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Postoperative Complications

So-Dam Kim and Jung-Hoon Kim

 Cardiac Complications

Cardiopulmonary complications are the most frequent type of postoperative complications, followed 
by thromboembolic, infectious, and hematologic complications [1]. Hypertension, heart failure, and 
arrhythmias are common cardiovascular complications in older persons after surgery. Evaluation of 
postoperative hypertension should include non-cardiovascular etiologies such as assessment of pain, 
urinary retention, anxiety, delirium, electrolyte imbalance, hypercarbia, and hypoxia as well as a 
review of medications, assessment of volume status, and evaluation of fluid administration. 
Antihypertensive drugs can be continued throughout the perioperative period. In particular, beta-
blocker therapy can decrease perioperative myocardial infarction(MI); thus beta-blocker therapy 
should be continued or started at least 1 day prior to the surgery in patients with coronary artery dis-
ease or risk factors for coronary artery disease unless there are contraindications such as significant 
hypotension or bradycardia [2, 3]. However, it is not recommended to newly start a beta-blocker in the 
patient who does not have these clear indications (e.g., hypertension, atrial fibrillation, angina, heart 
failure, or prior MI) since it increases all-cause mortality and stroke in noncardiac surgery [3].

When non-cardiovascular causes are ruled out for the etiology of postoperative hypertension, 
alpha- or beta-adrenergic receptor blockers, calcium channel blockers, or angiotensin- converting 
enzyme inhibitors can be administered orally or intravenously [3]. The potential adverse effects of 
certain antihypertensive agents should be considered and monitored carefully. For example, hydrala-
zine, a potent vasodilator, should be avoided in patients with hypertrophic cardiomyopathy because 
rapid vasodilation and reflex tachycardia induced by it can compromise diastolic filling. In addition, 
the negative chronotropic effect of beta-blockers can mask the physiologic compensatory response of 
tachycardia due to intravascular volume depletion.

Older patients with congestive heart failure (CHF), coronary artery disease, or long-standing hyper-
tension are also predisposed to postoperative volume overload, as their cardiac reserve is narrow and can 
be easily compromised. Studies have shown that CHF is associated with increased morbidity and mor-
tality after noncardiac surgery in patients aged 65 years and older [4, 5]. CHF can develop as a result of 
any conditions that give rise to excessive intravascular volume overload. Acute cardiac ischemia,  
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tachy- or brady- arrhythmia, and iatrogenic volume overload from intravenous fluid therapy are common 
causes of postoperative CHF. When patients present with acute symptoms or signs of CHF such as 
shortness of breath, edema, weight gain, tachypnea, abnormal respiratory sounds, hypoxia, new S3 gal-
lop, or elevated JVP, meticulous evaluation and treatment should be conducted immediately.

The approach to CHF treatment is reducing vascular volume and cardiac afterload. Diuretics and 
vasodilators are commonly used for systolic heart failure. Although it is often difficult to accurately 
evaluate volume status in older patients based on physical examination, laboratory, and imaging stud-
ies, more invasive monitoring by Swan–Ganz catheter has no proven mortality benefit in high-risk 
patients [6–8].

In older adults, the mortality of perioperative MI has been reported to be as high as 40%, and the 
incidence of postoperative MI is associated with a high prevalence of underlying coronary artery dis-
ease [9]. Thus, early recognition and proper treatment are critical in the treatment of perioperative MI. 
The most common cause of postoperative MI is thought to be thrombosis due to coagulation cascade 
activation by surgery [10]. Older patients do not always present with “typical” features of myocardial 
ischemia such as chest pain. It can manifest with subtle mental status changes, gastrointestinal symp-
toms, and shortness of breath or even without any symptoms. Especially in cognitively impaired 
patients who are unable to communicate effectively, electrocardiograms should be included in the 
assessment of postoperative complications.

Cardiac arrhythmias are correlated with MI and heart failure. Postoperative arrhythmias can be an 
indicator of new cardiac ischemia or heart failure, and arrhythmia itself can lead to these complica-
tions [11, 12]. Therefore, when new arrhythmia develops postoperatively, the diagnostic work-up is 
directed toward investigation of possible underlying causes. Often, noncardiac problems such as elec-
trolyte imbalance (hypokalemia, hypomagnesemia), infections, or anemia can give rise to arrhythmia. 
Common arrhythmias in the postoperative settings are supraventricular tachycardia, atrial fibrillation, 
and ventricular tachyarrhythmia [1, 12, 13]. Polanczyk et al. [13] identified risk factors for periopera-
tive supraventricular tachycardia to be valvular disease, age greater than 70, prior history of supraven-
tricular tachycardia, asthma, heart failure, and premature atrial complexes on preoperative 
electrocardiogram. Adenosine, beta-blockers, and calcium channel blockers can be used to control 
ventricular rate as well as promote conversion to sinus rhythm. When atrial fibrillation is diagnosed, 
anticoagulation should be considered to reduce the risk of stroke, especially if it persists more than 
24 hours. Electrical or chemical cardioversion and rate control with beta-blockers or calcium channel 
blockers are the mainstays of treatment for atrial fibrillation, with each method having different indi-
cations, advantages, and disadvantages [14, 15].

 Anemia, Bleeding, and Hematoma

Anemia is very common in the elderly. About 9.5% of people aged 65 and older were reported to have 
anemia, with the incidence and prevalence increasing with age, according to the National Health and 
Nutrition Examination Survey (NHANES) III study [16]. More specifically, estimates of the preva-
lence in geriatric patients undergoing orthopedic surgery range from 5% to 45% depending on the 
definitions of anemia each study applied [17, 18]. Currently the World Health Organization criteria, 
defining normal hemoglobin values as ≥12 g/dl for women and ≥13.0 g/dl for men, are widely 
accepted and adopted in most studies.

As most elderly patients have multiple contributing etiologies for anemia, it is difficult to identify 
the most likely etiology, especially if it is present in a preoperative evaluation. In the NHANES III 
study, causes of anemia were deficiencies of iron, folate, and vitamin B12, renal insufficiency, anemia 
of chronic inflammation, and unexplained anemia. However, the most common causes of newly devel-
oped anemia following surgery are acute or chronic blood loss, followed by nutritional deficiency and 
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anemia of chronic disease [19]. Regardless of the underlying reasons, a limited physiologic reserve 
and diminished response to blood loss render the elderly population vulnerable to postoperative 
hematologic complications including anemia. Wu et al. [20] found that preoperative anemia is associ-
ated with a higher 30-day mortality rate.

Blood transfusion is commonly used to rapidly restore hemoglobin levels when patients present with 
symptoms of anemia or are hemodynamically compromised. Carson et al. [21] showed that a liberal 
transfusion (threshold <10 g/dl) did not reduce the mortality or inability to walk at 60 days in elderly 
patients compared to a restrictive transfusion (threshold <8 g/dl or symptomatic anemia). Recently, a 
Cochrane review on red blood cell transfusion for people undergoing hip fracture surgery concluded that 
there is no significant difference in postoperative mortality, functional recovery, or postoperative morbid-
ity between the liberal and restrictive transfusion groups [22]. On the other hand, Gregersen et al. [23, 24] 
found that a liberal transfusion (threshold <11.3 g/dl) may improve survival and recovery of activity of 
daily living in elderly patients from nursing homes compared to a restrictive transfusion (threshold <9.7 g/dl). 
Further study is needed to clarify the transfusion threshold in elderly patients.

Although deficiency of iron, folate, or vitamin B12 can be easily corrected through oral or parenteral 
therapy, some geriatric patients do not tolerate oral iron well due to gastrointestinal symptoms, requiring 
intravenous iron. Several small studies on the roles of perioperative intravenous iron and/or erythropoi-
etin therapy showed safety and moderate effectiveness in reduction of allogenic transfusion, but large 
randomized studies are still required [25–27]. In addition, intraoperative blood conservation techniques 
using cell recovery devices and acute normovolemic hemodilution procedures are other options to utilize 
the patient’s own blood and reduce the need of allogenic blood transfusion [28–31].

Several case reports have described bleeding from surgical wounds and neuropathy induced by 
hematomas leading to significant postoperative morbidity [32–34]. Therefore, it is important to detect 
early signs and symptoms of postoperative bleeding and hematoma (e.g., unusual pain, ecchymosis, 
marked swelling, decreasing hemoglobin, any neural deficit). Surgical decompression or conservative 
management, as well as restoration of appropriate hemoglobin levels, should be instituted when 
appropriate for the treatment of postoperative bleeding and hematoma.

It is not always simple to manage anticoagulation therapy during the perioperative period. In addition, 
preventing deep vein thrombosis with prophylactic anticoagulation may not be safe in certain situa-
tions. Perioperative management of anticoagulation for deep vein thrombosis prophylaxis is discussed 
in detail in Chap. 5.

 Falls

About 30% of persons 65 years and older experience at least one fall every year, 1.8 million elderly 
people visit emergency departments for treatment, and more than 13,000 people die as a result of falls 
[35]. Injuries from falls can vary from bruises and minor contusions to severe soft tissue wounds and 
fractures [36]. Hip fractures are almost always associated with falls either in the community or inpatient 
setting [37, 38]. People admitted to hospitals or residing in nursing homes have three times higher 
incidence of falls than community dwellers. The rate of falls in elderly inpatients ranges from 2.2% to 
27%, and the incidence of falls peaks at the second postoperative week when patients begin to resume 
ambulatory function [39].

Many studies have identified the risk factors for falls. These can be categorized into intrinsic and 
extrinsic factors. Intrinsic risk factors supported by many studies are age greater than 75, a history of 
falls, cognitive impairment, functional disability, gait and balance disorders, comorbidities, and visual 
impairment [40]. Extrinsic factors include environmental factors and polypharmacy or high-risk med-
ications. Stevens et al. identified several environmental hazards (uneven surfaces, cluttered environ-
ment, rugs, poor illumination, use of restraints, Foley’s catheter placement, IV poles) associated with 
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falls [41, 42]. Of note, use of bedside rails does not decrease or prevent falls and fall-related injuries 
[43]. Also polypharmacy or “high-risk” medications such as opioids, antihistamines, selective sero-
tonin reuptake inhibitors, tricyclic antidepressants, sedatives, and anticoagulants are considered a 
strong predictor of falling [44]. The risk of falling increases when multiple risk factors are combined. 
Tinetti et al. [45] reported that the percentage of falling in persons with four or more risk factors 
increased from 27 to 78% compared with those with none or just one risk factor.

When a patient sustains a fall, a comprehensive physical examination and a review of predisposing 
risk factors including medication review should be performed. Vital signs including orthostatic blood 
pressure should be measured since syncopal episodes resulting from comorbidities or deconditioning 
from operations are closely related to falls. Special attention should be taken in neurologic evaluation, 
of which evaluation of gait and balance is an essential part. Mental and psychological status exams 
should not be excluded since delirium plays a significant role in the risk of falling in acute settings.

At least 24–48 hours of close monitoring is warranted to detect delayed complications of falls, 
especially in the hospital setting. Along with treatment of injuries, strategies for the prevention of 
future falls should be sought after falls. Several randomized controlled trials [46–49] have demon-
strated that multidisciplinary and multifactorial programs show a modest reduction of the incidence 
of falls. These multifaceted approaches contain general and individualized safety precautions. 
Avoidance of physical restraints and unnecessary IV or Foley’s catheter placement, encouragement of 
early ambulation, availability of a call light, the use of low-rise beds and floor mats, proper illumina-
tion, and scheduled toileting are examples of general safety measurements [50, 51].

A review of medications to reduce those that pose a high risk and encouragement of physical 
activities to enhance balance and gait are also crucial components of individualized fall prevention 
strategies. The individualized assessment and development of fall prevention strategies are important 
and beneficial, especially for patients with cognitive impairment, osteoporosis, brain injury, or other 
predisposing diseases that make them vulnerable to falls and fractures [52]. Education for patients and 
caregivers and discharge instructions for fall prevention should also be ensured in the transition from 
hospital to primary care. Recently, the American Geriatrics Society published a consensus statement 
on vitamin D supplementation to prevent falls and concluded that vitamin D supplementation be 
recommended to maintain a serum 25- hydroxyvitamin D concentration of 30 ng/mL or above [53]. 
A more detailed description of the approach to falls can be found in Chap. 3 dedicated to falls.

 Electrolyte Imbalances, Fluctuating Volume Status, and Nutritional 
Considerations

The aging kidneys contribute to decreased glomerular filtration rate, reduced urine concentration 
ability, and an impaired thirst mechanism. Normal physiologic changes of the kidneys with aging, in 
addition to acute, “non-physiologic stress” from surgery, predispose older patients to develop fluid 
and electrolyte imbalances. In this section, several common electrolyte imbalances and the impor-
tance of postoperative nutrition in older patients will be discussed.

 Hyponatremia

As older people have limited cardiopulmonary reserve, they are vulnerable to subtle volume changes 
postoperatively. A common electrolyte imbalance in patients is hyponatremia [54]. Association 
between hyponatremia and fracture in the elderly has been suggested [55, 56], and Leung et al. [57] 
showed increased perioperative mortality and morbidity in patients with preoperative hyponatremia. 
Postoperatively, prevalence of hyponatremia ranges from 2.8% to 36% depending on observation 
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period, and patients with hyponatremia had longer hospital stays and increased risk of death than 
patients without hyponatremia [58–61]. Risk factors for postoperative hyponatremia include use of 
diuretics, proton pump inhibitors, and selective serotonin reuptake inhibitors, as well as polyphar-
macy, older age, and lower body weight. Other etiologies are dehydration, syndrome of inappropriate 
antidiuretic hormone, and underlying disease (CHF, salt-wasting nephropathy, adrenal insufficiency, 
hypothyroidism) [58, 60, 62]. Clinically, hyponatremia is associated with three different states of 
extracellular fluid (ECF) volume: decreased ECF volume (e.g., gastrointestinal losses, adrenal and 
renal salt-wasting conditions), increased ECF volume (e.g., heart failure), or normal ECF volume 
(e.g., syndrome of inappropriate antidiuretic hormone or SIADH) [63]. The most common cause of 
hyponatremia is SIADH, but regardless of the underlying cause, it is related to an excessive release of 
antidiuretic hormone, which can be stimulated in the postoperative period by pain, narcotics, nausea, 
and anesthesia. This hormone mediates retention of free water by increasing reabsorption of water in 
the kidneys and reducing the concentration of sodium in the body. Moreover, a diminished ability to 
eliminate excess fluid in older persons exacerbates water retention. The most common manifestation of 
hyponatremia is alteration in neurologic function, such as mild cognitive impairment, seizure, and 
coma due to brain edema. Improvement of neurologic symptoms usually follows days after hyponatremia 
is corrected.

SIADH can be caused by numerous conditions, such as infection, pulmonary and central nervous 
system disorders, and medications [64]. Well-recognized medications widely taken by the elderly 
that may cause SIADH include diuretics (thiazide, furosemide), antidepressants (SSRIs, trazodone, 
venlafaxine, duloxetine), antipsychotics (haloperidol, quetiapine), antihypertensives (ACE-I, ARB, 
carvedilol), drugs for urinary incontinence (tolterodine, oxybutynin), proton pump inhibitors, and 
donepezil. Physicians should be aware of these potential offending drugs and administer them cau-
tiously during the immediate postoperative period. The diagnosis of SIADH is made after excluding 
other hyponatremic conditions; low plasma osmolality (<275 mosmol/kg) and inappropriate urine 
concentration (urine osmolality >100 mosmol/kg) are of pathognomic value [65].

Although treatment for older patients is not different from younger ones, slow correction and 
frequent monitoring are key to avoid iatrogenic cardiovascular and/or neurologic complications.

 Hypernatremia

Hypernatremia can occur as a result of loss of free water or gain of sodium. Older adults have a 
decreased ability to concentrate urine and an impaired thirst mechanism, which predisposes to the 
development of hypernatremia especially in acute settings. Those patients with cognitive impairment 
or who are not ambulatory are at the highest risk for hypernatremia as well as those with infections, 
fever, and neurologic disorders. In a retrospective analysis of 15,187 geriatric inpatients, Snyder et al. 
described the incidence of hypernatremia to be 1%; the most common cause was surgery (21%), 
followed by febrile illness (20%) [66]. Common medications associated with the development of 
hypernatremia are diuretics, lithium, demeclocycline, phenytoin, ofloxacin, and amphotericin B. 
These drugs should be used cautiously in older patients. Recently, increased perioperative 30-day 
morbidity and mortality was observed in the patient with perioperative hypernatremia [67, 68].

A study of the symptoms of hypernatremia in 150 geriatric patients found that tachycardia, low blood 
pressure secondary to volume depletion, and cognitive dysfunction due to neuronal cell shrinkage were 
the most common presenting signs [69]. The declining cognitive function associated with hypernatremia 
may be difficult to notice in elderly patients who have a preexisting cognitive impairment. Therefore, 
frequent monitoring of electrolytes and close observation of mental status are important to prevent these 
events and initiate early treatment. The free water deficit should be replaced slowly (sodium concentration 
change no more than 10 mEq/L per day), usually over 72 hours by intravenous fluid or oral fluid intake.
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 Potassium Imbalance

Many elderly patients have a high risk of potassium imbalance, as nephrotoxic insults in the settings 
of chronic kidney disease are common in the postoperative period. Often drugs such as NSAIDs, 
angiotensin-converting enzyme inhibitors, potassium supplements, and beta-blockers can lead to 
hyperkalemia [63]. Many older patients on diuretics take potassium supplementation. Thus, close 
monitoring of potassium is important especially when those patients are not receiving diuretics post-
operatively to manage intravascular volume.

Since hypokalemia affects the cardiovascular, neurologic, muscular, and renal systems, early iden-
tification and treatment are key to minimize morbidity and mortality. There are many potential etiolo-
gies of hypokalemia in elderly patients during the postoperative period (such as vomiting, diarrhea, 
and nasogastric suction), all of which can induce metabolic alkalosis, shifting potassium into cells. 
Renal loss from the use of diuretics, underlying kidney disease, and endocrine problems are also com-
mon causes. Correction of underlying condition(s) and appropriate potassium repletion are the major 
approaches in the treatment of hypokalemia.

 Imbalances in Calcium and Other Electrolytes

There are multiple causes for hypercalcemia and hypocalcemia in the elderly, and these are not com-
monly associated with postoperative complications. However, since many older patients who have 
sustained fractures are likely to have underlying osteoporosis, physicians should ensure that patients 
take adequate amounts of calcium and vitamin D to reduce the risk of future fractures. Currently, the 
National Osteoporosis Foundation recommends a total of 1200 mg of daily calcium from dietary and 
supplemental sources for the elderly. Even though there is a significant benefit of adequate calcium 
intake in reducing fracture risk, increased risk of nephrolithiasis and gastrointestinal side effects were 
observed [70]. Also, a potential causal relationship between calcium supplementation and coronary 
and cerebrovascular events was suggested and needs further investigation [71, 72].

Renal insufficiency, poor or excessive dietary intake, and certain medications can contribute to 
alterations in other electrolytes. For example, a high-calcium diet may inhibit zinc absorption, which 
is an essential dietary element for proper wound healing [63, 73], and hypocalcemia cannot be cor-
rected without correction of hypomagnesemia [63]. Hence, monitoring of calcium and magnesium is 
imperative in ill geriatric patients.

 Nutrition

Older patients are predisposed to under- or malnourishment in the postoperative period. Up to 20% of 
patients with hip fractures [74, 75] were reported to have malnutrition. In particular, protein depletion 
adversely affects the outcome of surgery and is associated with poor wound healing and decreased 
1-year survival [76, 77]. Patients with low serum albumin (<3.5 g/dl) and low total lymphocyte count 
(<1500 cells/μl) have longer hospital stays (2.9 times), have higher 1-year mortality (3.9 times), and are 
less likely to return to their pre-fracture level of function (4.6 times) [78]. By contrast, patients with hip 
fractures who had received aggressive postoperative nutritional protein supplementation had shorter 
hospitalizations, appropriate weight gains, and declines in postoperative complications [79–82].

Most patients should be advised to resume oral intake as early as within 12 hours postoperatively. 
Intake of supplementary formula was found to have a beneficial effect on surgical outcome [83]. If 
adequate oral intake is not achieved, temporary nasogastric tube feeding should be considered as an 
alternative or supplementary method [79, 82], although tolerability may be low. It may be prudent to 
consult with a dietician to meet patient-specific nutritional requirements.
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 Infections: Surgical Site Infection, Urinary Tract Infection, and Pneumonia

Elderly patients may have decreased immune function resulting from both age-related declines in 
immunity and comorbidities. Therefore, typical signs and symptoms of infection like fever may be 
absent in frail older adults with serious infections, and it is not uncommon that they present with con-
fusion, falls, or nonspecific decline in functional status. If these occur in demented patients, it becomes 
very difficult for physicians to differentiate infection from underlying cognitive impairment; thus, 
physical and psychological changes in the elderly should be carefully monitored postoperatively.

 Surgical Site Infection

Surgical site infection is a serious postoperative complication. A study by Kaye et al. [84] demon-
strated that elderly patients with postoperative surgical site infection had three times higher mortal-
ity, and their hospital stays were 2 weeks longer on average. Staphylococcus aureus was the most 
common pathogen in surgical site infection, followed by coagulase-negative Staphylococcus, 
Enterococcus spp., Streptococcus, E. coli, and Pseudomonas. Of note, 58.2% of the staphylococci 
were methicillin resistant.

Currently, prophylactic antibiotics are recommended and widely used based on studies which 
showed a decreased incidence of surgical wound infection in patients who received antibiotics 
prior to surgery [85, 86]. Clinical guidelines on prophylactic antibiotics were published in 2013 
with updated recommendations regarding antibiotic selection, timing and dose of antibiotics, as 
well as duration of prophylaxis. The optimal timing for initiation of antibiotics is within 1 hour 
prior to surgical incision and 2 hours prior to surgery in the case of vancomycin or fluoroquino-
lone prophylaxis. Use of antibiotics less than 24 hours after the surgery is recommended [87].

 Pulmonary Complications: Pneumonia

Diminished ability to protect the airway from aspiration and decreased functional capacity make the 
older surgical patient prone to developing postoperative pulmonary infections. Atelectasis is a com-
mon predisposing factor to the development of pneumonia. Arozullah et al. proposed a clinical predic-
tion model for postoperative pneumonia in noncardiac surgical patients based on a database study of 
160,000 veterans [88]. Patients were divided into five risk classes based on risk index scores generated 
from predisposing factors such as type of operation, age, functional status, weight loss, chronic 
obstructive pulmonary disease, general anesthesia, impaired sensorium, cerebral vascular accident, 
blood urea nitrogen level, recent transfusion, emergency surgery, long-term steroid use, smoking, and 
alcohol use. Pneumonia rates were 0.2% among those with 0–15 risk points, 1.2% for those with 
16–25 risk points, 4.0% for those with 26–40 risk points, 9.4% for those with 41–55 risk points, and 
15.3% for those with more than 55 risk points. This index may be useful in identification of high-risk 
patients and in providing early preventative measures, including percussion, voluntary cough, incen-
tive spirometry, and encouragement of early ambulation [88]. Once postoperative pneumonia is diag-
nosed, management should include collection of a respiratory specimen for culture and early initiation 
of broad- spectrum antibiotics until culture and sensitivity results are available. The most common 
organisms found in postoperative pneumonia are gram- negative bacteria and Staphylococcus aureus 
[89]. Selection of antibiotics should be tailored based on hospital antibiotic resistance profiles or cul-
ture results if available.
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 Urinary Tract Infection

Postoperative urinary tract infection (UTI) is a common problem in the elderly [90]. The incidence of 
urinary tract infection after hip fracture surgery was reported to be between 23% and 25% [85, 91, 92]. 
After the second day of catheterization, the risk of UTI increases by 5–10% [93, 94].

The most common organisms associated with short-term catheter use during an operative proce-
dure are usually from skin colonization and include Escherichia coli, enterococci, Pseudomonas, 
Klebsiella, Enterobacter, Staphylococcus epidermidis, Staphylococcus aureus, and Serratia. The gold 
standard diagnostic test in patients with an indwelling catheter is urine culture after documentation of 
significant pyuria by urinalysis (usually >50 white blood cells/high power field). The growth of 105 or 
more colony-forming units of bacteria per milliliter of urine can diagnose UTI with 90% specificity 
and 37% sensitivity [95]. Treatment of UTI is straightforward, but separate consideration should be 
given to asymptomatic bacteriuria, which does not need to be treated except in patients who are under-
going implantation of a prosthesis, are immunocompromised, or harbor strains that have a high inci-
dence of bacteremia (e.g., S. marcescens) [96]. Treatment with appropriate antibiotics for 10–14 days, 
depending upon the severity of symptoms and rapidity of response, is generally recommended for 
UTIs associated with indwelling catheters [97]. Choice of antibiotics should be based upon the urine 
culture results. If treatment is needed before culture results are available, the urine gram stain, previ-
ous culture results, or hospital-specific antimicrobial sensitivity patterns should be considered when 
initiating empiric antibiotics.

Removing indwelling urinary catheters within 24 hours of surgery has been shown to reduce the 
incidence of urinary retention [90]. One randomized controlled trial also demonstrated that intermit-
tent urinary catheterization rather than indwelling catheterization accelerated recovery of the normal 
voiding pattern by 4 days [98].

Physicians also need to be aware of common medications that can contribute to urinary retention 
such as analgesics, sedatives, and anticholinergics.

 Pressure Ulcers

A pressure ulcer is defined by the National Pressure Ulcer Advisory Panel (NPUAP) as localized 
injury to the skin and/or underlying tissue, usually over a bony prominence, as a result of pressure or 
pressure in combination with shear and/or friction [99]. The incidence of pressure ulcers in patients 
with hip fractures is reported to range from 10% to 40% [100, 101]. Common sites of occurrence 
are the ischium (28%), sacrum (17–27%), trochanter (12–19%), and heel (9–18%) [99, 102–105]. 
In geriatric patients, the occiput and the thoracic kyphotic areas can also be involved, as those hospitalized 
are often likely to lie in a supine position for a long period of time. Pressure ulcers are detected by 
their appearance and location overlying a bony prominence. Pressure ulcers should be distinguished 
from ulcers associated with diabetic neuropathy, vascular insufficiency, and cellulitis.

The NPUAP published an update on pressure ulcer staging in 2016. These are:

Stage 1. Intact skin with non-blanchable erythema of a localized area usually over a bony prominence.
Stage 2. Partial thickness loss of skin with exposed dermis presenting as a shallow open ulcer with a 

red or pink wound bed, without slough and an intact or ruptured serum filled blister.
Stage 3. Full thickness skin loss. Subcutaneous fat and granulation tissue may be visible, but the bone, 

tendon, or muscle is not exposed. Undermining and tunneling may also be seen.
Stage 4. Full thickness skin and tissue loss with exposed bone, tendon, or muscle. These ulcers 

often include undermining and tunneling. Unstageable: Full thickness skin and tissue loss in 
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which the base of the ulcer is covered by slough (yellow, tan, gray, green, or brown) and/or eschar 
(tan, brown, or black) in the wound bed and extent of tissue damage can not be determined. 
Deep tissue pressure injury: Non-blanchable deep red, purple or maroon discoloration of localized 
area of discolored intact skin or blood-filled blister due to damage of underlying soft tissue from 
pressure and/or shear.

Pathogenesis of pressure ulcers is multifactorial, usually as a result of a combination of external 
factors (pressure, shearing forces, friction, moisture) and host factors [106]. The host factors include 
immobility, incontinence, nutritional compromise, poor skin perfusion, and neurologic diseases 
[107–111]. Haleem et al. [112] identified risk factors for pressure ulcers in patients with hip fractures 
as increased age, diabetes mellitus, lower mental status test score, lower mobility score, lower admis-
sion hemoglobin, and an intraoperative drop in blood pressure.

An increased risk of nosocomial infections and prolonged hospitalization is associated with develop-
ment of pressure ulcers during inpatient stays [100, 113]. Infection is the most common major complica-
tion of pressure ulcers. It can present as superficial infection or more seriously as cellulitis, osteomyelitis, 
and sepsis. Commonly isolated organisms are Proteus mirabilis, group D streptococci, Escherichia coli, 
Staphylococcus, Pseudomonas, and Corynebacterium [114]. Although infection of pressure ulcers is 
usually indicated by local signs such as warmth, erythema, tenderness, discharge, and the presence of a 
foul odor [115], delayed wound healing can be the only sign of infection. In the elderly, systemic signs 
(leukocytosis, fever) are not always present [116].

Distinguishing between bacterial colonization and invasion is challenging as almost all pressure 
ulcers have bacterial colonization which precedes the development of infection. Wound swab culture 
is a simple procedure that is often used to guide antibiotic selection for patients who are not candi-
dates for invasive diagnostic procedures such as bone or tissue biopsy. However, guidelines on the 
treatment of pressure ulcers by the Agency for Healthcare Research and Quality recommend against 
using swab cultures to define the microbiology of a pressure ulcer as it merely reflects bacterial colo-
nization [117]. The gold standard method of wound culture is still culturing deep tissue specimens 
sampled from a surgically cleaned and debrided ulcer, along with blood cultures. The general con-
cepts of wound care are keeping the wound moist and intact skin dry, as well as removing dead tissue. 
Currently, hydrocolloid dressings have been supported by many experts because of their excellent 
effect on rapid wound healing, fewer dressing requirements, and cost-effectiveness [118]. Among 
antiseptics, NPUAP specifically discourages the use of hydrogen peroxidase as a preferred topical 
antiseptic secondary to its high toxicity to tissue. Also, cautious use of iodine products and sodium 
hypochlorite was recommended [99].

Necrotic tissue prevents wound healing and provides an environment for bacteria to grow and therefore 
should be debrided. There are several debridement methods including enzymatic, autolytic, mechanical, 
surgical, and biosurgical (e.g., using sterile larvae from “medical-grade” maggots of the green bottle fly, 
Lucilia sericata) [119]. The choice of method should be based on a consideration of the patient’s ability 
to tolerate the procedure, as some of these (e.g., mechanical, surgical) may cause pain [118, 120].

The strategy of pressure ulcer prevention consists of skin care measures, relief of skin pressure using 
pressure-relieving devices or frequent position changes, and good nutrition (increased protein intake to 
1.50 g/kg) [118]. Placing pillows under the legs to elevate the feet, applying transparent film dressings 
on the heels, and changing the patient’s position regularly and frequently are good examples of pressure 
ulcer prevention for the heels [118, 120, 121]. Active utilization of pressure-relieving devices such as 
foam, gel, low air loss, or air-fluidized mattresses also helps to prevent ulcers and accelerate wound 
healing in high-risk patients. If the nutritional intake is low or there is nutritional deficiency, it is reason-
able to optimize the nutritional intake and correct the deficiency [122]. Education of patients, caregivers, 
and care-providing medical staff is a critical part of pressure ulcer prevention.
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 Pain Management

Insufficient postoperative pain management can lead to delayed ambulation and a prolonged hospital 
stay. Conversely, adequate pain control can have a positive impact on the rapid resumption of func-
tional status [10]. Choosing the right analgesics is sometimes challenging to physicians because older 
patients are vulnerable to side effects of analgesics and drug interactions, and in cognitively impaired 
patients, it is very difficult to assess the response to medications. Therapy with “round-the-clock” 
nonnarcotics such as acetaminophen along with short-acting opioids for breakthrough pain has been 
shown to be effective for pain control in geriatric hip fracture patients [123]. Prevention of analgesic-
induced side effects is as important as good pain control. When opioids are used, good bowel regi-
mens should be included to avoid constipation. See Chap. 7 for a comprehensive overview of 
perioperative pain management.

 Deep Vein Thrombosis, Pulmonary Embolism, and Fat Embolism

 Deep Vein Thrombosis

Deep vein thrombosis (DVT) is common in patients with fractures. The incidence rate in patients after 
hip fracture surgery was reported to be 27% [124, 125], and the rate of fatal pulmonary embolism was 
1.4–2.5% for the first 3 months after hip fracture surgery [124].

The ninth edition of the “Antithrombotic Therapy and Prevention of Thrombosis” guidelines from 
the American College of Chest Physicians recommends the use of low- molecular- weight heparin 
(LMWH), fondaparinux, apixaban, rivaroxaban, low-dose unfractionated heparin, adjusted-dose vita-
min K antagonists, aspirin, or an intermittent pneumatic compression device [126]. The guidelines 
suggest LMWH in preference to the other agents in patients who are undergoing major orthopedic 
surgery including total hip arthroplasty, total knee arthroplasty, and hip fracture surgery. Based on 
patient bleeding risk and renal function, the most appropriate agent should be chosen. Platelet count 
should be regularly monitored to detect heparin-induced thrombocytopenia in patients on heparin 
products (unfractionated or LMWH). See Chap. 5 for a detailed review of DVT prophylaxis.

 Pulmonary Embolism

One of the most serious complications following orthopedic surgery is pulmonary embolism (PE). 
Immobilization from orthopedic procedures; underlying diseases such as heart failure, malignancy, and 
myeloproliferative disease; and age itself pose a high risk for developing thrombosis and subsequent PE 
in the elderly. PE develops most commonly as a result of migration of thrombi from the deep venous 
system of the lower extremity [127]. The incidence of PE increases with age with an annual incidence 
of 1.8 per 1000 among persons of age 65–69 as compared with 3.1 in those age 85–89 [128]. Especially 
after orthopedic surgery, the incidence of PE is reported to be as high as 30% for total hip replacement 
surgery, 7% for total knee replacement surgery, and 24% for hip fracture surgery [129].

Elderly patients with PE can present with a wide variety of symptoms and signs from mild shortness 
of breath to sudden cardiopulmonary arrest. Since the symptoms and signs of PE are nonspecific and 
difficult to differentiate from patients’ underlying cardiopulmonary diseases, it is often mis- or under-
diagnosed. Morpurgo et al. reported in 200 autopsy cases that 78% of massive or submassive PE had 
not been detected by physicians [130]. The most common symptoms and signs include dyspnea at rest 
or on exertion, cough, pleuritic pain, orthopnea, calf or thigh swelling or pain, tachypnea, tachycardia, 
and abnormal lung sounds such as crackles and decreased breath sounds [131]. Therefore, when 
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assessing a patient presenting with unexplained tachypnea, tachycardia, or change in mental status in 
postoperative periods, PE should be included in the differential diagnosis.

The diagnosis of PE can be challenging due to the lack of specificity and sensitivity of these pre-
sentations. Therefore, a scoring system that provides a pretest probability has been developed to guide 
clinicians to consider further diagnostic tests to establish the diagnosis of PE [132]. However, since a 
clinician’s subjective judgment strongly influences the scores, the objectivity and validity of this scor-
ing system are still being debated [133]. Therefore, diagnostic tests should be performed when clini-
cal suspicion is present. Currently, imaging studies such as a ventilation–perfusion lung scan (V/Q 
scan) and single- or multi-detector computed tomographic angiography (CT angiography) play a 
more important role than laboratory testing in the diagnosis of PE.

The V/Q scan uses a pattern of a mismatch of perfusion with ventilation, and the results are dis-
played as normal, high, intermediate, and low probabilities. The Prospective Investigation of 
Pulmonary Embolism Diagnosis (PIOPED) study demonstrated that the predictive value of the V/Q 
scan varies depending on clinical suspicion. For example, when a high-probability V/Q scan is com-
bined with a high clinical pretest probability, the likelihood of PE was 96%, but only 56–88% had 
confirmed PE when a high- probability V/Q scan is associated with a low clinical pretest probability. 
In one study, there were up to 70% of patients who remained undiagnosed even after the V/Q scan was 
performed [134]. Therefore, additional tests are required in many situations, and the study itself is not 
often feasible in certain patients who are not able to follow the instructions of scan protocols. These 
limitations make CT angiography a more preferable choice for a diagnosis of PE. In one study, single-
detector CT angiography had a sensitivity of 70% and a specificity of 88%, with 84% negative predic-
tive value and 76% positive predictive value [135]. Although it has limited sensitivity in detecting 
subsegmental emboli, CT angiography has the additional advantage of detecting other pulmonary 
diseases. Also, negative CT angiography is acceptable in decision-making for the safe withdrawal of 
anticoagulation therapy [136].

Pulmonary angiography is a definitive diagnostic test for PE, but because it has several 
 disadvantages, including invasiveness and high intravenous contrast exposure, it should be reserved 
for situations where other tests are nondiagnostic and the angiography results will change treatment 
plans. Ultrasonography and color-flow Doppler may be helpful in patients with nondiagnostic V/Q 
scans and CT angiography. Patients with positive test results on ultrasonography may reasonably 
receive anticoagulation regardless of V/Q scanning or CT angiography results.

The most common EKG findings in PE are sinus tachycardia and a right-sided strain pattern, but 
classic patterns like S1Q3T3 (S wave in lead I, Q wave in lead III, T wave inversion in lead III) are seen 
in less than 20% of cases [137]. The chest X-ray can be normal, but the classic “Hampton hump” sign 
caused by pleural infarction can also be seen. The D-dimer test has been intensively investigated as a 
noninvasive, radiation- free test for DVT and PE. However, the specificity of this test has been questioned 
and has been shown to be dependent upon the type of assay [138, 139]. Furthermore, the specificity 
was found to be lower in geriatric patients. Therefore, this test should be used in conjunction with other 
imaging studies [140–142]. Arterial blood gas studies are also nonspecific. Arterial hypoxemia and an 
increased alveolar–arterial (A–a) gradient are common findings, but these cannot be used in the diagnosis 
of PE since an elevated A–a gradient is not uncommon in the geriatric population [142].

Treatment for PE consists of supportive care, anticoagulation, and close monitoring of bleeding 
complications from anticoagulation therapy. Adequate intravascular volume (which can be compro-
mised due to a decreased cardiac output) and supplementary oxygen should be ensured. In addition, 
anticoagulation therapy with either unfractionated heparin or LMWH should not be delayed until the 
completion of the diagnostic work-up, especially when there is moderate-to- high clinical suspicion of 
PE, because the mortality rate is highest within the first few hours of clot development.

Oral anticoagulation with warfarin should be started with heparin therapy, and heparin can be 
discontinued when warfarin reaches therapeutic range, usually with an international normalized ratio 
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(INR) of 2–3. The novel oral anticoagulants, including factor Xa inhibitors (rivaroxaban, apixa-
ban, edoxaban), can also be used as long-term anticoagulation [143–145]. However, direct thrombin 
inhibition (e.g., dabigatran) is not recommended in those above age 80 [146]. Duration of anticoagu-
lation therapy depends on possible underlying etiologies. If PE occurs with reversible risk factors 
such as surgery and immobilization, warfarin therapy should be maintained for 3 months. However, 
in patients with recurrent thromboembolism or irreversible risk factors (such as factor V Leiden muta-
tion, protein C and S deficiency, or antiphospholipid antibodies), lifelong anticoagulation should be 
considered. Patients with a first episode of unprovoked thromboembolism should be treated with 
warfarin for at least 3 months and then reassessed [147].

Thrombolytic therapy should be considered for hemodynamically unstable patients. Although 
there is no proven mortality benefit from thrombolytic therapy, many studies have demonstrated 
hemodynamic and radiographic improvement in critically ill patients.

When a patient with PE is not a candidate for anticoagulation therapy due to absolute contraindica-
tions such as recent surgery, active bleeding, or hemorrhagic stroke, or when there is a foreseeable 
fatal clot burden from recurrent thromboembolism, an inferior vena cava filter (IVC filter or Greenfield 
filter) insertion should be considered [147].

 Fat Embolism

Fat embolism (FE) is a potentially fatal condition causing high mortality and morbidity in trauma 
patients. It can develop as a result of entrance of fat droplets into the circulatory system. The majority 
of cases are associated with major trauma such as long bone and pelvic fractures. The incidence of fat 
embolism has been reported from 0.9 to 23% in patients with fractures [148, 149]. A higher incidence 
was associated with multiple fractures and closed fractures [150, 151].

Clinical manifestations of FE consist of a classic triad: respiratory abnormalities, skin rash, and 
neurologic changes [151, 152]. These symptoms and signs usually present 24–72 hours after the 
trauma. Frequently, respiratory abnormalities such as tachypnea, hypoxia, and dyspnea precede other 
skin and neurologic problems. FE often leads to respiratory failure requiring mechanical ventilation. 
When these fat emboli go to the central nervous system and the skin after escaping the pulmonary 
circulation, neurologic changes, including confusion, disorientation, personality change, vision 
change, paresis, and seizures, can develop, followed by the occurrence of skin rash such as character-
istic petechial rash in the conjunctiva, skin folds, and oral mucous membranes [153].

Diagnosis is usually made based on typical clinical features. However, this is often challenging 
because there is no definitive test to rely on. Thus, several diagnostic criteria (e.g., Lindeque’s criteria, 
Gurd’s criteria, and a fat embolism index) have been proposed, but the sensitivity and specificity of 
these criteria still remain unclear [136, 154].

Laboratory tests may be helpful. An unexplained drop of hematocrit, thrombocytopenia due to 
intravascular coagulopathy, and hypocalcemia due to calcium binding to fatty acids can be present.

There are several radiographic changes suggestive of FE but not very specific to this condition. 
The chest X-ray findings vary from normal to diffuse or patchy air space consolidation. The signs 
of alveolar edema, hemorrhage, and inflammatory changes can be seen on chest CT scan [152, 
155]. It may also be useful to confirm the presence of fat globules in urine or sputum in diagnosis 
of FE [154].

No specific treatment has been developed for FE, which conversely emphasizes the importance of 
prevention. Early immobilization and operative fixation of fractures and application of surgical tech-
niques that minimize an increase of intraosseous pressure are reported to reduce the incidence of FE 
[156]. Prophylaxis with  corticosteroids decreased the incidence and severity of FE in several studies 
[136, 157], but the routine use of prophylactic corticosteroid is still controversial. Once the diagnosis 
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of FE is highly suspected, supportive care is a mainstay of treatment plans. Adequate oxygenation and 
hydration, and proper prophylaxis for DVT and GI bleeding, should be ensured [158]. Overall mortal-
ity is reported to be approximately 7% [159].

 Postoperative Cognitive Dysfunction: Delirium

Delirium may be the most common postoperative complication in geriatric patients. The incidence 
was reported to be as high as 62% among hip fracture patients [160]. It is often underdiagnosed and 
undertreated [98]. There is growing evidence that delirium is associated with increasing mortality, 
prolonged length of hospital stay, high likelihood of post-discharge nursing home placement, poor 
functional recovery, and even increased risk of death 2 years after hospital discharge [161–163]. The 
most common risk factors are advanced age, dementia, sensory impairment, a history of alcohol 
abuse, electrolyte imbalance, use of psychotropic medications, and changes in sleep–wake cycle [123, 
160]. Clinicians can diagnose delirium by utilizing the Confusion Assessment Method (CAM) which 
incorporates the four key features of delirium. These components are (1) acute change in mental status 
and fluctuating course, (2) inattention, (3) disorganized thinking, and (4) altered level of conscious-
ness. The diagnosis of delirium requires the presence of components 1 and 2 and either 3 or 4 [164, 
165]. Once delirium is suspected, a comprehensive history and thorough physical examination with a 
focused neuropsychiatric exam, review of medications, assessment of pain, and targeted diagnostic 
laboratory tests are essential.

The major principles in the prevention and treatment of delirium consist of identification and cor-
rection of reversible risk factors. Removing physical restraints as well as unnecessary Foley cathe-
ters and intravenous lines, resuming ambulation, minimizing  environmental changes, and verbal and 
visual reorientation are important. When pharmacologic treatment is considered, high potency 
antipsychotics are preferred due to their favorable side effect profiles [123, 160, 166]. However, 
prolonged use of antipsychotics should be avoided given increased mortality in dementia patients. 
Chapter 6 provides a detailed overview of postoperative delirium.
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