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Abstract
Upon the induction of general anesthesia, a predictable sequence of physiological changes occurs within the
respiratory and neuromuscular systems. The sequelae of these changes include an assortment of
postoperative pulmonary complications (PPCs), including postoperative respiratory depression (PORD), that
are observed during the immediate postoperative period and in the post-anesthesia care unit (PACU). These
adverse events are anticipated, because several of the drugs that are used during surgery (e.g., opioids, which
are traditionally used to manage pain during and after surgery), albeit therapeutically beneficial, have these
adverse effects as part of their pharmacology. Nevertheless, the effects are traditionally considered
transitory. However, several studies provide evidence suggesting that PPC-related morbidity and mortality
extend 30, 60, and even 90 days after discharge from the hospital. These studies are summarized and
assessed in this narrative review. Although exact estimates vary depending on the definitions used, the type
of surgery, patient population, and risk factors (such as age), it is clear that PORD and other PPCs can be
severe postoperative complications with significant associated mortality risks that extend weeks to months
after discharge from the hospital.
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Introduction And Background
Recovery from surgery is influenced by multiple factors, including the administration of intra- and
postoperative pharmacologic medications that, albeit beneficial and designed to improve surgery outcomes,
have the unwanted and undesirable side effect of producing deleterious respiratory depression
(hypoventilation), too slow or too shallow breathing that leads to clinically significant hypoxia or
hypercapnia [1]. Examples of such medications include those used for anesthesia (e.g., propofol, barbiturate,
etomidate, and ketamine), pain relief (e.g., opioids), muscle relaxation (e.g., antagonists, depolarizing
agents, and cholinesterase inhibitors), and anxiety (e.g., benzodiazepines) [2]. Not only can these
medications individually produce respiratory depression, but also when co-administered during surgery, the
combined effect can be additive or even synergistic [3].

Postoperative respiratory depression (PORD), aside from the obvious risk of immediate hypoxic/metabolic
organ damage, is a significant contributor to postoperative pulmonary complications (PPCs), and the degree
to which PORD begets PPCs is not well-defined and likely underestimated. The prolonged and delayed
recovery from mechanical ventilation can induce purpose, which in turn can result in decreased compliance,
poor oxygenation, subtle trauma (atelectrauma), and induction of an inflammatory cascade. These PCCs can
then grow into a bigger problem.

Estimates of the prevalence of mortality following the occurrence of postoperative respiratory depression
(PORD) or other PPC range from about less than 1% to more than 20% or even greater depending on the type
and duration of surgery and the patients' preexisting risk factors [4-9]. Complicating estimation is the
surprising lack of a consistent and agreed-upon definition of PPC or the causative PORD [6,10-
18]. Nevertheless, with the large number of surgical procedures performed each year, even a small
percentage of PPC translates into a very large number of affected patients. Estimates of the current annual
number of procedures in the United States are about 50 million for inpatient procedures [19] and an
additional approximately 20 million for outpatient procedures [20]. Also, there are epidemiologic and
medical drivers for an increasing number of surgeries, such as an increasing lifespan in many countries, with
the associated age-related medical conditions, general rise in global wealth, and advances in surgical
technique and availability (such as remote surgery, robotic surgery, and telesurgery). Even these numbers
are dwarfed by estimates by the World Health Organization (WHO) [21] and for unmet need worldwide for
surgical procedures in low-income and middle-income countries [22].
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Review
Objective/purpose
The occurrence and seriousness of PPCs, including those induced by PORD, are widely recognized, and the
negative consequences on patient recovery, hospital stay, and cost to the healthcare system are well-known
[5,7,23-28]. There is also a known relationship between the occurrence of PPCs and underlying PORD and
increased morbidity and mortality in the immediate postsurgical recovery period [13]. However, what is less
well-known is that the negative sequelae of the conditions that lead to patients' in-hospital experience of
PPCs caused by PORD can have negative consequences on postsurgical recovery weeks and even months
after the patient has been discharged from the hospital. Studies have documented serious negative
consequences, including mortality, 30, 60, and 90 days after discharge from the hospital [29]. The purpose of
the present communication is to summarize the available information about long-term negative
consequences of surgical interventions, including greater 30-, 60-, and 90-day mortality, and to critically
assess whether there is evidence that PPCs including those induced by PORD are a causative factor of
mortality during this extended period.

Methods
A literature search was conducted using databases such as PubMed®, Google Scholar, Ovid Medical
Literature Analysis and Retrieval System Online (MEDLINE®) for recent publications in the English
language on the topic of PORD and PPC and particularly the reported mortality 30, 60, and 90 days after
discharge from the hospital. MeSH search terms such as "postoperative respiratory depression",
"postoperative pulmonary complications", and "mortality" and a variety of combinations of them were
used. In addition to the content itself of the identified publications, citations within them were
searched. Additionally, review articles on each of the broad topics were utilized to supplement background
information. The material was reviewed for applicability to the specific target topic, namely, the
identification of studies that provide insight into or discuss the physiological sequelae of the intra- and
perioperative administration of medications that depress respiration as adverse consequences of their
use and whether the impact is underestimated by not recognizing the extension of the deleterious effects
into the post-discharge period.

Results
Postoperative Pulmonary Complications and Postoperative Respiratory Depression

PPCs refer to a spectrum of respiratory issues that arise after surgery and contribute significantly to patient
morbidity and mortality [30]. Some examples are as follows: atelectasis (the collapse of part or all of the lung
due to the blockage of the airways or to pressure from outside the lung), pneumonia (the infection of the
lungs caused by bacteria, viruses, or fungi), acute respiratory distress syndrome (severe inflammation and
fluid buildup in the alveoli that leads to respiratory failure), pulmonary edema (fluid accumulation in lung
tissues and alveoli, which impairs gas exchange), and bronchospasm (the constriction of the airways, leading
to wheezing and difficulty breathing). The broad range of the estimates of the prevalence of PPCs vary
widely for patients undergoing surgery due in part to the variable influence of risk factors, such as the type of
surgery, the duration of surgery, the type of medications (e.g., opioid and benzodiazepine), the route of the
administration of anesthesia, the duration of anesthesia, preexisting pulmonary conditions (e.g., asthma,
chronic obstructive pulmonary disease {COPD}, and sleep apnea), advanced age, poor physical condition,
obesity, a history of smoking, and the use of other sedative medications. It is also influenced by the
healthcare setting and the type and extent of pre-, intra-, and postoperative prevention and management.
Nevertheless, PPCs are a significant concern because they can lead to increased hospital stay and cost,
morbidity, and mortality.

PORD is a condition that is characterized by inadequate respiration following surgery, resulting from the
residual effects of general anesthetics, opioid analgesics, neuromuscular blockers, and other medications
[8,31]. Clinical signs and symptoms of PORD include reduced respiratory rate, shallow breathing, decreased
oxygen saturation (hypoxia), increased carbon dioxide levels (CO₂) (hypercapnia), and even altered mental
status (e.g., confusion and drowsiness). These clinical observations cannot include underlying sequelae such
as atelectasis and inflammation. However, the lack of a universally accepted definition of PORD and
inconsistent criteria used among studies and in clinical guidelines have resulted in a wide disparity in the
reporting of its prevalence. Disparities result from variations in the establishment of thresholds for
respiratory rate, oxygen saturation, and carbon dioxide levels, as well as the clinical significance attributed
to different symptoms.

Examples of criteria that have been used in studies and guidelines include the following: The first example
is symptoms such as a reduced level of consciousness, difficulty in arousal, bradypnea (i.e., slow breathing),
and cyanosis (the bluish discoloration of the skin and mucous membranes) as indicative of serious ongoing
respiratory depression. However, these are very qualitative criteria and thus depend on the healthcare
providers' experience and custom of the practice site and whether they typically identify relatively well-
progressed PORD. The second example is oxygen saturation (SpO₂) level below about 90% or 92%. Despite
the administration of supplemental oxygen, although a relatively common criterion, there is dispute about
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the precision of such measurements, and the relevance of specific levels on the broader negative effects of
PORD is somewhat tenuous. The third example is hypercapnia (partial pressure of carbon dioxide {PaCO₂}
greater than 45 mmHg {6 kPa}) and hypoxemia (partial pressure of oxygen {PaO₂} less than 60 mmHg {8
kPa}) based on arterial blood gas (ABG) measurements. Although the precision of such measurements is
generally high, the relationship between specific levels and specific negative effects of PORD is less well-
established. The fourth example is a respiratory rate of less than eight or 10 breaths per minute. However,
this is thought by some to be an excessively stringent measure, suggestive of impending respiratory failure,
and therefore likely underestimates the physiological harm of less drastic subnormal rates. The last example
is the need for an opioid antagonist such as naloxone or the administration of respiratory stimulants to
reverse sedation or respiratory depression. However, this criterion only captures impending acute respiratory
failure and misses the broader physiological harm of PORD.

Although PORD is a significant clinical concern, the varying definitions lead to varying estimates of
prevalence and overall clinical significance. Nevertheless, despite the lack of a universally accepted
definition, recognizing and promptly addressing PORD are crucial for patient safety and for optimal
postoperative care.

That the prevalence of PORD is likely underreported was the topic of the review by Ayad et al. [32]. The
study reviews the characterization and monitoring of PORD, with a focus on opioid-induced respiratory
depression, which is a significant concern in the perioperative setting. The review emphasizes that existing
methods for detecting and monitoring PORD, such as the commonly used methods of intermittent pulse
oximetry and capnography, have serious limitations and often fail to identify patients experiencing PORD,
particularly those with subtle or intermittent episodes of PORD. As a result, existing monitoring contributes
to underdiagnosis and delayed intervention/treatment of PORD. The authors advocate for the use of new
technologies and strategies that continuously monitor and integrate multiple physiological parameters, such
as spirometry including tidal volumes, oxygen saturation, and continuous end-tidal CO₂, in conjunction
with a more comprehensive definition set for respiratory sufficiency. The findings underscore the critical
need for improved education and awareness among healthcare providers regarding the risks and
management of PORD.

Within-Hospital Mortality

PPCs, including those induced by PORD, occur in a significant number of patients undergoing major surgery,
with the incidence varying widely depending on the type of surgery and patient risk factors. While the exact
mortality rate is not well-defined, severe cases can lead to critical outcomes including death. The American
Society of Anesthesiologists (ASA) suggests that respiratory depression is a leading cause of preventable
death in the postoperative period.

Three well-controlled studies serve as examples that demonstrate that the true prevalence of PPCs is closer
to the upper end of the early historical estimates, even when the criteria for the outcome measures are quite
stringent.

The first example is the study by Sun et al. [8]. This well-designed and controlled study aimed to determine
the incidence and duration of postoperative hypoxemia in a diverse surgical population. It was a
prospective, blinded, observational study of more than 800 patients in a large tertiary care hospital of adult
patients undergoing noncardiac surgery. Continuous pulse oximetry was used to monitor oxygen saturation
(SpO₂) levels for up to 48 hours post-surgery. The clinicians, as well as the patients, were blinded to the
oximetry data in order to avoid influencing clinical decisions based on the monitoring results. The study
found that 37% of patients experienced at least one episode of hypoxemia (defined as SpO₂ < 90%) during
the first 48 hours after surgery, and 8% experienced at least one episode when defined as SpO₂ < 85% (Figure
1A). Individual patients fared worse (Figure 1B). Hypoxemia was not only common but also often persistent,
with many patients experiencing prolonged or repeated episodes. Around 21% of patients had hypoxemia
that lasted more than 10 minutes, indicating sustained low oxygen levels, and 10% of patients had
hypoxemia lasting longer than 30 minutes (Figure 1C).
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FIGURE 1: Within-hospital mortality
(A) Raw oxygen saturation (SpO₂) data: the incidence of patients with an average number of minutes per hour in
hypoxemia > X during monitoring, according to progressive SpO₂ thresholds characterizing hypoxemia. (B) Raw
SpO₂ data: the distribution of SpO₂ across the patients in the sample, over postoperative time (POD,
postoperative day; Q, quartile). Curves estimated using quantile regression with restricted cubic splines. (C)
Smoothed data: the incidence of at least one single hypoxic episode of varying minimal duration under
progressive thresholds characterizing hypoxemia. Source: Sun et al. (2015), with permission [8]

The prolonged periods of low oxygen saturation often went unnoticed by the hospital care team. The study
concluded that postoperative hypoxemia is both common and persistent, often occurring without being
detected in routine clinical practice.

The second example is the study by Fernandez-Bustamante et al. [13]. The study involved 1,202 patients,
predominantly undergoing abdominal, orthopedic, and neurological surgeries. Noncardiothoracic surgeries
were excluded, because these are known to be associated with greater occurrences of PPCs. Despite
excluding the cardiothoracic surgical patients, the study found that 33.4% of the patients experienced at
least one PPC. This study is noteworthy for also collecting data on longer-term outcomes. Patients who had
experienced PPCs while in the hospital had a significantly higher early postoperative mortality rate,
increased likelihood of intensive care unit (ICU) admission, and longer ICU and hospital stays (Figure 2).
Even mild PPCs were associated with these greater adverse outcomes.

 
Published via NEMA Research
Group

2025 Raffa et al. Cureus 17(3): e79913. DOI 10.7759/cureus.79913 4 of 15

https://assets.cureus.com/uploads/figure/file/1382183/lightbox_fd62c230db7111efb6e3b134f32e74af-Cureus-Fig-1-A_B_C-.png
javascript:void(0)
javascript:void(0)
javascript:void(0)


FIGURE 2: Hospital stay as a function of the number of PPCs
The length of hospital stay as a function of the number of postoperative pulmonary complications (PPCs)
experienced in a multicenter, prospective, observational study of 1,202 physical status 3 noncardiothoracic
surgical (mostly abdominal, orthopedic, and neurological) patients in seven US academic institutions. Plot created
from data by Fernandez-Bustamante et al. [13]

The effect of experiencing PPC on the length of hospital stay was also reported by Ye et al. in a retrospective
study using the American College of Surgeons National Surgical Quality Improvement Program database of
900 adult patients after open reduction and internal fixation of vertebral fractures [33]. Only 6% of patients
who did not experience a PPC had a hospital stay of eight or more days, whereas 61% of patients who had
experienced a PPC had a stay of eight or more days (Figure 3).
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FIGURE 3: Prolonged hospital stay with one or more PPCs
Comparison of prolonged length of hospital stay (≥8 days) of surgical patients (open reduction and internal fixation
of vertebral fractures) who experienced no, or at least one, postoperative pulmonary complication (PPC). Plot
created from data by Ye et al. [33]

The third example is the study by Li et al. [34]. This study investigated the comparative effects of driving
pressure-guided ventilation versus conventional mechanical ventilation on pulmonary complications in
patients undergoing on-pump cardiac surgery. The study was a randomized clinical trial involving 694
patients, divided into two groups: one receiving driving pressure-guided ventilation and the other receiving
conventional ventilation. A key finding relevant to the current review is that PPCs occurred in 40.3% of
patients in the driving pressure-guided group and 40.9% in the conventional group. This finding is another
example that well-controlled studies reveal a prevalence of PPCs nearer to, or exceeding, the high end of the
historical studies. It also demonstrates the continued development of PPCs over the seven days
postoperatively (Figure 4).
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FIGURE 4: Development of PPCs over a week following surgery
The Kaplan-Meier curve of the development of postoperative pulmonary complications (PPCs) over the week
following on-pump cardiac surgery in a prospective randomized controlled trial of 694 patients. Source: Li et al.,
with permission [34]

Can PORD Be Prevented by Simply Administering Oxygen?

It might seem logical that the occurrence or severity of PORD could be reduced by the administration of high
concentrations of oxygen during the perioperative period. However, while oxygen is a critical element in
perioperative care to prevent hypoxia and ensure adequate tissue oxygenation, there is evidence that high
concentrations of oxygen can be harmful, leading to oxygen toxicity and related complications. For example,
elevated oxygen levels increase the production of reactive oxygen species (ROS). When the production of
ROS exceeds the body's antioxidant defenses, it leads to oxidative stress, causing cell and tissue injuries
involving damage and death to cell components such as lipids, proteins, and DNA. Lumb and Walton review
various studies that highlight the negative outcomes of the use of high oxygen levels for surgical patients
[35]. The evidence suggests that the use of high-concentration oxygen in the perioperative setting can lead
to worse outcomes, including higher rates of postoperative (including pulmonary) complications and
mortality.

Can PORD and Subsequent PPCs Be Avoided by Administering Opioids by an Alternate Route?

Since the use of opioid pain relievers during the perioperative period, usually administered systemically, is a
known major risk factor for PORD, could simply administering the opioid by a non-systemic route reduce the
prevalence of PORD and perhaps PPCs? A partial answer to this question is addressed in a review by Pöpping
et al. [36]. The review investigated the impact of analgesia administration by the epidural, rather than
systemic, route on postoperative outcomes, focusing on mortality and morbidity. Epidural analgesia
involves the injection of anesthetics and/or analgesics into the epidural space of the spinal cord. This
technique is believed to offer better pain control, reduce opioid consumption, and potentially enhance
recovery, but its effects on long-term outcomes such as mortality and overall morbidity remain a topic of
research. The study by Pöpping et al. was a systematic review and meta-analysis of randomized controlled
trials involving patients undergoing major surgeries who were administered epidural analgesia versus those
receiving alternative analgesic methods [36]. The meta-analysis found no significant difference in overall
mortality between patients receiving epidural analgesia and those receiving other forms of
analgesia. However, better pain relief was consistently reported in the epidural analgesia group compared to
those receiving systemic opioids or other analgesic techniques. In addition, there was a significant reduction
in the incidence of postoperative complications, including respiratory complications in patients receiving
epidural analgesia. As a result, patients receiving epidural analgesia often had a shorter length of hospital
stay, likely due to better pain management and reduced complications. The article concludes that epidural
analgesia does not significantly reduce overall mortality, but it offers substantial benefits in reducing
postoperative morbidity, particularly cardiovascular, respiratory, and infectious complications. The finding
supports the use of epidural analgesia for improved postoperative outcomes, especially in high-risk patients
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and major surgeries, particularly for thoracic, abdominal, and lower extremity surgeries, where it can
improve patient satisfaction and health-related quality of life postoperatively.

However, since the era of Pöpping et al.'s study, which was published in 2014, recent studies suggest that the
benefits of the use of epidural analgesia for managing postoperative pain unfortunately might not be as
substantial as previously believed [36]. Evolving evidence has prompted a re-evaluation of its overall efficacy
and safety. In short, despite its benefits, it is now recognized that epidural analgesia also carries significant
risks [37]. These include the potential for serious complications such as epidural hematoma, infection, and
neurological injury. Additionally, epidural analgesia may contribute to hypotension, urinary retention, and
motor block, which can impede early mobilization and recovery. Alternatives such as patient-controlled
analgesia (PCA) and other multimodal analgesia techniques are increasingly being recognized for their
effectiveness in providing adequate pain relief with potentially fewer risks. These methods may offer
comparable analgesic efficacy while reducing complications, thus challenging the role of epidural analgesia
as a default choice for postoperative pain management. Hence, while the non-systemic (epidural) route
decreases some postoperative adverse effects, it introduces some others. Therefore, although the non-
systemic route is a potentially valuable tool to reduce PORD and subsequent PPCs, it should not be
universally applied without considering alternative options and individual patient needs. The recent move
toward personalized pain management strategies reflects a broader trend in healthcare aimed at optimizing
outcomes and minimizing risks.

Delayed (Post Hospital Discharge) Mortality

The proposal that deaths that occur 30, 60, or even more days after surgery and after discharge from the
hospital might be attributable to in-hospital PORD or other PPC is relatively new. The lack of attribution
until recently seems understandable since the hospitals might not uniformly follow patients that long after
discharge, and they might not be anxious to admit the connection. Likewise, the healthcare provider treating
the patient at the time of death might not associate the mortality with the adverse effects of a surgery that
occurred weeks or even months prior. Itemized below are some succinct summaries of findings regarding
delayed post-discharge mortality, arranged by post-surgery length and type of surgery.

Thirty-day mortality: The mortality rate within 30 days following surgery varies widely, similar to in-
hospital mortality, and depends on several factors, including the type of surgery, the patient's risk factors,
overall health, and the presence of comorbid conditions. Examples of estimates based on the type of surgery
are as follows: The 30-day mortality rate for general surgical procedures is about 1%-6%, depending on the
complexity and invasiveness of the procedure and demographics [38,39]; for high-risk procedures such as
coronary artery bypass grafting (CABG) and heart valve surgeries, the 30-day mortality rate can range from
2% to 5% [40,41]; major oncologic surgeries also show varying 30-day mortality rates, generally around up to
about 7%, depending on the cancer type and stage at the time of surgery [42]; hip fracture surgeries in elderly
patients have a 30-day mortality rate of approximately 6%-13%, reflecting the generally greater frailty and
higher risk profile of this patient population [43,44]; and patients undergoing emergency surgeries typically
have higher 30-day mortality rates, often exceeding 10%, especially in the elderly or those with significant
comorbidities [45].

Sixty-day mortality: The 60-day postoperative mortality rate provides an intermediate view of delayed
outcomes, bridging the gap between the immediate postoperative period and longer-term assessment. This
timeframe can capture additional complications that may arise after the initial recovery phase but before
long-term outcomes are fully developed or apparent. Examples of estimates based on the type of surgery are
as follows: The 60-day mortality rate for general surgical procedures is up to 10% for high-risk patients [46];
for cardiac surgeries such as CABG and heart valve replacement, the 60-day mortality rate can range from
3% to 7%, reflecting ongoing risks from both the surgery and the patient's cardiovascular condition [41]; the
60-day mortality rate after major oncologic surgeries varies, typically around 3%-11%, depending on the
type and stage of cancer, as well as the patient's condition [47]; for hip fracture surgeries in elderly patients,
the 60-day mortality rate is approximately 8%-12%, reflecting the generally greater frailty of this population
and the significant impact of such injuries on mobility [48]; and emergency surgeries continue to show
higher mortality rates at 60 days, often around 11%-18%, especially in older patients and those with
multiple comorbidities [49].

These estimates highlight the importance of ongoing patient monitoring and intervention even during the
60-day postoperative period, which is critical for addressing complications that may arise beyond the
immediate recovery phase.

Ninety-day mortality: As with the in-hospital and shorter post-hospital-discharge time periods, the 90-day
postoperative mortality rate also varies widely depending on the type of surgery, patient demographics, and
underlying health conditions. Examples using the same types of surgeries as above are as follows: The 90-
day mortality rate for general surgeries tends to be higher than the 30-day rate and similar to the 60-day
rate, often ranging from 2% to 6%, depending on the complexity of the procedure and patient factors [50];
for major cardiac procedures such as CABG and heart valve surgeries, the 90-day mortality rate can range
from 4% to 8%, reflecting the long-term risks associated with these extensive procedures [41]; the 90-day
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mortality rate after major cancer surgeries varies but is typically around 4%-8%, depending on the type of
cancer and stage at the time of surgery [51]; the 90-day mortality rate for hip fracture surgeries in elderly
patients can range from 3% to 8%, reflecting generally higher-risk nature of this population [52]; and
emergency surgeries continue to have higher mortality rates at 90 days, up to nearly 20% among elderly
patients and those with significant comorbidities [50].

These examples illustrate the increased risk of patient mortality over a surprisingly long postoperative
period (three months) and underscore the importance of an awareness of the need for extended diligence
and the continuous monitoring and management of patients after surgery, especially those with higher-risk
profiles.

Of course, the important question is what fraction of these delayed deaths are related to an in-hospital
experience of a PPC. This question is addressed subsequently.

Is Age the Simple Explanation for Delayed (Post Hospital Discharge) Mortality?

Perhaps because patients 65 years or older comprise a significant portion of surgical procedures, there
might be some inherent greater age-related susceptibility that artificially inflates the postoperative
morbidity and mortality data. In other words, perhaps, these patients are frail and undergoing life-extending
rather than curative surgeries, and a certain percent of mortality during the post-hospitalization time might
be anticipated, independent of experiencing a PPC. This was a question investigated by Plantz et al. in an
analysis of more than 17,000 patients in an American College of Surgeons surgical outcome database that
found increased rates of 30-day postoperative readmissions and medical complications among patients aged
65 and older following arthroscopic rotator cuff repair (ARCR) [53]. The study utilized data from the
American College of Surgeons National Surgical Quality Improvement Program database, encompassing a
large cohort of patients who underwent ARCR. Multivariate logistic regression models were used to analyze
the data and identify independent predictors of readmissions and complications. The study found that
patients aged 65 years and older had a significantly higher rate of 30-day unplanned readmissions compared
to their younger counterparts. Specifically, older patients experienced an increased incidence of medical
complications, including respiratory complications. Importantly, however, the older patients did not have a
higher 30-day mortality. Therefore, it appears that a cynical explanation that older 30-, 60-, or 90-day post-
discharge patients might have died anyway during this period is not valid.

Is the 30-, 60-, and 90-Day Post-discharge Mortality Related to PORD/PPCs?

Connection based on physiological sequelae: Miskovic and Lumb address the question of a physiological
nexus and chain of events that lead from the initial induction of anesthesia, through the occurrence of PPCs,
to delayed post-hospital-discharge morbidity and mortality [29].

Adverse effects of general anesthesia on the respiratory system start as soon as the patient loses
consciousness [54]. The central respiratory drive is depressed, which results in periods of apnea, followed by
a return of spontaneous respiration with a dose-related reduction in minute ventilation (the volume of gas
inhaled or exhaled by the lungs per minute). Critically, the usual ventilatory responses to hypoxia and
hypercapnia are blunted by anesthetics, even at low doses [55]. In addition to the negative effects on the
lungs and brainstem nuclei, respiratory muscle function declines immediately after the induction of
anesthesia, leading to a reduction of functional residual capacity (FRC) of 15%-20%, whether or not the
patient is administered a neuromuscular-blocking drug [54].

These and other changes in the physiological control of normal respiration and response to diversions from
homeostatic control lead to PORD, which then may lead to PPCs [2]. A particularly common and important
PPC is the development of atelectasis, which is the collapse of part or all of the lung when the lung sacs
(alveoli) cannot inflate properly. The result is not only a loss of effective lung volume (surface area) for gas
exchange but also a change in how mechanical force for lung expansion with each breath is now unevenly
applied to the alveolar walls, resulting in tissue damage (atelectrauma). Atelectasis occurs in more than 75%
of surgical patients who are administered general anesthesia with a neuromuscular blocker [56]. Such
changes can be observed on a computed tomography (CT) scan to begin a few minutes after the induction of
anesthesia [10]. The early onset of the physiological changes that occur during the start of the surgical
procedure (the induction of anesthesia) is amplified by the concurrent administration of drugs that depress
respiration (such as opioids, benzodiazepines, and propofol) at central (e.g., brainstem nuclei such as the
pre-Bötzinger complex) or peripheral (e.g., airway muscles, abdominal muscles, diaphragm, and carotid
bodies) sites.

Once the patient is moved to the post-anesthesia care unit (PACU), hypoxia associated with respiratory
depression is common and is considered by some to be a PPC [26]. The presentation of respiratory
depression using the noninvasive measurement of blood oxygen may be substantially blunted in the
presence of the application of supplemental oxygen. Atelectasis usually resolves in a few hours after minor
surgery but persists after major surgery, particularly if there is a residual influence of a neuromuscular-
blocking drug [57]. However, trauma and inflammation may remain active, affecting lung mechanics and
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oxygen diffusion, and potentially propagate. Episodes of hypoxemia continue to be common after discharge
from the PACU, and it can take days for the normal alveolar-to-arterial oxygen difference to
reestablish. Atelectasis has been reported in a review of a heterogeneous cohort of non-thoracic patients to
be present (by radiological evidence) in 57% of the patients, with an increasing trend over postoperative
days 1, 2, and 3 [58].

The anesthetic agents, neuromuscular-blocking drugs, postoperative analgesic drugs (particularly opioids),
residual pain, disturbed sleep, and the inflammatory response to surgery continue to persist, as evidenced by
the fact that peak expiratory flow rate and lung function tests are all reduced significantly after surgery [59].
The normal activity of most respiratory muscle groups is impaired after major surgery, beyond simple muscle
weakness, also involving poor coordination between muscle groups and the failure of the normal
physiological reflexes and control mechanisms on which their activity depends [60]. In fact, respiratory
control may continue to be subnormal, including reduced ventilatory responses to hypercapnia and hypoxia,
for extended periods. In one study, responses were still measurably impaired six weeks after surgery
[61]. This suggests that there is some functional physiological plasticity in the respiratory control
mechanisms at the time of surgery that takes some time to return to normal homeostasis.

As summarized in the review by Miskovic and Lumb, "This combination of reduced FRC, residual atelectasis,
an ineffective cough, and abnormal respiratory control, forms an ideal situation for PPCs to develop"
[29]. Based on the findings of the current review, it can be added that the problems caused by this
combination persist into the post-hospital-discharge period.

Connection based on clinical evidence: An excellent extensive review of the major prospective and
retrospective studies between 2000 and 2015 that evaluated PPCs is provided by Miskovic and Lumb
[29]. Nineteen studies are included. To quote from the review, "Mortality is increased in both the short and
long term in patients who develop a PPC. One in five patients (14%-30%) who have a PPC will die within 30
days of major surgery compared with 0.2%-3% without a PPC" [6,7,25,39,62,63]. "The 90-day mortality has
been shown to be significantly increased in those with a PPC: 24.4% versus 1.2%" [64]. "An observational
study of two large databases shows long-term significant differences in mortality rates with and without
PPCs: 45.9% versus 8.7% at one year or 71.4% versus 41.1% at five years" [39].

The study by Canet et al. is particularly noteworthy because of the extensive controls [64]. The study
involved a large, diverse cohort to address the limitations of previous studies that often included narrow
patient demographics and surgery types. It was a prospective, multicenter, observational study of a random
sample cohort of patients who underwent nonobstetric in-hospital surgical procedures. It included patients
from 59 large-city and rural hospitals in Spain (including community, intermediate referral, and major
tertiary care facilities), covering a wide range of scheduled or emergency surgical procedures under general,
neuraxial, or regional anesthesia. The cohort consisted of 2,464 patients, randomly selected to reflect the
general surgical population. To control for the seasonal, weekly, and daily distribution of site caseload, each
center was notified of seven randomly assigned days of the year, one for each day of the week. For the 20
highest-volume centers, an interval of at least 15 days between sampling days was required. The main
outcome measured was the occurrence of PPCs, which included respiratory infections, respiratory failure,
bronchospasm, atelectasis, pleural effusion, pneumothorax, and aspiration pneumonitis. The 30-day
mortality rate was found to be significantly higher in those patients who experienced PPCs (19.5%) than in
those who did not (0.5%). Likewise, the 90-day mortality rate was found to be significantly higher in those
patients who experienced PPCs (24.4%) than in those who did not (1.2%) (Figure 5). Given the extensive
controls used in the study, the results are suggestive of causality between the in-hospital experience of PPC
and greater mortality 30 and 90 days after discharge from the hospital.
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FIGURE 5: Thirty- and 90-day mortality post-surgery
Thirty- and 90-day mortality in a prospective, multicenter study of 2,464 patients in 59 community, intermediate
referral, and major tertiary care facilities in large-city and rural hospitals in Spain covering a wide range of
scheduled or emergency surgical procedures under general, neuraxial, or regional anesthesia. Created from data
by Canet et al. [64]

PPC: postoperative pulmonary complication

Discussion
PPCs are known to be associated with a deleterious effect on mortality following surgery. The institution of
the PACU (in the form of a recovery room) was largely to improve outcomes, with substantial emphasis on
the assessment of the patient for evidence of cyanosis, stridor, and asphyxiation [65]. These dedicated
rooms were more widely established after the increased use of an anesthetic agent. Thus, the importance of
pulmonary complications associated with anesthesia has been understood for decades. However, the current
review suggests that the current monitoring or interventional approaches may be insufficient.

Data is amassing, which demonstrates that mortality resulting from PPCs not only is higher than acceptable
but also can occur at least 90 days after a procedure. While we can predict the vulnerable patients, for
example, frailties of age and comorbidity, we cannot control who needs surgery. Therefore, the process
needs to adapt to address these high mortality rates. PPCs need to be recognized early and treated
aggressively.

PORD is a significant contributor to PPCs that are highly prevalent, well-documented, likely
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underestimated, and not well-defined and controlled. PORD is not just a transient slow-breathing
rate. PORD represents a complicated emergence of breathing control, at a time when lung expansion is
heterogeneous (including atelectasis) and requires re-recruitment to abate building trauma and
inflammation. The goal is not to put the patient back on a ventilator, which contributes to atelectasis,
barotrauma, and inflammation, nor should it be to treat a ventilation problem with more oxygen. Instead,
the emphasis should be on restoring lung recruitment and fostering spontaneous breathing control.

Current ubiquitous monitoring may be able to provide better insight into the development of PORD, prior to
a cascade leading to PPC. However, the harmonization of appropriate thresholds across critical care settings
should be considered, as the application of some proposed vital sign monitoring thresholds may be
inappropriate barriers to early identification. What constitutes signs of respiratory depression in a medical
ICU may well be much more sensitive than the thresholds used in the context of post-anesthesia emergence.
This may be due to the rather severe nature of the interventions currently available for the emergent
management of PORD.

Conclusions
Although exact estimates vary depending on the definitions used and there is variation due to the type of
surgery, patient population, and risk factors (such as age), it is clear that PORD can lead to serious
postoperative complications associated with significantly longer hospital stays and increased in-hospital
mortality risk. Less known is that there are reports that PORD and PPCs have an increasingly well-
documented impact on mortality rates that extend weeks to months after discharge from the hospital. That
this connection is not more widely recognized may be due in part to issues with the continuity of care during
the transition of patients from the hospital to the care of their community healthcare providers. Mitigating
PORD- and PPC-associated delayed (post-discharge) morbidity and mortality may comprise preventive pre-
and perioperative strategies, careful and accurate monitoring both in-hospital and post-discharge, and the
increased recognition of the potential for delayed serious consequences.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Robert B. Raffa, Joseph V. Pergolizzi Jr., George C. Dungan, Thomas L. Miller

Acquisition, analysis, or interpretation of data:  Robert B. Raffa, Joseph V. Pergolizzi Jr., George C.
Dungan, Thomas L. Miller

Drafting of the manuscript:  Robert B. Raffa, Joseph V. Pergolizzi Jr., George C. Dungan, Thomas L. Miller

Critical review of the manuscript for important intellectual content:  Robert B. Raffa, Joseph V.
Pergolizzi Jr., George C. Dungan, Thomas L. Miller

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors declare(s) personal fees,
employment and a patent from Enalare Therapeutics. RBR and JVP are co-founders of Enalare Therapeutics.
Enalare Therapeutics is developing a respiratory stimulant to alleviate postoperative respiratory depression.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References
1. Hao X, Yang Y, Liu J, et al.: The modulation by anesthetics and analgesics of respiratory rhythm in the

nervous system. Curr Neuropharmacol. 2024, 22:217-40. 10.2174/1570159X21666230810110901
2. Webster LR, Karan S: The physiology and maintenance of respiration: a narrative review . Pain Ther. 2020,

9:467-86. 10.1007/s40122-020-00203-2
3. Liou JY, Ting CK, Teng WN, Mandell MS, Tsou MY: Adaptation of non-linear mixed amount with zero

amount response surface model for analysis of concentration-dependent synergism and safety with
midazolam, alfentanil, and propofol sedation. Br J Anaesth. 2018, 120:1209-18. 10.1016/j.bja.2018.01.041

4. Canet J, Sabaté S, Mazo V, et al.: Development and validation of a score to predict postoperative respiratory
failure in a multicentre European cohort: a prospective, observational study. Eur J Anaesthesiol. 2015,
32:458-70. 10.1097/EJA.0000000000000223

5. Fisher BW, Majumdar SR, McAlister FA: Predicting pulmonary complications after nonthoracic surgery: a
systematic review of blinded studies. Am J Med. 2002, 112:219-25. 10.1016/s0002-9343(01)01082-8

6. McAlister FA, Bertsch K, Man J, Bradley J, Jacka M: Incidence of and risk factors for pulmonary

 
Published via NEMA Research
Group

2025 Raffa et al. Cureus 17(3): e79913. DOI 10.7759/cureus.79913 12 of 15

https://dx.doi.org/10.2174/1570159X21666230810110901
https://dx.doi.org/10.2174/1570159X21666230810110901
https://dx.doi.org/10.1007/s40122-020-00203-2
https://dx.doi.org/10.1007/s40122-020-00203-2
https://dx.doi.org/10.1016/j.bja.2018.01.041
https://dx.doi.org/10.1016/j.bja.2018.01.041
https://dx.doi.org/10.1097/EJA.0000000000000223
https://dx.doi.org/10.1097/EJA.0000000000000223
https://dx.doi.org/10.1016/s0002-9343(01)01082-8
https://dx.doi.org/10.1016/s0002-9343(01)01082-8
https://dx.doi.org/10.1164/rccm.200408-1069OC


complications after nonthoracic surgery. Am J Respir Crit Care Med. 2005, 171:514-7. 10.1164/rccm.200408-
1069OC

7. Smith PR, Baig MA, Brito V, Bader F, Bergman MI, Alfonso A: Postoperative pulmonary complications after
laparotomy. Respiration. 2010, 80:269-74. 10.1159/000253881

8. Sun Z, Sessler DI, Dalton JE, et al.: Postoperative hypoxemia is common and persistent: a prospective
blinded observational study. Anesth Analg. 2015, 121:709-15. 10.1213/ANE.0000000000000836

9. Yang CK, Teng A, Lee DY, Rose K: Pulmonary complications after major abdominal surgery: National
Surgical Quality Improvement Program analysis. J Surg Res. 2015, 198:441-9. 10.1016/j.jss.2015.03.028

10. Arozullah AM, Khuri SF, Henderson WG, Daley J: Development and validation of a multifactorial risk index
for predicting postoperative pneumonia after major noncardiac surgery. Ann Intern Med. 2001, 135:847-57.
10.7326/0003-4819-135-10-200111200-00005

11. Brooks-Brunn JA: Postoperative atelectasis and pneumonia . Heart Lung. 1995, 24:94-115.
12. Duggan M, Kavanagh BP: Pulmonary atelectasis: a pathogenic perioperative entity . Anesthesiology. 2005,

102:838-54. 10.1097/00000542-200504000-00021
13. Fernandez-Bustamante A, Frendl G, Sprung J, et al.: Postoperative pulmonary complications, early

mortality, and hospital stay following noncardiothoracic surgery: a multicenter study by the perioperative
research network investigators. JAMA Surg. 2017, 152:157-66. 10.1001/jamasurg.2016.4065

14. Henry M, Arnold T, Harvey J: BTS guidelines for the management of spontaneous pneumothorax. Thorax.
2003, 58:ii39-52. 10.1136/thorax.58.suppl_2.ii39

15. Marik PE: Aspiration pneumonitis and aspiration pneumonia . N Engl J Med. 2001, 344:665-71.
10.1056/NEJM200103013440908

16. Maskell NA, Butland RJ: BTS guidelines for the investigation of a unilateral pleural effusion in adults .
Thorax. 2003, 58:ii8-17. 10.1136/thorax.58.suppl_2.ii8

17. Mitchell CK, Smoger SH, Pfeifer MP, et al.: Multivariate analysis of factors associated with postoperative
pulmonary complications following general elective surgery. Arch Surg. 1998, 133:194-8.
10.1001/archsurg.133.2.194

18. McLean DJ, Diaz-Gil D, Farhan HN, Ladha KS, Kurth T, Eikermann M: Dose-dependent association between
intermediate-acting neuromuscular-blocking agents and postoperative respiratory complications.
Anesthesiology. 2015, 122:1201-13. 10.1097/ALN.0000000000000674

19. Hah JM, Bateman BT, Ratliff J, Curtin C, Sun E: Chronic opioid use after surgery: implications for
perioperative management in the face of the opioid epidemic. Anesth Analg. 2017, 125:1733-40.
10.1213/ANE.0000000000002458

20. Hall MJ, Schwartzman A, Zhang J, Liu X: Ambulatory surgery data from hospitals and ambulatory surgery
centers: United States, 2010. Natl Health Stat Report. 2017, 1-15.

21. Rose J, Weiser TG, Hider P, Wilson L, Gruen RL, Bickler SW: Estimated need for surgery worldwide based on
prevalence of diseases: a modelling strategy for the WHO Global Health Estimate. Lancet Glob Health. 2015,
3:S13-20. 10.1016/S2214-109X(15)70087-2

22. Nepogodiev D, Martin J, Biccard B, Makupe A, Bhangu A, National Institute for Health Research Global
Health Research Unit on Global Surgery: Global burden of postoperative death . Lancet. 2019, 393:401.
10.1016/S0140-6736(18)33139-8

23. Lawrence VA, Hilsenbeck SG, Mulrow CD, Dhanda R, Sapp J, Page CP: Incidence and hospital stay for
cardiac and pulmonary complications after abdominal surgery. J Gen Intern Med. 1995, 10:671-8.
10.1007/BF02602761

24. Nafiu OO, Ramachandran SK, Ackwerh R, Tremper KK, Campbell DA Jr, Stanley JC: Factors associated with
and consequences of unplanned post-operative intubation in elderly vascular and general surgery patients.
Eur J Anaesthesiol. 2011, 28:220-4. 10.1097/EJA.0b013e328342659c

25. Ramachandran SK, Nafiu OO, Ghaferi A, Tremper KK, Shanks A, Kheterpal S: Independent predictors and
outcomes of unanticipated early postoperative tracheal intubation after nonemergent, noncardiac surgery.
Anesthesiology. 2011, 115:44-53. 10.1097/ALN.0b013e31821cf6de

26. Grosse-Sundrup M, Henneman JP, Sandberg WS, et al.: Intermediate acting non-depolarizing neuromuscular
blocking agents and risk of postoperative respiratory complications: prospective propensity score matched
cohort study. BMJ. 2012, 345:e6329. 10.1136/bmj.e6329

27. Khan NA, Quan H, Bugar JM, Lemaire JB, Brant R, Ghali WA: Association of postoperative complications
with hospital costs and length of stay in a tertiary care center. J Gen Intern Med. 2006, 21:177-80.
10.1111/j.1525-1497.2006.00319.x

28. Fleisher LA, Linde-Zwirble WT: Incidence, outcome, and attributable resource use associated with
pulmonary and cardiac complications after major small and large bowel procedures. Perioper Med (Lond).
2014, 3:7. 10.1186/2047-0525-3-7

29. Miskovic A, Lumb AB: Postoperative pulmonary complications. Br J Anaesth. 2017, 118:317-34.
10.1093/bja/aex002

30. Canet J, Mazo V: Postoperative pulmonary complications. Minerva Anestesiol. 2010, 76:138-43.
31. Weingarten TN, Sprung J: An update on postoperative respiratory depression . Int Anesthesiol Clin. 2022,

60:8-19. 10.1097/AIA.0000000000000362
32. Ayad S, Khanna AK, Iqbal SU, Singla N: Characterisation and monitoring of postoperative respiratory

depression: current approaches and future considerations. Br J Anaesth. 2019, 123:378-91.
10.1016/j.bja.2019.05.044

33. Ye I, Tang R, White SJ, Cheung ZB, Cho SK: Predictors of 30-day postoperative pulmonary complications
after open reduction and internal fixation of vertebral fractures. World Neurosurg. 2019, 123:e288-93.
10.1016/j.wneu.2018.11.153

34. Li XF, Jiang RJ, Mao WJ, Yu H, Xin J, Yu H: The effect of driving pressure-guided versus conventional
mechanical ventilation strategy on pulmonary complications following on-pump cardiac surgery: a
randomized clinical trial. J Clin Anesth. 2023, 89:111150. 10.1016/j.jclinane.2023.111150

35. Lumb AB, Walton LJ: Perioperative oxygen toxicity. Anesthesiol Clin. 2012, 30:591-605.
10.1016/j.anclin.2012.07.009

 
Published via NEMA Research
Group

2025 Raffa et al. Cureus 17(3): e79913. DOI 10.7759/cureus.79913 13 of 15

https://dx.doi.org/10.1164/rccm.200408-1069OC
https://dx.doi.org/10.1159/000253881
https://dx.doi.org/10.1159/000253881
https://dx.doi.org/10.1213/ANE.0000000000000836
https://dx.doi.org/10.1213/ANE.0000000000000836
https://dx.doi.org/10.1016/j.jss.2015.03.028
https://dx.doi.org/10.1016/j.jss.2015.03.028
https://dx.doi.org/10.7326/0003-4819-135-10-200111200-00005
https://dx.doi.org/10.7326/0003-4819-135-10-200111200-00005
https://www.ncbi.nlm.nih.gov/pubmed/7759282
https://dx.doi.org/10.1097/00000542-200504000-00021
https://dx.doi.org/10.1097/00000542-200504000-00021
https://dx.doi.org/10.1001/jamasurg.2016.4065
https://dx.doi.org/10.1001/jamasurg.2016.4065
https://dx.doi.org/10.1136/thorax.58.suppl_2.ii39
https://dx.doi.org/10.1136/thorax.58.suppl_2.ii39
https://dx.doi.org/10.1056/NEJM200103013440908
https://dx.doi.org/10.1056/NEJM200103013440908
https://dx.doi.org/10.1136/thorax.58.suppl_2.ii8
https://dx.doi.org/10.1136/thorax.58.suppl_2.ii8
https://dx.doi.org/10.1001/archsurg.133.2.194
https://dx.doi.org/10.1001/archsurg.133.2.194
https://dx.doi.org/10.1097/ALN.0000000000000674
https://dx.doi.org/10.1097/ALN.0000000000000674
https://dx.doi.org/10.1213/ANE.0000000000002458
https://dx.doi.org/10.1213/ANE.0000000000002458
https://www.ncbi.nlm.nih.gov/pubmed/28256998
https://dx.doi.org/10.1016/S2214-109X(15)70087-2
https://dx.doi.org/10.1016/S2214-109X(15)70087-2
https://dx.doi.org/10.1016/S0140-6736(18)33139-8
https://dx.doi.org/10.1016/S0140-6736(18)33139-8
https://dx.doi.org/10.1007/BF02602761
https://dx.doi.org/10.1007/BF02602761
https://dx.doi.org/10.1097/EJA.0b013e328342659c
https://dx.doi.org/10.1097/EJA.0b013e328342659c
https://dx.doi.org/10.1097/ALN.0b013e31821cf6de
https://dx.doi.org/10.1097/ALN.0b013e31821cf6de
https://dx.doi.org/10.1136/bmj.e6329
https://dx.doi.org/10.1136/bmj.e6329
https://dx.doi.org/10.1111/j.1525-1497.2006.00319.x
https://dx.doi.org/10.1111/j.1525-1497.2006.00319.x
https://dx.doi.org/10.1186/2047-0525-3-7
https://dx.doi.org/10.1186/2047-0525-3-7
https://dx.doi.org/10.1093/bja/aex002
https://dx.doi.org/10.1093/bja/aex002
https://www.ncbi.nlm.nih.gov/pubmed/20150855
https://dx.doi.org/10.1097/AIA.0000000000000362
https://dx.doi.org/10.1097/AIA.0000000000000362
https://dx.doi.org/10.1016/j.bja.2019.05.044
https://dx.doi.org/10.1016/j.bja.2019.05.044
https://dx.doi.org/10.1016/j.wneu.2018.11.153
https://dx.doi.org/10.1016/j.wneu.2018.11.153
https://dx.doi.org/10.1016/j.jclinane.2023.111150
https://dx.doi.org/10.1016/j.jclinane.2023.111150
https://dx.doi.org/10.1016/j.anclin.2012.07.009
https://dx.doi.org/10.1016/j.anclin.2012.07.009


36. Pöpping DM, Elia N, Van Aken HK, et al.: Impact of epidural analgesia on mortality and morbidity after
surgery: systematic review and meta-analysis of randomized controlled trials. Ann Surg. 2014, 259:1056-67.
10.1097/SLA.0000000000000237

37. Rawal N: Epidural analgesia for postoperative pain: improving outcomes or adding risks?. Best Pract Res
Clin Anaesthesiol. 2021, 35:53-65. 10.1016/j.bpa.2020.12.001

38. Semenas E, Helleberg J, Bartha E, Kalman S, Holm M: Surgical Outcome Risk Tool (SORT) to predict 30-day
postoperative mortality in a mixed surgical population in Swedish tertiary hospitals. Br J Surg. 2023,
110:584-90. 10.1093/bjs/znad039

39. Khuri SF, Henderson WG, DePalma RG, Mosca C, Healey NA, Kumbhani DJ: Determinants of long-term
survival after major surgery and the adverse effect of postoperative complications. Ann Surg. 2005, 242:326-
41. 10.1097/01.sla.0000179621.33268.83

40. Hansen LS, Hjortdal VE, Andreasen JJ, Mortensen PE, Jakobsen CJ: 30-day mortality after coronary artery
bypass grafting and valve surgery has greatly improved over the last decade, but the 1-year mortality
remains constant. Ann Card Anaesth. 2015, 18:138-42. 10.4103/0971-9784.154462

41. Greco KJ, Rao N, Urman RD, Brovman EY: A dashboard for tracking mortality after cardiac surgery using a
national administrative database. Cardiol Res. 2021, 12:86-90. 10.14740/cr1220

42. van Eeghen EE, den Boer FC, Loffeld RJ: Thirty days post-operative mortality after surgery for colorectal
cancer: a descriptive study. J Gastrointest Oncol. 2015, 6:613-7. 10.3978/j.issn.2078-6891.2015.079

43. Petersen JD, Siersma VD, Wehberg S, Nielsen CT, Viberg B, Waldorff FB: Clinical management of hip
fractures in elderly patients with dementia and postoperative 30-day mortality: a population-based cohort
study. Brain Behav. 2020, 10:e01823. 10.1002/brb3.1823

44. Fakler JK, Pieroh P, Höch A, et al.: Predictors of long-term mortality in older patients with hip fractures
managed by hemiarthroplasty: a 10-year study based on a population registry in Saxony, Germany. Patient
Saf Surg. 2024, 18:15. 10.1186/s13037-024-00398-9

45. Pearse RM, Harrison DA, James P, et al.: Identification and characterisation of the high-risk surgical
population in the United Kingdom. Crit Care. 2006, 10:R81. 10.1186/cc4928

46. Gonzalez AA, Abdelsattar ZM, Dimick JB, Dev S, Birkmeyer JD, Ghaferi AA: Time-to-readmission and
mortality after high-risk surgery. Ann Surg. 2015, 262:53-9. 10.1097/SLA.0000000000000912

47. van der Kruijssen DE, Elias SG, Vink GR, et al.: Sixty-day mortality of patients with metastatic colorectal
cancer randomized to systemic treatment vs primary tumor resection followed by systemic treatment: the
CAIRO4 phase 3 randomized clinical trial. JAMA Surg. 2021, 156:1093-101. 10.1001/jamasurg.2021.4992

48. McHugh MA, Wilson JL, Schaffer NE, Olsen EC, Perdue A, Ahn J, Hake ME: Preoperative comorbidities
associated with early mortality in hip fracture patients: a multicenter study. J Am Acad Orthop Surg. 2023,
31:81-6. 10.5435/JAAOS-D-21-01055

49. Byrne BE, Bassett M, Rogers CA, Anderson ID, Beckingham I, Blazeby JM: Short-term outcomes after
emergency surgery for complicated peptic ulcer disease from the UK National Emergency Laparotomy Audit:
a cohort study. BMJ Open. 2018, 8:e023721. 10.1136/bmjopen-2018-023721

50. Sudlow A, Tuffaha H, Stearns AT, Shaikh IA: Outcomes of surgery in patients aged ≥90 years in the general
surgical setting. Ann R Coll Surg Engl. 2018, 100:172-7. 10.1308/rcsann.2017.0203

51. Vogelsang RP, Bojesen RD, Hoelmich ER, et al.: Prediction of 90-day mortality after surgery for colorectal
cancer using standardized nationwide quality-assurance data. BJS Open. 2021, 5:zrab023.
10.1093/bjsopen/zrab023

52. Shimizu S, Tanaka S, Ishida T, Ito M, Kawamata M, Okamoto K: Ninety-day mortality of extremely elderly
patients undergoing hip fracture surgery and its association with preoperative cardiac function: a single-
center retrospective study. J Anesth. 2023, 37:755-61. 10.1007/s00540-023-03230-3

53. Plantz MA, Wu SA, Gerlach EB, Arpey NC, Swiatek PR, Carney JJ, Tjong VK: Increased 30-day postoperative
readmission and medical complication rates among patients 65 years and older following arthroscopic
rotator cuff repair. Arthrosc Sports Med Rehabil. 2022, 4:e1151-9. 10.1016/j.asmr.2022.04.011

54. Lumb AB: Chapter 20 - anaesthesia . Nunn’s applied respiratory physiology (eighth edition). Elsevier,
Amsterdam, Netherlands; 2017. 291-318.e2.

55. Teppema LJ, Baby S: Anesthetics and control of breathing. Respir Physiol Neurobiol. 2011, 177:80-92.
10.1016/j.resp.2011.04.006

56. Lundquist H, Hedenstierna G, Strandberg A, Tokics L, Brismar B: CT-assessment of dependent lung
densities in man during general anaesthesia. Acta Radiol. 1995, 36:626-32.

57. Kumar GV, Nair AP, Murthy HS, Jalaja KR, Ramachandra K, Parameshwara G: Residual neuromuscular
blockade affects postoperative pulmonary function. Anesthesiology. 2012, 117:1234-44.
10.1097/ALN.0b013e3182715b80

58. Mavros MN, Velmahos GC, Falagas ME: Atelectasis as a cause of postoperative fever: where is the clinical
evidence?. Chest. 2011, 140:418-24. 10.1378/chest.11-0127

59. Liu S, Carpenter RL, Neal JM: Epidural anesthesia and analgesia. Their role in postoperative outcome .
Anesthesiology. 1995, 82:1474-506. 10.1097/00000542-199506000-00019

60. Sasaki N, Meyer MJ, Eikermann M: Postoperative respiratory muscle dysfunction: pathophysiology and
preventive strategies. Anesthesiology. 2013, 118:961-78. 10.1097/ALN.0b013e318288834f

61. Nieuwenhuijs D, Bruce J, Drummond GB, Warren PM, Wraith PK, Dahan A: Ventilatory responses after
major surgery and high dependency care. Br J Anaesth. 2012, 108:864-71. 10.1093/bja/aes017

62. Kor DJ, Warner DO, Alsara A, et al.: Derivation and diagnostic accuracy of the surgical lung injury prediction
model. Anesthesiology. 2011, 115:117-28. 10.1097/ALN.0b013e31821b5839

63. Sundman E, Witt H, Olsson R, Ekberg O, Kuylenstierna R, Eriksson LI: The incidence and mechanisms of
pharyngeal and upper esophageal dysfunction in partially paralyzed humans: pharyngeal videoradiography
and simultaneous manometry after atracurium. Anesthesiology. 2000, 92:977-84. 10.1097/00000542-
200004000-00014

64. Canet J, Gallart L, Gomar C, et al.: Prediction of postoperative pulmonary complications in a population-
based surgical cohort. Anesthesiology. 2010, 113:1338-50. 10.1097/ALN.0b013e3181fc6e0a

65. Barone CP, Pablo CS, Barone GW: A history of the PACU . J Perianesth Nurs. 2003, 18:237-41. 10.1016/s1089-

 
Published via NEMA Research
Group

2025 Raffa et al. Cureus 17(3): e79913. DOI 10.7759/cureus.79913 14 of 15

https://dx.doi.org/10.1097/SLA.0000000000000237
https://dx.doi.org/10.1097/SLA.0000000000000237
https://dx.doi.org/10.1016/j.bpa.2020.12.001
https://dx.doi.org/10.1016/j.bpa.2020.12.001
https://dx.doi.org/10.1093/bjs/znad039
https://dx.doi.org/10.1093/bjs/znad039
https://dx.doi.org/10.1097/01.sla.0000179621.33268.83
https://dx.doi.org/10.1097/01.sla.0000179621.33268.83
https://dx.doi.org/10.4103/0971-9784.154462
https://dx.doi.org/10.4103/0971-9784.154462
https://dx.doi.org/10.14740/cr1220
https://dx.doi.org/10.14740/cr1220
https://dx.doi.org/10.3978/j.issn.2078-6891.2015.079
https://dx.doi.org/10.3978/j.issn.2078-6891.2015.079
https://dx.doi.org/10.1002/brb3.1823
https://dx.doi.org/10.1002/brb3.1823
https://dx.doi.org/10.1186/s13037-024-00398-9
https://dx.doi.org/10.1186/s13037-024-00398-9
https://dx.doi.org/10.1186/cc4928
https://dx.doi.org/10.1186/cc4928
https://dx.doi.org/10.1097/SLA.0000000000000912
https://dx.doi.org/10.1097/SLA.0000000000000912
https://dx.doi.org/10.1001/jamasurg.2021.4992
https://dx.doi.org/10.1001/jamasurg.2021.4992
https://dx.doi.org/10.5435/JAAOS-D-21-01055
https://dx.doi.org/10.5435/JAAOS-D-21-01055
https://dx.doi.org/10.1136/bmjopen-2018-023721
https://dx.doi.org/10.1136/bmjopen-2018-023721
https://dx.doi.org/10.1308/rcsann.2017.0203
https://dx.doi.org/10.1308/rcsann.2017.0203
https://dx.doi.org/10.1093/bjsopen/zrab023
https://dx.doi.org/10.1093/bjsopen/zrab023
https://dx.doi.org/10.1007/s00540-023-03230-3
https://dx.doi.org/10.1007/s00540-023-03230-3
https://dx.doi.org/10.1016/j.asmr.2022.04.011
https://dx.doi.org/10.1016/j.asmr.2022.04.011
https://www.sciencedirect.com/science/article/abs/pii/B9780702062940000204
https://dx.doi.org/10.1016/j.resp.2011.04.006
https://dx.doi.org/10.1016/j.resp.2011.04.006
https://www.ncbi.nlm.nih.gov/pubmed/8519574
https://dx.doi.org/10.1097/ALN.0b013e3182715b80
https://dx.doi.org/10.1097/ALN.0b013e3182715b80
https://dx.doi.org/10.1378/chest.11-0127
https://dx.doi.org/10.1378/chest.11-0127
https://dx.doi.org/10.1097/00000542-199506000-00019
https://dx.doi.org/10.1097/00000542-199506000-00019
https://dx.doi.org/10.1097/ALN.0b013e318288834f
https://dx.doi.org/10.1097/ALN.0b013e318288834f
https://dx.doi.org/10.1093/bja/aes017
https://dx.doi.org/10.1093/bja/aes017
https://dx.doi.org/10.1097/ALN.0b013e31821b5839
https://dx.doi.org/10.1097/ALN.0b013e31821b5839
https://dx.doi.org/10.1097/00000542-200004000-00014
https://dx.doi.org/10.1097/00000542-200004000-00014
https://dx.doi.org/10.1097/ALN.0b013e3181fc6e0a
https://dx.doi.org/10.1097/ALN.0b013e3181fc6e0a
https://dx.doi.org/10.1016/s1089-9472(03)00130-8
https://dx.doi.org/10.1016/s1089-9472(03)00130-8


9472(03)00130-8

 
Published via NEMA Research
Group

2025 Raffa et al. Cureus 17(3): e79913. DOI 10.7759/cureus.79913 15 of 15


	Mortality 30, 60, and 90 Days After Discharge Is Greater in Patients Who Experienced Postoperative Respiratory Depression and Pulmonary Complication
	Abstract
	Introduction And Background
	Review
	Objective/purpose
	Methods
	Results
	FIGURE 1: Within-hospital mortality
	FIGURE 2: Hospital stay as a function of the number of PPCs
	FIGURE 3: Prolonged hospital stay with one or more PPCs
	FIGURE 4: Development of PPCs over a week following surgery
	FIGURE 5: Thirty- and 90-day mortality post-surgery

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


