified. We reviewed a large cohort of 1190 patients 
with a follow-up time of 6 months. Our study demonstrates 

Table 1  Patient characteristics 
and outcomes in the early and 
delayed surgery groups

Age, length of stay (LOS), and intensive care unit (ICU) stay (in days) are expressed as median with IQR 
values, whereas categorical variables are expressed as numbers with percentages. Treatment type: hemi-hip 
arthroplasty (HHA), total hip arthroplasty (THA), proximal femoral nail antirotation (PFNA), dynamic hip 
screw (DHS), screw osteosynthesis (SOS). Categorical variables as numbers and percentages

Early surgery 
(n = 1084)

Delayed surgery 
(n = 106)

Total patients (1190) P-value

Age 85 (81–90) 85 (80–88) 85 (81–90) 0.104
Sex 0.001

  Men
  Women

319
765

(29.4%)
(70.6%)

47
59

(44.3%)
(55.7%)

366
824

(30.6%)
(69.4%)

ASA score  < 0.001
  ASA 1 7 (0.6%) 0 (0%) 7 (0.6%)
  ASA 2 223 (20.6%) 19 (17.9%) 242 (20.3%)
  ASA 3 760 (70.1%) 63 (59.4%) 823 (69.2%)
  ASA 4 89 (8.2%) 23 (21.7%) 112 (9.4%)

Treatment  < 0.001
  Osteosynthesis
  Arthroplasty

658
426

(60.7%)
(39.3%)

44
62

(41.5%)
(58.5%)

702
488

(59.0%)
(41.0%)

Treatment type:  < 0.001
  HHA 416 (38.4%) 57 (53.8%) 473 (39.7%)
  THA 10 (0.9%) 5 (4.7%) 15 (1.3%)
  PFNA 584 (53.9%) 32 (30.2%) 616 (51.8%)
  DHS 34 (3.1%) 7 (6.6%) 41 (3.4%)
  SOS 40 (3.7%) 5 (4.7%) 45 (3.8%)

LOS (days) 12 (8–25) 18 (10–36) 12 (8–26)  < 0.001
ICU admission 61 (5.6%) 8 (7.5%) 69 (5.8%) 0.420
ICU duration (days) 3 (2–6) 7 (3–13) 4 (2–6) 0.041
90-day readmission 161 (14.9%) 15 (14.2%) 176 (14.8%) 0.846
30-day mortality 87 (8.0%) 9 (8.5%) 96 (8.1%) 0.867
60-day mortality 130 (12.0%) 17 (16.0%) 147 (12.4%) 0.227
90-day mortality 152 (14.0%) 20 (18.9%) 172 (14.5%) 0.176
6-month mortality 232 (21.4%) 25 (23.6%) 257 (21.6%) 0.602
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a 91.1% adherence to the early surgery protocol over the 
period 2017–2022. There is a slight improvement compared 
to the 85% adherence achieved over a 5-year time period. 
This illustrates the beneficial effect of our efforts to keep all 
stakeholders involved by providing feedback on their per-
formance on a regular base and implementing strategies for 
improvement [12].

Our findings show a significantly shorter LOS for patients 
receiving early surgery compared to those receiving delayed 
surgery (median LOS of 12 days compared to 18 days in 
the early and delayed surgery group, respectively). This is 
in line with our previous findings and with recent literature 
[17–19]. In our study, the number of patients admitted to the 
ICU was comparable between the early and delayed surgery 
group. However, the duration of ICU admission showed a 
significant difference, with an average duration of 4.2 days 
in the early surgery group versus 8.5 days in the delayed 
surgery group (P = 0.041 < 0.05). This effect has not been 
evaluated by other authors but undoubtably has a positive 
effect on total LOS.

Our study could not show a positive impact of early sur-
gery on the 30-day, 60-day, 90-day, and 6-month mortality 
rates. Literature on this topic still is controversial [20–25]. 
As there is currently no consensus regarding optimal surgical 
timing, one can also question if even earlier surgery should 
be beneficial as was investigated in the HIP ATTACK study. 
The authors concluded that surgery within 6 h of admission 
was not superior to standard care in terms of primary out-
comes of mortality and a composite of major complications 

[26]. These findings encourage us to keep to the definition of 
early surgery as surgery within the next calendar day.

We found no effect of the COVID-19 pandemic on the 
number of delayed surgeries. The explanation for this 
is that hip fractures are given the highest priority in our 
hospital, even during the COVID-19 pandemic. In 106 
patients (8.9%) of our study group, early surgery could 
not be performed. In 26.4% of the cases (28 patients), 
the surgical delay was caused by medical comorbidities. 
These patients first require optimization of their general 
condition or workup of their comorbidities in order to 
allow for safe surgery. In this patient group, timely sur-
gery will most likely never be possible due to the need for 
prior stabilization of their condition. Lizaur-Utrilla et al. 
found in their study that delay of surgery in medically fit 
patients caused by logistical reasons resulted in significant 
higher postoperative complication rates. However, if the 
patients were medically not fit for surgery and required 
workup, the delay did not result in higher complication 
or mortality rates [27]. Previous studies already proved 
that the presence of ischemic heart disease, congestive 
heart failure, paroxysmal atrial fibrillation, and chronic 
renal failure, as well as male gender and older age, was 
significantly associated with higher early and late mortal-
ity [28]. Optimization before surgery is beneficial, espe-
cially in patients with multi-comorbidities. To allow for 
safe surgery as soon as possible, it is important to define 
goals when optimizing patients. This will help to keep the 
time to surgery as short as possible in this frail patient 

Fig. 2  Pie chart for surgical 
delay: poor general condi-
tion and/or comorbidities, 28 
(26.4%); late presentation, 9 
(8.5%); delayed diagnosis (in 
hospital), 4 (3.8%); antico-
agulation protocol violation, 35 
(33.0%); logistics, 19 (17.9%); 
initial non-operative conserva-
tive treatment, 4 (3.8%); transfer 
from other hospital, 7 (6.6%)

28

9

4

35

19

4
7

General condi�on/comorbidi�es

Pa�ent delay (delayed hospital
referral)

Delay of diagnosis

An�coagula�on

Logis�cs

Ini�al conserva�ve treatment

Transfer from other hospital
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Table 2  Descriptive of delay

Age Sex ASA Treatment type Reason for delay

1 89 F 4 HHA General condition, need for preoperative stabilization on ICU
2 87 F 2 PFNA Delay in diagnosis (hospitalized for a few days prior to imaging; surgical consultation after a few days)
3 90 F 3 FNS Need for antibiotics during 24 h preoperatively because of inflammatory lab results
4 86 M 3 FNS Need for antibiotics during 24 h preoperatively because of aspiration pneumonia
5 82 F 3 PFNA Uncertainty about the use of anticoagulants
6 80 M 3 HHA Initial conservative treatment, but secondary displacement of fracture and need for operation
7 82 M 3 THA Rivaroxaban (DOAC) + transfer from other hospital + need for workup with CT prior to surgery
8 86 F 4 HHA Dabigatran (DOAC)—no use of Praxbind
9 91 F 3 SOS Delay in diagnosis (hospitalized for a few days prior to imaging; surgical consultation after a few 

days) + uncertainty about DNR protocol
10 75 F 2 HHA Need for workup with CT-SEMAR prior to surgery because of TKP in the operation side
11 79 F 4 HHA Transfer from other hospital, surgical delay caused by transfer: 4 days. Operated once in Leuven before 

the next day < 48u
12 88 F 4 HHA Logistics
13 89 M 4 HHA Edoxaban (DOAC)
14 76 M 5 HHA Apixaban (DOAC) + need for stabilization on the ICU prior to surgery due to urosepsis
15 80 M 2 HHA Fenprocoumon
16 82 M 3 SOS Initial conservative treatment, but secondary displacement of fracture and need for operation
17 86 F 4 PFNA Patient delay, presentation 3 weeks after trauma
18 84 F 3 PFNA Delayed transfer from other hospital. Operated once in Leuven before the next day < 48u
19 88 F 3 DHS Apixaban (DOAC)
20 79 M 3 PFNA General condition needing workup preoperatively
21 89 F 3 PFNA Delayed transfer from other hospital. Operated once in Leuven before the next day < 48u
22 83 F 2 HHA General condition + need for pneumological workup prior to surgery
23 83 M 3 HHA General condition
24 76 F 3 HHA Need for antibiotics because of surinfection after parotidectomy
25 80 M 3 PFNA Initial conservative treatment, but secondary displacement of fracture and need for operation
26 80 M 3 HHA Patient delay: waited 2 weeks before presentation
27 93 F 2 HHA Rivaroxaban (DOAC)
28 84 F 2 PFNA Rivaroxaban (DOAC)
29 78 F 3 HHA Need for preoperative evaluation by ENT specialist
30 76 M 3 PFNA Polytrauma patient, definitive fixation of hip fracture after initial external fixation
31 86 M 3 SOS Delay in diagnosis (hospitalized for a few days prior to imaging; surgical consultation after a few days)
32 85 F 3 HHA Logistics
33 77 F 2 HHA Logistics
34 85 F 3 HHA Logistics
35 86 F 3 PFNA Dabigatran (DOAC) – no use of Praxbind
36 80 F 3 PFNA Need for hemodialysis before operation
37 85 F 4 HHA Logistics
38 89 F 3 HHA Apixaban (DOAC)
39 84 M 2 HHA Rivaroxaban + logistics
40 75 M 3 HHA Apixaban (DOAC)
41 90 M 2 PFNA Fenprocoumon
42 88 M 3 PFNA Edoxaban (DOAC) + need for cardiological evaluation prior to surgery
43 88 M 4 PFNA Fenprocoumon
44 88 F 4 PFNA Decompensatio cordis at initial presentation
45 76 F 3 PFNA Logistics
46 85 M 3 HHA Logistics
47 87 M 3 HHA Dabigatran (DOAC)—no data of use of Praxbind
48 83 M 3 HHA General condition: urosepsis
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Table 2  (continued)

Age Sex ASA Treatment type Reason for delay

49 77 F 3 HHA Logistics
50 83 F 3 THA Need for antibiotics during 24 h preoperatively because of pneumonia
51 85 F 3 PFNA Logistics
52 87 F 3 PFNA Apixaban (DOAC)
53 86 M 3 HHA Patient delay: waited 2 weeks before presentation + initial conservative treatment
54 85 M 2 HHA Logistics
55 91 F 3 PFNA Transfer from other hospital, complicated by urosepsis
56 85 M 3 HHA Need for preoperative stabilization on ICU
57 92 F 4 PFNA Rivaroxaban (DOAC)
58 80 M 3 HHA Edoxaban (DOAC)
59 84 M 2 PFNA Logistics
60 95 F 4 THA Patient delay: waited a few weeks before presentation
61 86 M 4 HHA Need for antibiotics during 24 h preoperatively because of pneumonia
62 85 F 3 HHA Fenprocoumon
63 90 F 3 HHA Dabigatran (DOAC)—in emergency rapport is the use of Praxbind noted
64 92 M 3 HHA Edoxaban (DOAC)
65 93 F 3 HHA Dabigatran (DOAC)
66 91 F 3 HHA Edoxaban (DOAC)
67 89 F 3 HHA Apixaban (DOAC)
68 91 F 3 HHA Dabigatran (DOAC)—no use of Praxbind
69 91 F 3 HHA Acenocoumarol
70 81 F 2 HHA Logistics
71 77 M 3 HHA Fenprocoumon
72 88 M 3 PFNA Apixaban (DOAC)
73 79 M 4 HHA Need for antibiotics because of pneumonia
74 79 M 3 PFNA Edoxaban (DOAC)
75 91 F 4 HHA Need for antibiotics preoperative because of sepsis
76 81 F 3 PFNA Delay in diagnosis
77 81 M 3 HHA Dabigatran (DOAC)—no use of Praxbind
78 94 M 3 SOS Need for antibiotics because of aspiration pneumonia
79 85 M 4 SOS Transfer from other hospital, surgical delay caused by transfer: 3 days. Operated once in Leuven before 

the next day < 48u
80 88 F 4 PFNA Apixaban (DOAC)
81 87 F 4 HHA Dabigatran (DOAC)—no use of Praxbind
82 80 F 3 HHA Patient delay: waited 4 days before presentation
83 97 F 3 DHS Patient delay: waited a few days before presentation + hyponatremia
84 75 M 4 PFNA General condition
85 86 M 4 PFNA Apixaban (DOAC) + need for pneumological workup prior to surgery
86 85 F 2 HHA Patient delay: waited 2 months before presentation
87 90 F 4 THA Patient delay: waited 4 weeks before presentation
88 91 F 3 HHA Transfer from other hospital, surgical delay caused by transfer + need for pneumological workup prior 

to surgery
89 76 F 3 PFNA Logistics
90 98 F 3 PFNA Apixaban (DOAC)
91 82 F 3 DHS Hyponatremia
92 77 M 3 DHS Rivaroxaban + need for pneumological workup prior to surgery
93 88 F 2 PFNA Rivaroxaban (DOAC)
94 78 M 4 HHA Need for antibiotics because of prostatitis and urological workup prior to surgery
95 90 M 3 HHA Acenocoumarol
96 84 F 3 HHA Patient delay: waited 3 months before presentation
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population [29]. 33.0% of the delayed surgery group 
(35 patients) was related to the use of VKAs (vitamin K 
antagonists) and DOACS. There still is controversy about 
timing of surgery in patients taking these medications. A 
good knowledge of the pharmacology of these drugs and 
of the availability of antidotes is of utmost importance. 
For our department, a protocol based on the guidelines of 
the European Hearth Rhythm Association was developed 
in collaboration with the anesthesiology and cardiology 
department [30]. The effects of vitamin K antagonists can 
be offset by the administration of vitamin K and monitor-
ing the INR (international normalized ratio). Literature 
shows that an INR value of < 1.6 is a safe value for hip 
fracture surgery. With higher INR values, an increased 
risk of both transfusion and 30-day mortality is seen [31]. 
An INR value of > 1.5 independently increased the risk of 
mortality in surgical patients [32]. Effective INR reversal 
can take several hours, and in case of failed reversal with 
vitamin K treatment, prothrombin complexes can be used. 
Concerning DOACs however, an antidote is not yet availa-
ble for all types. For dabigatran with a half-life of 14–18 h 
depending on the degree of renal impairment, the antidote 
idarucizumab is available for use in uncontrolled bleed-
ing or in case of emergency surgery. For other DOACs 
(e.g., rivaroxaban and apixaban), antidotes are not avail-
able, but as they have a much shorter half-life of 7–9 h, a 
discontinuation of 24 h before surgery is sufficient [30]. In 
a recent study however, Rommens et al. could even show 
there are no detrimental effects of surgery within 24 h of 
admission for directly anticoagulated patients [33]. These 
findings should encourage us to keep to our definition of 
early surgery as surgery within the next calendar day, even 
for patients under anticoagulants. Despite the availability 
of this protocol in our department, it was not followed, and 
35 patients on anticoagulants received delayed surgery. So 

the correct implementation of this criterion could lead to a 
one-third reduction in the total number of patients receiv-
ing delayed surgery.

The cost of the antidote (idarucizumab) is often argued 
to inequitably increase hospital costs. Connors et al. esti-
mated the acquisition cost of two 2.5 g vials of idarucizumab 
at €3246.80 [34]. When looking at the difference in hos-
pitalization costs (median €9014.90 versus €13,811.36 in 
the early and late surgery group, respectively) in our study 
however, this extra cost seems reasonable.

Besides a reduction in bleeding complications, Pollack 
also showed a reduction in the use of blood products and 
pro-hemostatic agents with the use of Praxbind, resulting 
in indirect cost savings as well [35]. Another 26.4% of the 
cases (28 patients) of delayed surgery in our study could be 
appointed to logistical problems. Furthermore, hip arthro-
plasty was twice as likely to be delayed compared to hip 
osteosynthesis. When looking in the patients’ charts, this 
was attributed to logistical problems as well: availability of 
a surgeon being able to perform prosthetic surgery and of 
the necessary equipment.

A similar distribution with more surgeries on the day of 
admission for intertrochanteric fractures (treated by osteosyn-
thesis) and relatively more surgeries on the first and second 
day after admission for femoral neck fractures (treated by pros-
thetic joint replacement) was observed in the study of Leicht 
et al. In their study, the authors could show a higher risk of 
mortality for patients with intertrochanteric fractures who were 
operated on the second day after admission. This risk was not 
present in the patients who were treated with prosthetic joint 
replacement [36]. In our study, we did not see an increased 
risk of mortality in the delayed surgery group in general. As 
our study population was relatively small, we did not do a 
subgroup analysis based on fracture or treatment type. Both 
numbers of delayed surgery caused by anticoagulants and 

Table 2  (continued)

Age Sex ASA Treatment type Reason for delay

97 79 M 2 PFNA Rivaroxaban (DOAC)
98 83 M 2 HHA Logistics
99 75 M 3 HHA General condition, need for preoperative stabilization on ICU
100 84 F 4 HHA Logistics
101 82 M 4 HHA General condition
102 78 M 3 DHS Initial conservative treatment, but secondary displacement of fracture and need for operation
103 87 F 2 HHA Logistics
104 76 F 3 THA Logistics
105 83 M 3 PFNA General condition
106 76 M 2 HHA Logistics
107 82 M 2 HHA Logistics

M male, F female, HHA hemi-hip arthroplasty, THP total hip arthroplasty, FNS femoral neck system, PFNA proximal femoral nail antirotation, 
DHS dynamic hip screw, SOS screw osteosynthesis
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logistical problems are in the same range as in our previous 
study [17]. This should be a strong signal we have to provide 
better strategies to overcome this delay. In Table 3, we provide 
some strategies to solve these problems including strategies to 
decrease patient delay and transfer time from other hospitals. It 
is clear that all healthcare providers involved should continue 
(re)assessing their established protocols.

The strength of our study lies in the evaluation of a large 
cohort of patients (1190) in a single-center study, so we may 
assume similar surgical procedures and anesthetic techniques 
reducing bias. As we learned from our previous experience, no 
more personal preferences of surgeons to delay surgery have 
been noticed, and the numbers of logistical reasons for delay 
decreased from 23.9 to 17.9%.

There are also some limitations to this study. First, the 
single-center design makes it difficult to generalize results. 
Second, due to the retrospective data collection, there is some 
missing information especially about the administration of 
antidotes. As the information on the administration of idaru-
cizumab and prothrombin complexes sometimes is missing, 
there might be an underestimation of patients having received 
antidotes. Furthermore, when patients were transferred from 
another hospital, information on the reason for transfer was 
often missing, making it difficult to determine the exact reason 
for surgical delay. Finally, only mortality, ICU admission, and 
30-day readmission rates were evaluated as outcome param-
eter, so the possible beneficial effects of early surgery on other 
complications were not evaluated.

Conclusion

In this extended 5-year follow-up period after implementa-
tion of the early surgery protocol in our hospital, the results 
are still good; more than 90% of the patients do receive early 

surgery. Due to comorbidities, it will not be possible to pro-
vide early surgery to approximately one-third of the patients. 
However, there is still room for improvement, especially for 
patients receiving anticoagulants and for patients not receiv-
ing early surgery due to logistical problems. Consequently, 
we should continue our efforts as early surgery will lead to 
economic advantages (shorter LOS) even when including 
the extra costs for DOACs antidotes. In our improvement 
strategies, providing feedback on their performance to all 
healthcare specialists involved in the care for geriatric hip 
fracture patients is of utmost importance.
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