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Summary
Hip fracture surgery is associated with a high rate of mortality and morbidity; heart disease is the leading cause and is

often unrecognised and inadequately treated. Pre-operative focused transthoracic echocardiography by anaesthetists

frequently influences management, but mortality outcome studies have not been performed to date. Mortality over the

12 months after hip fracture surgery, in 64 patients at risk of cardiac disease who received pre-operative

echocardiography, was compared with 66 randomised historical controls who did not receive echocardiography.

Mortality was lower in the group that received echocardiography over the 30 days (4.7% vs 15.2%, log rank p = 0.047)

and 12 months after surgery (17.1% vs 33.3%, log rank p = 0.031). Hazard of death was also reduced with pre-operative

echocardiography over 12 months after adjustment for known risk factors (hazard ratio 0.41, 95% CI 0.2–0.85,

p = 0.016). Pre-operative echocardiography was not associated with a delay in surgery. These data support a randomised

controlled trial to confirm these findings.
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Surgery for fractured hip (neck of femur) is a major world

healthcare burden [1] that is expected to worsen as our

population ages [2, 3], and it is associated with one of the

highest mortality and morbidity rates of all surgical

operations (1-year mortality of 20–25%) [1, 4]. Heart

disease is common in this elderly population and remains

the most frequent cause of postoperative mortality [5–7].

A history of congestive cardiac failure has been associated

with a 14-fold relative risk of peri-operative death [8].

Unfortunately, cardiac disease may be difficult to diag-

nose correctly because of age, immobility and high

frequency of poor cognitive function, which inhibits

accurate medical assessment. Patients are often looked

after by junior doctors who may not have the experience

or confidence to investigate and treat underlying cardio-

vascular disease adequately before surgery [9]. Surgery is

frequently urgent and there is time pressure to proceed to

palliate pain and expedite discharge from hospital [4].

Pre-operative evaluation and optimisation of cardiac

disease is recommended in these patients [4, 10, 11], but
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may be associated with a significant delay in surgery,

which is associated with increased mortality [4, 12].

Cardiac conditions associated with the highest rates

of mortality in non-cardiac surgery include aortic stenosis

[13], cardiac failure [5] and pulmonary hypertension [14],

all of which are more reliably assessed using echocardi-

ography than clinical examination alone [15, 16]. Trans-

thoracic echocardiography (TTE) is a useful non-invasive

investigation for screening and assessment of cardiac

disease and risk, but is not always available before surgery

and an associated delay of several days may be common

[17–19]. Hence, it is frequently omitted [20] and

decision-making is based on clinical assessment alone,

which may be less accurate [15–17, 21]. The report from

the National Confidential Enquiry into Peri-operative

Deaths (NCEPOD) in 2001 recommended that priority

should be given to improving the availability of pre-

operative TTE [22]. In subsequent studies on hip fracture

patients, authors have repeated this conclusion [17, 18,

20, 23], and it has also been suggested that anaesthetists

become proficient in TTE to facilitate better assessment of

these high-risk patients [20, 24].

In recent observational studies, focused TTE was

performed by anaesthetists in the clinical area before

urgent surgery, and was found to be feasible, not to delay

surgery and frequently influence diagnosis and manage-

ment by identifying important cardiac disease and

haemodynamic abnormalities [21, 25]. These led to

important changes in treatment, such as pre-operative

intravascular volume replacement, more rational use of

invasive monitoring, vasopressor infusion and post-

operative intensive care. No published data exist,

however, on whether pre-operative focused TTE influ-

ences postoperative outcome.

The aims of this study were to determine if the

30-day and 12-month mortality after hip fracture surgery

in two cohorts of patients who received focused TTE was

reduced compared with matched historical controls.

Methods
This retrospective study was approved by the Melbourne

Health and Tasmanian Health Medical Human Research

Ethics Committees as a quality assurance project not

requiring written consent. Patients who received TTE

before hip fracture surgery in two previously published

studies were included as the study group [21, 26]. We

selected a similar number of consecutive patients who

underwent hip fracture surgery from the same hospitals,

but who did not receive TTE, to form the control group

(Fig. 1).

In the study group, focused TTE using the HEART

scan method [27] was carried out by an independent

anaesthetist in patients suspected of having cardiac

disease, or worsening of known cardiac disease or age

‡65 years. Patients were not studied if the surgery was

not for isolated fractured neck of femur (such as more

extensive hip surgery), or if the patient had terminal

cancer (e.g. metastatic fracture) at the time of operation.

The patients in the study group were deemed to be of

higher cardiac risk than the general hip fracture popu-

lation due to the above indications for TTE. To reduce the

risk of inclusion bias, a number of processes were carried

out by blinded researchers to produce a control group

with similar risk factors: patients who had received

surgery for fractured neck of femur in the same calendar

period and at the same hospital; no TTE carried out in

the previous 12 months; ASA physical status 3 or above;

age > 60 years; and no terminal cancer. The remaining

patient list was then randomly assigned.

The primary outcome measure was mortality

12 months after surgery, including in-hospital mortality.

Verification of death was acquired from regional death

registries and hospital databases. Secondary outcome

measures included the number of days spent in hospital

before and after surgery and the effect of echocardiog-

raphy on diagnosis and decision-making. Cox propor-

tional hazards model (including univariate predictors of

mortality with two-tailed p values below 0.10), Kaplan–

Meier and Mann–Whitney-U tests were used as appro-

priate. Data were coded and stored in Microsoft Excel

2010 and analysed using SPSS V20 (SPSS Inc, Chicago,

IL, USA). Statistical significance was defined as a value of

p < 0.05.

Results
A total of 66 patients from two previously published

studies (44 from Melbourne [21] and 22 from Hobart

[26]) were included in the TTE group, and 66 patients

were selected from the two sites for the control group.

After mortality data were obtained, two patients from

the TTE group were not studied due to incorrect surgical

coding in one patient (not fractured hip surgery) and
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metastatic disease at the time of surgery in another

(Fig. 1). There was no difference in baseline character-

istics between the groups (Table 1).

Mortality was lower in the TTE group over both

30 days (4.7% vs 15.2%, log rank p = 0.047) and

12 months (17.1% vs 33.3%, log rank p = 0.031) after

surgery (Fig. 2). Hazard of death over the 12-month

period was also reduced, and this reduction was indepen-

dent of other identified risk factors for mortality

(Table 2). All other measured variables had no significant

association with mortality including study site and type of

anaesthesia (general vs regional). There was no difference

in mean (SD) hospital stay before surgery in the study (1.7

(1.9)) and control (1.4 (1.2)) groups, respectively.

In the study group, cardiac diagnosis was changed

in 78% and the management plan was altered in 52% of

hip fracture patients after echocardiography. The most

frequent abnormality on TTE was hypovolaemia, which

was found in 22 (34%) patients, of whom 14 (22%)

received a fluid bolus before surgery. Cardiac risk factors

Figure 1 Flowchart illustrating how 130 patients who underwent hip fracture surgery were allocated into different
groups.
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unrecognised by physical examination but demonstrated

by TTE included cardiac failure in 13 (20%), pulmonary

hypertension in seven (11%) and aortic stenosis in nine

(14%) patients (full details of echocardiographic abnor-

malities and management changes already published

[21, 26]).

Discussion
This study shows proof of concept that pre-operative

goal-focused TTE may reduce mortality in patients

undergoing fractured neck of femur surgery. Mortality

was significantly lower in hip fracture patients who were

deemed to be at risk of cardiac disease and who received

a pre-operative focused TTE by an independent

anaesthetist, compared with controls who did not

receive TTE. This was independent of reported predic-

Table 1 Characteristics of the 130 hip fracture patients,
according to study group. Values are mean (SD),
number (proportion) or median (IQR [range]).

TTE
(n = 64)

No TTE
(n = 66) p value

Age; years 82.7 (9.2) 81.5 (9.0) 0.450
Men 21 (38%) 20 (36%) 1.000
ASA physical
status

3 (1–3 [1–4]) 3 (1–3 [1–4]) 0.463

Diabetes
mellitus

16 (25%) 16 (24%) 1.000

Ischaemic
heart
disease

24 (38%) 19 (29%) 0.352

Recent
myocardial
infarction

1 (1.8%) 0 0.492

Chronic
obstructive
pulmonary
disease

12 (19%) 14 (21%) 0.827

Peripheral
vascular
disease

9 (14%) 12 (18%) 0.635

Neurological
impairment

22 (34%) 26 (36%) 0.589

Renal
impairment

11 (17%) 9 (14%) 0.632

Pulmonary
hypertension

4 (6%) 2 (3%) 0.437

Dynamic hip
screw

25 (39%) 37 (56%) 0.056

General
anaesthesia

53 (83%) 51 (77%) 0.513

Time before
surgery; days

1.7 (1.9) 1.4 (1.2) 0.410

Discharge
from
hospital;
days

10.2 (7.5) 9.9 (6.4) 0.830

TTE, transthoracic echocardiography.
Definitions of chronic disease: diabetes mellitus, required either
oral hypoglycaemic or insulin treatment; ischaemic heart dis-
ease, proven on coronary angiogram, stress study or previous
revascularisation procedure; chronic obstructive pulmonary
disease, required long-term bronchodilator or steroid treat-
ment; peripheral vascular disease, claudication, carotid stenosis
>50%, planned intervention on aorta, peripheral or carotid
artery; neurological dysfunction, marked effect on ambulation
or function; renal impairment, pre-operative serum creatinine
>200 lmol.l)1; pulmonary hypertension, most recent systolic
pulmonary artery pressure > 60 mmHg.
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Figure 2 Kaplan–Meier survival curve comparing
mortality of 130 patients over 12 months after hip
fracture surgery in transthoracie echocardiography
( , n = 64) and control ( , n = 66) groups.

Table 2 Predictors of death among hip fracture surgery
patients during the first 12 months after surgery; iden-
tified univariate predictors of mortality with two-tailed
p values below 0.10 (group p = 0.036, chronic obstruc-
tive pulmonary disease p = 0.067, and age p = 0.095)
were entered into a multivariate Cox proportional
hazards model.

Predictor
Hazard
ratio 95% CI p value

TTE group 0.41 0.20–0.85 0.016
Chronic obstructive
pulmonary disease

2.53 1.17–5.50 0.019

Age; per year 1.06 1.01–1.11 0.011

TTE, transthoracic echocardiography.
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tors of mortality, which were well-matched between

groups.

Focused echocardiography is more accurate than

clinical examination alone [15, 16, 28] and this could

explain the difference in short-term mortality by

correct diagnosis of life-threatening cardiac pathology,

leading to changes in peri-operative management.

However, we did not expect that echocardiography

would influence mortality 12 months after surgery.

One possible explanation is that detection of significant

cardiac pathology using TTE may have led to better

post-hospital management of cardiac disease, which

may then have lead to a further reduction in mortality.

The survival curve shows that most of the deaths

occurred within the first 3 months, and it is also

possible that the reduction in mortality at 12 months is

principally from this period. However, if patients

survive surgery, but suffer cardiac failure in the peri-

operative period [5], they then have a 92% mortality at

12 months, indicating that cardiovascular morbidity at

the time of surgery is an important contributor to

longer-term mortality. It is possible that preventing

cardiovascular complications at the time of surgery will

help reduce long-term mortality. It is not possible from

this study design to determine whether the patients in

the echocardiography group were more intensely

managed than the controls (this is a possible con-

founding effect of enrolment in a study per se).

Aortic stenosis, a strong predictor of postoperative

death, is common in hip fracture patients (7–9%) [17,

23], is difficult to assess without TTE, and its identifi-

cation influences anaesthetic management. Following a

national audit, NCEPOD recommended that manage-

ment of such patients should include invasive monitor-

ing in selected patients, prompt treatment of

hypotension and excellent postoperative analgesia [22].

Chilov et al. recommend spinal anaesthesia for hip

fracture surgery, but in patients with severe aortic

stenosis, spinal anaesthesia may cause an uncontrolled

drop in vascular resistance from sympathetic blockade,

which could lead to resistant hypotension or cardiac

arrest. Methods to mitigate this include more gradual

onset or continuous spinal anaesthesia [29]. McBrien

et al. [23] found a significant trend toward general

anaesthesia vs spinal as the severity of aortic stenosis

increased in a large series of hip fracture surgery

patients. In our study, six out of nine patients identified

with aortic stenosis had a change in their management,

and all of them received general anaesthesia and invasive

monitoring.

Many patients undergoing fractured neck of femur

surgery have an indication for echocardiography [22,

30]. What is concerning, however, is that patients may

proceed to surgery without suspicion of significant

valvular disease [15, 16]. In a large series of hip fracture

patients reported by Loxdale et al., routine pre-opera-

tive TTE identified significant aortic stenosis in 8% of

patients, but a third of these had no detectable murmur

[17]. In this study, only 6 out of 17 hip fracture patients

had valvular disease correctly identified clinically com-

pared with TTE [21]. Despite this, only 50% of

anaesthetists surveyed regarding fractured neck of

femur surgery would request a pre-operative TTE if

there were suspicious signs or symptoms in patients

with a previously undiagnosed heart murmur [20]. The

most common reason cited for not ordering echocar-

diography was to prevent an associated delay. Although

the evidence for increased mortality associated with a

delay in hip fracture surgery is conflicting, a systematic

review by Chilov et al. [4] recommends surgery within

24–36 h of admission since undue delay inevitably

increases length of stay and may lead to more

complications, including pressure sores, pneumonia

and confusion. Pre-operative TTE is not always avail-

able, as the delay for inpatient comprehensive cardiol-

ogy-based TTE might be as long as 10 days [31]. In this

study, pre-operative echocardiography carried out by a

suitably trained anaesthetist did not delay surgery

(mean 1.7 days), in contrast with previous reports by

Jettoo et al. (2.7 days) [18], Loxdale et al. (2.9 days)

[17] and O’HEireamhoin et al. (3.3 days) [19]. It is

possible that in this study, pre-operative focused TTE

may actually have reduced delay in surgery as well as

aiding decision-making, providing an additional poten-

tial mechanism for reduced mortality.

In addition to the diagnosis of anatomical cardio-

vascular pathology, pre-operative TTE was used to

identify the correct haemodynamic state, which may

have lead to more appropriate cardiovascular optimisa-

tion before and during surgery. One example is earlier

detection and treatment of hypovolaemia. Pre-operative

hypovolaemia is reported to occur in 40–50% of hip
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fracture patients and is due to bleeding, reduced oral

intake and a reluctance of medical staff to give

parenteral fluids for fear of causing pulmonary oedema

[32, 33]. In this analysis, hypovolaemia was the most

frequent abnormality found by TTE, which commonly

led to prescription of a fluid bolus, in an attempt to

restore intravascular volume before surgery. Increased

fluid therapy in fractured hip patients improved post-

operative recovery (but not mortality) in two trials that

compared intra-operative guidance of fluid therapy

using oesophageal Doppler and standard invasive mon-

itoring [34, 35]. Despite recommendation for oesopha-

geal Doppler to be used more frequently by the National

Institute for Health and Clinical Excellence [36], its

clinical use and supporting evidence for improved

outcome have limitations [37]. There are several theo-

retical reasons why TTE may lead to greater improve-

ments in patient outcome than oesophageal Doppler. In

addition to identifying patients who may benefit from

increased fluid resuscitation, TTE can also identify

cardiac failure where further fluid therapy may be

detrimental. This was the case in three patients in this

study (with congestive cardiac failure), resulting in fluid

restriction rather than a fluid bolus. Furthermore, as

TTE is non-invasive, especially compared with oesoph-

ageal Doppler, which requires the placement of a probe

in the oesophagus and is usually only carried out under

anaesthesia, diagnosis and treatment are feasible before

surgery [38]. Obtaining information at this early stage

enables proactive management rather than reactively

responding to reduced cardiac function after com-

mencement of anaesthesia and surgery. Comparative

studies are certainly warranted in this area and without

them no firm conclusions can be drawn.

Limitations of this study included post-hoc analysis

of previous studies and retrospective selection of con-

trols, which may introduce potential selection bias. We

attempted to limit this by randomisation of the non-

echocardiography cohort and selection in sequence from

the randomised list. In addition, patient selection was

performed by researchers blinded to the primary

endpoint of mortality at 12 months, who did not

perform analysis of data. The patients in the TTE group

were considered higher risk, due to the anaesthetist’s

suspecting cardiac disease. This raises potential inclu-

sion bias with potential increased mortality in the TTE

group. To match this increased risk, only patients older

than 60 years and of ASA physical status >2 were

included in the control group. Although not a case-

control matched study, the resulting groups were similar

in demographics and known risk factors, and the

mortality reduction in the TTE group was independent

of these. The level of experience of the surgeons and

anaesthetists may have been different between the TTE

and control groups, but this was not recorded. There is

also the possibility that identification of high-risk

patients with TTE may have influenced the seniority

of treating surgeon, anaesthetist, and postoperative care

physician. However, this is another potential mechanism

of improved outcome. The influence of TTE findings on

the type of surgery was not recorded. It is possible that a

less invasive approach may be preferred in high-risk

patients. However, there was a trend towards more

complex surgery in the TTE group, which may produce

an expected increased risk of death.

In conclusion, this study suggests that pre-operative

focused TTE, performed by trained anaesthetists, is

associated with lower mortality in patients at increased

cardiac risk who require fractured neck of femur

surgery, compared to patients who do not undergo

echocardiography before surgery. This hypothesis needs

to be tested in an adequately powered randomised trial.
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