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Objective: The aim of this study was to analyze the effects of preoperative echocardiography on patient
survival, timing of surgery in length of hospital stay in patients who will undergo hip nailing for an
intertrochanteric fracture.
Methods: The clinical records of the patients who were admitted to a tertiary university hospital with an
intertrochanteric femur fracture were retrospectively analyzed. The age, gender, American Society of
Anesthesiologists (ASA) score, days to surgery, total hospital stay, cardiac drug prescription/modiﬁcation,
cardiac intervention and presence of an echocardiography assessment including detailed ﬁndings were
reviewed. Mortality data were accessed from the national civil registration system.
Results: 181 (110 women and 71 men; mean age 81 (44e98)) cases were studied whom 65 underwent
pre-operative echocardiography. Time to surgery and total hospital stay was 2 days longer at transthoracic echocardiography (TTE) group (p < 0.001). At one month control group survival rate was 93.1%
on contrary it was 75.4% at TTE group. One-year survival rates were 77.3% and 55.1% respectively.
Likewise mean expected survival time was 21.6 ± 1.03 months for control group and 15.12 ± 1.64 months
for TTE group (p < 0.001). Only increased left ventricular end diastolic diameter (LVEDD) was showed to
be associated with increasing one-year mortality with a hazard ratio of 10.78 (2.572e45.19) at multivariate model.
Conclusion: Cardiac ﬁndings and requisite for preoperative TTE and increased LVEDD is a strong predictor
for mortality. TTE signiﬁcantly lengthens the time to surgery. Also LVEDD measurement can be easily
performed in the bedside which we believe would save time and reduce mortality.
Level of evidence: Level III Diagnostic study.
© 2017 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
At the beginning of millennium 1.6 million patients worldwide
had hip fracture in a year and data show incidence is expected to
increase.1 Hip fracture is a signiﬁcant burden for health care and
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economics.2 And it is associated with a one-year mortality rate
ranging from 14% to 36%.3 Many comorbidities that patients with
hip fracture have may increase the risk of mortality.4 Heart disease
is common in this elderly population and remains the most
frequent cause of postoperative mortality.5
Cardiac conditions associated with the highest rates of mortality
in non-cardiac surgery include aortic stenosis, cardiac failure and
pulmonary hypertension, all of which are reliably evaluated by
echocardiography.3,6,7 On contrary preoperative echocardiography
can lengthen the time to surgery, where delay to the time of surgery
is considered as another major risk factor for the mortality of hip
fracture patient.3,4,8,9 Although hip fracture is not considered an
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orthopedic emergency many authors and guidelines assert the
importance early surgery.9e12
In spite many known risk factors, the mortality rates for people
with trochanteric fracture has not been reduced. Since neither the
impact of echocardiographic ﬁndings leading to death nor the effect of preoperative delay caused by echocardiography assessment
has been fully investigated, we decided to explore these factors that
might be adjusted in order to improve outcome.
The aim of this study was to analyze whether if it is worthy to
perform a preoperative echocardiography and whether a speciﬁc
TTE ﬁnding was related to the survival of intertrochanteric fracture
surgery with closed intramedullary nail ﬁxation the at the one and
twelve month mortality. Secondarily we want to determine
whether preoperative echocardiographic assessment in intertrochanteric fracture patients had an impact on the timing of surgery, the length of the hospital stay and medical and cardiac
optimization.
Patients and method
This is a retrospective study approved by the Local Medical
Human Research Ethics Committee (23 May 2016, 10-432-16) Between 1 January 2013 and 31 December 2014, all patients who were
admitted to a tertiary university hospital and sustained an intertrochanteric fracture of femur were included. Any patient was
excluded if the surgery was not for isolated intertrochanteric femur
fracture or any surgical technique other than closed proximal
femoral nail ﬁxation was used. Also cases were excluded if the
patient had terminal cancer (e.g. metastatic fracture) at the time of
operation.
Two independent anesthetists who were solely work with orthopedics department more than 10 years routinely evaluated all
patients at the time of admission. Patients suspected of having
cardiac disease, or worsening of known cardiac disease was ﬁrst
consulted to cardiology department and transthoracic echocardiography (TTE) was carried out by a single independent echocardiography technician since TTE is a user dependent procedure. All
patients received combine spinal-epidural block with close hemodynamic monitoring. A single trauma surgeon treated the patients with proximal femoral intramedullary nail.
Medical data regarding age, gender, ASA score, days to surgery,
total hospital stay, cardiac drug prescription/modiﬁcation, cardiac
intervention and presence of an echocardiography assessment
upon a cardiac diagnosis were gathered retrospectively from hospital database at November 2016. A detailed data was sorted from
echocardiography reports including ﬁndings such as left ventricular hypertrophy, left ventricular excursion, fractional shortening,
valvular heart disease (stenosis, regurgitation or insufﬁciency),
cardiac ejection fraction and pulmonary artery pressure (Table 1).
One month and twelve month mortality data were accessed from
the national civil registration system.
Those patients who underwent pre-operative echocardiography were clustered as TTE group, and those who did not to form
the control group. Also subgroups for having speciﬁc TTE ﬁndings
were formed to determine the speciﬁc impact on mortality. The
primary outcome measure was mortality at ﬁrst month and
twelve months after surgery. Secondary outcome measures
included the number of days before surgery and total days spent in
hospital and the effect of echocardiography on medical or invasive
cardiac treatment. Cox proportional hazards model (including
univariate predictors of mortality with two-tailed p values below
0.10), KaplaneMeier, Chi-square and ManneWhitney-U tests were
used as appropriate. Data were analyzed using SPSS for Windows
15 (SPSS Inc, Chicago, IL, USA). Statistical signiﬁcance was deﬁned
as a value of p < 0.05.

Table 1
Table showing the detailed data sorted from echocardiography reports (TTE:
transthoracic echocardiography).
Detailed TTE Findings

Normal Findings

Left ventricular hypertrophy
Left ventricular end diastolic diameter
Fractional shortening (%)
Left atrial dilatation
Right atrial dilatation
Right ventricular dilatation
Left ventricular wall motion
Ejection fraction (%)
Aort diameter
Aortic valve stenosis
Mitral valve stenosis
Tricuspid valve stenosis
Pulmonary valve stenosis
Pulmonary arterial blood pressure
Mitral valve insufﬁciency
Aortic valve insufﬁciency
Tricuspid valve insufﬁciency
Pulmonary valve insufﬁciency

Posterior wall/septal thickness <1.1 cm
<5.5 cm
>30%
>4.0 cm
>4.5 cm
>8.0 cm (base-to-apex-length)
No hypokinetic area
>55%
<3.5 cm
No gradient at valve
No gradient at valve
No gradient at valve
No gradient at valve
<25 mmHg
No regurgitation
No regurgitation
No regurgitation
No regurgitation

Results
In the 24-month study period (from January 2013 to December
2014), 203 consecutive intertrochanteric fracture patients were
admitted to the hospital. Data were collected on 181 cases; two
cases were international patients with no mortality records on
national registry, fourteen patients had other surgeries for
concomitant injury and six patients had terminal stage cancer. Of
those 181 cases sixty-ﬁve patients underwent pre-operative
echocardiography; whereas one hundred sixteen patients did not
received TTE. For further investigation detailed ﬁndings at TTE were
recorded as mentioned earlier at methods.
Median age of patients was 81 (44e98) where in control group
81 (44e94) and in TTE group 83 (48e98). There were 110 women
(64 in control and 46 in TTE) and 71 (52 in control and 19 in TTE)
men. ASA of the patients were distributed as ASA I 46.6%, ASA II
48.3% and ASA III %5.2 at control group. On the contrary %23.1 was
ASA I, % 61.5 was ASA II and %15.4 was ASA III at TTE group.
Contritely age, gender distribution and ASA distribution was statistically different between groups (Table 2).
Five patients out of 65 at TTE group underwent cardiac interventions (4 pacemaker implantation and 1 angiography) preoperatively, while two out of 116 patients had a pacemaker
implanted. However this is not statistically signiﬁcant (p ¼ 0.096;
>0.005).
16 patients at control group needed a medical optimization
preoperatively where 22 medication optimizations were made at
TTE group. This ratio is signiﬁcantly higher at TTE group (p ¼ 0.001).

Table 2
Table showing age, gender and ASA distributions between the groups (TTE: transthoracic echocardiography, ASA: American Society of Anesthesiologists score).

n
Age (median)
Gender
Male
Female
ASA Score
ASA I
ASA II
ASA III
ASA IV/V

Control Group

TTE Group

Total

p value

116
81 (44e94)

65
83 (48e98)

181
81 (44e98)

n/a
0.012
0.039

52
64

19
46

71
110

54 (46.6%)
56 (48.3%)
6 (5.2%)
0

15 (23.1%)
40 (61.5%)
10 (15.4%)
0

69 (38%)
96 (53%)
16 (8%)
0

0.002
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Median time to surgery was one day (0e7 days) at control group
and median total day of hospital stay was 5 (1e30). Patients at TTE
group were operated at a median of 3 days (0e8 days) and discharged at a median of 7 days (2e77). Both times were signiﬁcantly
longer at TTE group (p < 0.001).
There is distinct difference between the survival rates of groups
calculated with ManteleCox method. At one month postoperatively at control group survival rate was 93.1% on contrary it
was 75.4% at TTE group (log rank p < 0.001) Also one-year survival
rates were 77.3% and 55.1% respectively (log rank p < 0,001) Also a
mean time to death was calculated using KaplaneMeier survival
projections for those subjects who survived at the end of the
study.13 The mean expected survival time was 21.6 ± 1.03 months
for control group and 15.12 ± 1.64 months for TTE group
(p < 0.001).
When the data of the Cox regression analysis is reviewed
increasing ASA and prerequisite for TTE showed an association with
post-operative one-year mortality. Having an ASA 2 score increases
the hazard of mortality by 2.3 times while an ASA 3 score raises the
risk by 3.9 times and a prerequisite for TTE doubles the risk of
mortality at 12 month (Table 3). However only undergoing a preoperative TTE were associated with increasing 30-day mortality
with a hazard ratio of 3.783 (1.618e8.843 p ¼ 0.002). Increasing
preoperative and total length of stay or any medical optimization
was not associated with an increase in 30-day and one-year mortality rates in the regression analysis.
When individual TTE ﬁndings' impact on 30-day mortality were
investigated no factor was found signiﬁcant at univariate analysis.
On contrary left ventricular dilatation (increased left ventricular
end diastolic diameter, LVEDD) and tricuspid valve insufﬁciency
and high pulmonary arterial pressure tended to be signiﬁcant in
non-survivors than in survivors at one-year follow-up for mortality,
thus they are included for hazard ratio analysis. Only increased
LVEDD was showed to be associated with increasing one-year
mortality with a hazard ratio of 10.78 (95% CI: 2.572e45.19
p ¼ 0.001) at multivariate analysis model.
Discussion
The present study showed that requirement for a preoperative
echocardiography at closed intramedullary nailing of intertrochanteric fracture almost had a four-fold higher risk of mortality
at one-month and two-fold twelve month postoperatively. In
further detail the increased mortality is associated with having
higher ASA score for the overall patient population and increased
left ventricular end diastolic diameter (LVEDD) for the TTE group.
The relation between the mortality and echocardiography originates from the fact that preoperative prerequisite for such kind of
examination is a sign of cardiac disease. And it should be noted that
echocardiography is not a direct risk factor for mortality however
our study suggests it can be deduced as a strong predictor. Some
studies in orthopedic literature imply similar results with a
perceived need for echocardiography are generally higher risk for
morbidity and mortality.14,15 In a small cohort of trochanteric
Table 3
Predictors of death among intertrochanteric fracture surgery patients during the
ﬁrst 12 months after surgery; identiﬁed univariate predictors of mortality with twotailed p values below 0.10 were entered into a multivariate Cox proportional hazards
model (TTE: transthoracic echocardiography, ASA: American Society of Anesthesiologists score).
Predictor

HR

95%CI

p value

TTE
ASA 2
ASA 3

1.959
2.330
3.909

1.149e3.340
1.194e4.546
1.641e9.315

0.014
0.013
0.002
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fracture patients, the group that received a preoperative TTE had
almost 7-fold mortality rate at 6 months follow-up.15 Another paper
focused on geriatric population deduced preoperative cardiac
screening is frequently unnecessary after hip fracture, and increases
the delay to surgery. Delay of >48 h was associated with more cardiovascular complications and mortality postoperatively.16 Unlike
our purely trochanteric fracture cohort these papers investigate both
intracapsular and extracapsular fractures of proximal femur, which
may alter results since two groups of patients have distinct demographic proﬁles and treatment consists very different surgeries.
On contrary some papers report no difference or reduced mortality rates with focused TTE and dedicated workﬂow programs.17,18
Many established clinical guidelines suggest early surgery for hip
fractures.10,19 These guidelines boosted physicians to develop
dedicated fast track programs around the world. These focused
programs primarily accelerate preoperative workup for cardiac
evaluation and better established post-hospital management of
cardiac disease.18 Improved results illustrate without an recognized
and dedicated workﬂow any extra preoperative workup is useless
and delays the time for surgery.20
The question as to whether or not preoperative TTE is useful
depends on information obtained that can inﬂuence perioperative
management and improve prognosis.21,22 In our cohort TTE caused
a statistically signiﬁcant alteration at medical treatment for cardiac
optimization. On the contrary, there was no modiﬁcation for patients at both groups who felt to require preoperative cardiac
intervention as part of anesthetic optimization. Though some kind
of preoperative optimization was intended early and late mortality
for the TTE group did not change for good also. This outcome can be
associated with the fact that TTE group had also worse ASA scores.
Having poor ASA scores, more co-morbidities and cardiac disease
may cumulate risks that surpass physiological limits of these elder
patients and any optimization at medical treatment remained
insufﬁcient.
Our results showed preoperative TTE caused two days delay to
surgery and increased length of hospital stay consecutively.
Delaying surgery for an intertrochanteric fracture may increase the
incidence of the complications caused by immobilization like
pressure sores, thromboembolic complications, urinary infection
and pneumonia. This may even be reﬂected in an increase in
mortality.9 Late surgery will also prolong the pain and discomfort
involved with the injury, increase the length of hospital stay and
may possibly reduce the chance of a successful rehabilitation.11
However cardiac work up cannot purely blamed for delaying surgery. Delay is multifactorial and system related factors such as
unavailability of surgery at weekends or other comorbidities need
to be optimized can also interrupt surgery. A policy of prioritizing
hip fracture patients for surgery should be pursued by concerning
physicians.16
In our study we found a patient group with increased left ventricular end diastolic diameter (LVEDD) had an increased risk of
mortality at on year follow-up (OR: 10.78 with 95% CI: 2.572e45.19)
This patients had normal ejection fraction and increased LVEDD
without apparent valve stenosis or deﬁciency, which also are hypertensive. Increased LVEDD has been correlated with dilated,
ischemic or hypertensive cardiomyopathy, ventricular septal defect
and mitral/aortic regurgitation. Dilated left ventricular mass with a
thinner myocardial wall predisposes heart to diastolic and systolic
dysfunction, diminished coronary artery circulation and ventricular
dysrhythmias.23
Many studies reveal transition from concentric left ventricular
hypertrophy with normal ejection fraction (EF) to heart failure can
be seen in the follow-up and this transition is closely related with
myocardial infarction through the period.24 Another recent data
from Framingham Hearth Study showed that increased LVEDD with
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normal EF (as seen in our patient group) are at higher risk for future
cardiac events: heart failure with reduced EF, malign dysrhythmias,
stroke, myocardial infarction.25 Thus, a normal EF with normal
valvular structures does not rule out any future cardiac risks.
Through our ﬁndings, when evaluating the preoperative echocardiography there was only the increased LVEDD signiﬁcantly indicated the increased risk for one-year mortality.
The major limitation of this study is its retrospective nature.
Making a deduction for mortality of patients with a retrospective
cohort may have some complications. Primarily patients' deaths
may not have been fully attributable to cardiac pathology. Other
chronic diseases like Alzheimer's disease or diabetes can also increase the rate of mortality after trochanteric fracture.26,27 Similar
outcome can also be predicted by the fact that patients warranting
a TTE had worse ASA scores also need more alteration at their
medical treatments. Another limitation is having two statistically
different groups by means of age, sex and ASA score. On contrary
studying only trochanteric femur fracture patients who treated by
the same anesthesia team and a single surgeon with closed intramedullary nailing is a clear advantage. In ideal conditions demographic and medical conditions should be randomized for a
comparison. However fully randomizing patients into groups by
means of cardiac disease is almost impossible for this setting.
Conclusion
Preoperative TTE is a strong predictor for one-month and oneyear mortality for trochanteric fracture patients who treated with
closed reduction and intramedullary nailing. Although preoperative optimization is essential it should be noted that having a TTE
signiﬁcantly lengthens the time to surgery and does not improve
the survival of patients even tough cardiac medical alterations were
made. Thus TTE should be individually titrated for each patient
according to the perioperative risk. Although anesthesiologists
mostly underscore the EF, aortic stenosis and wall motion abnormalities preoperatively, our results show LVEDD is also a signiﬁcant
mortality indicator. LVEDD measurement can be easily performed
from parasternal long-axis view in the bedside or in the operation
theater setting by a trained anesthesiologist. We believe this would
save time and reduce mortality.
References
1. Cooper C, Cole ZA, Holroyd CR, et al. Secular trends in the incidence of hip and
other osteoporotic fractures. Osteoporos Int. 2011;22(5):1277e1288. https://
doi.org/10.1007/s00198-011-1601-6.
2. Woolf A, Pﬂeger B. Burden of major musculoskeletal conditions. Bull World
Health Organ. 2003;81(9):646e656.
3. Simunovic N, Devereaux PJ, Sprague S, et al. Effect of early surgery after hip
fracture on mortality and complications: systematic review and meta-analysis.
CMAJ. 2010;182(15):1609e1616. https://doi.org/10.1503/cmaj.092220.
4. Bryson GL. Waiting for hip fracture repair d do outcomes and patients suffer?
Can J Anesth. 2008;55(3):135e139. https://doi.org/10.1007/BF03016086.
5. Roche JJW, Wenn RT, Sahota O, Moran CG. Effect of comorbidities and postoperative complications on mortality study. BMJ. 2005;331(7529):1e5. https://
doi.org/10.1136/bmj.38643.663843.55.

6. Sneyd J, Loxdale S, Werrett G, Viira D. Pre-operative echocardiography for hip
fracture patients. Anaesthesia. 2013;68(3):298e312. https://doi.org/10.1111/
anae.12126.
7. Van Klei W, Kalkman C, Tolsma M, Rutten C. Pre-operative detection of valvular
heart disease by anaesthetists. Anaesthesia. 2006;61(2):127e132.
8. Parker MJ, Handoll H, Grifﬁths R, Urwin S. Anaesthesia for hip fracture surgery
in adults (Review). Cochrane Database Syst Rev. 2001;2001(4).
9. Khan SK, Kalra S, Khanna A, Thiruvengada MM, Parker MJ. Timing of surgery for
hip fractures: a systematic review of 52 published studies involving 291,413
patients. Injury. 2009;40(7):692e697.
10. NCEPOD. National conﬁdential enquiry into perioperative deaths. Changing the
way we operate. In: The 2001 Report of the National Conﬁdental Enquiry into
Perioperative Deaths. London. 2001.
11. Al-Ani AN, Samuelsson B, Tidermark J, et al. Early operation on patients with a
hip fracture improved the ability to return to independent living. A prospective
study of 850 patients. J Bone Joint Surg Am. 2008;90(7):1436e1442. https://
doi.org/10.2106/JBJS.G.00890.
12. Zehir S, Zehir R, Sarak T. Early surgery is feasible in patients with hip fractures
who are on clopidogrel therapy. Acta Orthop Traumatol Turcica. 2015;49(3):
249e254. https://doi.org/10.3944/AOTT.2015.14.0160.
13. Betensky RA. Measures of Follow-up in Time-to-Event Studies: Why provide
them and what should they be? Rebecca Clin Trials. 2016;12(4):403e408.
https://doi.org/10.1177/1740774515586176.
14. Ricci WM, Della Rocca G, Combs C, Borelli Jr J. The medical and economic
impact of preoperative cardiac testing in elderly patients with hip fractures.
Injury. 2007;38(3):49e52. https://doi.org/10.1016/j.injury.2007.08.011.
15. O’hEireamhoin S, Beyer T, Ahmed M, Mulhall KJ. The role of preoperative
cardiac investigation in emergency hip surgery. J Trauma Inj Infect Crit Care.
2011;71(5):1345e1347. https://doi.org/10.1097/TA.0b013e318224cfa3.
16. Smeets SJM, Poeze M, Verbruggen JPAM. Preoperative cardiac evaluation of
geriatric patients with hip fracture. Injury. 2012;43(12):2146e2151. https://
doi.org/10.1016/j.injury.2012.08.007.
17. Jettoo P, Kakwani R, Junejo S, Talkhani I, Dixon P. Pre-operative echocardiogram in hip fracture patients with cardiac murmur- an audit. J Orthop Surg Res.
2011;6(1):49. https://doi.org/10.1186/1749-799X-6-49.
18. Canty DJ, Royse CF, Kilpatrick D, Bowyer A, Royse AG. The impact on cardiac
diagnosis and mortality of focused transthoracic echocardiography in hip
fracture surgery patients with increased risk of cardiac disease: a retrospective
cohort study. Anaesthesia. 2012;67(11):1202e1209. https://doi.org/10.1111/
j.1365-2044.2012.07300.x.
19. Brox WT, Roberts KC, Wright DG, et al. The American academy of orthopaedic
surgeons evidence-based guideline on management of hip fractures in the
elderly. J Bone Jt Surg Am. 2015;97(14):1196e1199.
20. Guryel E, Redfern D, Ricketts D. Balancing priorities in the management of hip
fractures: guidelines versus resources. Ann R Coll Surg Engl. 2004;86(3):
171e173.
21. Halloran TDO, Kannam JP. Preoperative transthoracic echocardiography: when
is it useful? Int Anesthesiol Clin. 2008;46(2):1e10.
€
_ G. Red cell distribution width and mortality in
lu S, Ozdem
22. Zehir S, Sipahiog
Ir
patients with hip fracture treated with partial prosthesis. Acta Orthop Traumatol Turcica. 2014;48(2):141e146. https://doi.org/10.3944/AOTT.2014.2859.
23. Nadruz W. Myocardial remodeling in hypertension. J Hum Hypertens.
2015;29(1):1e6. https://doi.org/10.1038/jhh.2014.36.
24. Milani RV, Drazner MH, Lavie CJ, Morin DP, Ventura HO. Progression from
concentric left ventricular hypertrophy and normal ejection fraction to left
ventricular dysfunction. Am J Cardiol. 2011;108(7):992e996. https://doi.org/
10.1016/j.amjcard.2011.05.038.
25. Velagaleti RS, Gona P, Pencina MJ, et al. Left ventricular hypertrophy patterns
and incidence of heart failure with preserved versus reduced ejection fraction.
Am J Cardiol. 2014;113(1):117e122. https://doi.org/10.1016/j.amjcard.2013.
09.028.
26. Tolppanen A-M, Taipale H, Tanskanen A, Tiihonen J, Hartikainen S. Comparison
of predictors of hip fracture and mortality after hip fracture in communitydwellers with and without Alzheimer's disease e exposure-matched cohort
study. BMC Geriatr. 2016;16(1):204. https://doi.org/10.1186/s12877-016-03832.
27. Hamilton E, Davis WA, Bruce DG, Davis TME. Inﬂuence of premature mortality
on the link between type 2 diabetes and hip fracture: the fremantle diabetes
study. J Clin Endocrinol Metabol. 2016;102(2):2016e3570. https://doi.org/
10.1210/jc.2016-3570.

