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Abstract

Introduction Although there are reports of the impact of congestive heart failure (CHF) on total knee arthroplasty and total
hip arthroplasty, there is a lack of literature analyzing CHF in hip hemiarthroplasty (HHA) procedures. The main objective
of this study was to evaluate the effect of CHF on risks for complications following HHA for the treatment of FNF.
Methods The ACS-NSQIP database was queried for all patients who had undergone HHA from 2005 to 2016. Patients were
propensity-matched without replacement in a 1:1 manner based on age and gender. Pearson’s Chi squared tests and Fischer’s
exact tests were utilized to compare differences in demographics, comorbidities, and complication rates. Multivariate logistic
regression analyses were used to assess the impact of CHF as an independent risk factor for postoperative complications.
Results A propensity-matched cohort of 537 (4.24%) non-CHF patients was generated in order to analyze differences between
the two cohorts. CHF was found to be a significant independent risk factor for pneumonia (p =0.003), progressive renal
insufficiency (p =0.040), myocardial infarctions (p =0.050), extended length of stay (>5 days) (p <0.001), and mortality
(p<0.001).

Conclusion This study has established CHF as an independent risk factor for various postoperative complications following
HHA for the treatment of FNF. Although orthopedic surgeons may decline to perform elective procedures on CHF patients,
FNFs require urgent surgical intervention. Therefore, it is important to be aware of various increased risks of certain com-
plications in this subset patient population.
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Introduction

Congestive heart failure (CHF) is a complex medical
syndrome. It is defined as the heart’s inability to ade-
quately fill with blood and/or eject blood to perfuse the
systemic circulation in the diastolic and systolic phases,
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respectively [1-3]. Due to the failing heart’s impaired
function throughout the cardiac contraction cycle, the car-
diac output (CO) produced is suboptimal in meeting the
metabolic demands of the rest of the body [2]. Consequen-
tially, characteristic symptoms of CHF including dyspnea,
fatigue, and edema secondary to fluid retention can occur
[4]. CHF can be caused by a multitude of structural and
functional anomalies. It can also result from toxic insults
including myocardial ischemia, chronic hypertension,
valvular dysfunction, diabetes, pulmonary hypertension,
alcohol abuse, and cocaine abuse [5]. Affecting nearly 26
million people globally, the incidence and prevalence of
CHEF continues to increase as medical advancements have
allowed patients with CHF to live longer lives [6, 7]. In
the USA alone, there is a projected 127% increase in CHF-
related healthcare expenditures by 2030 [7]. As the soci-
etal burden of CHF continues to grow, it is critical that we
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understand its impact on other common conditions faced
by the aging population.

Just as CHF is more prevalent in the elderly population,
so too are femoral neck fractures (FNFs). FNFs are a huge
burden to healthcare systems specifically due to extended
hospital courses, rehabilitation, and multiple complica-
tions that can be involved [8, 9]. It is important to con-
sider each comorbidity in geriatric patients presenting with
hip fractures. Specifically, cardiac, pulmonary, and renal
conditions are associated with higher rates of periopera-
tive complications—previous studies have examined the
impact of CHF on other orthopedic procedures such as
total knee arthroplasty (TKA) and total hip arthroplasty
(THA) [10, 11]. However, the impacts of CHF on hip
hemiarthroplasty (HHA) in the setting of FNF have yet to
be elucidated. Although studies examining the effects of
CHF on TKA/THA complication rates have been explored,
these total joint arthroplasties are commonly done as elec-
tive procedures that may allow for greater time and pre-
operative optimization prior to the procedure. However,
preoperative optimization of patients in CHF in the setting
of FNF with acceptable life expectancies is largely not
possible due to the urgency of the required surgical inter-
vention. As HHA can be used in the treatment for FNFs,
analyzing the effects of CHF on complication rates follow-
ing HHA may better allow surgeons to care for patients in
the postoperative period by anticipating certain complica-
tions following HHA to minimize patient mortality and
maximize successful outcomes. Through an understanding
of relevant complications and their associated preopera-
tive precautionary measures, surgeons can help mitigate
the economic burden associated with unanticipated surgi-
cal complications in an already vulnerable population of
elderly patients.

The main objectives of the current study are to: (1) elu-
cidate the prevalence of specific demographic factors and
preoperative comorbidities in HHA for FNFs in patients with
CHF, (2) analyze differences in patient characteristics and
administrative/operation-specific parameters, and (3) estab-
lish the impact of CHF on the risk for experiencing perio-
perative and postoperative complications in a vulnerable
population of elderly patients. We hypothesize that patients
who have had a history of CHF will present with higher rates
of comorbidities and also be at an increased risk for various
adverse events, such as reoperation, readmission, and other
medical/surgical complications related to HHA in the treat-
ment of FNF. By establishing these associations with CHF
and specific complications, orthopedic surgeons can better
prepare their patients for surgery to reduce economic costs,
guide healthcare facilities in preparing for specific adverse
events, and more importantly, help surgeons decide whether
to operate in this vulnerable patient population after weigh-
ing the risks and benefits with the patients in question.
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Materials and methods
Patient cohort selection

The American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) database
was queried for patients who had undergone primary
hemiarthroplasty procedures of the hip for femoral neck
fractures from 2005 to 2016. The ACS-NSQIP database
is a multi-institutional clinical registry of 5,608,708 sur-
gical patient files provided by 680 participating institu-
tions [12]. This study was exempt from institutional
review board approval as it utilized a publicly available
database. The database maintains comprehensive medi-
cal profiles for each patient undergoing a surgical proce-
dure. Patients who had undergone HHA were analyzed
to establish significant associations between a history of
CHF and complications following their procedure. The
patients were isolated by Current Procedure Terminology
(CPT) codes limited to 27125 which denotes a femoral
component hemiarthroplasty for acquired, congenital, and/
or degenerative disease. A total of 14,695 patients who had
undergone HHA were isolated and included in this current
retrospective study. Patients who had undergone a primary
THA (CPT code 27130) or related revisional procedures to
a previous hip arthroplasty (CPT codes 27134, 27137, and
27138) were excluded from this analysis. These patients
were then filtered specifically for femoral fracture diagno-
ses using International Classification of Disease (ICD)-9
codes of 820.00-820.19, 820.8, 820.9 or an ICD-10 code
of S$72.000-S72.099. Other diagnoses, such as, osteoar-
thritis or rheumatoid arthritis, were excluded. All included
patients were > 18 years old with complete medical and
surgical histories provided by the NSQIP database for
analysis. These fracture patients were stratified into two
cohorts based on the presence or absence of preopera-
tive, “congestive heart failure within 30 days prior to the
operation.” [12].

Variables

The ACS-NSQIP database maintains information on 274
variables related to each individual patient’s demographic
and medical profile [13]. In maintaining details about each
patient’s history, it allows healthcare providers at partici-
pating institutions to study extremely large cohorts of
patients to test for significant differences in the prevalence
of specific morbidities, as well as analyze risk associations
between characteristic patient profiles and adverse events
following surgery. The variables are categorized as demo-
graphic factors, preoperative comorbidities, laboratory
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values from blood workup, and perioperative and post-
operative outcomes in providing great insight into better
stratifying risk levels for individual patients.

Demographic characteristics that were analyzed as a part
of this current study include age, sex, race, and BMI, further
stratified into five weight classes; these factors were ana-
lyzed for the purpose of providing holistic analyses from a
population standpoint. Patients’ preoperative comorbidities
were assessed in order to gain better insight into the health
status of each patient including obesity, diabetes mellitus,
smoking status, alcohol use, dyspnea, ventilator dependence,
chronic obstructive pulmonary disease (COPD), ascites,
dialysis dependence, disseminated cancer, open wounds/
wound infections, steroid use for chronic conditions, signifi-
cant weight loss (> 10% body weight in the past 6 months),
hematologic disorders (i.e., Vitamin K deficiency, hemophil-
ias, thrombocytopenia) [13], blood transfusions (> 1 unit of
RBCs within 72 h prior to the specific operation), systemic
sepsis, and preoperative functional status (i.e., completely
dependent, functionally dependent, and independent). These
comorbidities were assessed for significant differences
between the two cohorts of HHA patients to evaluate the
overall health status of patients in these two samples. Labo-
ratory values for important biomarkers were also reported in
the NSQIP database and analyzed in this retrospective study;
serum concentrations of sodium, blood urea nitrogen (BUN),
creatinine, albumin, white blood cell count, hematocrit, and
platelet count were evaluated.

Operative variables, such as American Society of Anes-
thesiologists (ASA) class, type of anesthesia adminis-
tered, total operative time, total hospital stay length, time
to discharge, and discharge destination, pertaining to the
respective procedure in each patient were also studied to
gain a better understanding of the differences in surgical
complications.

Notable 30-day postoperative complications included
in this study are superficial incisional surgical site infec-
tions (SSI), deep incisional SSI, organ/space SSI, wound
dehiscence, pneumonia, unplanned intubation, pulmonary
embolisms, ventilator dependence for > 48 h, progressive
renal insufficiency, acute renal failure, urinary tract infec-
tions (UTI), strokes, cardiac arrest requiring cardiopulmo-
nary resuscitation (CPR), myocardial infarctions (MIs),
deep venous thromboembolisms (DVTs), postoperative
blood transfusions, septic shock, systemic sepsis, return to
the operating room (OR), extended length of stay (LOS)
following the operation (> 5 days), unplanned readmission
within 30 days, and 30-day mortality.

Statistical analysis

Univariate analyses were utilized when testing for signifi-
cant differences in the prevalence of certain characteristics

between the two cohorts—CHF and non-CHF patients.
Patients were matched without replacement based on age
and gender using propensity matching in a 1:1 manner in
order to reduce selection bias. Demographic factors, comor-
bidities, and postoperative complications were all analyzed
using Pearson’s Chi-squared tests for categorical variables,
which are expressed as number and frequencies of occur-
rence. Fischer’s exact test was also utilized in analyzing cat-
egorical variables when there were expected cell sizes less
than five. Continuous variables, such as age and laboratory
values, were analyzed using independent two-sample t-tests
in comparing the mean values of each variable between the
two cohorts. Continuous variables are expressed as mean
values with respective standard deviations. All statistical
findings from the univariate analyses were considered sig-
nificant when p values were less than or equal to 0.05.

This retrospective study further analyzed periopera-
tive and postoperative complications through multivariate
regression analyses. Multivariate logistic regression models
were utilized in order to assess whether CHF independently
increased the risk for certain complications. These multivari-
ate regression models were generated by controlling for sig-
nificant demographic factors and preoperative comorbidities
for the purpose of examining CHFs independent association
with increased risk levels for adverse events. This multi-
variate analysis controlled for age, sex, diabetes mellitus,
dyspnea, ventilator dependence, COPD, dialysis depend-
ence, open wound/wound infection, steroid use, hematologic
disorders, preoperative blood transfusions, systemic sepsis,
and preoperative functional status to calculate odds ratios
(OR) with 95% confidence intervals (CI) for each individual
complication. All multivariate regression models yielding
p values <0.05 were considered significant. All statistical
analyses were performed using the IBM® SPSS® Statistics
version 25 software. (IBM Corporation, Armonk, NY).

Results

By querying the ACS-NSQIP database, 12,676 patients who
had undergone HHA for fractures between 2005 and 2016
were isolated, of which 537 (4.24%) had a previous history
of CHF within 30 days prior to their hemiarthroplasty proce-
dure. A propensity-matched cohort of 537 non-CHF patients
was generated in order to analyze differences between the
two cohorts. There were no significant differences in their
mean age (p=0.592), sex distribution (p =0.804), race
distribution (p =0.054), or body mass index (p =0.135;
Table 1).

In terms of preoperative comorbidities between the two
cohorts of patients, significant differences were observed in a
variety of disease states. Patients with a history of CHF had
significantly higher rates of diabetes mellitus (p =0.004),
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Table 1 Demographics of
patients
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Control % CHF* % p value

Demographics (n=537) (n=537)
Age (mean +SD)° 83.15+8.369 83.69 +8.607 0.592
Sex 0.804

Female 316 58.85 312 58.10

Male 221 41.15 225 41.90
Race 0.054

Asian or Pacific Islander 20 3.72 8 1.49

Black or African-American 22 4.10 19 3.54

White 382 71.14 392 73.00
Body mass index (kg/m?) 0.135

Normal (<25.0) 286 53.26 265 49.35

Overweight (25.0-29.9) 142 26.44 129 24.02

Class I (30.0-34.9) 30 5.59 50 9.31

Class II (35.0-39.9) 6 1.12 9 1.68

Class III (> 40.0) 5 0.93 6 1.12
Preoperative comorbidities
Diabetes mellitus 0.004

No diabetes mellitus 454 84.54 417 77.65

Non-insulin dependent 56 10.43 67 12.48

Insulin dependent 27 5.03 53 9.87
Smoke 52 9.68 56 10.43 0.685
Alcohol 3 0.56 0 0.00 0.249
Dyspnea <0.001

No dyspnea 497 92.55 399 74.30

Moderate exertion 34 6.33 107 19.93

At rest 6 1.12 31 5.71
Ventilator dependence 0 0.00 7 1.30 0.015
COPD¢ 50 9.31 158 29.42 <0.001
Ascites 1 0.19 4 0.74 0.374
Dialysis dependence 11 2.05 25 4.66 0.018
Disseminated cancer 8 1.49 8 1.49 1.000
‘Wound infection 28 5.21 51 9.50 0.007
Steroid use 19 3.54 45 8.38 0.001
Weight loss 6 1.12 9 1.68 0.435
Bleeding disorders 82 15.27 163 30.35 <0.001
Blood transfusions 12 223 34 6.33 0.001
Systemic sepsis 54 10.06 89 16.57 0.002
Functional status 0.013

Independent 298 55.49 353 65.74

Partially dependent 112 20.86 148 27.56

Totally dependent 22 4.10 29 5.40
Laboratory values®
Sodium (mEqg/L) 137.894 +4.028 137.923 +4.147 0.875
Blood urea nitrogen (mg/dL) 22.584+12.248 30.367+17.299 <0.001
Creatinine (mg/dL) 1.135+1.056 1.402 +£0.894 0.015
Albumin (g/dL) 3.474+0.519 3.324+0.580 0.014
White blood cells (10° ¢/mL) 9.948 +3.815 9.970+4.238 0.279
Hematocrit (%) 36.365+4.663 34.578+5.061 0.062
Platelets (per mL) 203.906+71.334 197.280+84.567 0.015

Bolded values indicate statistical significance

4Congestive heart failure
®Standard deviation

Chronic obstructive pulmonary disease
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dyspnea (p <0.001), ventilator dependence (p =0.015),
COPD (p <0.001), dialysis dependence (p=0.018), wound
infections (p =0.007), steroid use (p =0.001), hematologic
disorders (p <0.001), blood transfusions (p =0.001), sepsis
(p=0.002), and functional dependence (p =0.013). Signifi-
cant differences were also noted in laboratory values, such as
blood urea nitrogen (p < 0.001), serum creatinine (p =0.015),
albumin (p =0.014), and platelet count (p =0.015; Table 1).

Operation-related variables that described surgical char-
acteristics were also assessed for their differences between
the two cohorts. Patients with a history of CHF had a sig-
nificantly longer surgical delay (2.89 days vs. 1.48 days;
p<0.001) from admission, longer total hospital stay
(10.50 days vs. 7.92 days; p <0.001), longer time until dis-
charge (7.64 days vs. 6.43 days; p =0.028). Significantly
higher rates of CHF patients were also discharged to desti-
nations other than their own homes when compared to non-
CHF patients (p =0.008; Table 2).

The univariate analyses assessing differences in perio-
perative/postoperative variables and complications yielded
significant findings for a multitude of acute adverse events
occurring within 30 days following HHA. Patients with a
history of CHF demonstrated significantly higher rates of
postoperative pneumonia (p < 0.001), ventilator dependence
for longer than 48 h (p =0.038), progressive renal insuffi-
ciency (p=0.002), cardiac arrest requiring CPR (p=0.017),
myocardial infarctions (p =0.020), blood transfusions
(p=0.025), extended LOS (>5 days, p <0.001), unplanned
readmission (p =0.033), and mortality (p < 0.001; Table 3).

Upon further analysis of CHFs impact on these post-
operative complications through multivariate regression
analyses, risk for a total of seven complications was shown
to be independently increased by CHF alone. CHF was a
significant independent risk factor for postoperative pneu-
monia (OR 2.315, 95% CI 1.326-4.041, p =0.003), progres-
sive renal insufficiency (OR 8.915, 95% CI 1.103-72.074,

Table 2 Perioperative variables

Control % CHF* % p value
537 537
Days to operation from admission 1.48+2.501 2.89+4.611 <0.001
Total operating time (min) 76.45+39.160 77.66+38.532 0.355
Total hospital stay length (days) 7.92+7.992 10.50+10.113 <0.001
Days from operation to death 15.53+9.993 10.91 +£8.905 0.153
Days from operation to discharge 6.43 +7.061 7.64+7.874 0.028
Discharge destination 0.008
Home 84 15.64 90 16.76
Other than home 314 58.47 350 65.18
Not reported 139 25.88 97 18.06
Care type 1.000
Inpatient 536 99.81 535 99.63
Outpatient 1 0.19 2 0.37
Anesthesia administered 0.413
Epidural 1 0.19 0 0.00
General 373 69.46 364 67.78
Local/regional 7 1.30 3 0.56
MAC®/IV® sedation 21 391 18 3.35
Spinal 135 25.14 152 28.31
ASA classification <0.001
1—No disturb 1 0.19 0 0.00
2—Mild disturb 96 17.88 12 223
3—Severe disturb 334 62.20 239 44.51
4—Life threat 105 19.55 280 52.14
5—Moribund 1 0.19 4 0.74
None assigned 0 0.00 2 0.37

Bolded values indicate statistical significance

?Congestive heart failure
®Monitored anesthesia care

Intravenous

4 American Society of Anesthesiologists
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Table 3 Univariate analyses

; SO Postoperative complications Control CHF* p value

for postoperative complications

comparing CHF? and control N % N %

cohorts

537 537

Superficial incisional SSI® 2 0.37 4 0.74 0.687
Deep incisional SSI 536 99.81 533 99.26 0.374
Organ/space SSI 3 0.56 2 0.37 1.000
Wound disruption 0 0.00 2 0.37 0.500
Pneumonia 21 391 54 10.06 <0.001
Unplanned intubation 6 1.12 12 2.23 0.154
Pulmonary embolism 0.74 8 1.49 0.246
Ventilator dependence (>48 h) 1 0.19 8 1.49 0.038
Progressive renal insufficiency 1 0.19 12 2.23 0.002
Acute renal failure 533 99.26 530 98.70 0.363
Urinary tract infection 34 6.33 34 6.33 1.000
CVAS/stroke 4 0.74 5 0.93 1.000
Cardiac arrest 4 0.74 14 2.61 0.017
Myocardial infarction 6 1.12 17 3.17 0.020
Blood transfusions 110 20.48 141 26.26 0.025
Deep venous thromboembolism (DVT) 6 1.12 6 1.12 1.000
Systemic sepsis 9 1.68 14 2.61 0.292
Septic shock 0.74 10 1.86 0.107
Death 34 6.33 76 14.15 <0.001
Return to operating room (OR) 17 3.17 24 4.47 0.265
Extended length of stay (>5 days) 223 41.53 296 55.12 <0.001
Readmission 49 9.12 71 13.22 0.033

Bolded values indicate statistical significance

4Congestive heart failure
PSurgical site infection

“Cerebrovascular accident

p=0.040), MI (OR 2.737,95% CI1 0.999-7.502, p=0.050),
extended LOS for > 5 days (OR 1.547,95% CI 1.188-2.014,
p=0.001), and mortality (OR 2.234, 95% CI 1.406-3.549,
p=0.001; Table 4). Although significantly higher in preva-
lence between the two cohorts, the risk for postoperative
ventilator dependence (> 48 h), MI, blood transfusions, and
unplanned readmission within 30 days were not indepen-
dently increased by CHF (Table 4).

Discussion

The results above demonstrate that CHF is a critical risk
factor that influences perioperative and postoperative mor-
bidity following HHA. In our evaluation of total hospital
LOS after primary HHA, we found that CHF is a signifi-
cant perioperative risk factor for increasing the total hos-
pital LOS in primary HHA. Concurrently, this study found
that CHF significantly increased days to operation from
admission and days from operation to discharge, both of
which explain the overall increased LOS. In addition to
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spending more time in the hospital itself, patients with
CHF were found to be discharged to a non-home location
more frequently than those without CHF. Increased LOS in
orthopedic procedures is associated with increased postop-
erative morbidity, such as deep venous thromboembolisms
[14], as well as increased cost burden to the healthcare
system [15].

Several prior studies have identified that CHF is associ-
ated with increased LOS for surgical procedures [16, 17].
In 2017, Joseph et al. [18] found that congestive heart fail-
ure is the greatest predictor (of the nine variables found to
independently associated) of increased LOS in a cohort of
92,266 patients from the NSQIP database undergoing any
of 14 common orthopedic procedures. The selected proce-
dures in this study did not include HHA but were inclusive
of total hip arthroplasty. More specifically, Curtis et al. [11]
and Higuera et al. [19] found CHF to be associated with a
significant increase in LOS after total hip arthroplasty. How-
ever, to our knowledge there is a lack of literature discussing
the impact of preoperative history of CHF on LOS among
patients undergoing HHA in particular.
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Tablefl Multivari.ate analyses Postoperative complications Odds ratio 95% CI p value

assessing congestive heart

failure as an independent Superficial incisional SSI* 2.065 0.346 12.340 0.426

risk factor for postoperative Deep incisional SSI 4196 0.404 43569 0.230

complications
Organ/space SSI 0.619 0.086 4.433 0.633
‘Wound disruption >999.99 0.000 - 0.990
Pneumonia 2.315 1.326 4.041 0.003
Unplanned intubation 1.272 0.426 3.803 0.666
Pulmonary embolism 2.084 0.573 7.584 0.265
Ventilator dependence (> 48 h) 5.504 0.588 51.534 0.135
Progressive renal insufficiency 8.915 1.103 72.074 0.040
Acute renal failure 1.260 0.330 4.818 0.735
Urinary tract infection 1.140 0.666 1.951 0.632
CVAY/stroke 1.178 0.293 4.740 0.817
Cardiac arrest 2.510 0.777 8.107 0.124
Myocardial infarction 2.737 0.999 7.502 0.050
Blood transfusions 1.282 0.939 1.751 0.118
Deep venous thromboembolism (DVT) 1.149 0.298 4.426 0.841
Systemic sepsis 1.167 0.451 3.017 0.750
Septic shock 1.983 0.573 6.868 0.280
Death 2234 1.406 3.549 0.001
Return to operating room 1.664 0.829 3.343 0.152
Extended length of stay (>5 days) 1.547 1.188 2.014 0.001
Readmission 1.472 0.970 2.233 0.069

Bolded values indicate statistical significance

4Surgical site infection

bCerebrovascular accident

Beyond LOS, this study found that CHF is an independent
risk factor for developing pneumonia following HHA. Pneu-
monia following orthopedic surgery is not well understood,
but it is a serious complication that has the potential to lead
to hospital readmission. In a similar study seeking to identify
independent preoperative risk factors for developing pneu-
monia following surgery for the geriatric hip fracture, Bohl
et al. [20] found that 1 in 25 geriatric patients developed
pneumonia following hip fracture surgery. In their study,
CHF was found to be a statistically significant independent
risk factor for pneumonia in this geriatric population in an
inclusive cohort of hip procedures, including HHA, total
hip arthroplasty, and open reduction and internal fixation
(ORIF). Interestingly however, CHF did not demonstrate an
increased risk for pneumonia in THA [11]. Although the
mechanism as to how CHF precipitates pneumonia in HHA
compared to THA is unclear, the current literature suggests
that CHF patients undergoing HHA may be more vulnerable
to pneumonia development [20]. The data from our study
support this preexisting literature and emphasize the need
for close monitoring of patient’s respiratory status follow-
ing HHA in particular. A lower threshold of suspicion for
pneumonia development in the postoperative period should
be maintained for these patients. More aggressive antibiotic

prophylaxis may be considered for CHF patients in HHA
compared to THA. However, future randomized control tri-
als are required to determine the efficacy of higher potency
antibiotic prophylaxis in reducing pneumonia complications
in CHF patients undergoing HHA for FNF.

Pneumonia can also greatly increase the rates of bacterial
sepsis [21]. Although our study identified systemic sepsis
and septic shock as a significant complication associated
with HHA in the setting of CHF, the significance was lost
in regression of covariates, and was therefore not identified
as a significant independent risk factor.

Additionally, this study found CHF to be an independ-
ent risk factor for MI in this study. The results of this study
are in line with the current literature as CHF has been
previously demonstrated to predispose patients to MI and
other various cardiac complications in total joint arthro-
plasty procedures [22]. It is well known that previous MIs
are a significant risk factor for subsequent CHF develop-
ment in patients with cardiac disease. However, the inverse
relationship has not been well reported and the underly-
ing mechanism of CHF predisposing patients to having
Ml is, although likely multifactorial, not well understood.
Of note, although MIs were significantly associated with
CHF with p=0.05, the 95% confidence interval was 0.999
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through 2.737. Readers should interpret these findings
within context and should keep in mind that the compli-
cation of MI may be different in a larger overall sample
population of CHF patients undergoing HHA for FNF.

The current study also found an increased risk of pro-
gressive renal insufficiency due to CHF prior to HHA.
CHF and kidney disease are tightly associated, and CHF
is found in up to 70% of patients with end-stage renal dis-
ease [23]. Conversely, CHF is associated with clinically
significant decline in renal function [24, 25]. Furthermore,
there is evidence to suggest that arthroplasty is associated
with decreased kidney function. Kimmel et al. [26] found
a 15% incidence of acute kidney injury in a total joint
arthroplasty population of 425 patients in which 173 were
hip replacements. Ferguson et al. [27] found an increasing
rate of acute kidney injury following total knee arthro-
plasty between 2004 to 2013. On the other hand, Kateros
et al. [28] found that heart failure was not a significant pre-
operative risk factor for kidney disease in the orthopedic
setting. However, the study included all emergency and
elective orthopedic procedures and was not focused on hip
arthroplasty. Additionally, this finding raises the concern
for the need for careful review of the use of perioperative
and postoperative medication usage in HHA patients with
history of CHF. For example, pharmacological manage-
ment of pain and antibiotic prophylaxis should be care-
fully selected due to the possibility of diminished renal
metabolic function in these patients. Overall, the finding in
this study helps to further the discussion over the need for
renal function monitoring in patients with CHF, especially
following HHA [24].

Like in THA, heart failure was also unsurprisingly found to
be a significant risk factor for postsurgical mortality in HHA
[11]. Rhee et al. [29] also identified heart failure among several
other preoperative risk factors as increasing the risk of death
following HHA. In 2013, one in nine individuals had heart fail-
ure mentioned on their death certificate [7]. The prevalence of
heart failure is therefore quite appreciable, and its detrimental
impacts on mortality are found postsurgically for HHA as well.
CHF was also found to decrease the days to death in cases of
surgery-related death for HHA. There is substantial evidence
already in the literature that demonstrates an increased risk
of perioperative complications including surgery-associated
death in noncardiac surgery for patients with CHF [30]. Healy
et al. [31] was able to associate the impact of left ventricu-
lar ejection fraction on perioperative outcomes in noncardiac
surgery. They found that severely decreased ejection fraction
(<30%) was associated with significantly increased adverse
perioperative outcomes, including perioperative mortality.
This raises the possibility of recommending cardiac func-
tion testing modalities as a standard of care to properly assess
the risk for experiencing complications before orthopedic
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procedures such as HHA. Further research into its efficacy
of predicting such postoperative complications is warranted.

This retrospective study presents with several limitations.
Given that this study only included variables that had at least
an 85% reporting rate in the NSQIP database, variables that
could be indicative of more detailed underlying disease states
may have been left out. Another potential limitation of this
study is the lack of specific etiologies for the patients’ history
of CHF. CHF is a cardiovascular pathology that can be caused
by multiple mechanisms. Given that each etiology represents a
specific mechanism of disease, there could potentially be con-
founding variables that were not accounted for when patients
were stratified into CHF and non-CHF cohorts. Though sig-
nificant demographic features and preoperative comorbidities
were controlled for in multivariate analyses, CHF patients still
present with a number of associated diseases that have not all
been detailed through the ACS-NSQIP database, such as pul-
monary edema, sleep apnea, and anemia. The unlisted comor-
bidities could also represent systemic confounding variables
that may have had some influence in our analyses assessing
CHF as an independent risk factor for the complications stud-
ied, presenting as another limitation of the study.

Conclusion

This study has established CHF as an independent risk factor
for numerous complications following HHA for FNF, includ-
ing postoperative pneumonia, progressive renal insufficiency,
ML, extended LOS for>5 days, and mortality. These results
highlight the need for further studies to evaluate the timing of
medical optimization of CHF before undergoing HHA. Fur-
thermore, although HHA and THA are similar procedures,
these results highlight the differences in complications seen
in CHF patients undergoing these two operations with regards
to. More specific precautionary measures must be taken to
preemptively address potential complications in order to opti-
mize favorable outcomes. In doing so, orthopedic surgeons
can both reduce the societal burden associated with prolonged
hospital stays while also improving the quality of patients’
lives through HHA.
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