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ABSTRACT
Although surgery for fractured neck of femur is the highest risk 
among commonly performed surgery in medicine, there are very 
few data investigating treatment strategies to reduce the risk in this 
elderly and frail group of patients. Bedside echocardiography may 
be an useful tool to stratify surgical risk and optimize anesthesiology 
strategy. Echocardiography may help to assess a patient's 
intravascular volume status, myocardial contractility/ventricular 
ejection fraction and valvular heart disease in the peri-operative 
period. Careful patient selection based on multidisciplinary approach 
for pre-operative echocardiography is important to avoid unnecessary 
delay to surgery and at the same time to manage high risk conditions 
that may negatively affect the outcome of hip surgery. Larger studies 
are needed to establish the cost effectiveness of such approach.
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INTRODUCTION 
Hip fracture is one the most frequent causes of hospitalization in 
developed countries. In the European Community about 500,000 
people suffer from hip fracture every year and not less than 70,000 
cases /year are reported in Italy[1,2]. More than 90% of hip fracture 
are observed in people aged >65 years and the risk doubles for every 
decade after 50 years Due to progressive ageing it has been estimated 
that the incidence will increase by nearly 60% over the next 20 years. 
One -year mortality is near 40% in comparison to 6.3% expected 
1-year mortality in a healthy age matched population at time of 
fracture. In addition more than 60% of patients do not fully recover 
autonomy in basic daily life activities. Early surgery (within 24-48 
hours from trauma) has been demonstrated to decrease 30-days and 
1-year all-cause mortality in comparison to a intervention delayed 
> 48 hours (mortality decrease by 41% and 32%, respectively)[3-5]. 
However these patients suffer from several co-morbidities and hospi-
tal mortality and morbidity rates ad long term results may be advan-
tageously influenced by their careful evaluation and early treatment, 
allowing most of patients to benefit of early surgery and to limit 
postoperative complications. Comprehensive care is provided by 
multidisciplinary team prior to surgery has been reported to improve 
patients' outcomes[6]. Bedside echocardiography may be an useful 
tool to stratify surgical risk and optimize anesthesiology strategy. 
Echocardiography may help to assess a patient's intravascular volume 
status, myocardial contractility/ventricular ejection fraction and val-
vular heart disease in the peri-operative period[7,8].

GOALS OF ECHOCARDIOGRAPHY IN PA-
TIENTS WITH HIP FRACTURE 
Elderly patients with hip fracture may benefit from echocardiograph-
ic examination at hospital admission since it may give significant 
information useful in stratifying surgical risk and optimizing clinical 
status before surgery. Main information derived from echocardiog-
raphy include: (1) Volume assessment. It may improve perioperative 
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conduction of fluid administration. Hypovolemia may adversely af-
fect perioperative outcome; (2) Evaluation of left and right ventricu-
lar ejection fraction; (3) Assessment of significant valve heart disease  
( aortic stenosis, mitral regurgitation): this may lead to hemodynamic 
instability and influence anesthesia strategy; (4) Detect other condi-
tions which may influence hemodynamics e.g pulmonary hyperten-
sion, pleural or pericardial effusion etc.. 
    These information may be of vital relevance in frail patients who 
undergo a major surgical stress, leading often to change of anesthesia 
strategy[9]. Nevertheless major concerns for echo examination regards 
the possible delay in surgery in patients undergoing echocardiogra-
phy in comparison to non-echo patients[10]. Shiga et al[11] reported that 
hip fracture surgery delay beyond 48 hours increased the odds of 30-
day mortality by 41% and 1 year mortality by 32%. However in their 
paper state tat due to methodological limitations, definitive conclu-
sions could not be drawn. Another study reported that there was no 
association between delay in hip fracture surgery and mortality after 
adjustment for medical co-morbidities[12]. 
    In 2001 the NCEPOD report[13] recommended that 'whenever pos-
sible the anesthetist of a patient with aortic stenosis should obtain a 
preoperative echocardiogram of the aortic valve'. 
    In Sunderland Royal Hospital patients with a new diagnosed heart 
murmur underwent echocardiographic examination, that was per-
formed by cardiology department of the hospital[14]. Even if examina-
tion lead to change in anesthetic management in half of 29 patients 
examined (13 patients had surgery under general anesthesia, out of 
which 8 patients had an aortic valve abnormality only, 4 patients 
had both an aortic valve abnormality and mitral regurgitation, and 1 
patient had severe mitral regurgitation), however delay to surgery in 
echo patients was on average 2.7 days in comparison to 1.1 days in 
non-echo group (p<0.001). Thirty days mortality was not different 
in the two groups. Similar results have been reported by other au-
thors[7,15]. 
    In the last decade different organization models have been pro-
posed to improve outcome in patients with hip fracture, some includ-
ing a more complex preoperative evaluation including echocardiog-
raphy[7-8,16]. At Derriford Hospital after demonstration of a significant 
delay in surgery in patients who needed echocardiography (average 
5.7 days) when performed by cardiology service a routine weekday 
bedside echocardiography service was instituted[7]. 374/501 patients 
admitted for hip fracture underwent echocardiography (most of pa-
tients lacking examination were referred in the week-end). Thirty-
two patients (8%) had moderate- severe aortic stenosis. The authors 
demonstrated a clear dissociation between physical examination and 
results of echocardiographic examination although the presence of 
a murmur was associated with an increased probability of moderate 
–severe aortic stenosis (OR=8.5; 95% CI 3.8-19.5). In this model 
time to echocardiography was 1 day and average time to surgery  
2.9 days. Venn et al[17] demonstrated an earlier hospital discharge in 
hip fracture surgery patients who had their fluid treatment managed 
with intraoperative esophageal Doppler compared with central ve-
nous pressure monitoring. In literature only one study suggests that 
echocardiography may result in improved postoperative survival in 
patients with hip fracture[18]. 64 patients who were considered to be 
at increased cardiac risk underwent pre-operative TTE. 12 months 
mortality was compared to a randomised cohort with similar cardiac 
risk who did not receive preoperative TTE. generated by randomly 
selecting patients from the hospital surgical databases. Mortality was 
lower in the TTE group over the 30 days (4.7% vs 15.2%, p=0.047) 
and 12 months after surgery (17.1% vs 33.3%, p=0.031). Hazard of 
death over 12 months was reduced after adjustment for known risk 

factors (hazard ratio 0.41, 95% CI 0.2 to 0.85, p=0.016). Since 2011 
in our third level teaching hospital an internal medicine specialist 
coordinates an integrated team (orthopedics, geriatrics, anesthesiolo-
gists) to safely decrease time to surgery, post-operative complica-
tions and the length of hospitalization in patients with hip fracture[16]. 
Bedside echocardiography is easily available at hospital admission, 
being at least 3 members of the staff certified in performing echocar-
diography. Among 1025 patients referred for hip fracture between 
January 1 2012 and August 31 2103 focused echocardiography (new 
cardiac murmur, ECG abnormalities, history of heart disease, clinical 
signs of heart failure, hypertension) was performed in 460 ( 44.8%). 
Moderate to severe aortic stenosis (aortic valve area < 1 cm2 ) was 
found in 10.8%, moderate to severe mitral regurgitation in 24.5% and 
finally pulmonary hypertension (systolic pulmonary artery pressure 
>40 mmHg ) in 28%. In non-echo patients time to surgery has been 
2.33±1.4 days. 72% underwent surgery within 48 hours. In patients 
who underwent echocardiography time to surgery was 2.52±1.7 
days and 71.9% were treated within 48 hours (Figure 1). Preliminary 
results suggest that in hospital mortality in focused echo-patients, de-
spite more severe clinical conditions, are similar to age matched non 
echo patients (2.0 vs 1.5%). 

AORTIC STENOSIS 
Moderate or severe aortic stenosis is a significant risk factor for 
morbidity and mortality in patients undergoing non cardiac surgery. 
Severe aortic stenosis is associated with 4-10 fold increased 
mortality after non-cardiac surgery[19-21]. The limited variability in 
left ventricular stroke volume associated with aortic stenosis impairs 
the ability to cope with hemodynamic demands from anesthesia 
and surgery. If not appropriately managed, cardiac output may 
become irreversibly depressed and cardiac arrest may ensue. Spinal 
anesthesia, commonly used in hip fracture surgery, may cause 
an uncontrollable decrease in systemic vascular resistance and 
precipitate hemodynamic deterioration. This mechanism may be 
amplified in high gradient low ejection fraction aortic stenosis.
    Diagnosis of severe aortic stenosis should step-up level of 
anesthesiologists care and adjust the anesthetic technique to maintain 
cardiovascular stability however existing evidence are limited. 
Pellikka et al[22] reported that surgery may not pose any additional 
risks for patients with aortic stenosis. Other authors[7,23] reported a 
trend towards general anaesthesia versus spinal anaesthesia in hip 
fracture patients with varying severity of aortic stenosis; invasive 
monitoring was also used in some patients. A warning to the surgeon 
of high patient cardiac risk may prompt more efficient surgery and 
less blood loss and consideration of less invasive techniques. 

Figure 1 Time to surgery and percentage of patients undergoing surgery  
in echo patients in comparison to non echo patients.
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    The incidence of severe aortic valve stenosis (aortic valve area 
<1 cm2) in patients who need surgery for hip fracture is comprised 
between 5 and 10%[24-25]. The few studies that examined the 
prognostic role of hemodynamic severe aortic stenosis on hospital 
and mid-term survival in in this frail group of patients gave 
contrasting results[26-27].
    Adunsky et al[27] reported a two-fold increase of in hospital  
mortality ( 6.5 vs 3.2 %) in aortic stenosis (average aortic valve area 
0.97 cm2) in comparison to patients without aortic stenosis. Balloon 
aortic valvuloplasty may allow to decrease pressure overload and 
decrease perioperative risk in selected patients that need urgent non 
cardiac surgery[28-29]. ESC/EACTS guidelines suggest percutaneous 
treatment in patients who require urgent major non-cardiac surgery 
(recommendation Class IIb)[30]. 2014 AHA/ACC Guideline for the 
Management of Patients With Valvular Heart Disease report that 
"Most asymptomatic patients with severe AS who require urgent non 
cardiac surgery can undergo surgery at a reasonably low risk with 
anesthetic monitoring and attention to fluid balance. Percutaneous 
aortic balloon dilation is not recommended for these patients. If 
preoperative correction of AS is needed, they should be considered 
for AVR."[31]. It must be stressed that hip surgery is associated with 
a high bleeding risk and TAVI  is not a valuable preoperative option 
due to the need for anticoagulant treatment after valve implant. 
We recently reported uneventful hip surgery after balloon aortic 
valvuloplasty in two high risk patients with severe aortic stenosis[32]. 
In our opinion symptomatic very high risk patients with aortic 
stenosis may still benefit by percutaneous interventional treatment, to 
decrease perioperative risk of hip surgery. 

HYPOVOLEMIA AND HEART FAILURE 
Approximately half of hip fracture patients who present for surgery 
are hypovolemic from bleeding, reduced oral intake, and a reluctance 
of medical staff to give fluids for fear causing pulmonary edema. 
Hypovolemia and cardiac failure is easily detectable with TTE 
enabling prompt and safe treatment prior to surgery. 
    TTE provides accurate intravascular volume assessment before 
surgery, allowing time for correction before anesthesia and surgery 
commences, which may help avoid hypotension and improve tissue 
perfusion. 
    By converse in patients with heart failure and increased pulmonary 
pressure diuretic treatment and careful fluid management may help to 
decrease the risk of perioperative pulmonary congestion and edema. 
Heart failure is associated with an higher in hospital and long-
term mortality in patients undergoing surgery for hip fracture[33-34]. 
Preliminary results from our institution suggest that preoperative 
pulmonary hypertension (estimated pulmonary artery pressure > 
40 mmHg) is an independent predictor of in-hospital mortality 
in patients undergoing hip surgery (HR=9.5, 95% CI 1.39-12.9, 
p<0.01). At present limited experience has been reported on results of 
perioperative treatment in this two clinical conditions associated with 
hip fracture.

GUIDELINES  
ESC guidelines on preoperative evaluation of patients undergoing 
non-cardiac surgery suggest that echocardiography should 
be performed before surgery in patients with heart failure 
(recommendation class I evidence level A) and in patients with 
suspected valvular heart disease (recommendation class I, evidence 
level C) while in asymptomatic patients rest echocardiography 

undergoing major non cardiac surgery has a class IIb recommendation 
level C evidence[35]. In guidelines for treatment of patients with 
hip fracture a population in in whom more than 20 % suffer from 
hemodynamic significant valvular disease, often concealed by 
misleading physical examination, and 15-20 % from heart failure, 
referral to preoperative echocardiography are limited. In 2009 SIGN 
guidelines suggested that echocardiography ‘‘should be performed if 
aortic stenosis is suspected, to allow confirmation of diagnosis, risk 
stratification and any future cardiac management’’[36]. The need for 
echocardiography however ‘‘should not delay surgery unduly’’.
    The  Association of Anaesthetists of Great Britain and Ireland 
(AAGBI) guidelines Management of Proximal Femoral Fractures 
2011 suggest that ‘‘echocardiography may be indicated…. to 
investigate the severity of an ejection systolic murmur heard in 
the aortic area’’[37]. Moreover, for the first time, echocardiography 
is suggested to establish left ventricular function if the patient 
is breathless at rest or low level exertion. Evidence of these 
recommendations however is limited by the absence of systematic 
reviews, meta-analyses, or randomized controlled trails that evaluated 
the clinical utility of echocardiography in a hip fracture. 

CONCLUSION 
Although surgery for fractured neck of femur is the highest risk 
among commonly performed surgery in medicine, there are very few 
data investigating treatment strategies to reduce the risk in this elderly 
and frail group of patients. Careful perioperative multidisciplinary 
team evaluation and conduction may avoid preventable deaths in 
these patients. The exact answer to timing of hip fracture surgery 
is uncertain. Careful patient selection based on multidisciplinary 
approach for pre-operative echocardiography is important to avoid 
unnecessary delay to surgery and at the same time to manage high 
risk conditions that may negatively affect the outcome of hip surgery. 
Larger studies are needed to establish the cost effectiveness of such 
approach. 

CONFLICT OF INTERESTS 
There are no conflicts of interest with regard to the present study.

REFERENCES 
1	 Sanders KM, Nicholson GC, Ugoni AM, et al.. Health burden 

of hip and other fractures in Australia beyond 2000. Projections 
based on the Geelong Osteoporosis Study. Med J Aust 1999 170: 
467-470

2	  Piscitelli P, Brandi ML, Chitano G et al. Clin Cases Miner Bone 
Metab. 2011, 8(2): 29-34.

3	 Kearns RJ, Moss L, Kinsella J. A comparison of clinical prac-
tice guidelines for proximal femoral fracture. Anaesthesia. 
2013;68:159–66. 

4	  Mak JCS, Cameron ID , March LY. March Evidence-based guide-
lines for the management of hip fractures in older persons: an 
update MJA. 2010:192 (1): 37-41

5	 Bryson GL. Waiting for hip fracture repair-do outcomes and pa-
tients suffer? Can J Anaesth.2008;55:135–9.

6	 National Institute for Health and Clinical Excellence. London: 
NICE; 2011. Hip fracture: the management of hip fracture in 
adults; pp. 4–27

7	 McBrien ME, Heyburn G, Stevenson M, McDonald S, Johnston 
NJ, Elliott JR, Beringer TR Previously undiagnosed aortic steno-
sis revealed by auscultation in the hip fracture population--echo-
cardiographic findings, management and outcome. Anaesthesia 



413 © 2015 ACT. All rights reserved.

Rostagno C. Echocardiography in hip fracture

ymptomatic valvular aortic stenosis: clinical, echocardiographic, 
and exercise predictors of outcome. Circulation. 1997;95(9):2262-
2270.

26	 Leibowitz D, Rivkin G, Schiffman J, Rott D, Weiss AT, Mattan 
Y, Kandel L. Effect of severe aortic stenosis on the outcome in 
elderly patients undergoing repair of hip fracture. Gerontology. 
2009;55(3):303-6. doi: 10.1159/000209245. 

27	 Adunsky A, Kaplan A, Arad M, Mizrahi EH, Gottlieb S: Aortic 
stenosis in elderly hip fractured patients. Arch Gerontol Geriatr 
2008, 46(3):401-8. 

28	 Roth RB, Palacios IF, Block PC. Percutaneous aortic balloon 
valvuloplasty: its role in the management of patients with aortic 
stenosis requiring major non cardiac surgery. J Am Coll Cardiol. 
1989;13(5):1039-41.

29	 Atkinson D, Moore JA. Balloon aortic valvuloplasty in a 
94-year-old lady with fractured neck of femur. Anaesthesia. 
2008;63(7):788-9. doi: 10.1111/j.1365-2044.2008.05601.x.

30	 Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baron-Esquivias 
G, Baumgartner H et al. Guidelines on the management of val-
vular heart disease (version 2012): The Joint Task Force on the 
Management of Valvular Heart Disease of the European Society 
of Cardiology (ESC) and the European Association for Cardio-
Thoracic Surgery (EACTS). Eur Heart J 2012; 33:2451–2496.

31	 Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr, Faxon 
DP, Freed MD, et al. ACC/AHA 2006 guidelines for the man-
agement of patients with valvular heart disease: a report of the 
American College of Cardiology/American Heart Association 
Task Force on Practice Guidelines (Writing committee to revise 
the 1998 guidelines for the management of patients with valvu-
lar heart disease) developed in collaboration with the Society of 
Cardiovascular Anesthesiologists endorsed by the Society for 
Cardiovascular Angiography and Interventions and the Society of 
Thoracic Surgeons. Circulation 2006;114: 84-231

32	 Rostagno C, Cartei A, Di Cristo A, Buzzi R, Santoro G Aortic bal-
lon valvuloplasty is still a valuable option for high risk patients 
with severe aortic stenosis before surgery for hip fracture. Interna-
tional Journal of Cardiovascular Research, accepted for publica-
tion April 2015 

33	 Tarazona-Santabalbina FJ, Belenguer-Varea A, Rovira-Daudi 
E, Salcedo-Mahiques E, Cuesta-Peredó D, Doménech-Pascual 
JR, Salvador-Pérez MI, Avellana-Zaragoza JA.Early interdisci-
plinary hospital intervention for elderly patients with hip frac-
tures : functional outcome and mortality. Clinics (Sao Paulo). 
2012;67(6):547-56.

34	 Ahluwalia SC, Gross CP, Chaudhry SI, Ning YM, Leo-Summers 
L, Van Ness PH, Fried TR.Impact of comorbidity on mortality 
among older persons with advanced heart failure J Gen Intern 
Med 2012;27(5):513-9. doi: 10.1007/s11606-011-1930-3. Epub 
2011 Nov 18.

35	 The Joint Task Force on non-cardiac surgery: cardiovascular as-
sessment and management of the European Society of Cardiology 
(ESC) and the European Society of Anaesthesiology (ESA) Euro-
pean Heart Journal 2014: 35, 2383–2431

36	 Scottish Intercollegiate Guidelines Network Management of hip 
fracture in older people. National Clinical Guideline111. 2009. 
http://www.sign.ac.uk/pdf/ sign111.pdf

37	 Griffiths R, Alper J, Beckingsale A, Goldhill D, Heyburn G, et al. 
Anaesthesia. Vol. 67. Association of Anaesthetists of Great Britain 
and Ireland; 2012. Management of proximal femoral fractures 
2011: Association of Anaesthetists of Great Britain and Ireland; 
pp. 85–98. 

Peer reviewer: Elia De Maria, Cardiology Unit, Ramazzini Hospi-
tal, Via Molinari, 41012, Carpi, Modena, Italy.

2009;64:863-70. doi: 10.1111/j.1365-2044.2009.05960. 
8	 Loxdale SJ, Sneyd JR, Donovan A, Werrett G, Viira DJ. The role 

of routine pre-operative bedside echocardiography in detect-
ing aortic stenosis in patients with a hip fracture. Anaesthesia. 
2012;67:51-54. doi: 10.1111/j.1365-2044.2011.06942..

9	 Canty DJ, Royse CF, Kilpatrick D, Bowman L, Royse AG. The 
impact of focused transthoracic echocardiography in the pre-oper-
ative clinic. Anaesthesia. 2012;67(6):618-25. doi: 10.1111/j.1365-
2044.2012.07074.

10	 Alibhai M, Sharma A, Alibhai MK, Fawdington RA, Moreau AP. 
Does pre-operative echocardiography delay hip fracture surgery 
Indian J Anaesth. 2013 Jul;57(4):408-10. 

11	 Shiga T, Wajima Z, Ohe Y. Is operative delay associated with 
increased mortality of hip fracture patients? Systematic review, 
meta-analysis, and meta-regression. Can J Anaesth 2008; 55: 146-
154

12	 Grimes JP, Gregory PM, Noveck H, Butler MS, Carson JL: The 
effects of time-to-surgery on mortality and morbidity in patients 
following hip fracture. Am J Med 2002, 112(9):702-709.

13	 The National Confidential Enquiry into Peri-operative Deaths Re-
port 2001. Changing the way we operate [http://www.ncepod.org.
uk/2001cwo.htm

14	 Jettoo P, Kakwani R, Junejo S, Talkhani I, Dixon P. Pre-operative 
echocardiogram in hip fracture patients with cardiac murmur- an 
audit Journal of Orthopaedic Surgery and Research 2011, 6:49  
doi:10.1186/1749-799X-6-49

15	 Heyburn G, McBrien ME. Pre-operative echocardiography for hip 
fractures: time to make it a standard of care Anaesthesia 2012, 67, 
1189–1201

16	 Rostagno C, Cartei A, Buzzi R, Landi F, Gensini GF Multi-
disciplinary Approach to Hip Fracture in the Elderly: Florence 
Experience. Emergency Med 2013; 3: 148. doi:10.4172/2165-
7548.1000148.

17	 Venn R, Steele A, Richardson P, Poloniecki J, Grounds M, New-
man P. Randomized controlled trial to investigate influence of the 
fluid challenge on duration of hospital stay and perioperative mor-
bidity in patients with hip fractures. Br J Anaesth. 2002; 88: 65-71.

18	 Canty D, Royse CF. Focused Transthoracic Echocardiography in 
Hip Fracture Surgery Patients. Int J Clin Anesthesiol 2013: 1(3): 
1014.

19	 Otto CM, Burwash IG, Legget ME, et al. Prospective study of as-
ymptomatic valvular aortic stenosis: clinical, echocardiographic, 
and exercise predictors of outcome. Circulation. 1997;95(9):2262-
2270.

20	 Kertai MD, Bountioukos M, Boersma E, Bax JJ, Thomson IR, 
Sozzi F, et al. Aortic stenosis: an underestimated risk factor for 
perioperative complications in patients undergoing noncardiac 
surgery. Am J Med. 2004; 116: 8-13. 

21	 Christ M, Sharkova Y, Geldner G, Maisch B. Preoperative and 
perioperative care for patients with suspected or established aortic 
stenosis facing noncardiac surgery. Chest. 2005; 128: 2944-2953. 

22	 Pellika PA, Nihimura RA, Baley KR, Barnes ME, Malouf YF, 
Juracan EM, Tiede D, Taylor T, Tajik AJ: Natural history of 610 
adults with asymptomatic haemodynamically significant aor-
tic stenosis over prolonged follow-up J Am Coll Cardiol 2001, 
37:A489.

23	 Parker MJ, Urwin SC, Handoll HHG, Griffiths R: Regional ver-
sus general anaesthesia for hip surgery in older patients: does the 
choice affect patient outcome?J Am Geriatr Soc 2002, 50:191-4

24	 Rohde LE, Polanczyk CA, Goldman L, Cook EF, Lee RT, Lee TH. 
Usefulness of transthoracic echocardiography as a tool for risk 
stratification of patients undergoing major noncardiac surgery. Am 
J Cardiol. 2001; 87: 505-509.

25	 Otto CM, Burwash IG, Legget ME, et al. Prospective study of as-


