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Abstract t 
Introduction::Introduction:: A delay of more than 24 hours to surgery may lead to higher morbidity 

andd mortality in hip fracture patients. Previous studies on this subject have not 

demonstratedd consistent results. This is partly due to the fact that different timeframes 

weree recorded for the delay to surgery from time of injury or from time of admission. 

Adjustmentt for patient related confounding factors as age and preoperative health 

statuss (ASA class) has also not consistently been performed. The study aim was to 

determinee the association between delay to surgery and the development of 

postoperativee complications, length of hospital stay (LOS) and 1 -year mortality. 

Methods:Methods: The. medical records of intra- and extracapsular hip fracture patients in 2000 

andd 2001 admitted to our institution were retrospectively reviewed. Uni- and multivariate 

regressionn analysis was performed to determine an association between the time interval 

too surgery and morbidity, LOS and 1-year mortality. 

Results:Results: Of the 192 patients managed operatively for a hip fracture, 39 (20%) patients 

developedd 50 postoperative complications (23 infections). The mean LOS was 17 

dayss and 1-year mortality was 25%. There was a trend towards less postoperative 

complicationss (p=0.06, multivariate regression, MR) and shorter LOS (p=0.09, MR) 

inn patients with a delay of less than 1 day from the time of admission to surgery. No 

associationn between surgical delay and 1-year mortality was found (p=0.632, univariate 

regression,, UR). Age over 80 years (complications: p=0.001 MR, LOS: p=0.05 UR, 

mortality:: p=0.04 MR) and ASA class (complications: p=0.29 UR, LOS: p=0.07 UR, 

mortality:: p=0.03 MR) had stronger associations with the clinical outcomes than the 

timee interval to surgery. In ASA I and II class patients, operation beyond 1 day from 

thee time of injury was associated with more infectious complications (p—0,02, UR), 

butt low 1-year mortality' (p=0.03, MR). 

Conclusion:Conclusion: No significant association could be found between delay to surgery and the 

clinicall  outcomes. However, considering the trends towards less complications and 

shorterr LOS, early surgery (within 1 day from admission) is likely to be beneficial for 

hipp fracture patients who are able to undergo operation. 



Introduction n 
Theree is a non-consistent perception that delay before surgical treatment of hip fracture 

patientss is associated with an increase in postoperative complications (1-5), length of 
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hospitall  stay ' ' ' and mortality ' . Recendy it has been stated that early surgery, within 

244 hours, is independendy associated with a reduced length of hospital stay.5 In this 

largee prospective study an association (p = 0.04) between fewer major postoperative 

complicationss and operation within 24 hours was found in a subgroup of healthier 

patientss defined as patients without abnormal clinical findings, aortic stenosis, dementia, 

andd end-stage renal disease with dialysis on admission. No association (p = 0.09) with 

mortalityy after 6 months was found. 

Hipp fractures are an important health care problem. The incidence of hip fracture 

patientss in the Netherlands has increased from 15.286 patients in 1999 tol 7.550 patients 

inn 2003, with an expected increase of 5% per year until 2025. The 1-year mortality 

ratee is reported to be between 11 and 34%.8,11'12 

Delayy to surgery is usually recorded from the time of admission, but few reports 

attemptt to define time to surgery starting from the time of injury. ' ' ' The time 

intervall  to surgery should include the period in which some patients remain immobile 

att home for considerable time after their injury and physiological deterioration may 

occurr due to dehydration and lack of nutrition. This first period of the delay is difficult 

too influence, but the second period from admission is easier to control as it is dependent 

onn co-morbidity treatment and hospital logistic factors. Theoretically, relatively healthy 

patientss (ASA I and II class) are operated sooner than patients, which require more 

preoperativee evaluation and preparation. During analysis of previous studies, 

adjustmentt for preoperative health status (ASA class) has not always been performed.6'9 

Thee primary aim of this study was to clarify the possible association between delay to 

surgery,, calculated from the day of injury and from the day of hospital admission, 

withh the development of postoperative complications, length of hospital stay and 1-

yearr mortality rate. A secondary aim was to perform an identical subanalysis in the 

restrictedd cohorts of ASA class 1-2 and ASA class 3-4 patients. 

Patientss and Methods 
Alll  medical records of patients above 55 years old that were managed operatively for 

aa hip fracture in 2000 and 2001 at our hospital were reviewed. Poly traumatized patients, 

patientss with pathological fractures, a previous fracture or operation on the ipsilateral 

hip,, initial conservative management and patients in whom time of injury could not 



bee determined, were excluded. 

Thee following parameters were extracted from the patient records: gender, age, pre-

andd postoperative accommodation (home, retirement home, nursing home), date of 

injury,, date of admission to the ED, date of operation and discharge, type of fracture 

(intra-- or extracapsular), American Society of Anesthesiologists (ASA) class, utilised 

implantss (DHS: dynamic hip screw, hemiarthroplasty, total arthroplasty, PFN: proximal 

femurr nail, cannulated screws, angled blade plate), in-hospital mortality and in-hospital 

postoperativee complications. The latter were divided into infectious (urinary tract 

infection,, pneumonia, wound infection and sepsis) and non-infectious complications 

(congestivee heart failure, arrhythmia, myocardial infarction, gastro-intestinal 

haemorrhage,, cerebrovascular accident (CVA), pulmonary embolism). 

Thee 1 -year mortality7 was determined by contacting either the general practitioner or 

thee managing staff of the present accommodation of the patient. The delay to surgery 

wass calculated from the day of injury and from the day of hospital admission and was 

analysedd separately. 

AA subanalysis was performed in the relatively healthy, defined as ASA I or II class, 

groupp of patients to gain insight into the effect of delay to surgery due to health 

statuss on morbidity, LOS and mortality. 

Statist icall ana lys i s Variables potentially affecting clinical outcome were identified 

throughh univariate analysis. Continuous variables were analysed using the students t-

testt and dichotomous variables through the Chi square test. Variables with significant 

valuess after univariate analysis were subsequently analysed in a multivariate model to 

distinguishh individual effect on outcome. 

Dichotomouss outcome variables (complications and mortality) were analysed using a 

binaryy logistic regression model. Continuous outcome variables (length of stay) were 

analysedd by means of a Cox regression model. Length of stay was log-transformed 

forr the analysis since it was not normally distributed, as determined with a Kolmogorov-

Smirnovv test. 

Resultss were expressed as p values with a 95% confidence interval and Odds Ratio's 

(OR)) for the dichotomous outcome variables. A p-value below 0,05 was considered to 

bee significant. The SPSS 9.0 (Chicago, IL, USA) software package was used. 



Results s 
Inn the two year study period 229 patients were treated operatively for a hip fracture. 

Thirty-fourr patients (15%) met the exclusion criteria listed in the methods section. 

Threee patients (1%) were untraceable and lost to follow-up after 1 year and were 

subsequentlyy excluded. This left 192 patients eligible for analysis; 111 patients (58%) 

hadd sustained an intracapsular fracture and 81 (42%) an extracapsular fracture. 

Demographics,, pre-admission residential status, ASA class and the pre- and in-hospital 

intervalss of time to surgery and type of implants are shown in table 1. A delay to 

Tablee 1 . Basic chararacteristics: Demographics, residence status, ASA class, time to surgery 
andd used implants in the study cohort (n=192). 

Total l 
Age e 
Gender r 

Male e 
Female e 

Admittedd from 

Home e 
Retirementt home 
Nursingg home 

ASAA class 
1 1 
II I 
III I 
IV V 

Dayss injury to operation 
1 1 
2 2 
>3 3 

Dayss admission to operation 
1 1 
2 2 
>3 3 

Implant t 

DHS S 
Hemiarthroplasty y 
Totall arthroplasty 
PFN N 

Anglee plate 
Cannulatedd screws 

Intracapsularr (%) 

1111 (58) 
78,88 (SEM 1,06) 

277 (24) 
844 (76) 

744 (67) 
23(21) ) 
14(13) ) 

17(15) ) 
500 (46) 
411 (37) 

3(3) ) 

633 (57) 
322 (29) 
16(14) ) 

722 (65) 
299 (26) 
10(9) ) 

28(25) ) 
622 (56) 
13(12) ) 

1(1) ) 

2(2) ) 
5(5) ) 

Extracapsularr (%) 

811 (42) 
82,66 (SEM 1,06) 

18(22) ) 

633 (78) 

466 (57) 
18(22) ) 
17(21) ) 

9(11) ) 

399 (48) 
299 (36) 

4(5) ) 

544 (67) 

20(25) ) 
7(9) ) 

588 (72) 

20(25) ) 
3(4) ) 

688 (84) 

--
--

12(15) ) 

1(1) ) 
--

Totall (%) 

192 2 
80,44 (SEM 0,77) 

455 (23) 
147(77) ) 

120(63) ) 
411 (21) 
311 (16) 

26(14) ) 

899 (46) 
70(37) ) 

7(4) ) 

117(61) ) 
522 (27) 

23(12) ) 

130(68) ) 
499 (26) 
13(7) ) 

966 (50) 
622 (32) 
13(7) ) 
13(7) ) 

3(2) ) 

5(3) ) 

SEMM = Standard Error of the Mean. 



surgeryy of less than one day was present in 61% of patients calculated from date of 

injuryy and in 68% of patients calculated from date of admission. 

Postoperativee complications developed in 39 (20%) patients; infectious and non-

infectiouss complications are shown separately in table 2. Similar complication rates 

weree seen for intra- and extracapsular fracture patient groups. 

Inn the total cohort 39% of surviving patients could be discharged to their original 

accommodation.. Of patients originally living at home 22% were discharged to a retirement 

homee and 27% to a nursing home. Of patients originally living in a retirement home, 

73%% was able to return and the remainder was discharged to a nursing home. Of all 

Tablee 2. Postoperative complications, LOS, discharge to residence status and mortality of 

thee studty cohort (n=192). 

Intracapsularr Extracapsular Total 
(n=1111 (%)) <n=81 (%)) (n=192 (%)) 

Complications s 

0 0 
1 1 
>2 2 

Infectiouss complications 
Urinaryy tract infection 
Pneumonia a 
Woundd infection 
Sepsis s 

Otherr complications 
Congestivee heart failure 
Arrhythmia a 
CVA A 
Myocardiall infarction 
Gastro-intestinall bleeding 
Pulmonaryy embolism 

Lengthh of stay (days) 
Dischargedd to 

Home e 
Retirementt home 
Nursingg home 

Dischargedd to initial residence 

Yes s 

No o 
Mortalityy (in-hospital) 
Mortalityy (1 year)* 

911 (82) 
12(11) ) 
8(7) ) 

7(6) ) 

1(1) ) 

2(2) ) 

6(5) ) 
3(3) ) 
3(3) ) 
2(2) ) 
2(2) ) 

17,55 (SEM 1,58) 

399 (37) 
288 (27) 
388 (36) 

422 (40) 

633 (60) 
6(5) ) 

23(21)* * 

622 (77) 
15(19) ) 
4(5) ) 

8(10) ) 
2(3) ) 
1(1) ) 
2(3) ) 

4(5) ) 
3(4) ) 
2(3) ) 

1(1) ) 
1(1) ) 

16,44 (SEM 1,90) 

19(25) ) 
26(35) ) 
300 (40) 

31(41) ) 
444 (59) 

6(7) ) 
244 (30)* 

11 53 (80) 
27(14) ) 
12(6) ) 

15(8) ) 

3(2) ) 

3(2) ) 

2(1) ) 

10(5) ) 

6(3) ) 

5(3) ) 

3(2) ) 

3(2) ) 

17(SEMM 1,21) 

588 (32) 
544 (30) 
688 (38) 

73(41) ) 
107(59) ) 

12(6) ) 
477 (25)* 

** n = 189 



patientss admitted from a nursing home, 93% were able to return there and 7% were 

transferredd to a retirement home. 

Twelvee patients (6%) died in hospital and mortality increased to 47 patients (25%) after 

11 year. Similar mortality was noted in both the intra- and extracapsular fracture patients. 

InIn the regression analysis a trend (p—0.06) towards less postoperative complications was 

foundd in patients with a delay to surgery of less than a day from date of admission, table 

3.. Two independent risk factors were identified after multivariate analysis: first, patients 

olderr than 80 years (OR 4.5) and second, delay to surgery beyond 1 day from admission 

too operation were associated with the development of infectious complications (p=0,004 

OR=0,244 [95% CI: 0,09-0,64]). 

Thee trend towards less postoperative complications possibly led to a similar, but weaker, 

trendd (p=0.09) towards shorter length of stay (LOS) in patients with shorter delay to 

surgeryy calculated from admission in the regression analysis of hospital survivors, 

Tablee 3. Uni- and multivariate regression analysis of the association between time to surgery, 
gender,, age, pre-operative residence, ASA class and fracture type and the dependent 
outcomee of postoperative complications (n=192). 

Noo complications (%) Univariate Multivariate 
{95%% CI) (95% CI) 

Injuryy to operation < 1 day 
Yess (n= 117) 98(84) P-0,117 
Noo (n-75) 55 (73) 

Admissionn to operation < 1 day 
Yess (n= 130) 110(85) P=0,023 P=0,064 
No(n=62)No(n=62) 43(69) OR=2,43 (1,18-5,00) 

Gender r 
Malee (n=45) 
Femalee (n=147) 

e>80 0 
Yess <n= 117) 
Noo <n=75) 
mittedd from 
Home(n=120) ) 
Institutionn (n=72) 
AA l/ll 

Yes(n=115) ) 
Noo (n=77) 
racapsularr fracture 
Yes(n=111) ) 

No(n=81) ) 

42(93) ) 
1111 (76) 

844 (72) 

699 (92) 

100(83) ) 
533 (74) 

955 (83) 
58(75) ) 

911 (82) 

622 (77) 

P=0,0177 PO.059 
OR=0,222 (0,06-0,75) 

P=0,0011 P=0,001 
OR-- 0,22 (0,09-0,56) OR=0,22 (0,09-0,56) 

P=0,151 1 

P=0,295 5 

P=0,460 0 
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tablee 4. Discharge to a different residence, the development of postoperative 

complicationss and female gender were significandy associated with a longer LOS. 

Univariatee regression analysis showed no association between delay to surgery and 1 -

yearr mortality, table 5. Independent factors associated with 1-year mortality were: 

admissionn from a retirement or nursing home, ASA III/I V class and age over 80 years. 

Inn the univariate stage of the regression analysis hip fracture type (intra- or extracapsular) 

didd not potentially affect any of the dependent outcomes of complications, LOS and 

11 -year mortality. 

Tablee 4. Uni- and multivariate regression analysis of the association between time to surgery, 
gender,, age, pre- and postoperative residence, ASA class, postoperative complications and 
fracturee type and the dependent outcome of length of stay (LOS), (n=180). 

Injuryy to operation < 1 day 
Yess (n= 108) 
Noo (n=72) 

Admissionn to operation < 1 day 
Yes(n=122) ) 
Noo (n=58) 

Gender r 
Malee (n=44) 
Femalee (n=136) 

Agee >80 
Yes(n=107) ) 
Noo (n=73) 

Admittedd from 
Home(n=113) ) 
Institutionn (n=67) 

Dischargedd to initial residence 
Yess (n= 107) 
Noo (n=73) 

ASAA l/ll 
Yess (n-110) 
Noo (n-70) 

Complications s 
Yes(n=149) ) 
No(n=31) ) 

Intracapsularr fracture 
Yes(n=105) ) 

Noo (n=75) 

LOS* * 
Average e 

2,5 5 
2,65 5 

2,48 8 
2,74 4 

2,33 3 
2,64 4 

2,64 4 
2,45 5 

2,64 4 
2,44 4 

2,33 3 
2,91 1 

2,49 9 
2,68 8 

2,47 7 
3,04 4 

2,6 6 
2,51 1 

LOS* * 
Univariate e 

P=0,171 1 

P=0,015 5 

P=0,008 8 

P=0,058 8 

P=0,065 5 

P<0,001 1 

P=0,074 4 

P<0,001 1 

LOS* * 
Multivariate e 

P=0,088 8 

P=0,045 5 

P<0,001 1 

P=0,014 4 

P=0,368 8 

** log-transformed 



Thee multivariate subanalysis in the restricted cohort of ASA 1-2 class patients showed 

noo significant association between a delay to surgery and LOS, table 6. However, a 

delayy beyond 1 day from admission to operation did have an independent effect on 

thee development of infectious complications (p=0,018 OR=7.1 [95% CI: 1.4 - 33.3]) 

andd on 1-year mortality (OR 0.25). 

Inn the subgroup of ASA 3-4 class patients, complications and LOS were unaffected 

byy surgical delay beyond 1 day. However, even with treatment their co-morbidity, an 

independentt effect of surgical delay on 1-year mortality was seen (OR 3.1). 

Tablee 5. Uni- and multivariate regression analysis of the association between time to surgery, 
gender,, age, pre-and postoperative residence, ASA class, postoperative complications and 
fracturee type and the dependent outcome of 1-year mortality, (n=189). 

Injuryy to operation < 1 day 
Yes(n=115) ) 
Noo (n=74) 

Admissionn to operation 
<< 1 day 

Yes(n=128) ) 
No(n=61) ) 

Gender r 
Malee (n=43) 
Femalee (n=146) 

Agee >80 
Yes(n=114) ) 
Noo (n=75) 

Admittedd from 
Home(n=119) ) 
Institutionn (n=70) 

Returnn to initial residency 
Yes(n=104) ) 
Noo (n=73) 

ASAA l/ll 

Yes(n=113) ) 
Noo (n=76) 

Complications s 

Yess (n= 150) 
Noo (n=39) 

Intracapsularr fracture 
Yes{n=110) ) 
Noo (n=79) 

1-year r 
Mortalityy (%) 

288 (24) 

19(26) ) 

30(23) ) 
17(28) ) 

8(19) ) 
399 (27) 

399 (34) 

8 ( 1 1 ) ) 

16(13) ) 
311 (44) 

22(21) ) 
13(18) ) 

18(16) ) 

299 (38) 

311 (21) 
16(41) ) 

23(21) ) 
244 (30) 

OR= = 

OR= = 

OR= = 

OR= = 

Univariate e 
(95%% CI) 

P=0,973 3 

P=0,632 2 

P=0,379 9 

PO.001 1 
== 4,36(1,90-9,98) 

PO.001 1 

0,200 (0,40-0,96) 

P=0,720 0 

P=0,001 1 
=0,311 (0,16-0,61) 

P=0,016 6 
=0,37(0,18-0,79) ) 

P=0,188 8 

OR= = 

OR= = 

OR= = 

Multivariate e 
(95%% CI) 

P=0,044 4 
=2,50(1,02-6,11) ) 

P=0,001 1 
=0,29(0,14-0,60) ) 

P=0,031 1 

=0,45(0,21-0,93) ) 

P=1,00 0 
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Tablee 6. Analysis of the operative delay devided in ASA 1-2 class (n=115) and ASA 3-4 
classs patients (n=77). 

ASAA l/ll 

ASAA MI/IV 

Delay y 

Injuryy to 
operation n 
<< 1 day 

Admission n 

too operation 
<< 1 day 

Injuryy to 
operation n 
<< 1 day 
Admission n 

too operation 
<< 1 day 

Noo compl 

Univariate e 

P=0,018 8 
OR=3,66 6 

(1,33-10,06) ) 
P=0,018 8 
OR=3,62 2 

(1,34-9,78) ) 

P=1,000 0 
OR=0,89 9 

(0,30-2,59) ) 

P=0,643 3 
OR=1,49 9 

(0,52-4,32) ) 

cations s 

Multivariate e 

P== 0,113 

P=0,200 0 

Univariate e 

P=0,076 6 

P=0,025 5 

P=0,954 4 

P=0,350 0 

LOS* * 

Multivariate e 

P=0,346 6 

--

:n=1800 (hospital survivors), **n=189 

Discussion n 
Thiss retrospective study could not identify an independent effect of delay to surgery 

onn morbidity, length of stay or 1 -year mortality, but a trend towards higher morbidity 

andd a longer length of hospital stay (LOS) was noted if surgery for hip fracture patients 

wass delayed beyond 1 calendar day from admission. An independent factor leading to 

higherr postoperative complication rate was age over 80 years. Independent factors 

leadingg to longer LOS were: the development of complications and discharge to 

residential/nursingg home. One year mortality was independently affected by age over 

800 years, admission from residential/nursing home and ASA class 3-4. 

Ann association between a delay to surgery of more than 1 day and the development of 

postoperativee complications has been shown in two prospective studies among 1178 
33 5 

andd 360 patients.'' A retrospective study of 8383 patients, however, did not show the 

associationn between higher morbidity and time to surgery in patients, who were operated 

afterr 48 hours from admission time. Our results showed a probable association between 

timee to surgery and postoperative complications only when considering time from 

admission.. After analysis of the time interval from date of injury to surgery, surprisingly, 

noo association between time to surgery and morbidity could be found. The exact time 

off  injury in hours remained uncertain and therefore the pre-admission interval was 

determinedd in days, which is a limitation of this study. As the present results do not 



1-yearr Mortality** 

Univariatee Multivariate 

P=0,066 6 
OR=0,34 4 

(0,12-0,96) ) 
P=0,0044 P=0,031 
ORR 0,21 OR 0,25 

(0,07-0,59)) (0,07-0,88) 

P=0,154 4 
OR=2,31 1 

(0,85-6,25) ) 
P=0,061 1 
ORR 3,10 

(1,07-9,00) ) 

showw any additional value for taking the pre-hospital interval into account, the 

calculationn of delay to surgery (in hours) from admission is preferable. The time 

periodd to surgery post-admission is also more relevant, as this period can be influenced 

byy medical and nursing management. 

Thee second probable association between delay to surgery beyond 1 day from admission 

andd longer LOS is consistent with statements that early surgery (within 24 hours from 

admissionn time) decreases LOS. ' When determining delay to surgery from date of 

injury,, no effect on LOS could be identified. Again, the additional value of taking the 

pre-hospitall  interval into account does not appear relevant. 

Noo association was found between delay to surgery from date of injury or date of 

admissionn and 1-year mortality, which is similar to results of the largest prospective 

andd retrospective reports. ' Others, including authors who adjusted for age, gender 

andd comorbidity, did demonstrate that delayed surgery beyond two days from admission 

timee increased the 6-month and 1 -year mortality rate. ' 

Inn the multivariate subanalysis healthier ASA class 1-2 patients had a 4 times less risk 

forr 1-year mortality if operated on within 1 day of admission. Higher ASA class 3-4 

patientss had a 3 times more risk for 1-year mortality (p=0.06) even if operated on 

withinn 1 day. The latter finding can probably be attributed more to their inherent co-



morbidityy than to surgical delay. This finding is supported by others, who have adjusted 

forr preoperative comorbid illness. 

Inn conclusion, this study found no independent, statistically significant effect of delay 

too surgery from the time of injury or the time of admission on the development of 

postoperativee complications, longer LOS or 1-year mortality. However, a probable 

associationn between a delay to surgery longer than 1 day from time of admission and 

higherr postoperative complication rate and longer LOS is likely. Despite other reports 

too the contrary, surgical delay did not affect 6-12 month mortality in thiss study. Operative 

delayy longer than 1 day post-admission increased infectious complications in a 

subanalysiss of ASA class 1-2 patients, who had 4 times less risk of 1-year mortality if 

operatedd within 1 day. Age over 80 years and ASA class both had stronger associations 

withh the clinical outcomes than time to surgery. In view of these results we recommend 

thatt hip fracture patients, who are able to undergo surgery, are likely to benefit from 

surgicall  treatment within 1 day of admission. 
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