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Background: In elderly patients with hip fracture, the prevalence of severe aortic stenosis (valve area <l cm?) is close to 5%. Few
studies have evaluated the prognostic role of aortic stenosis in hip fracture surgery and none has considered the effects of the
postoperative setting (intensive care unit vs general ward) on clinical outcome.

Purpose: The aim of the present study was to evaluate the factors affecting mortality in patients with severe aortic stenosis
undergoing surgery for hip fracture. We also evaluated whether postoperative monitoring in the intensive care unit may affect the
prognosis in comparison to return to the general ward after surgery.

Patients and Methods: All 2274 patients referred for hip fracture to our tertiary teaching hospital between January 1 2015 and
December 31 2019 were screened for the presence of severe aortic stenosis, defined by an aortic valve area <1.0 cm?.

Results: The study included 66 patients (27 males, 39 females) with a mean+SD age of 85+7 years. The average time between trauma
and surgery was 2.6+3 days. The mean aortic valve area was 0.74+0.15 cm?. Seven patients died during hospitalization (10.4%).
Diabetes, having two or more comorbidities, a low degree of autonomy, heart failure, history of coronary artery disease, atrial
fibrillation, postoperative delirium and pulmonary hypertension were associated with poorer outcome. In logistic multivariate analysis,
the number of diseases and values of pulmonary artery pressure were the only independent factors related to mortality. In hospital
mortality (12 and 9%, respectively) and complication rates were not statistically different between patients referred to the intensive
care unit for postoperative monitoring and patients returned to the general ward after surgery.

Conclusion: In patients undergoing hip fracture surgery, severe aortic stenosis is associated with high hospital mortality, and two or
more comorbidities and pulmonary hypertension are associated with a worse prognosis. The postoperative setting (intensive care unit
or general ward) does not affect outcome.
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Introduction
Aortic stenosis is found in no less than 5% of patients with hip fracture' and is associated with an high in-hospital and
long-term mortality.” > None of the previous investigations included only patients with severe aortic valve disease (aortic

27 and therefore information on this high-risk subset of patients is limited. The National

valve area <1.0 cm?),
Confidential Enquiries into Perioperative Deaths (NCEPOD) recommended the use of invasive monitoring and intensive
care observation after surgery for patients with aortic stenosis undergoing non-cardiac surgery,® particularly for
procedures related to a high bleeding risk. At present, however, no randomized studies have been published regarding
the postoperative setting, and most information is anecdotal.® The aim of the present study was to evaluate the factors
affecting mortality in patients with severe aortic stenosis undergoing surgery for hip fracture. We also evaluated whether
postoperative monitoring in the intensive care unit (ICU) may affect the prognosis in comparison to return to the general

ward after surgery.
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Materials and Methods

Study Setting

The study is part of a project of the Italian Health Ministry and Regione Toscana (RF-2010-2316600) and was approved
by Ethical Committee of Regione Toscana. All patients and/or their legal guardians gave written informed consent to
treatment and collection of clinical data for research purposes at admission. The research was performed in accordance
with the Declaration of Helsinki.

Population

Medical records of patients referred to our tertiary teaching hospital for hip fracture between January 1 2015 and
December 31 2019 were collected. A multidisciplinary hip fracture unit, including internal medicine specialists/
geriatricians, cardiologists, orthopaedic surgeons and anaesthesiologists, has existed in our hospital since 2011, allowing
early careful preoperative evaluation including bedside echocardiography.’ Bedside echocardiography was performed in
all patients with a systolic ejection murmur, history of heart failure, coronary artery disease (CAD) and atrial fibrillation.
Patients with severe aortic stenosis (valve area <l cm?, mean valve gradient >40 mmHg) were entered into the study.
Exclusion factors were age <70 years, a myocardial infarction in the 30 days before trauma and the presence of active
neoplasm. Three patients with severe aortic valve stenosis were excluded because they underwent preoperative aortic
balloon valvuloplasty (n=2) or percutaneous aortic valve replacement (n=1) before surgery. Figure 1 presents the
flowchart of patients enrolled in the study.

Surgery was performed under general anaesthesia with continuous invasive blood pressure monitoring. Although
preoperatively all patients were given an indication for postoperative observation in intensive care, owing to limited of
availability of beds in the intensive care setting, by chance about 50% of patients returned to the hospital ward in the
immediate postoperative period.

Data

Several variables were collected from the clinical records, including age, gender, functional status before trauma, history of atrial
fibrillation, diabetes, congestive heart failure, CAD, dementia and chronic kidney failure. The overall number of comorbidities
was calculated. Moreover, for each patient, the time from admission to surgery, the need for red blood cell transfusion and the
number of red blood cell units transfused were evaluated. Finally, we recorded the occurrence of postoperative complications
such as delirium, stroke, pneumonia, sepsis, wound infection, deep vein thrombosis (DVT), pulmonary embolism, congestive
heart failure, respiratory failure, atrial fibrillation and anaemia, defined as haemoglobin <8 g/dL.

Patients with
Hip fracture n=2274
Excluded
No aortic stenosis AW n=3 AVR or AVBP

n=2027 n=2 active neoplasm

Severe aortic stenosis
AVA <1 cm2n=73 > n=1age< 70 years
n=1 recent AMI

Low-grade moderate Population under
aortic stenosis AVA 1-1.5cm? study n= 66

1 1
1 1
1 1
1 1
1 1
n=164 | "
1 1
1 1
I ICUn= 31 General wardn= 35 |
1 1

Figure | Study flowchart.
Abbreviations: AVA, aortic valve area; AVR, aortic valve replacement; AVBYV, aortic balloon valvuloplasty; AMI, acute myocardial infarction; ICU, intensive care unit.
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Outcomes

The main endpoint of the study was the assessment of overall in-hospital mortality and the identification of factors related
to an unfavourable outcome. We also assessed whether postoperative management in an ICU may affect the prognosis in
comparison to return to the general ward after surgery.

Statistical Analysis

Continuous variables were reported as mean and standard deviation. Non-continuous variables were reported as
frequency of distribution. Statistical analysis of continuous data was performed using the Student’s #-test, while non-
continuous data were analysed using the y° test or Fisher’s exact test. After the univariate analyses, a logistic multi-
variable regression analysis was performed to identify independent predictors for mortality. Because of multiple testing,
only variables with a two-sided p<0.05 in the univariate analysis were accepted for the model. Statistical analysis was
performed using SPSS 18.0 (Chicago, IL, USA) statistical software. A probability value of 0.05 was considered
statistically significant.

Results

Clinical Characteristics of Patients
In the period under investigation, 2274 patients with fragility fracture involving the hip were referred to our tertiary
teaching hospital. According to the inclusion criteria, 66 patients (27 males, 39 females), with mean age 85+7 years,
were entered into the study. In 32 patients we found a neck femur fracture, in 30 a per-trochanteric fracture, and finally
four had a subtrochanteric fracture. The average time between trauma and surgery was 2.6+2.3 days. In 42 (63%),
surgery was performed within 48 hours of trauma. Clinical and echocardiographic characteristics of patients are reported
in Table 1.

The average aortic valve area was 0.74+0.15 cm?, while the peak pressure gradient was 84+26 mmHg. Moderate to
severe mitral regurgitation was present in 10 patients, 12 had left ventricular dysfunction and 26 had moderate to severe
pulmonary hypertension.

Postoperative Findings

Thirty-two patients showed a postoperative increase-fall in troponin I values, suggesting myocardial injury; however,
only eight showed electrocardiographic ischaemic changes or abnormalities of left ventricular wall motion. Seven
patients died during hospitalization (10.4%). Table 2 compares the clinical and echocardiographic characteristics of
patients who died and patients who were discharged alive. We did not find any significant difference in time to surgery
between patients who died and those who were discharged alive. A lower degree of autonomy before trauma, history of
diabetes, atrial fibrillation, CAD and heart failure were related to a poorer outcome.

Patients who died in hospital had, on average, a higher transvalvular aortic gradient (97.1+£36.5 vs 83.3£25 mmHg) in
comparison to patients who were discharged alive; however, the difference was not statistically significant. Moderate to
severe pulmonary hypertension was associated with higher mortality. No other significant differences existed between the
two groups regarding the other echocardiographic parameters. Myocardial infarction/myocardial injury was significantly
more frequent in patients who died in hospital in comparison to patients who were discharged alive, and the development
of postoperative delirium was also more frequent in those who died in hospital. In logistic multivariate analysis, the
number of diseases and values of pulmonary artery pressure were the only independent factors related to mortality
(Table 3).

Comparison Between Patients with Postoperative Course in Intensive Care Unit and
in General Ward

Thirty-one patients were followed in an intensive care setting after hip surgery, while the other 35 were referred directly to
the general ward. Clinical characteristics and echocardiographic data of the two groups are reported in Tables 4 and 5.
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Table | Comparison of Clinical and Echocardiographic Characteristics of Patients
Discharged Alive and Who Died in Hospital

Discharged Alive (n=59) | Died (n=7) P
Time to surgery (days), mean+SD 27125 2.2%1.2 0.57
Time to surgery <48 h 37 (62.3%) 5 (71.4%) 0.69
ICU care 27 4
Preserved BADL >4 33 | 0.05
Functional status
Walk >50 m without aid I5 4 0.67
Walk <50 m with or without aid 26
Home-ridden 18 3
Atrial fibrillation 18 5 0.05
Diabetes 14 5 0.02
Heart failure 13 6 0.002
Chronic kidney disease 4 0 0.8
Dementia 12 3 0.18
CAD I 4 0.05
Aortic gradient (mmHg), mean+SD 83.3%£25.0 97.1£36.5 0.20
Aortic valve area (cm?) 0.65+0.18 0.59+0.23
Aortic regurgitation
None 19 0 0.6
Mild 22
Moderate—severe 18 3
Mitral regurgitation
None 15 2 0.06
Mild 37 2
Moderate—severe 7 3
LVEF
>55% 49 5 0.6
35-55% 2
<35% 2 0
PAP
Normal 26 0 0.03
20-39 mmHg 16 2
40-60 mmHg 10 2
>60 mmHg 7 3
Left atrium dilation 18 | 0.7

Abbreviations: ICU, intensive care unit; BADL, basic activities of daily living; CAD, coronary artery disease; LVEF,
left ventricular ejection fraction; PAP, pulmonary artery pressure.

Although the average time to surgery was longer in patients referred to the ICU, the percentage of patients treated within 48
hours was identical in the two groups (62% vs 61.9%). No other significant differences were found between the two groups.

The incidence of postoperative complications was not significantly different between patients monitored in intensive
care after surgery and patients referred to the general ward (Table 6).
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Table 2 Postoperative Complications in Patients Discharged Alive

and Patients Who Died in Hospital

Discharged Alive Died P
(n=59) (n=7)
Transfusions 33 4 0.9
RBC units
1 I 3 0.8
>2 22 [
Myocardial infarction/ 26 [ 0.05
injury
Sepsis | 0 0.9
Pneumonia 0 | 0.9
Delirium 15 6 0.003
Heart failure | 3 0.03
Acute kidney failure 0 | 0.9
Respiratory failure 4 | 0.8
Atrial fibrillation 2 0 0.8
Anemia <8 g/dL 9 | 0.9
Abbreviation: RBC, red blood cells.
Table 3 Multivariate Logistic Analysis
HR (95% CI) P
Time to surgery 0.90 (0.43-1.86) 0.782
BADL 0.83 (0.43-1.59) 0.585
Functional capacity 1.23 (0.21-6.97) 0.812
Number of diseases >2 9.60 (1.10-23.13) | 0.039
Intensive care after surgery 0.18 (0.01-3.55) 0.261
Postoperative haemoglobin 2.80 (0.48-16.12) | 0.248
Red blood cells transfusion 0.75 (0.02-21.21) | 0.87
Postoperative complications 1.12 (0.50-2.48) 0.779
Preoperative creatinine 2.57 (0.16-39.47) | 0.497
Aortic gradient 1.02 (0.98-1.05) 0.270
Mitral regurgitation 2.20 (0.24-20.06) | 0.482
Left ventricular ejection fraction 0.33 (0.02-5.39) 0.437
Pulmonary artery systolic pressure | 7.59 (1.05-54.51) | 0.043

Abbreviation: BADL, basic activities of daily living.

Finally, in-hospital mortality (n=3 [8.6%)] in the general ward vs n=4 [12.9%] in the ICU) and the length of stay in
patients discharged alive (15.9+10.2 days in the general ward and 15.7+8.0 days in patients referred to the ICU) were not
significantly different between the two groups.

Discussion

Hip fracture is a common emergency requiring urgent non-cardiac surgery. The incidence of aortic valve stenosis in these
patients has been estimated to be between 5% and 10%.'* Since, in Italy, hip fracture occurs in more than 100,000
patients every year, at least 4500—9000 will have severe aortic stenosis. This number is probably underestimated since
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Table 4 Clinical Characteristics of Patients Followed in the General Ward or in the

Intensive Care Setting

General Ward (n=35) | Intensive Care (n=31) P
Time to surgery (days), 22%1.3 3.1+4.2 0.23
meantSD
Time to surgery <48 h 22 19 0.9
Preserved BADL >4 19 16 0.8
Functional status
Walk >50 m without aid 9 10 0.29
Walk <50 m with or without aid 18 9
Home-ridden 9 12
Atrial fibrillation 9 I 0.43
Diabetes 12 4 0.06
Heart failure 6 9 0.37
Chronic kidney disease | 3 0.8
Dementia 9 7 0.7
Coronary artery disease 6 7 0.7

Abbreviation: BADL, basic activities of daily living.

Table 5 Preoperative Echocardiographic Parameters in Patients Followed in the General

Ward or in the Intensive Care Setting

Ward Intensive Care p
(n=35) (n=31)
Peak aortic gradient (mmHg), mean 83.0+£30.8 86.6+33.0 0.64
*SD
Aortic regurgitation
Absent 10 8 0.9
Mild 13 13
Moderate—severe 12 10
Mitral regurgitation
Absent 9 8 0.3
Mild 23 16
Moderate—severe 3 7
LVEF
>55% 31 23 0.9
35-55% 3 7
<35% | |
PAP
Normal 17 8 0.2
20-39 mmHg 7 8
40-60 mmHg 8 8
>60 mmHg 3 7
Left atrium dilation I 8 0.7

Abbreviations: LVEF, left ventricular ejection fraction; PAP, pulmonary artery pressure.

despite SIGN guidelines® suggesting that echocardiography “should be performed if aortic stenosis is suspected”, to
avoid delay in surgery a negligible proportion of patients with hip fracture undergo preoperative echocardiography.'’
Guidelines suggest that in patients with severe aortic stenosis urgent non-cardiac procedures should be performed under

https:
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Table 6 Postoperative Complications in Parameters in Patients Followed in the General
Ward or in the Intensive Care Setting

General Ward Intensive Care P
(n=36) (n=31)

Transfusions 19 19 0.62
RBC units
| 3 4 0.58
2 15 9
>2 |
Delirium I 10 0.79
Myocardial infarction/myocardial 17 15 0.73
damage
Stroke 2 0 0.49
Pneumonia 0 | 0.9
Deep venous thrombosis | 0 0.9
Heart failure | 3 0.33
Acute kidney disease | 0 0.9
Delirium 12 8 0.59
Respiratory failure 4 | 0.36
Atrial fibrillation | | 0.8
Anemia <8 g/dL 5 5 0.75

Abbreviation: RBC, red blood cell.

close haemodynamic monitoring and postoperative observation in the intensive care setting is suggested;*'""'> however,
these indications are not based on randomized or observational studies.”

In the present study, the incidence of severe aortic stenosis (aortic valve area <1 cm?) in patients with hip fracture
who underwent careful clinical and echocardiographic evaluation was close to 3%. In-hospital mortality in these patients
was 10.6% in comparison to overall mortality, comprising 2-3% of historical samples from our institution.® In patients
who died, diabetes, two or more comorbidities, a low degree of autonomy, heart failure, history of CAD, atrial
fibrillation, postoperative delirium and pulmonary hypertension were significantly more frequent than in patients who
were discharged alive. In logistic multivariate analysis, however, only the number of diseases and the values of
pulmonary artery pressure were independent factors related to mortality. Mortality was not statistically different (12%
in patients admietted to ICU vs 9% in patients in general ward). Moreover no differences were found in complications
rate between the two groups.

Previous investigations are heterogeneous regarding the degree of aortic valve stenosis, type of anaesthesia (neuraxial vs

general) and perioperative monitoring. McBrien et al'?

reported a 10% mortality at 30 days in patients with severe aortic
stenosis who underwent hip fracture surgery in comparison to 6.25% in patients with moderate valve disease. Most patients,
67%, had general anaesthesia and continuous haemodynamic monitoring. Time to surgery was on average 5.5 days from injury.
In their case-control study, Keswani et al’ reported a higher 30-day mortality in the group with aortic stenosis in comparison to
controls (14.7% vs 4.2%). However, an analysis of subgroups (moderate vs severe aortic stenosis) was not performed. In their
study, prognosis was not affected by the type (general vs regional) of anaesthesia. A twofold higher in-hospital mortality after
hip fracture surgery in aortic stenosis, with an average aortic valve area of 0.97 cm?, in comparison to patients without aortic
stenosis was reported by Adunsky et al.' The CURRENT AS study'* reported an overall 4.3% mortality at 30 days in patients

with severe aortic stenosis who underwent non-cardiac surgery (71% treated under general anaesthesia). Although hip fracture
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accounted for 61 out of 187 enrolled patients, outcome was not evaluated separately. Four of the overall eight deaths, however,

occurred after hip surgery. All published studies, with few exceptions, '

suggest that severe aortic stenosis is related to higher
mortality in patients undergoing hip fracture surgery, in agreement with the results of the present investigation. Nevertheless, in
previous studies characterization of haemodynamic characteristics was generally poor and, when comparable, a less severe
impairment was found in comparison to our patients (for example, in CURRENT AS study, peak aortic gradient was 55+22
mmHg and only 10% had pulmonary hypertension, in comparison to a peak gradient of 84+26 mmHg and 37% with
pulmonary hypertension reported in the present investigation). A more severe haemodynamic impairment in patients included
in our study is supported by the observation that pulmonary hypertension was independently related to in-hospital mortality.
Further postoperative haemodynamic impairment may account for the higher incidence of delirium in patients who died (6/7 vs
15/59, p<0.003). All had signs of myocardial injury/infarction and three showed rapidly worsening heart failure.

Balloon aortic valvuloplasty has been demonstrated to decrease the risk of perioperative complications in patients

. . . 16.1
with severe aortic stenosis, 6,17

although it leads to a significant surgical delay. A multicentre study may be needed to
assess its usefulness in very high-risk patients.

Although guidelines suggest monitoring in an intensive setting patients with severe aortic stenosis after hip surgery,
we did not find any randomized or observational study in the literature supporting this recommendation.® Owing to the
limited intensive care resources in our hospital, the availability of intensive monitoring was not considered a reason to
delay surgery. Therefore, in the period under investigation, we had, by chance, two comparable groups of patients with or
without monitoring in the intensive setting. We did not find any significant difference in terms of mortality, complications
or length of stay in patients who underwent postoperative monitoring in the intensive care setting in comparison to those
who directly returned to the general ward. This observation may be interesting in terms of resource allocation, suggesting
that the costs related to intensive monitoring in the postoperative setting in patients with hip fracture and severe aortic
stenosis may be spared. This affirmation, however, must be taken with caution. In general, multidisciplinary management

of hip fracture is associated with an early and long-term improvement in outcomes,lg’19

and the results reported in the
present study may be related to the organizational model of our hospital, in which the ward is attended by an internal

medicine specialist/geriatrician, 24 hours, 7 days a week.

Limitations

The main limitations of the study are its retrospective design and the overall small number of patients included. However,
to our knowledge, this is the largest series reporting outcomes in patients with severe aortic stenosis who need surgery for
hip fracture. The comparison between patients monitored in the ICU setting and those returned to the general ward did
not follow formal randomization and was the result of chance owing the limited intensive care resources. Nevertheless,
the characteristics of the two resulting groups were comparable, allowing a sufficiently accurate analysis.

Conclusion

In patients who need urgent/emergency non-cardiac surgery, aortic stenosis is often undiagnosed and only preoperative
echocardiographic evaluation may reveal its presence and severity. After hip surgery, the mortality rate in patients with
severe aortic stenosis is about 10%. Two or more comorbidities and pulmonary hypertension are the only independent
predictive factors of mortality. Postoperative monitoring in the intensive care setting does not add significant risk
reduction in an advanced model with a medical ward under daily 24-hour supervision.

Disclosure
The authors report no conflicts of interest in this work.
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