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�Introduction

The orthopedic patient can be particularly challenging with 
regard to postoperative care. This patient group is diverse 
and may present with a variety of challenges. The spectrum 
includes the geriatric patient with multiple comorbidities 
scheduled for total joint replacement to the young decep-
tively healthy trauma patients who may have multiple associ-
ated injuries. Thus, it becomes clear that a host of different 
factors may significantly impact on an individual’s postop-
erative course.

Despite general concerns associated with any postopera-
tive patient, the perioperative clinician’s greatest challenges 
continue to be related to the care of the elderly with signifi-
cant medical problems who seek surgical resolution for their 
chronic musculoskeletal problems, most commonly osteoar-
thritis. As of 2016, 15.2% of the US population are over 
65 years old, and 49% of these individuals have “physician” 
diagnosed arthritis. According to the Department of Health 
and Human Services, the number of US citizens over 
65 years of age is expected to increase to 71.5 million by the 
year 2030. Hence, it is virtually certain that an increasing 
number of elderly patients with multiple comorbidities will 
seek orthopedic surgeries.

Traditionally, the role of the postanesthesia care unit 
(PACU) is to provide monitored care for the patient recover-
ing from an anesthetic after surgery. It further represents the 
bridge between single practitioner monitoring in the opera-
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Objectives
•	 To provide an overview of the goals of postopera-

tive care and discuss commonly encountered chal-
lenges in the care of postoperative orthopedic 
patients

•	 To discuss common perioperative complications 
and the care of specific patient populations as 
approached at the Hospital for Special Surgery

•	 To introduce the concept of the model of postopera-
tive care unique to the Hospital for Special Surgery

Key Points
•	 The traditional role of the postanesthesia care unit 

(PACU) is to provide a safe transition from the 
highly monitored operating environment to the rou-
tine management on the patient ward.

•	 The goals of such transition include observation 
and monitoring of the resolution of anesthesia, 
resuscitation of blood loss and its consequences, 
and adequate pain management.

•	 Common complications after orthopedic surgery 
affect the cardiopulmonary and other organ sys-
tems, requiring that perioperative physicians are 
familiar with diagnosis and treatment of these 
entities.

•	 At the Hospital for Special Surgery, the PACU also 
functions as an extended monitored care facility, 
providing care and observation for specific surgical 
patient populations such as extensive spinal proce-

dures and bilateral knee arthroplasties and patients 
with increased postoperative medical risks such as 
ischemic heart disease and pulmonary.

•	 In the role as an intensive care unit, the recovery 
room at the Hospital for Special Surgery may also 
care for unstable patients, including those with 
respiratory failure.
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tive theater environment and periodic observational monitor-
ing in a hospital room.

The PACU at the Hospital for Special Surgery, however, 
serves multiple purposes with an expanded scope com-
pared to more traditional recovery rooms. Although its pri-
mary functions focus on the recovery of patients after 
surgery and anesthesia, patients are admitted postopera-
tively for overnight observation for potential surgical or 
comorbidity-related complications. Further functions 
include those traditionally provided by a step-down unit 
(SDU) for patients who require additional physiological 
monitoring. Further it is used as an overflow unit for high-
acuity and unstable patients with complications when the 
intensive care unit (ICU) is at capacity. The latter func-
tions apply to complicated patients both directly admitted 
from the operating room and those transferred from patient 
wards within the hospital. During a 1-year period, approxi-
mately 2% of the patients discharged from the PACU after 
nonambulatory orthopedic surgery required readmission to 
a higher level of care, which includes ICU, SDU, and 
PACU [1]. Cardiac complications were the most common 
reason for transfer, followed by pulmonary and neurologi-
cal adverse events.

The goal of this chapter is not to provide an in-depth dis-
cussion of components of routine postoperative care, such as 
monitoring the recovery from anesthesia, maintaining car-
diopulmonary and hemodynamic stability, and controlling 
pain, but instead to entertain a brief overview of the most 
common problems and complications encountered in the 
care of specific orthopedic patient populations. Further, a 
specific objective of this chapter is to discuss the above 
points in the context of current practice at the Hospital for 
Special Surgery (HSS).

�Recovery from Anesthesia and Fluid/Blood 
Management

The role of the PACU is to provide patients with a safe transi-
tion of care from the operating room to the patient ward. 
During this transition, many acute effects of surgery and 
anesthesia, including traumatic and drug-related factors 
affecting patient physiology, need to be addressed. Since 
many PACUs care for patients after a variety of surgical pro-
cedures which often require general anesthesia, airway prob-
lems constitute a large number of complications, and hence 
respiratory management is often the focus of attention. In an 
Australian database of 419 recovery room incidents, 43% 
were related to airway and respiratory complications [2]. At 
this orthopedic institution, where the majority of the patients 
receive a regional anesthetic, although oxygenation and ven-
tilation remain the most important concerns of the PACU 
staff, the incidence of PACU incidents related to the airway 
is much lower. Of the nonambulatory surgical procedures 
performed at HSS in 2010, the majority were performed 
under regional anesthesia (Fig. 9.1).

Since patients undergoing lower extremity surgery will 
usually have been anesthetized with neuraxial anesthesia, 
these individuals require PACU observation until both the 
hemodynamic and neural blockade effects of the local anes-
thetic have resolved. For patients undergoing a posterior 
approach total hip arthroplasty, the anesthetic often includes 
controlled hypotensive anesthesia via a neuraxial block 
which is dosed through the epidural catheter with the goal to 
achieve sympathectomy. In this particular patient population, 
the mean arterial blood pressure may decrease 25% with 
either no change or a slight decrease in heart rate [3]. With 
this technique, blood pressure and heart rate are controlled 
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and stabilized using epinephrine infusions in the operating 
room, while in the PACU these patients are at risk for contin-
ued episodes of hypotension until the neuraxial block 
resolves. In the PACU, blood pressure is supported with 
ephedrine, intravenous fluids, and when applicable blood 
transfusions, respectively. Crystalloid infusions are limited 
because of the notion that once systemic vascular resistance 
is normalized and volume returns to the central circulation, 
elderly patients, especially those with preexisting cardiac 
dysfunction, may be at risk for postoperative congestive 
heart failure.

In the past, the majority of arthroplasty patients pre-
donated autologous blood, and this blood was transfused in 
the PACU. However, an autologous blood donation system is 
expensive, and if the surgery is rescheduled, the donated 
blood is wasted. Further, there remains the risk of clerical 
transfusion errors and contamination of the blood units. 
Finally, preoperative anemia is a consequence of pre-
donation and is associated with increased morbidity and 
mortality after orthopedic surgery [4]. Nevertheless, blood 
loss has been reduced through the combination of regional 
anesthesia with controlled hypotensive anesthesia and the 
perioperative administration of tranexamic acid [5]. Since 
the majority of the blood transfusions still take place in the 
PACU, our customary practice is to withhold homologous 
blood transfusion in asymptomatic adult patients with hemo-
globin levels above 8gm/dl as per the results of the TRICC 
and FOCUS trials [6, 7]. A recent review supports a restric-
tive approach to blood transfusions after major orthopedic 
surgery [8]. The same conservative approach is applied to 
postoperative fluid management in the PACU, where the goal 
is to provide goal-directed therapy resulting in adequate tis-
sue perfusion without inducing the complications of fluid 
overload, including pulmonary congestion, CHF, bowel 
edema and ileus, hyponatremia, and tissue edema [9]. In 
addition to the traditional methods of assessing intravascular 
volume status (physical examination, urine output, acid-base 
status), point-of-care, bedside transthoracic echocardiogra-
phy (TTE) is frequently utilized [10]. Although the colloid-
crystalloid debate continues, albumin is often considered as 
a resuscitation fluid to provide acute volume expansion with 
reduced interstitial edema.

�Pain Management

Pain management should be addressed and planned in the 
operating room, but the PACU is where most of that plan is 
implemented. The goal is to establish an analgesic plan 
which will treat pain effectively, ameliorate the postoperative 
stress response, facilitate postoperative rehabilitation, mini-
mize the side effects, improve outcome, and decrease hospi-
tal stay. This includes a multimodal approach, which will 

vary depending on the surgical procedure, but often includes 
acetaminophen, a NSAID, a gabapentinoid, and an opioid 
[11]. The initial dose of acetaminophen is frequently admin-
istered intravenously in the OR or PACU. At the Hospital for 
Special Surgery, many of the patients are followed by the 
Anesthesia Department managed with acute pain service, 
and the pain after lower extremity surgery may be managed 
with patient-controlled epidural analgesia (PCEA). An 
important element of this postoperative pain protocol is the 
institution of PCEA before the level of pain experienced by 
the patient becomes difficult to control and is usually initi-
ated before complete resolution of the operative neuraxial 
blockade. Attention is paid, however, to frequent evaluation 
of the resolution of the motor blockade in order to detect rare 
neuraxial complications. Recently, a trend towards applica-
tion of periarticular local anesthetic injections and/or more 
extensive combinations of peripheral nerve blocks has led to 
a decrease in the need for PCEA [12], which has also reduced 
the number of bladder catheters placed in the perioperative 
period.

Postoperative pain management is challenging in 
patients with preoperative narcotic dependency after spinal 
fusion surgery. The persistent nociceptive and neuropathic 
pain which these patients experience as well as periop-
erative opioid-induced hyperalgesia may in part be medi-
ated through N-methyl-D-aspartate (NMDA) receptors. 
Ketamine is a noncompetitive NMDA receptor antagonist, 
which has been used in the treatment of chronic pain syn-
dromes and at subanesthetic doses in the management of 
acute pain [13, 14]. At the Hospital for Special Surgery, we 
have shown that a perioperative infusion of subanesthetic 
ketamine is effective at reducing pain in narcotic-tolerant 
patients after posterior spinal fusions. It aids in counteract-
ing unacceptable levels of pain in patients resistant to con-
ventional narcotic treatment. These patients typically spend 
the night following surgery in the PACU on a ketamine infu-
sion with concomitant use of a PCA with intravenous hydro-
morphone. On the first postoperative day, the chronic pain 
patients who were treated with ketamine continue to have 
improved analgesia during physical therapy compared to the 
non-ketamine-treated patients [15].

�Common Complications

�Cardiac Complications

As previously discussed, our PACU serves not only as a 
recovery room but also as the location of care when SDU and 
ICU are at capacity. Analyzing institutional data, monitoring 
for cardiac complications – including myocardial ischemia – 
was the major reason patients remained in the PACU after 
having recovered from anesthesia. During a 1-year period, 
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7.6% of the patients undergoing major nonambulatory ortho-
pedic procedures were entered into a rule-out myocardial 
infarction (ROMI) protocol [16]. Of these patients, 20% had 
elevated serum troponin levels and about one third had post-
operative cardiac complications, the majority of which were 
arrhythmias. However, the incidence of a myocardial infarc-
tion was low (1.2%). Although speculative, it is feasible that 
aggressive postoperative management of these patients in the 
PACU (β-blockade; ASA, statin, treatment of anemia, and 
hemodynamic instability) assisted in achieving these results. 
The diagnosis of a postoperative myocardial ischemia is 
important in the orthopedic population since these events are 
often associated with further cardiac morbidity if not treated 
appropriately (Fig. 9.2). Two prospective studies of patients 
undergoing noncardiac surgery reported that postoperative 
cardiac troponin elevations were strongly associated with 
mortality within 30 days and 12 months after surgery [17, 
18]. Furthermore, the decision to initiate postoperative phys-
ical therapy which is important for a favorable outcome in 
orthopedic patients may depend on the correct diagnosis of 
postoperative myocardial ischemia (PMI).

Arrhythmias, specifically atrial fibrillation (A-fib), 
is a common postoperative cardiac complication in the 
PACU. These patients are initially treated with either meto-
prolol or diltiazem to slow the ventricular response. A 
treatable etiology is then sought, including electrolyte abnor-
malities, anemia, hypovolemia, and myocardial ischemia. A 
pulmonary embolism is considered in those who present 
after the first postoperative day and have associated pulmo-
nary signs and symptoms suggestive of a thrombotic event. 
Patients not converting to sinus rhythm are considered for 

amiodarone infusion. Since postoperative new-onset A-fib 
can be indicative of subclinical paroxysmal A-fib and an 
increased risk of an ischemic stroke within 1 year of surgery 
[19, 20], a cardiologist is consulted who can discuss the risks 
and benefits of long-term anti-coagulation.

�Respiratory Complications

As most patients in a PACU will have received a variety of 
intraoperative medications and interventions which poten-
tially compromise the respiratory system, related problems 
constitute some of the most commonly encountered postop-
erative complications. At an orthopedic institution where the 
majority of the patients receive a regional anesthetic with 
minimal to moderate sedation, the incidence of PACU com-
plications related to the airway and respiratory system is 
relatively low. However, given the high prevalence of obesity 
and obstructive sleep apnea among patients undergoing 
arthroplasty and spine surgery, respiratory concerns and 
complications remain a primary concern. Furthermore, in 
patients with rheumatological diseases (i.e., rheumatoid 
arthritis, ankylosing spondylitis), both airway management 
and issues regarding oxygenation and ventilation secondary 
to restrictive lung disease can be particularly challenging. 
Elderly patients undergoing hip procedures are affected 
more commonly by hypoxic events compared to patients 
undergoing non-orthopedic procedures [21]. This hypoxia 
may reflect embolization of bone marrow debris into the pul-
monary system. In some of these patients, preexisting pul-
monary arterial hypertension will be exacerbated by the 
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embolization of cement and bone marrow particles during 
hip and knee arthroplasty. Thus, our practice dictates that 
this patient population requires at least 12–24 hours of moni-
toring in the PACU.

Fat embolization is a well-known complication of skeletal 
trauma and surgery involving instrumentation of the femoral 
canal [22]. Patients undergoing bilateral hip and knee arthro-
plasty, revision hip arthroplasty, and pelvic reconstructions 
are at increased risk for fat (bone marrow) embolism syn-
drome [23]. The clinical manifestations of FES include 
respiratory symptoms, ranging from mild hypoxemia to 
adult respiratory distress syndrome; cardiac derangements, 
including tachycardia, arrhythmias to heart failure; neuro-
logic abnormalities, ranging from somnolence and confusion 
to obtundation and coma; and hematologic symptoms, 
including thrombocytopenia and disseminated intravascular 
coagulation [24]. The signs and symptoms of FES in relation 
to the incidence of presentation are described in the Schonfeld 
Index [25] (Table 9.1). Since the management of the FES is 
supportive with early intervention resuscitation and stabili-
zation to minimize the deleterious effects of the systemic 
inflammatory response to the initial insult, patients at 
increased risk are monitored in the PACU for 24 hours.

�Renal Complications

In an analysis of 1636 patients undergoing lower extremity 
joint arthroplasty, acute renal failure (ARF) constituted one of 
the major postoperative life-threatening complications [26]. 
Using the RIFLE criteria to classify patients into ARF sever-
ity categories, many orthopedic patients fall into the group at 
risk for ARF [27]. Risk factors include advanced age, elevated 
body mass index, preoperatively elevated creatinine, and sig-
nificant perioperative blood loss. The operative procedures 
which are most likely to result in ARF include bilateral knee 
arthroplasty, revision knee and hip arthroplasty, and posterior 
spine fusions. These procedures not only involve significant 
blood loss but may also induce FES and/or an inflammatory 
response which produces capillary leakage and decreased 
intravascular circulating volume. Hence, in the majority of 

cases, oliguria and anuria are the result of hypoperfusion of 
the kidney secondary to relative hypovolemia. Perioperatively, 
it is important to restore appropriate intravascular volume 
through the infusion of crystalloid, colloid, and when required 
blood products to prevent the development of acute renal dys-
function. Bedside TTE and laboratory tests are often utilized 
to assess intravascular volume status and determine subse-
quent care and interventions.

�Obstructive Sleep Apnea

After the patient group with cardiac disease, the next largest 
category of patients who are monitored in the PACU for an 
extended period at the Hospital for Special Surgery are those 
with obstructive sleep apnea (OSA). OSA is a chronic condi-
tion resulting in partial or complete obstruction of the airway 
during sleep with potential adverse cardiovascular complica-
tions. The prevalence of OSA in our population may approach 
10%. These patients may be at risk for adverse postoperative 
cardiorespiratory complications, including death. However, 
there are insufficient evidence-based data in the literature to 
provide guidelines with regard to the postoperative manage-
ment of patients with diagnosed OSA.  In a retrospective 
analysis of patients undergoing total hip or total knee arthro-
plasties, OSA was associated with increased incidence of 
postoperative transfer to an ICU [28]. The accepted diagno-
sis of OSA requires an overnight polysomnography analysis 
which generates an Apnea-Hypopnea Index, AHI, the num-
ber of pharyngeal collapses lasting more than 10 seconds per 
hour during sleep. However, the STOP-BANG questionnaire 
for OSA has been advocated by some as a simple bedside 
means of identifying those patients at risk for having OSA 
[29]. All patients for nonambulatory surgery at the Hospital 
for Special Surgery have a STOP-BANG score in their medi-
cal record; a score of ≥5 places a patient at high risk for 
OSA. Most clinicians agree that patients with severe OSA, 
AHI >30, or obesity hypoventilation syndrome (OHS) 
should be monitored with oximetry and adequate respira-
tions for at least the night after surgery [30]. The postopera-
tive management of those with mild-to-moderate OSA 
remains controversial; however, a conservative approach 
suggests a monitoring period of one sleep cycle. At the 
Hospital for Special Surgery, we have established an OSA 
unit which provides continuous pulse oximetry and respira-
tory rate monitoring with nurse-activated alarms. Patients 
who have known or suspected mild-to-moderate OSA, ASA 
2, or BMI ≤45 and do otherwise not require SDU or ICU 
monitoring for additional diagnosis (ROMI, large EBL) are 
monitored in this unit (Box 9.1). Patients who use continu-
ous positive airway pressure at home are asked to bring their 
masks to the hospital, thus facilitating continuation of care 
during their stay.

Table 9.1  Schonfeld FES Index

Sign Score
Petechial rash 5
Diffuse alveolar infiltrates 4
Hypoxemia paO2 < 70 mmHg, FIO2 100% 3
Confusion 1
Fever >100.4 F 1
Heart rate > 120 bpm 1
Respiratory rate > 30 1

Data from Ref. [25]
Score >5 required for diagnosis of FES
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�Patients After Bilateral Joint Arthroplasty 
and Revision Arthroplasty

Patients undergoing bilateral lower extremity or revision 
arthroplasty are observed overnight in our PACU, based on 
the fact that these operations are associated with increased 
blood loss, longer surgical duration, and an increase in the 
perioperative inflammatory response. Single-stage bilateral 
lower extremity arthroplasty, particularly that involving the 
knee joints (SBTKA), has been reported to be associated 
with increased morbidity and mortality [31]. The major post-
operative complications after SBTKA include myocardial 
infarction, fat embolization, respiratory insufficiency, and 
thromboembolic events. As these complications may be the 
result of multiple comorbidities, increased blood loss and 
fluid shifts, pain, and cardiopulmonary stress compared to 
unilateral joint arthroplasty, careful patient selection and 
increased postoperative vigilance seem prudent in an attempt 
to improve outcomes. At our institution all SBTKA recipi-
ents are screened by an anesthesiologist preoperatively with 
the goal to restrict these higher-risk procedures to patients 
without significant comorbidities [32] (Box 9.2). Although 
younger patients are being selected for SBTKA, some of the 
complications are still increasing. The increased complica-
tion rate may be the result of the rising levels of obesity and 
associated, often undiagnosed, conditions like pulmonary 
hypertension [33].

�Postoperative Delirium

Another significant patient population requiring extended 
postoperative monitoring and interventions is the population 
suffering from postoperative delirium. Delirium is a com-
mon complication in the geriatric population following 
orthopedic surgery, with a reported incidence of up to 50% 
particularly after the repair of femoral neck fractures [34]. 
Postoperative delirium usually presents after 24 hours post 
surgery and resolves within 48 hours. However, in some of 
the patients, evidence of confusion and cognitive dysfunc-
tion may persist for up to 6 months. Postoperative delirium is 
associated with longer hospital stay, increased risk for com-
plications, poor recovery, increased mortality, and increased 
healthcare costs [35, 36]. The diagnosis can be challenging 
as postoperative delirium can present in various forms. A 
fluctuating hyperactive state is often associated with agita-
tion, sweating, and tachycardia, but a hypoactive type may 
present with passive confusion and is often overlooked. 
Since in most cases patients present with a change in mental 
status without a clear etiology, they are often subjected to an 
extensive neurological evaluation including brain imaging. 
At the Hospital for Special Surgery, patients with delirium 
are identified by nurses using the CAM algorithm [37]. Next 
a neurological examination is conducted by a physician to 
rule out focal deficits. Further, blood laboratory analysis may 
be performed to exclude electrolyte abnormalities, hypercar-
bia, and hypoxemia. A review of all medications to eliminate 
unnecessary centrally acting medications is mandatory. And 
finally, care should be taken to assure adequate pain manage-
ment [38].

At our institution over a 6-year period in a cohort of 
78,492 adult patients undergoing nonambulatory orthopedic 
surgery, the incidence of POD was 1.2%. Many of the risk 
factors identified have been cited in previous reports and are 
not amendable to modification. They include advanced age, 

Box 9.1 Criteria for Admission to the OSA Unit
	1.	 Diagnosed OSA with stable, chronic use of CPAP 

at home
	2.	 Diagnosed OSA but noncompliant with CPAP
	3.	 Suspected OSA (STOP-BANG ≥5; clinician 

decision)
	4.	 BMI ≤45
	5.	 ASA ≤2 (unless ASA of 3 based on BMI only)
	6.	 Exclusion:

	(a)	 Requiring SDU monitoring other medical 
reasons

	(b)	 EBL >20%
	(c)	 Chronic pain patient

Box 9.2 Exclusion Criteria for SBTKR
	 1.	 Patients ≥80 y.o.
	 2.	 ASA 3
	 3.	 Active ischemic heart disease (h/o angina or posi-

tive stress test)
	 4.	 Reduced LV function (LVEF<45%; DOE; h/o 

CHF)

	 5.	 Poor functional capacity
	 6.	 Pulmonary disease

	(a)	 Moderate to severe pulmonary hypertension
	(b)	 O2 dependent
	(c)	 Steroid-dependent asthma
	(d)	 Exercise-limiting COPD

	 7.	 Morbid obesity
	 8.	 Renal insufficiency: Cr >1.8
	 9.	 Liver disease: child’s class B or greater
	10.	 Poorly-controlled DM; HbA1c >7%
	11.	 Cerebral vascular disease (h/o stroke)
	12.	 Major peripheral vascular disease

Data from Ref. [32]
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medical comorbidities, and a history of preexisting psychiat-
ric disease. However, some risk factors such as preexisting 
narcotic dependence, alcoholism, and hyponatremia are 
potentially modifiable. In addition, the surgical procedure, 
type of anesthesia, and type of postoperative analgesia may 
affect the incidence of delirium, and as such these factors can 
be targeted in an attempt to reduce its incidence [39].

Once the diagnosis of postoperative delirium has been 
established, the managing physician is faced with the prob-
lem of treatment options. If removal of the delirium-inciting 
agents (i.e., narcotics, benzodiazepines) does not improve 
the confusion and/or the patient’s hyperactive state, pharma-
cological treatment has traditionally constituted in the use of 
neuroleptic medications such as haloperidol. At our institu-
tion, however, we have had significant success with low-dose 
(<0.5 μg/kg/h) infusions of dexmedetomidine for 6–8 hours. 
This approach is used primarily in hyperactive patients and 
produces mild-to-moderate sedation, control of agitation, 
and associated hypertension and tachycardia while allowing 
the patient to rest without significant depression of the respi-
ratory system.

�Readmission to the PACU

As mentioned previously, the PACU functions as the place 
for monitoring and treatment when the ICU and SDU are at 
capacity. As such its staff provides care for patients whose 
medical condition deteriorates during the remainder of their 
hospitalization. When studying all patients undergoing major 
orthopedic surgery over a 1-year period (n = 12,229) at our 
institution, 1.7% (n  =  206) were readmitted to the PACU 
within 6 days of discharge. This represented 1.6% of all total 

hip arthroplasties, 1.8% of all total knee arthroplasties, and 
3.4% of all spinal fusion surgeries (3.4%) [40]. Patients read-
mitted to the PACU after surgery had multiple comorbidities, 
including cardiac disease (40.3%), diabetes mellitus (18.4%), 
chronic renal insufficiency (14.1%), and pulmonary disease 
(12.6%) (Fig.  9.3). Approximately 9% of the returning 
patients had ≥3 comorbidities. Of the patients with a final 
diagnosis of myocardial ischemia, 80% had at least one car-
diac risk factor. Patients requiring PACU readmission were 
also significantly older and had a longer length of hospital 
stay. Since there is increased pressure to reduce the length of 
the hospital stay after major orthopedic procedure, it is 
important to identify which patients are at risk for acute post-
operative complications. This study represents the first step 
in identifying the incidence of postoperative complications 
after major orthopedic surgery, the patients at risk for these 
complications, and possible interventions which may reduce 
poor outcome.

�Summary

The PACU at the Hospital for Special Surgery functions 
as a recovery room, SDU, and overflow ICU. Much of our 
emphasis is devoted to the recovery of patients from regional 
anesthesia and the institution of adequate postoperative 
analgesia. Common problems encountered in the orthope-
dic patient population often stem from blood loss and fluid 
resuscitation. Complications are infrequent but are often 
related to respiratory or cardiac events. In contrast to a tra-
ditional PACU, our recovery room devotes resources to the 
observation and management of patients after more invasive 
procedures, such as bilateral lower extremity arthroplasty, or 
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patients with specific medical problems such as OSA and 
postoperative delirium as well as those at high risk for post-
operative myocardial infarction. Our critical care is focused 
on complications prevalent among patients undergoing 
orthopedic surgery. Patients frequently found in this category 
are those requiring mechanical ventilation due to pulmonary 
insufficiency and those suffering large blood loss. Further, 
patient categories are those with severe complications 
related to fat embolism syndrome and those presenting with 
cardiopulmonary resuscitative emergencies. However, since 
many of our arthroplasty patients are geriatric, we also pro-
vide monitored care for the common medical complications 
associated with this age group. This careful attention to the 
postoperative issues of our specific patient population is par-
amount in attempting to reduce perioperative complications.

�Case Study

An 80-year-old female with a past medical history signifi-
cant for hypertension, coronary artery disease, depression, 
and elevated cholesterol was scheduled for right total knee 
arthroplasty. The surgical course was uneventful, and the 
anesthesia was performed using a combined spinal epidural 
technique with 12 mg of bupivacaine and a femoral nerve 
block with 30 mL of 0.25% bupivacaine. The patient’s sur-
gery ended at 10:30 am, and she was admitted to the PACU 
for an overnight stay for a rule-out myocardial infarction 
protocol and observation.

At 10 pm on the night of surgery, the patient was com-
plaining of extensive pain despite an epidural infusion of 
0.06% bupivacaine and 10 μg/mL of hydromorphone. The 
PACU team decided that the epidural was not adequately 
functioning, and she was switched to an intravenous patient-
controlled pump containing hydromorphone.

By 1 am the PACU team was called to the patient’s bed-
side for assessment of aggressive and combative behavior. 
Her vital signs included a blood pressure of 190/100 mmHg, 
a heart rate 100 bpm, a temperature of 37.8 °C, and oxygen 
saturation of 90%. The patient complained that she was 
being held captive in a hotel in Chicago and demanded to 
have the police called so that she could be released immedi-
ately. An arterial blood gas was obtained and revealed a pH 
of 7.36, a CO2 of 44 mmHg, and an O2 of 66 mmHg. A chest 
radiograph demonstrated bilateral lower lobe atelectasis.

The differential diagnosis included pulmonary embolism, 
a cerebrovascular event, fat embolism syndrome, and post-
operative delirium. Since the patient had been ambulatory 
prior to surgery and when taking the timing of events into 
account, a thromboembolic event was considered to be 
unlikely. The symptoms of hypertension and confusion could 
be the result of cerebrovascular occlusion and/or cerebral 
hemorrhage; however, the patient’s neurological exam was 
non-focal. In addition, the elevated blood pressure was more 
likely the result of her pain. With regard to infection, her 
chest radiograph was clear except for atelectasis, the knee 
incision was clean, and the wound was not hot or tense. Fat 
embolism syndrome was also considered, but as other signs 
like alveolar infiltrates on chest radiograph and hematologic 
signs such as thrombocytopenia were missing, this was also 
considered less likely.

The team decided that her primary problem was postop-
erative delirium, secondary the stress of surgery, inconsistent 
and inadequate analgesia, and sleep deprivation in the 
PACU.  The patient was given intravenous enalapril and 
metoprolol for her elevated blood pressure and heart rate. An 
infusion of dexmedetomidine at 0.5 μg/kg/h was initiated, 
and once the patient was sedated, she was placed on noninva-
sive positive pressure ventilation. At 7  am the following 
morning, the infusion was stopped, and by 8 am the patient 
was awake, oriented, and alert. Her pain was well controlled 
with intravenous hydromorphone. Her vital signs had nor-
malized and she was discharged to the ward.
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