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Surgery implies the concept of “recovery” as a central pillar 
of the patient trajectory. It has been a focal point of surgical 
research for ages; however, the specific components that 
define surgical recovery are not well defined. Historically, 
measures such as perioperative mortality, morbidity, 
complications, and hospital length of stay have been used 
as proxies to define surgical recovery. This disconnect 
between the definition of recovery and the endpoints we use 
to measure recovery in research is well addressed by Lee 
et al. (1) Beyond this, Lee suggests that recovery should be 
defined as “a rapid decrease in functioning in all relevant 
domains immediately postsurgery and persistence in this 
postoperative state during the deterioration period, which 
will gradually “recover” or exceed the baseline value over 

the rehabilitation period.” (1) (Figure 1).
As such, the concept of recovery begins from the 

preoperative baseline of the patient, traverses through 
the immediate deterioration associated with the early 
postoperative period, and continues with the long-term 
patient rehabilitation. Addressing and optimizing these 
various phases of the patient experience has been the 
fundamental principle in the development of standardized 
post-operative protocols, so called enhanced recovery 
pathways (ERPs).

ERPs are not new and surgeons have been trying to 
optimize patient recovery for decades by standardization 
of post-operative protocols. However, modern ERPs 
are characterized by an attempt to break free from 
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surgical dogma and tradition. Instead, ERPs aim to 
standardize patient care using evidence-based methods 
and encourage multidisciplinarity. While initially focused 
on the postoperative management, ERPs have now 
grown to encompass all phases of the patient trajectory, 
with emphasis on the preoperative, perioperative, and 
postoperative management of patients. The preoperative 
phase encompasses initial assessment and surgical planning, 
optimizing preoperative functional and nutritional status, 
and managing and setting realistic expectations for recovery, 
both within the hospital and in the outpatient setting. 
The intraoperative component is by far the bulk of the 
literature, as it encompasses surgical approach (minimally 
invasive vs. open), anesthetic approach (multimodal, 
local anesthesia, general anesthesia), and perioperative 
management (fluid management, body temperature, etc.). 
Given that the benefits of minimally invasive surgery 
have extensively been described in the literature, this 
review spends little time on the surgical approach in 
order to focus discussion on the new developments in 
ERPs, specifically the standardizing of pre and post-
operative goals and management. Finally, the postoperative 
period encompasses both the immediate period in the 
hospital, and the long-term period of recovery once a 
patient leaves the hospital. Specifically it targets broad 
components such as patient mobilization, early return to 
oral nutrition, pain management, and drain management (2).  
An example of our postoperative pathway management is 
provided here (Table 1). Therefore, by targeting all aspects of 
the operative period, the aim of ERPs should be to return the 
patient to the best possible functional status in the shortest 
amount of time. In essence improved postoperative outcomes 

and early discharge from hospital are by-products of the true 
goal, which is to minimize the functional impact of surgery. 

This concept is particularly relevant in oncologic 
pulmonary surgery where the goal of the operation is 
cancer control, a consequence of which is inevitable and 
permanent loss of respiratory capacity. As such, a “return 
to baseline” is inherently impossible, which puts into light 
the lack of adequate metrics for patient-reported outcomes 
(PROs) and functional status in the postoperative period. 
The limitations of proxies of recovery such as length of stay 
or complications rates highlights the need for more holistic 
metrics of recovery such as PROs or functional outcomes. 
Within this context, Kim et al. introduced the metric 
of return to intended oncologic therapy (RIOT) which 
addressed whether or not a patient “recovered” enough in 
the postoperative period to be able to tolerate postoperative 
adjuvant therapy (3). RIOT is a combined metric that 
included whether or not the patient was able to initiate 
post-operative therapies, and a time metric for the delay 
until therapy initiation (3). When measured in the context 
of ERPs for liver resection, the ERP patients showed lower 
symptom burden on life interference and overall shorter 
time interval to return to baseline functional status, which 
resulted in a more rapid RIOT (4). The concept of PROs 
such as RIOT is novel and as such only very few studies 
using ERPs have incorporated them to assess for patient 
recovery after hospital. Nevertheless, incorporating metrics 
that can more accurately measure recovery is absolutely 
necessary for future research around perioperative recovery, 
especially in the context of ERPs.

The benefits of ERPs have been demonstrated across 
surgical specialties, with benefits mainly in reducing length 
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Figure 1 Phases of recovery [modified from Lee et al. (1)].
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of hospital stay and overall complication rates. However, 
the bulk of studies and benefits have been demonstrated 
in the context of colorectal surgery, where the adoption of 
ERPs was a significant shift from the conventional historical 
management (5). In the context of thoracic surgery, 
specifically with regards to lung resection, the available 
literature is more limited. Indeed, a systematic review 

performed by Fiore et al. was the first to synthesize the last 
decade’s worth of studies assessing the benefits of ERPs in 
pulmonary surgery (6). Interestingly, all nonrandomized 
studies demonstrated a significant reduction in overall length 
of stay (6). However, the sole randomized controlled trial by 
Muehling et al. failed to showed a significant difference in 
length of stay between the ERP and conventional groups (7).  

Table 1 Example of enhanced recovery pathway for lobectomy [modified from Madani et al. (2)]

Target Intervention Enhanced recovery pathway

Preoperative

Patient education Standardized preoperative education protocol

Information booklet with daily goals

Intraoperative

Analgesia Thoracic epidural inserted

Extubation Preferred extubation in the operating room or in the post-anesthesia care unit

Postoperative

Analgesia Thoracic epidural stop test performed on the day the last chest tube is removed

Urinary drain POD 1: drain removed if adequate urine output

If no urine output after 8 hours of removal, a bladder scan is performed an urinary retention protocol is followed

Chest tube POD 0: maintained at −20 cmH20 suction

POD 1: remove suction

POD 2: remove chest tube#1 if <300 mL/24 h, non-chylous and no air leak

POD 3: remove chest tube#2 if <300 mL/24 h, non-chylous and no air leak

Nutrition No nasogastric tube

POD 0: clear fluid diet

POD 1: diet as tolerate

Chest X-ray After either chest tube suction removal or chest tube removal

No clamp test

Mobilization POD 0: up in chair with assistance as tolerated

POD 1: up in chair 3 times per day for all meals + 30–60 minutes each time, ambulate in hallway 2 times per day with 
assistance

POD 2: out of bed for all meals and ≥8 hours during the day, walking in hallway 17.5–35 meters 3 times per day with 
assistance

POD 3: increase ambulation to 75 meters 3–5 times per day

Chest 
rehabilitation

Spirometry 10 times every hour while awake

Chest physiotherapy every 4 hours

Target discharge POD 3 if 1 chest tube

POD 4 if 2 chest tubes

POD, post-operative day.
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As such, some have suggested that the difference in 
length of stay in nonrandomized studies may be a result 
of bias in the selection of ERP patients (8). Alternatively, 
Muehling et al. failed to include a protocol on chest tube 
management in their ERP, which could have significantly 
affected their length of stay as other studies have effectively 
demonstrated that chest tube duration represents a 
major determinant of LOS in thoracic patients (6).  
However, what Fiore et al. demonstrate overall, is that 
when comparing ERP to conventional approach, there is 
no difference in overall complication rates, readmissions 
rates, and overall mortality rates (6). These findings 
together suggest that ERPs in thoracic surgery may reduce 
overall length of stay without compromising patient care. 
Furthermore, while the overall complication rates show no 
significant difference, the rate of short term complications 
and overall morbidity have been reported to be lower in 
several studies (6). Indeed, in our centre’s experience on 234 
patients who underwent elective lung resections, we found 
an overall 30-day complication rate, largely determined 
by the very significant reduction in urinary tract infections 
with early Foley removal as part of the ERP protocol (2). 
While these findings suggest some benefit in using ERPs in 
thoracic surgery, the data had several pitfalls. Indeed, due 
to the wide variability between individual ERP components 
and the low volume of studies (1 randomized trial and 
6 nonrandomized studies), the data was deemed of low 
quality (6). This variability in results can be attributed to 
the difficulty of studying individual components of each 
pathway, as often it is not a single component that defines a 
benefit but more the agglomeration of several components 
together (2). Indeed, many of the studies included had 
key differences in the components of both their standard 
and ERP protocols, with some standard protocols already 
including many of the components of the ERPs and 
thus undermining the effects of the “novel” pathway. 
Beyond this, the primary outcome was often length-of-
stay (LOS), which as we’ve previously discussed represents 
an incomplete and indirect measure of recovery at best. 
The sole RCT published showed no significant difference 
in length of stay, putting forth the idea that some of the 
benefit seen in non-randomized studies may be the result 
of bias. At the time, it was evident that more prospective 
trials were necessary to make conclusions regarding ERPs. 
In 2017, Li et al. published a substantial update, this time 
meta-analyzing the results of 7 RCTs for a total of 486 
patients (9). Here they indicated that ERP patients had 
significant reductions in morbidity, with emphasis on a drop 

in pulmonary and surgical complications (9). They found no 
difference in cardiac complications or mortality (9). Their 
study represents the first meta-analysis to demonstrate 
significant improvement in perioperative outcomes in the 
context of ERPs and thoracic surgery. Thus, when taken 
together, these findings suggest that ERPs have benefit 
regarding perioperative morbidity, with some improvements 
in hospital and ICU length of stay. Together however, they 
remain limited in their ability to measure post-operative 
recovery given that they lack comprehensive metrics of 
recovery. As such, further study is still required to assess the 
effects of ERPs on recovery, with special emphasis on (I) 
identifying valid metrics of recovery and (II) developing a 
consensus on what to include within an ERP protocol. 

Streamlining the perioperative process itself puts 
forth the idea that ERPs may have a role in reducing 
healthcare costs associated to lung resection. However, 
simply calculating based on the cost of hospital stay 
represents  a  l imited and incomplete  v iew of  the 
costs of postoperative recovery (10). Based on this,  
Paci et al. set forth to assess whether ERPs have a significant 
economic impact by calculating cost during hospitalization 
(institutional costs), in the immediate follow-up (health-
care system costs), and the cost burden on the patient and 
caregivers (societal costs) in patients who had undergone  
ERP vs. conventional pathway in our centre (10). Similar to 
previous publications, they found a reduced median length 
of stay (2,10). However, their most striking result was that 
the ERP group demonstrated a lower caregiver burden 
(defined as hours spent by a caregiver in assisting the 
patient postoperatively) concomitant with a lower societal 
cost, with a mean difference of $4,396 less in the ERP  
group (10). These findings have significant repercussions in 
our healthcare system, which is publicly funded and as such 
constrained by limited resources. First, a shorter length of 
stay represents a more rapid turnover of available beds in 
the hospital, thus speeding up the process from first visit 
to surgery in our patient population (10). Secondly, with 
reduced overall costs, ERPs not only reduce the burden on 
the public system but on the patients and relatives in the 
postoperative period (10,11). Finally, on could hypothesize 
that reduced caregiver burden is an indication that patients 
have returned to baseline function and autonomy in an 
accelerated fashion. These findings may in fact demonstrate 
the strongest impact of ERPs in all surgical contexts. 

Based on this, the introduction of new features to ERPs 
is a hot topic in the literature currently. As previously 
discussed, ERPs have expanded their breadth to include 
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the preoperative phase, the perioperative phase, and 
the postoperative phase. Implementation of smoking 
cessation programs preoperatively have long been included 
in preoperative optimization of lung cancer surgical 
patients, with positive results although strong data remains  
limited (12). Most recently however, the implementation of 
optimizing preoperative functional baselines has garnered 
interest. In their meta-analysis, Pouwels et al. identified 11 
studies, for a total of 277 study participants, that compared 
the implementation of a preoperative exercise therapy 
program to the current standard of care (no preoperative 
program). The individual studies collectively suggested 
that pre-operative exercise is associated with benefits in the 
post-operative period, with specific regards to complication 
rates, mortality, hospital length of stay, post-operative 
fitness levels and overall quality of life (13). However, 
due to the heterogeneity of the study populations and the 
exercise programs themselves, a meta-analysis was not 
performed, and as such no definite conclusions could be 
drawn (13). While the data on prehabilitation in pulmonary 
surgery remains limited, the benefits of preoperative 
exercise programs in improving postoperative functional 
exercise capacity have been demonstrated in several other 
surgical specialties, including other fields within thoracic  
surgery (14) .  Indeed,  our own center found that 
prehabilitation in patients undergoing esophago-gastric 
resections resulted in improved functional status both pre 
and post-operatively. As these programs likely to become 
a mainstay in preoperative care, the next step remains to 
develop standardized definitions of pre-habilitation, paying 
specific attention to aspects such as which routine to follow, 
how early before surgery to start a program and at what 
intensity and frequency to execute such a program (13). 

Several other aspects such as preoperative nutrition, 
specific cardiopulmonary evaluations, optimization of 
chronic conditions, and a slew of other preoperative 
factors are undergoing evaluation. With regards to the 
perioperative period, the use of posterior intercostal nerve 
blocks as opposed standard thoracic epidural analgesia is an 
exciting development in the field. A groundbreaking study 
by Rice et al. demonstrated that in patients undergoing 
lung surgery, those who received intercostal nerve blockade 
as opposed to thoracic epidural analgesia had a significant 
reduction in mean hospital stay without any difference 
in postoperative complications, overall pain scores, and 
narcotic utilization (15). These findings represent a key 
development as the use of epidural analgesia is associated 
with side effects such as hypotension, urinary retention, 

nausea, and vomiting, all of which are potential factors that 
can delay discharge in thoracic patients (15). Further to 
this, patients can safely be discharged with intercostal nerve 
blockade as opposed to epidurals, which required in-hospital 
management (15). Enhancements in the postoperative 
management has surfaced in the form of portable chest 
tube suction devices, the use of specific oxygen regimens 
in the immediate postoperative period, and a plethora 
of other novel ideas whose benefits remain to be shown 
(16,17). All of this taken together exemplifies that ERPs in 
thoracic surgery are still in their infancy. Indeed, the lack of 
strong evidence to show benefits of ERPs is likely strongly 
determined by the significant variability between available 
protocols in the literature. These protocols themselves 
will be subject to considerable change as new aspects of 
perioperative care are discovered and implemented, such as 
prehabilitation programs, nutritional programs, and others. 

It is clear that ERPs are here to stay in modern thoracic 
surgery management. At the very least, ERPs deliver 
the same standard of care as conventional approaches. 
At best, they are associated with reduced length of stay 
and reduced costs, both on the system and the patient 
themselves. However, both the specific components and 
the scope of ERPs are expanding and developing each year. 
Indeed, ERPs now include the entire operative experience, 
from preoperative planning to long-term postoperative 
rehabilitation. As new components surface in the literature, 
ERPs will undergo major shifts. As they become more 
comprehensive, one can hope that the demonstrated 
benefit of ERPs will become more apparent in the overall 
context of patient recovery after surgery. As new metrics 
for recovery are developed and implemented into ERP 
research, the more nuanced effects of ERPs may be 
identified with regards to overall patient recovery. Finally, 
it is critical to note the iterative nature of ERPs. Like 
all aspects of surgery, pulmonary surgery is a constantly 
evolving entity. ERPs must be revised and revisited over 
time to reflect this reality. They must provide continuous 
and incremental improvements to the experience of those 
patients who entrust their lives to our care.
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