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Does time from fracture to surgery affect
mortality and intraoperative medical
complications for hip fracture patients?

AN OBSERVATIONAL STUDY OF 73 557 PATIENTS REPORTED TO
THE NORWEGIAN HIP FRACTURE REGISTER

Aims

The aim of this study was to investigate mortality and risk of intraoperative medical
complications depending on delay to hip fracture surgery by using data from the
Norwegian Hip Fracture Register (NHFR) and the Norwegian Patient Registry (NPR).

Patients and Methods

A total of 83 727 hip fractures were reported to the NHFR between 2008 and 2017.
Pathological fractures, unspecified type of fractures or treatment, patients less than 50
years of age, unknown delay to surgery, and delays to surgery of greater than four days
were excluded. We studied total delay (fracture to surgery, n = 38 754) and hospital delay
(admission to surgery, n = 73 557). Cox regression analyses were performed to calculate
relative risks (RRs) adjusted for sex, age, American Society of Anesthesiologists (ASA)
classification, type of surgery, and type of fracture. Odds ratio (OR) was calculated for
intraoperative medical complications. We compared delays of 12 hours or less, 13 to

24 hours, 25 to 36 hours, 37 to 48 hours, and more than 48 hours.

Results

Mortality remained unchanged when total delay was less than 48 hours. Total delay
exceeding 48 hours was associated with increased three-day mortality (RR 1.69, 95%
confidence interval (Cl) 1.23 to 2.34; p = 0.001) and one-year mortality (RR 1.06, 95% Cl 1.04
to 1.22; p = 0.003). More intraoperative medical complications were reported when hospital

delay exceeded 24 hours.

Conclusion

Hospitals should operate on patients within 48 hours after fracture to reduce mortality and

intraoperative complications.

Cite this article: Bone Joint J 2019;101-B:1129-1137.

Patients with hip fractures are a frail group with
a high perioperative mortality. In Norway, the
30-day mortality following a hip fracture is 8%.!
However, the influence of the actual time to treat-
ing the hip fracture on both the short- and long-
term mortality is not clear. Two retrospective
studies have reported that both the in-hospital
mortality and the 30-day mortality rise with
increasing delay in treatment.?? It has also been
found that there is an increased mortality when
there is more than 12 or 24 hours’ delay in treat-
ment.*® A meta-analysis by Shiga et al” showed
that a hospital delay of longer than 48 hours
increased both 30-day and one-year mortality.
On the other hand, several studies have suggested

that there was no effect on mortality in hip frac-
ture patients when there was a delay in hospital
treatment.®!? This has led to controversy regard-
ing the acceptable waiting time to surgery for
patients with hip fractures.”® This uncertainty is
also reflected in the differing national guidelines
for a specific time for surgery in these patients.'*
For example, in Norway there has been a national
recommendation since 2014 that hip fractures
should be operated on preferably within 24 hours,
and certainly no later than 48 hours following
admission to hospital.'>'®* However, these guide-
lines do not agree on whether the time to surgery
should start from the time of the fracture or from
the time of admission to hospital. In this study,

1129



1130

S. LEER-SALVESEN, L. B. ENGESATER, E. DYBVIK, O. FURNES, T. B. KRISTENSEN, J.-E. GJERTSEN

|‘7

Total delay (fracture surgery)

Patients with hip fractures registered
in NHFR (n =83 727)

4>| Hospital delay (admission surgery)

(n=44973) Excluded (n=10 170)
(n =2541) Total hip prosthesis (n =2541)
Unknown time from admission to surgery (n =5663)
(n=39713) Unknown time from fracture to surgery
> (n=786) Surgery delayed > 4 days (96 hours) (n =832) <
(n=411) Unknown ASA-class (n =999)
(n=342) Pathological fractures (n=799)
(n=738) Patients under 50 years (n=1208)
(n=389) Unspecified type of fracture (n=610)

A
38 754 patients I

Prehospital delay
(fracture-admission; n = 31 982)

A,
73 557 patients

A

Unknown time of admission
(n=6772)

ol

Unipolar hemiprosthesis (n = 177)

, | )

ASAltoll (n=15194) Hemiprosthesis (n = 14 068)
ASA lllto V (n=23560) Osteosynthesis (n = 24 569)

Fig.

1

Flowchart for patients included in the study.

we have used data from the Norwegian Hip Fracture Register
(NHFR) and the Norwegian Patient Registry (NPR) to investi-
gate whether the time from the moment of fracture to the start
of surgery, rather than the time from the hospital admission to
the start of surgery, influenced the mortality and risks of intra-
operative complications.

Patients and Methods

In 2005, the NHFR started registration of primary operations
and reoperations for all hip fractures.!” After each operation, the
surgeon fills in a one-page paper form, which includes infor-
mation on age, sex, cognitive function, American Society of
Anesthesiologists (ASA) classification, type of fracture, type
of operation, and exact time of start of surgery. The time from
fracture to surgery is reported in hours. Data on death and emi-
gration were provided by the National Registry in Norway,'®
where the follow-up of deaths is nearly 100%." The NHFR
has approval from the Norwegian Data Inspectorate to process
health data. The NPR constitutes the basis for management of
all Norwegian hospitals by dealing with data that is primarily
used for activity-based financing.”” The NPR contains iden-
tifiable patient information from 2008 onwards and time of
admission to hospital is recorded. Using the time of fracture
and time of surgery registered in NHFR, and time of admission
registered in NPR, prehospital delay (fracture to admission),
hospital delay (admission to surgery), and total delay (fracture
to surgery) were calculated in hours. Completeness of primary
operations in the NHFR has been shown to be 95% for hemi-
prosthesis and 88% for osteosyntheses.”!

Follow us @BoneJoint]

Figure 1 shows the study population. From 2008 to 2017,
83 727 primary operations for hip fracture were reported to
the NHFR. Total delay could not be calculated in 39 713 oper-
ations (47%) because no exact time of fracture was reported
to the NHFR. Hospital delay could not be calculated in 5663
operations (6.8%) due to lack of reported time of admission in
the NPR. We excluded pathological fractures, unspecified type
of fractures, fractures with unspecified treatment, fractures in
patients below 50 years of age, and fractures where the opera-
tion was delayed for more than four days, in order to secure a
homogeneous patient group.

A total of 38 754 patients were included in the total delay
analyses and 73 557 patients were included in the hospital delay
analyses (Fig. 1). Patients were divided into groups depending
on their time from fracture to surgery or time from admission to
surgery: greater than or equal to 12 hours, 13 to 24 hours, 25 to
36 hours, 37 to 48 hours, and more than 48 hours.

We separately studied hip fractures operated with osteosyn-
thesis (n = 24 569) and bipolar hemiprosthesis (n = 14 068).
Further, subanalyses were performed for patients with ASA
class I to IT (n =15 194) and ASA class III to V (n =23 560).

Norwegian surgeons report both intraoperative surgical and
medical complications to the NHFR. As the time to surgery
may affect the risk of medical complications emerging during
surgery, we reviewed the intraoperative medical complications,
including cardiac, pulmonary, and circulatory adverse events,
which had been reported by the surgeons.

Statistical analysis. Survival analyses were performed using
the Kaplan—-Meier and Cox regression methods. Patients who
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Table I. Baseline data for patients with a known total delay in the Norwegian Hip Fracture Register (NHFR)

Variable Total Time from fracture to surgery p-value
<12 hrs 13 to 24 hrs 25 to 36 hrs 37 to 48 hrs > 48 hrs

Total, n (%) 38 754 (100) 9613 (25) 14 277 (37) 8303 (21) 3583 (9.2) 2978 (7.7) N/A

Female sex, n (%) 27 147 (70) 6889 (72) 10 186 (72) 5731 (69) 2395 (67) 1946 (65) <0.001°"

Mean age, yrs (sD) 81.5(9.8) 81.0 (10) 81.6 (9.9) 81.7 (9.4) 81.8(9.2) 81.2(9.3) <0.001°%

ASA class, n (%) <0.001°"

| 1730 (4.5) 703 (7.3) 570 (4.0) 276 (3.3) 106 (3.0) 75 (2.5)

I 13 464 (35) 3780 (39) 5113 (36) 2713 (33) 1070 (30) 788 (27)

I 21 070 (55) 4697 (49) 7788 (55) 4761 (57) 2075 (58) 1749 (59)

v 2449 (6.3) 428 (4.5) 789 (5.5) 548 (6.6) 324 (9.0) 360 (72.7)

\Y 41 (0.1) 5(0.7) 17 (0.7) 5(0.1) 8(0.2) 6(0.2)

Fracture type, n (%) <0.001*"

Undisplaced FNF 5253 (14) 1341 (14) 1818 (13) 1150 (74) 478 (13) 466 (16)

Displaced FNF 15811 (41) 3239 (34) 5838 (417) 3613 (44) 1693 (47) 1428 (48)

Basocervical fracture 1298 (3.3) 362 (3.8) 496 (3.5) 245 (3.0) 115 (3.2) 80(2.7)

Trochanteric A1® 6663 (17) 1876 (20) 2444 (17) 1367 (17) 524 (15) 452 (15)

Trochanteric A2® 6650 (17) 1819 (19) 2505 (18) 1357 (16) 575 (16) 394 (13)

Trochanteric A3® 872 (2.3) 243 (2.5) 323(2.3) 194 (2.3) 58 (1.6) 54 (1.8

Subtrochanteric 2207 (5.7) 733 (7.6) 853 (6.0) 377 (4.5) 140 (3.9 104 (3.5)

Primary operation, n (%) <0.001°"

Screw osteosynthesis 6682 (17) 1818 (19) 2334 (16) 1418 (17) 580 (16) 532 (18)

Hemiarthroplasty 14185 (37) 2733 (28) 5255 (37) 3303 (40) 1556 (43) 1338 (45)

Sliding hip screw 12131 (37) 3337 (35) 4495 (32) 2498 (30) 1013 (28) 788 (27)

Short IM nail 3747 (9.7) 1128 (12) 1402 (9.8) 706 (8.5) 288 (8.0) 223 (7.5)

Long IM nail 2009 (5.2) 597 (6.2) 791 (5.5) 378 (4.6) 146 (4.1) 97 (3.3)

*Statistically significant

tChi-squared test

$One-way analysis of variance (ANOVA)
8AO/OTA classification

N/A, not applicable; ASA, American Society of Anesthesiologists; FNF, femoral neck fracture; IM, intramedullary nail

died or emigrated during follow-up were identified from files
provided by Statistics Norway, and the follow-up time for these
patients was cut off at the date of death or emigration. Only
the first postoperative year was included in the analyses, as this
period was considered most relevant for studying consequences
of time to surgery. Pearson’s chi-squared test was used to com-
pare categorical variables in the independent groups. Student’s
t-test was used to compare continuous variables.

The Cox multiple regression model was used to compare
the relative risks (RRs) of postoperative death among patients
divided into groups based on preoperative wait time. We
adjusted for possible influences of sex, age of the patient at
surgery, ASA classification, type of surgery, and type of frac-
ture. Mortality was studied within three days, 30 days, and one
year postoperatively. In addition, 95% confidence intervals
(CIs) were calculated for RRs. When analyzing intraoperative
medical complications, we used odds ratio (OR) to express the
risks. Patients operated on within 13 to 24 hours of admission or
within 13 to 24 hours after fracture defined the reference groups
as this was the largest group and within the national guidelines
for hip fracture surgery.'® p-values < 0.05 were considered sta-
tistically significant.

Assessments of proportionality in the Cox models were
performed using log-minus-log plots of the adjusted survival
curves and the proportionality assumptions were fulfilled.
The statistical software packages R (version 3.4.0; http://
www.R-project.org) and IBM SPSS Statistics (version 24.0;
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IBM Corp., Armonk, New York) for Windows were used for
the statistical analyses.

Results

Total delay. Table I presents the study population with known
total delay (n = 38 754). A significantly higher percentage of
men and patients with ASA class IV was operated on more than
48 hours after fracture. A lower proportion of hemiprosthesis
were inserted within 24 hours of admission. For patients with
a known time of fracture (n = 38 754), the mean total delay
was 24 hours. For patients with a known time for both fracture
and admission (n = 31 982), the mean prehospital delay was
6.2 hours. Figure 2a demonstrates the distribution of total delay
while Figure 2b demonstrates the distribution of prehospital
delay.

Mortality. When analyzing all hip fractures with exact time of
fracture, a total delay of less than 48 hours did not change either
short or long-term mortality. Patients, though waiting more than
48 hours from fracture to surgery, had an increased three-day
and one-year mortality, while 30-day mortality did not increase
(Table II).

This effect was most pronounced in the first three days (RR
1.69, 95% CI 1.23 to 2.34; p = 0.001), but persisted even one
year after surgery (RR 1.06, 95% CI 1.04 to 1.22; p = 0.003;
Table IT). When patients were stratified depending on comor-
bidity (ASAIto Il or ASAIII to V), a total delay greater than 48
hours was associated with an increased three-day mortality for
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a) Time from fracture to surgery (total delay) in the study population (n = 38 754; median 22.0 hours (interquartile range (IQR) 13.0 to 30.0); mean
24.1 hours (sp 15.4)). b) Time from fracture to admission (prehospital delay) in the study population (n = 31 982; median 3.4 hours (IQR 1.76 to 6.62);
mean 6.2 hours (sb 8.9)). c) Time from admission to surgery (hospital delay) in the study population (n = 73 557; median 19.4 hours (IQR 10.0 to 27.7);

mean 21.7 hours (sp 15.2)).

patients with serious comorbidity but did not significantly affect
mortality for the healthier patients (Table III). An increased one-
year mortality was observed for both ASA I to II patients and 11
to V patients when total delay exceeded 48 hours. Furthermore,
a reduction in 30-day mortality was observed for ASA I to II
patients with a short total delay (less than 12 hours), while no
such effect could be found for ASA III to V patients.

Also, for hip fracture patients operated on using a hemi-
prosthesis, an increased three-day and one-year mortality was
observed when hospital delay exceeded 48 hours, while 30-day

%" Follow us @BoneJoint]

mortality remained unchanged (Table IV). Hemiprostheses
inserted within 12 hours after the fracture were also associated
with an increased three-day mortality. Hospital delay did not
affect mortality at any time for patients treated with osteosyn-
thesis (Table IV).

Hospital delay. The distribution of hospital delay (hours from
admission to surgery) is shown in Figure 2c. The mean time
from admission to surgery was 22 hours. As when studying total
delay, an increased mortality was observed when hospital delay
exceeded 48 hours (6% of the patients). This effect was most

THE BONE & JOINT JOURNAL
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Table Il. Mortality at three days, 30 days, and one year postoperatively
after hip fracture surgery for patients with known time from fracture

to surgery (total delay; n = 38 754). Cox relative revision risk (RR; with
total delay of 13 to 24 hours as reference) is given with adjustments for
possible influences of sex, American Society of Anesthesiologists (ASA)
class, age of the patient at surgery, type of surgery, and type of fracture

Mortality Total, n Deaths,n (%) RR(95% Cl) p-value®
3-day
<12 hrs 9613 89 (0.9) 1.29 (0.98 to 1.69)  0.07
13to 24 hrs 14 277 120 (0.8) 1 (reference) N/A
25 to 36 hrs 8303 92 (1.1) 1.24 (0.95t0 1.63) 0.12
37 to 48 hrs 3583 39 (1.7) 1.08 (0.75to 1.55)  0.68
> 48 hrs 2978 54 (1.8) 1.69 (1.23 t0 2.34)  0.001*
All 38754 394 (1.0) N/A N/A
30-day
<12 hrs 9613 610 (6.3) 1.01(0.92t0 1.12) 0.81
13to 24 hrs 14 277 998 (7.0) 1 (reference) N/A
25 to 36 hrs 8303 635 (7.6) 1.03(0.94to 1.14) 0.53
37 to 48 hrs 3583 270 (7.5) 0.93(0.82to 1.07) 0.31
> 48 hrs 2978 274 (9.2) 1.10 (0.96 to 1.26) 0.15
All 38754 2787 (7.2) N/A N/A
1-yr
<12 hrs 9613 1960 (20.4) 1.01 (0.96 to 1.07) 0.64
13to 24 hrs 14 277 3114 (21.8) 1 (reference) N/A
25 to 36 hrs 8303 1941 (23.4) 1.03(0.97 to 1.09) 0.33
37 to 48 hrs 3583 870 (24.3) 1.13(0.95to 1.10)  0.56
> 48 hrs 2978 796 (26.7) 1.06 (1.04 to 1.22)  0.003f
All 38754 8681 (22.4) N/A N/A

*Cox regression model
tStatistically significant
Cl, confidence interval; N/A, not applicable

pronounced in the first three days (RR 1.31, 95% CI 1.02 to
1.68; p = 0.03), but persisted even at 30 days (RR 1.15, 95% CI
1.04 to 1.28; p = 0.006) and one year after surgery (RR 1.12,
95% CI1.05 to 1.18; p < 0.001).

Intraoperative medical complications. A total of 304 med-
ical intraoperative complications were reported to the NHFR
(11.2% of all reported complications and 0.4% of all operations;
Table V). Hospital delay longer than 24 hours was associated
with more medical complications than hospital delay within 13
to 24 hours (Table VI). Patients operated on later than 48 hours
after admission had an increased risk of medical complications
both during surgery with osteosynthesis and hemiprosthesis.

Discussion

In this nationwide observational study of treatment of hip frac-
tures, the mean prehospital delay was six hours and the mean
hospital delay was 22 hours. There was no effect from total delay
to surgery when the operation occurred within 48 hours, but mor-
tality increased when total delay and hospital delay exceeded 48
hours. The association between mortality and total delay was
most pronounced after three days and persisted throughout the
first postoperative year. Patients with severe comorbidity (ASA
IIT to V) and patients operated on with hemiprosthesis seem
to be at higher risk if surgery is delayed. More intraoperative
complications were reported for patients waiting longer than 24
hours from admission to surgery, thereby supporting the pro-
posal for even earlier surgical intervention (Fig. 3).
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Table Ill. Mortality at three days, 30 days, and one year postoperatively
after hip fracture surgery (n = 38 754), hip fracture patients with
American Society of Anesthesiologists (ASA) classes | to Il (n =15 194)
and ASA classes lll to V (n = 23 560) for patients with known hospital
delay. Cox relative revision risk (RR; with total delay of 13 to 24 hours as
reference) is given with adjustments for possible influences of sex, ASA
class, age of the patient at surgery, type of surgery, and type of fracture

Mortality Total, n Deaths, n (%) RR(95% Cl) p-value’

3-day

ASAltoll
<12 hrs 4483 10 (0.2) 0.77 (0.35to0 1.67)  0.50
13to 24 hrs 5683 18(0.3) 1 (reference) N/A
25 to 36 hrs 2989 8(0.3) 0.87 (0.38t0 2.01) 0.75
37 to 48 hrs 1176 1(0.7) 0.27 (0.04 to 2.01)  0.20
> 48 hrs 863 6(0.7) 2.37 (0.93t0 6.02) 0.07
All 15194 43(0.3) N/A N/A

ASAlll to V
<12 hrs 5130 79 (1.5) 1.39(1.03t0 1.87) 0.03"
13to 24 hrs 8594 102 (1.2) 1 (reference) N/A
25 to 36 hrs 5314 84 (1.6) 1.30 (0.98 to 1.74)  0.07
37 to 48 hrs 2407 38 (1.6) 1.18 (0.81t0 1.72) 0.38
> 48 hrs 2115 48 (2.3 1.66 (1.18 to 2.35)  0.004"
All 23 560 351 (1.5) N/A N/A

30-day

ASAltoll
<12 hrs 4483 83 (1.9 0.74 (0.57 t0 0.97)  0.03"
13to 24 hrs 5683 149 (2.6) 1 (reference) N/A
25 to 36 hrs 2989 69 (2.3 0.91 (0.68to 1.21)  0.50
37 to 48 hrs 1176 27 (2.3 0.89 (0.59to 1.34) 0.57
> 48 hrs 863 27 (3.1) 1.28 (0.85t0 1.93) 0.25
All 15194 355 (2.3) N/A N/A

ASA lll to V
<12 hrs 5130 527 (10.3) 1.07 (0.96to 1.19)  0.23
13to 24 hrs 8594 849 (9.9) 1 (reference) N/A
25 to 36 hrs 5314 566 (170.7) 1.06 (0.95t0 1.18)  0.31
37 to 48 hrs 2407 243 (10.7) 0.94 (0.82t0 1.08) 0.42
> 48 hrs 2115 247 (11.7) 1.09 (0.95t0 1.26) 0.23
All 23560  2432(70.3) N/A N/A

1-yr

ASAltoll
<12 hrs 4483 427 (9.5) 0.93(0.82to 1.05) 0.23
13to 24 hrs 5683 618 (170.9) 1 (reference) N/A
25 to 36 hrs 2989 304 (10.2) 0.94 (0.82to 1.08) 0.40
37 to 48 hrs 1176 136 (11.6) 1.09 (0.90 to 1.31)  0.38
> 48 hrs 863 108 (712.5) 1.25(1.02to 1.563)  0.04"
All 15194 1593 (70.5) N/A N/A

ASAlllto V
<12 hrs 5130 1533 (29.9) 1.04 (0.98to 1.11)  0.21
13to 24 hrs 8594 2496 (29.0) 1 (reference) N/A
25 to 36 hrs 5314 1.637 (30.8) 1.05(0.99to0 1.12)  0.13
37 to 48 hrs 2407 734 (30.5) 1.01(0.93t0 1.10) 0.76
> 48 hrs 2115 688 (32.5) 1.11(1.02to0 1.21)  0.02"
All 23560 7088 (30.7) N/A N/A

*Cox regression model
TStatistically significant
Cl, confidence interval; N/A, not applicable

Most current research on waiting time to hip fracture sur-
gery investigates hospital delay (i.e. the time from admission to
hospital to the time to surgery).**%!2 Nevertheless, to optimize
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Table IV. Mortality at three days, 30 days, and one year postoperatively
after hip fracture surgery operated with hemiprosthesis (n = 14 068) and
osteosynthesis (n = 24 569). Cox relative revision risk (RR; with total de-
lay of 13 to 24 hours as reference) is given with adjustments for possible
influences of sex, American Society of Anesthesiologists (ASA) class,
age of the patient at surgery, type of surgery, and type of fracture

Mortality Total, n Deaths, n (%) RR (95% Cl) p-value®

3-day

Osteosynthesis
<12 hrs 6880 49 (0.7) 1.08 (0.75 to 1.56) 0.69
13to 24 hrs 9022 69 (0.8) 1 (reference) N/A
25 to 36 hrs 5000 44 (0.9 1.12(0.77 to 1.64) 0.56
37 to 48 hrs 2027 20(1.0) 1.05(0.64 to 1.74) 0.84
> 48 hrs 1640 21(1.3) 1.28 (0.78t0 2.11) 0.32
All 24 569 203 (0.8) N/A N/A

Hemiprosthesis
<12 hrs 2718 40 (1.5) 1.71(1.12to 2.61) 0.01"
13to 24 hrs 5207 48 (0.9) 1 (reference) N/A
25 to 36 hrs 3268 47 (1.4) 1.45(0.97 to 2.17) 0.07
37 to 48 hrs 1546 19(1.2) 1.18 (0.69 t0 2.01) 0.54
> 48 hrs 1329 33(2.5) 2.21(1.41t04.37) 0.001"
All 14 068 187 (1.3) N/A N/A

30-day

Osteosynthesis
<12 hrs 6880 399 (5.8) 0.95 (0.83to0 1.07) 0.38
13to 24 hrs 9022 619 (6.9) 1 (reference) N/A
25to 36 hrs 5000 370 (7.4) 1.04 (0.91to 1.18) 0.57
37 to 48 hrs 2027 154 (7.6) 0.94 (0.79to0 1.13) 0.52
> 48 hrs 1640 143 (8.7) 1.04 (0.87 to 1.25) 0.67
All 24569 1685 (6.9) N/A N/A

Hemiprosthesis
<12 hrs 2718 210(7.7) 1.15(0.97 to 1.36) 0.1
13to 24 hrs 5207 375 (7.2) 1 (reference) N/A
25to 36 hrs 3268 258 (7.9) 1.01 (0.86to 1.19) 0.89
37 to 48 hrs 1546 115 (7.4) 0.92 (0.75t0 1.14) 0.46
> 48 hrs 1329 131 (9.9) 1.19 (0.97 to 1.45) 0.09
All 14068 1089 (7.7) N/A N/A

1-yr

Osteosynthesis
<12 hrs 6880 1356 (179.7) 0.98 (0.91 to 1.05) 0.55
13t0 24 hrs 9022 1987 (22.0) 1 (reference) N/A
25 to 36 hrs 5000 1199 (24.0) 1.06 (0.98to 1.14) 0.13
37 to 48 hrs 2027 530 (26.7) 1.08 (0.98to 1.19) 0.1
> 48 hrs 1640 442 (27.0) 1.11(1.00 to 1.23) 0.06
All 24569 5514 (22.4) N/A N/A

Hemiprosthesis
<12 hrs 2718 600 (22.7) 1.10(1.00 to 1.22) 0.06
13t0 24 hrs 5207 1117 (21.5) 1 (reference) N/A
25to 36 hrs 3268 732 (22.4) 0.98 (0.89to 1.07) 0.65
37 to 48 hrs 1546 339 (21.9) 0.94 (0.83t0 1.06) 0.34
> 48 hrs 1329 351 (26.4) 1.15(1.02to 1.29) 0.03"
All 14068 3139(22.3) N/A N/A

*Cox regression model
TStatistically significant
Cl, confidence interval; N/A, not applicable

treatment it is important to assess the total timespan from the ini-
tial trauma to surgery. Norwegian surgeons report to the NHFR
time from fracture to surgery, providing unique information on
prehospital delay. The patients included in this study spent a
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Table V. Reported intraoperative medical complications to the
Norwegian Hip Fracture Register (NHFR)

Complication Patients, n (%)

Hypotension 94 (30.9)
Arrhythmias 46 (15.1)
Cardiac arrest 46 (15.1)
Myocardial infarction 36(71.8)
Respiratory failure 34(11.2)
Angina 18 (5.9)
Heart failure 10 (3.3)
Haematemesis 7(2.3)
Stroke 7(2.3)
Suspected infection 4(1.3)
Circulatory collapse 2(0.7)
All 304 (700)

mean of six hours of their total delay outside of hospital care.
From a medical point of view, this prehospital delay is impor-
tant, since these patients have less surveillance and prophylaxis
against possible complications. However, we could not find any
differences in mortality provided these patients were operated
on within 48 hours of the fracture. Comorbidity, cognitive state,
and quality of home care may cause a bias, especially when
patients are able to state their exact time of fracture. We also
investigated hospital delay where a larger number of fractures
could be included without the same risk of recall and selection
bias as the time of admission is administratively reported.

Over the last decades, large amounts of healthcare resources
have been applied to promote earlier surgical intervention for
hip fracture patients,”” and numerous fast-track algorithms
have been implemented.”>? In 2013 in Norway, the mean pub-
lic health cost for treating patients in the first year following
a hip fracture was calculated to be £61 287 (662 547 NOK).*
Such an economic cost drives the promotion of early hip frac-
ture surgery, as early interventions have been shown to have
shorter length of hospital stays.**>* Some studies also report
fewer complications related to immobilization when the time
to surgery is reduced; for example, there are less bedsores
and infections.®*”? However, it has been shown that there are
inconsistencies regarding the effects of hospital delay on mor-
tality, and guidelines worldwide have not agreed on an accept-
able time to surgery for these patients. For example, Canadian
and American guidelines advise hip fracture surgery within
48 hours,’*3! while the National Institute for Health and Care
Excellence (NICE) guidelines in the United Kingdom advise
surgery on the day of, or the day after, admission.*?> Our study,
which investigated total delay and hospital delay, supports hip
fracture surgery taking place within 48 hours of the fracture, in
order to reduce both the mortality and the risk of intraoperative
complications, as has been advised by the national quality of
care indicator in Norway.'>6

Earlier studies have reported higher comorbidity among
patients with a long hospital delay compared with patients with
early surgical intervention,” which was also observed in our
study. The question is, therefore, whether surgery was delayed
because of patients’ increased risk of unwanted outcomes or if
unwanted outcomes occurred due to delayed surgical interven-
tions. During the time from admission to surgery, it is crucial
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Table VI. Risk of medical complications during hip fracture surgery
for patients with a known hospital delay (n = 73 557) for patients with
American Society of Anesthesiologists (ASA) | to Il (n = 27 435), ASA
Il to V (n = 46 122), osteosynthesis (n = 45 281), and hemiprosthesis
(n =28 076). Odds ratios (ORs; with hospital delay of 13 to 24 hours as
reference) are given with 95% confidence intervals (Cls)

Medical complications Total, n Complications, n (%) OR (95% CI)

All patients

<12 hrs 21672 72(0.3) 1.06 (0.77 to 1.45)
13t0 24 hrs 26819 84(0.3) 1 (reference)

25 to 36 hrs 13675 65(0.5) 1.52 (1.10 to 2.10)
37 to 48 hrs 6737  38(0.6) 1.81 (1.23 to 2.65)
> 48 hrs 4654 45 (1.0) 3.11 (2.16 to 4.47)
All 73557 304 (0.4) N/A

ASAltoll

<12hrs 9322 7(0.1) 0.55 (0.22 to 1.36)
13to 24 hrs 10 256 14 (0.1) 1 (reference)

25 to 36 hrs 4553 7(0.2) 1.13 (0.45 to 2.79)
37to 48 hrs 2055 9(0.4) 3.22 (1.39 to 7.45)
> 48 hrs 1249 3(0.2) 1.76 (0.51 to 6.14)
All 27435 40(0.7) N/A

ASAlllto V

<12hrs 12350 65 (0.5) 1.25(0.89 to 1.75)
13to 24 hrs 16563  70(0.4) 1 (reference)
25to 36 hrs 9122  58(0.6) 1.51 (1.06 to 2.14)
37to 48 hrs 4682 29 (0.6) 1.47 (0.95 to 2.27)
> 48 hrs 3405 42 (1.2) 2.94 (2.00 to 4.32)
All 46 122 264 (0.6) N/A
Hemiprosthesis

<12 hrs 6508 32 (0.5) 1.13(0.72 to 1.77)
13to 24 hrs 10533 46 (0.4 1 (reference)
25to 36 hrs 5645 39(0.7) 1.59 (1.03 to 2.43)
37to 48 hrs 3248  23(0.7) 1.63 (0.98 to 2.69)
> 48 hrs 2142 26 (1.2) 2.80 (1.73 to 4.54)
All 28076 166 (0.6) N/A
Osteosynthesis

<12 hrs 15114 40 (0.3) 1.13(0.72 to 1.76)
13to 24 hrs 16 201 38(0.2) 1 (reference)
25to 36 hrs 7986 26 (0.3) 1.39 (0.84 to 2.29)
37 to 48 hrs 3474  15(0.4) 1.85(1.01 to 3.36)
> 48 hrs 2506 19(0.8) 3.25(1.87 to 5.65)
All 45281 138(0.3) N/A

N/A, not applicable

to optimize the patient’s medical conditions and potentially
reduce perioperative complications.?*** Griffiths et al** stated
that there are few acceptable reasons but many unacceptable
reasons for delaying surgery. These reasons include electrolyte
disturbances, awaiting echocardiography, and lack of facilities,
theatre space, or surgical competence. In our study, delayed
surgery increased three-day mortality for hip fracture patients
with ASA III to V, but not for the healthier patients (ASA I to
I1). Noticeably, the three-day RR of death was actually higher
for ASA T to II patients than for ASA III to V patients when
delay exceeded 48 hours, but the difference did not reach sta-
tistical significance, probably due to the low number of patients
in the healthy patient group. More intraoperative medical com-
plications were reported both for ASA T to Il and ASA Tl to V
patients with a long total delay. Therefore, preoperative patient
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Fig. 3

Cox-adjusted survival curves for patients with a known total delay

(n = 38 754) the first year after hip fracture surgery. Adjusted for sex,
American Society of Anesthesiologists (ASA) class, age of the patient at
surgery, type of surgery, and type of fracture.

stabilization should not be used as an argument to delay surgical
intervention.

In hip fracture patients, a hospital delay exceeding 24 hours
has been shown to have an increased risk of postoperative res-
piratory complications and prolonged length of hospital stay.*
In our study, intraoperative medical complications also seem
to be associated with increasing hospital delay for more than
24 hours. Investigating outcomes for osteosyntheses and hemi-
prostheses separately, more patients treated with a hemiprosthe-
sis waited longer than 24 hours for surgery than patients treated
with osteosynthesis. The difference in hospital delay may
partly explain why more intraoperative medical complications
were reported after hemiprosthesis (0.6%) than osteosynthesis
(0.3%). However, larger surgical trauma and the risk of bone
cement implantation may also explain the higher number of
medical complications following cemented hemiprosthesis.?¢’

Our study has both strengths and limitations. It is not a
randomized controlled trial (RCT) but may be categorized as
a hypothesis-creating study. The study design allowed us to
report associations between surgical delay and the effect on
patient outcomes, yet causality cannot be proven. However,
RCTs investigating early versus delayed surgery for hip fracture
patients would not be ethically feasible, as it would be hard to
defend trials where certain hip fracture patients are deliberately
delayed for surgery.*® Moreover, since patients who undergo
hip fracture surgery are often old and frail, there would be a
risk that only the healthiest patients would volunteer for a rand-
omized study and their mortality rates would not be comparable
to the typical population. Because this study reflects a broad
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sample of practice across an entire country, with high complete-
ness of registration of deaths,'® we believe that it has high exter-
nal validity and that the results should be generally applicable
to other countries.

Our study is based on consistent voluntary reporting from
orthopaedic surgeons in all hospitals treating hip fractures in
Norway. However, the time of fracture could be reported inac-
curately and thus weakening our results. Time of admission is
reported to the NPR in the interest of activity-based financing
and may therefore be a more dependable source of informa-
tion when studying timelines in preoperative delay. However,
we chose to study hospital delay in addition to total delay to
strengthen our results, but intraoperative occurrences demand
subjective interpretations by the surgeon. After each opera-
tion, the surgeon needs to decide whether complications had
occurred, potentially causing under-reporting or over-reporting
of events. Therefore, reported intraoperative complications
should be interpreted with caution. This study reviewed a large
number of patients by combining data from two national regis-
tries, so that we were able to observe data and outcomes that are
hard to collect in other study designs.

In conclusion, both total delay and hospital delay exceeding
48 hours was associated with increased short and long-term
mortality for patients with a hip fracture. Based on the findings
of our study, we recommend that all hospitals should strive to
operate on hip fractures within 48 hours, in line with several
national recommendations. In particular, we recommend that
patients with long prehospital delay must be given high priority
for surgery in order to avoid a total delay exceeding 48 hours.
Also, because our study has shown that there is a higher risk of
medical intraoperative complications with more than 24 hours’
hospital delay, we fully support the practice of early surgical
intervention in the treatment of patients with hip fractures.

Take home message

- Both total delay and hospital delay exceeding 48 hours in-
creased short- and long-term mortality for hip fracture pa-
tients. All hospitals should strive to operate on hip fractures
within 48 hours, in line with several national guidelines.

- We support hip fracture surgery within 24 hours, as more medical in-
traoperative complications were reported when hospital delay exceeded
24 hours.
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