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Background: Enhanced recovery after surgery (ERAS) protocols in thoracic surgery have been
demonstrated to impact length of stay (LOS), complication rates, and postoperative opioid use. However,
ERAS protocols for minimally invasive lung resections have not been well described. Given most lung
resections are now performed minimally invasively, there is a gap in the literature regarding the efficacy of
ERAS protocols in this setting. In this study, we analyzed patient outcomes following implementation of an
ERAS protocol for minimally invasive lung resections.

Methods: Outcome data was retrospectively collected for 442 patients undergoing minimally invasive lung
resections between January 1%, 2015 and October 26™, 2021. Patients were divided into either a pre-ERAS
(n=193) or ERAS (n=249) group. Primary outcomes included LOS, postoperative complications, intensive care
unit (ICU) admission status, 30-day hospital readmissions, and 30-day mortality. Secondary outcomes included
common postoperative complications required for the Society for Thoracic Surgeons (STS) database.
Results: We observed an overall decrease in median LOS (4.0 vs. 3.0 days, P=0.030) and ICU admission
status (15% wvs. 7.6%, P=0.020) after implementation of our ERAS protocol. The difference in LOS was
significantly lower for anatomic lung resections, but not non-anatomic resections. There was no difference in
30-day readmissions and a 0% mortality rate in both groups. Overall, there was a low complication rate that
was similar between groups.

Conclusions: The implementation of an ERAS protocol led to decreased LOS and decreased ICU
admission in patients undergoing minimally invasive lung resection. Process standardization optimizes
performance by providers by decreasing decision fatigue and improving decision making, which may

contribute to the improved outcomes observed in this study.
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Introduction

The benefits of an enhanced recovery after surgery (ERAS)
protocol were first documented in colorectal surgery and
have been increasingly adopted within additional surgical
specialties (1,2). In the field of thoracic surgery, ERAS
protocols have been shown to reduce length of stay (LOS)
and patient complications with a subsequent reduction
in cost of hospitalization (3-7). Improved postoperative
analgesia and decreased postoperative opioid use have
also been reported (8-10). However, there have been few
studies that have examined the impact of ERAS protocols
on minimally invasive lung resections alone (11,12). This is
of particular interest given 82% of lobectomies for clinical
stage 1 lung cancer are now performed via a video-assisted
thoracic surgery (VATS) or robotic approach (13). Though
there is likely a benefit to ERAS protocols in general
thoracic surgery these protocols are not widely used nor are
they standardized across different institutions (14).

In 2018, the ERAS Society along with the European
Society of Thoracic Surgeons (ESTS) published a set
of guidelines and recommendations for thoracic ERAS
protocols (14). Within this document, there are 45 specific
recommendations standardizing pre, peri, and postoperative
care. Each recommendation is listed with a strength of
recommendation. Strong preoperative recommendations
include screening for nutritional status, smoking and
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alcohol cessation, correction of preexisting anemia, and
thorough preoperative education and counseling. Strong
perioperative recommendations include avoidance of pre-
anesthesia sedatives, mechanical and pharmacological
venous thromboembolism (VTE) prophylaxis, pre-incision
antibiotics, euvolemic fluid management, and ventilatory
lung protective strategies. Postoperatively, the guidelines
strongly recommend resuming beta blockers for prevention
of atrial fibrillation, early mobilization, combination
antinausea medication, removal of unnecessary transurethral
catheters, and prompt chest tube removal (14).

At our institution, we sought to implement a thoracic
surgery ERAS protocol for patients undergoing minimally
invasive lung resections. Our ERAS protocol included
many of the recommendations from the ERAS society and
ESTS with the goals of standardizing patient care between
attending surgeons, simplifying care for residents and
nursing staff, and ultimately improving patient care. We
hypothesized that by standardizing our patient care with an
ERAS protocol, this would lead to a reduced hospital LOS.
We present this article in accordance with the STROBE
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-1500/rc).

Methods

This is a single-center retrospective cohort study of
442 patients that underwent minimally invasive (VATS
or robotic) lung resection. The goal of the study was
to evaluate the implementation of an ERAS protocol
for minimally invasive lung resections. Residents and
nursing staff were educated of the protocol and began
implementing it on our start date of March 1%, 2019. There
was 100% attending surgeon agreement and adoption
of the protocol. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
institutional review board (IRB) at the UMass Chan Medical
School reviewed and approved this study (No. H00019427).
An informed consent waiver was obtained from the IRB due
to the retrospective nature of this study.

Institutional thoracic ERAS protocol

The benefits of effective preoperative patient optimization
in the setting of thoracic ERAS protocols have been well
characterized (15). Therefore, our thoracic ERAS protocol
begins with preoperative counseling by each surgeon
once surgery is deemed necessary. There is no dedicated
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preoperative physiotherapy evaluation or program, though
the benefit of these programs for patients undergoing
lung resection has been previously described (16). This is
primarily due to fact that we function in a resource-limited
hospital and community. However, patients are all counseled
on smoking and alcohol cessation for 4 weeks prior to
surgery and smoking cessation experts are offered to all
active smokers. In patients who do elect to cease smoking,
the 4-week requirement does not delay their surgery,
especially given that it is rare for us to perform an operation
within 4 weeks of booking. However, if the patients are
unable to cease smoking, we do not let this delay their
operation. Nutritional status is evaluated and if there is
concern for malnutrition, albumin and prealbumin labs are
ordered, as are nutritional supplements and referral to a
nutritionist. Patients are screened for preoperative anemia
and if hemoglobin is less than 8.0 g/dL, supplemental iron
is considered. A screening for urinary retention symptoms
is performed. Seven to 10 days prior to surgery, patients
receive a phone call from a nurse practitioner to screen for
evaluation of social concerns, as well as evaluation of who
will drive the patient to the hospital and home. All patients
are also evaluated by our anesthesia team prior to arriving at
the hospital for surgery.

Our perioperative management is summarized in
Tables S1-S3. There are three attending surgeons and 10
anesthesiologists and certified registered nurse anesthetists
(CRNAs) who manage the perioperative care of our
patients, all of whom follow the ERAS protocol. Patients are
admitted the morning of their surgery, and are allowed to
drink clear liquids until 2 hours before surgery. Gabapentin
300 mg and acetaminophen 975 mg are given the morning
of surgery. Compression boots and subcutaneous heparin
are given to all patients for VT'E prophylaxis and antibiotics
are administered 60 minutes prior to skin incision. All lung
resections are performed under general anesthesia. Prior to
the start of all lung resections, an arterial line, a large bore
intravenous (IV) line, and a Foley catheter are placed. A
double lumen endotracheal tube (ETT), based off patient
sex and height, is used to facilitate lung isolation, and lung
protective strategies are used throughout the duration
of anesthesia. These are detailed in Table S1, under
“Ventilation”. Euvolemia is maintained throughout the
operation and intraoperative fluid management is outlined
in Table S1 under “Fluid management”. Preoperative
midazolam is avoided and the use of opiates is minimized
after initial induction of anesthesia (Table S1, “Pain meds
and sedation”). Postoperative prevention of nausea and
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vomiting is addressed with 4 mg dexamethasone after
induction, and Zofran 4 mg prior to emergence from
anesthesia.

Lung resections are performed through five small
port incisions for both VATS and robotic operations.
An intercostal nerve block is performed with liposomal
bupivacaine at the start of every case. In patients with
incomplete fissures, attempts are made to minimize fissure
dissection. Mediastinal and hilar lymphadenectomies are
performed for all cancer operations. Staples are used for
division of parenchyma, vessels, and airway. With regards
to intraoperative efforts to reduce air leaks, several steps
can be taken. This includes lysis of all pleuro-parenchymal
adhesions and takedown of the inferior pulmonary ligament,
which we routinely practice (17). The Italian VATS group
recommended the use of reinforced staple lines only in
the case of severe emphysema, and pleural sealant when
an intraoperative air leak is observed at the end of the case
during lung inflation (17). In our practice, reinforced staple
lines are very rarely used and the use of pleural sealant
is variable and surgeon dependent. A single chest tube is
placed at the conclusion of surgery.

A comprehensive overview of our postoperative patient
care can be found in 7able 1. On postoperative day (POD)
0, the chest tube is put to suction in the operating room
(OR) and then transitioned to water seal in the post-
anesthesia care unit (PACU). A chest X-ray is done in the
PACU, and chest tube output is marked every four hours.
Incentive spirometry is performed 10 times per hour
and an Acapella device is given to all patients. For pain
management, acetaminophen and gabapentin are given to
all patients. Oxycodone is given to patients for moderate
pain and hydromorphone is given to patients with severe
pain. Patients are started on a clear liquid and advanced
as tolerated. Nausea is treated with Zofran. Benadryl
and melatonin can be given for insomnia but sedatives
are avoided. All patients are placed on a bowel regimen
consisting of colace, senna and Miralax as needed. Patients
who smoke are given a nicotine patch.

On POD 1, patients are more aggressively mobilized, eat
breakfast in a chair, and are walked two times per nursing
shift. Supplemental oxygen is discontinued if oxygen
saturation is above 88% on room air. Foley catheters are
removed if renal function and hematocrit are stable, and
urine output is satisfactory. Bladder scans are performed by
the nursing staff and patients are intermittently catheterized
if there is urinary retention. A portable chest X-ray is
obtained on all patients. If patients do not have an air leak,
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ERAS component

Day of surgery

POD 1

POD 2

Vital signs and
monitoring

Nursing care and
activity

IV fluids, Foley, diet

Labs and CXR, home
meds

Chest tube

Telemetry (ok to travel off telemetry)

Continuous pulse oximetry

Vital signs every 4 hours

Out of bed to chair when awake

Walk 2 times per shift

Lactated Ringer’s solution at
maintenance rate

Advance diet as tolerated

Heparin-lock IV line when PO intake
>250 cc

Foley catheter remains in place

No post-op labs
CXR in PACU

Chest tube to suction in operating
room

Chest tube to water seal in PACU

Chest tube output marked every
4 hours

Resident physicians strip chest tubes

Discontinue telemetry if stable

Discontinue continuous pulse
oximetry if respiratory status stable
Wean off oxygen if saturating >88%
on room air

Vital signs every 4 hours

Standing daily weight

Out of bed to chair for breakfast

Walk 2 times per shift

Nurses change chest tube dressing
with dry sterile gauze (no Xeroform)
as needed

Can shower with occlusive dressing
over chest tube site

Regular diet

Heparin-lock IV

Discontinue Foley catheter

Straight catheterization for bladder
scan >600 cc or no void after 8
hours or symptomatic

Complete blood count and Chem-10

Portable CXR

Home med reconciliation (half dose
antihypertensives)

Chest tube to water seal

Chest tube output marked every
4 hours

Resident physicians strip chest
tubes

Consider discontinuing chest tube if
no air leak and low fluid output

Post-pull CXR 2 hours after chest
tube removal

Discontinue telemetry if stable

Discontinue continuous pulse
oximetry if respiratory status stable

Wean off oxygen if saturating >88%
on room air

Vital signs every 4 hours
Standing daily weight
Walk 2 times per shift

Nurses change chest tube dressing
as needed

Can shower with occlusive dressing
over chest tube site

Regular diet

No labs

Portable CXR if chest tube still in
place

Home med reconciliation

Chest tube to water seal

Chest tube output marked every
4 hours

Residents strip chest tubes

Consider discontinuing chest tube if
no air leak and low fluid output

Post-pull CXR two hours after
removal

Table 1 (continued)
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Table 1 (continued)
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ERAS component

Day of surgery

POD 1

POD 2

Respiratory

Pain control and sleep

Prophylaxis

Consults and
discharge

Incentive spirometry 10 times per
hour

Acapella device

Physiotherapy vest for high risk
patients

Duoneb and albuterol per respiratory
protocol

Tylenol 975 mg by PO TID
Gabapentin 100 mg TID

Toradol 15 mg IV every 6 hours
(attending decision)

Oxycodone 2.5, 5, or 10 mg every 3
hours as needed-base dosing off pain

Dilaudid 0.4 or 0.8 mg every 2 hours
as needed for severe pain

Benadryl 25-50 mg by mouth as
needed for itching/sleep

Melatonin 3 mg as needed for sleep

Nicotine patch if smoker
Venodyne boots
No lovenox or subcutaneous heparin

Colace 100 mg BID/senna 17.2 mg at
bedtime

Miralax as needed

Zofran 4 mg IV/PO every 8 hours as
needed for nausea

Incentive spirometry 10 times per
hour

Acapella device

Physiotherapy vest for high risk
patients

Duoneb and albuterol per respiratory
protocol

Tylenol 975 mg PO TID
Toradol 15 mg IV every 6 hours

Gabapentin 300 mg TID unless
somnolence or contraindicated

Oxycodone 2.5-5 mg every three
hours as needed

Benadryl 25-50 mg PO as needed
for itching/sleep

Melatonin 3 mg as needed for sleep

IV narcotics only for breakthrough
pain, no standing orders

Nicotine patch if smoker
Venodyne boots
Prophylactic subcutaneous lovenox

Colace 100 mg BID/senna 17.2 mg
at bedtime

Miralax as needed

Zofran 4 mg IV/PO every 8 hours as
needed for nausea

Physical therapy consult for age >60
or ECOG =1

Smoking cessation for current
smokers

Consider nutrition evaluation if
malnourished

Consider VNA services

Discharge planning

Incentive spirometry 10 times per
hour

Acapella device

Physiotherapy vest for high risk
patients

Duoneb and albuterol per respiratory
protocol

Tylenol 975 mg PO TID
Ibuprofen 400 mg with meals

Gabapentin 300 mg TID unless
somnolence or contraindicated

Oxycodone 2.5-5 mg every 3 hours
as needed

Benadryl 25-50 mg PO as needed
for itching/sleep

Melatonin 3 mg as needed for sleep

IV narcotics only for breakthrough
pain, no standing orders

Nicotine patch if smoker
Venodyne boots
Prophylactic subcutaneous lovenox

Colace 100 mg BID/senna 17.2 mg
at bedtime

Miralax as needed

Zofran 4 mg IV/PO every 8 hours as
needed for nausea

Milk of magnesia daily if no BM
PODA4: lactulose every 6 hours if no BM
PODG6: dulcolax suppository if no BM

Discharge planning

ERAS, enhanced recovery after surgery; POD, postoperative day; IV, intravenous; PO, oral; CXR, chest X-ray; PACU, post-anesthesia care
unit; TID, three times daily; BID, two times daily; BM, bowel movement; ECOG, Eastern Cooperative Oncology Group; VNA, Vising Nurse

Association.
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there is low chest tube output (E.L. <300, M.W.M. <400,
K.U. <500), and chest X-ray is satisfactory, chest tubes are
removed on POD 1. If the chest tube is removed, a chest
X-ray is obtained two hours after removal. Beta blockers
are resumed for patients with atrial fibrillation at half the
normal dose. A complete blood count and comprehensive
metabolic panel are checked. Chest physiotherapy is
ordered for all patients. For pain management, IV narcotics
are used for breakthrough severe pain and standing orders
for these medications are discontinued. Physical therapy
consult is placed for all patients over 65 and those who
are deemed frail. Discharge planning begins and potential
barriers to discharge are identified. Some patients are
discharged on POD 1.

On POD 2, patients are advanced as tolerated through
ERAS checkpoints that were not accomplished on POD
1. No labs are drawn unless clinically indicated and chest
X-ray is only obtained if a chest tube is still in place. A
more aggressive bowel regimen is implemented if patients
still have not had return to normal bowel function.
Discharge planning is continued and when ready, patients
are discharged. Our standard discharge criteria for patients
are as follows: their chest tube has been removed, they are
on room air, they are able to ambulate independently, and
their pain is well controlled on oral medication. Depending
on patient status, we will selectively discharge patients with
chest tubes, home oxygen, or Foley catheters. However, by
and large, there was no systematic change in our discharge
criteria following implementation of our ERAS protocol.

Data collection

Outcome data was collected for patients undergoing
minimally invasive (VATS and robotic) lung resections
between January 1%, 2015 and October 26", 2021 using our
institutional Society for Thoracic Surgeons (STS) database.
The ERAS protocol was implemented at our institution on
March 1%, 2019. Following this date, all patients undergoing
minimally invasive lung resection at our institution were
started on the ERAS protocol. Patients were retrospectively
grouped as pre-ERAS or post-ERAS based on their date
of operation. Patients were then further subdivided into
groups determined by operation type: anatomic and non-
anatomic lung resections. The anatomic group included
lobectomies, segmentectomies, and bilobectomies. The
non-anatomic group included wedge resections.

Baseline characteristics were recorded for all patients
including sex, race, ethnicity, age, body mass index
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(BMI), preoperative FEV1, smoking history, preexisting
cardiovascular or pulmonary disease, procedure type, and
procedure lobe (Table 2, Table S4). Primary outcomes
included LOS in days (median and mean), complications,
intensive care unit (ICU) admission status, 30-day hospital
readmission, and 30-day mortality. LOS was calculated as
the number of days from the patient’s surgery until their
discharge. Secondary outcomes included discharge and
postoperative complications, as reported in the institutional
STS database. Notable discharge outcomes included the
proportion of patients discharged alive, and the proportions
of patients discharged with a chest tube, foley catheter,
or new home oxygen requirement. Notable postoperative
complications included the occurrence of prolonged air leak
(>5 days), pneumonia, pneumothorax requiring chest tube
reinsertion, acute respiratory distress syndrome, respiratory
failure, atrial arrythmia, ventricular arrythmia, deep vein
thrombosis, myocardial infarction, urinary tract infection,
urinary retention, and sepsis. A comprehensive list of all
secondary outcomes as reported in the institutional STS
database can be found in Table S5.

Statistical analysis

Baseline characteristics and patient outcomes were
compared using Chi-squared tests or Fisher’s exact test
for categorical variables. Fisher’s exact test was used when
the expected value of any cell was less than five. T-tests or
Mann-Whitney U tests were used for continuous variables.
Data that were missing from the institutional STS database
were excluded from statistical analysis. Results were
considered significant when a P value of less than 0.05 was
observed. All analyses were conducted in SAS version 9.4.

Results

Following data extraction, there were 193 patients identified
in the pre-ERAS group and 249 patients in the post-ERAS
group. Baseline characteristics were compared for each
group (Table 2). There were no differences observed with
respect to sex, race, ethnicity, age, or BMI. A significant
difference was observed with respect to the American
Society of Anesthesiologists (ASA) classification between
the pre- and post-ERAS groups (class III: 78% vs. 87%,
respectively, P=0.008). However, there was no significant
difference observed with functional status [independent,
partially dependent, or totally dependent (P=0.16)]. The
prevalence of cancer was statically different in the pre-
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Patient variable Pre-ERAS (n=193) Post-ERAS (n=249) P value
Male sex 72 [37] 96 [39] 0.79
Race 0.33

Asian 6 [3.1] 41[1.6]

Black 3[1.6] 9 [3.6]

Other 31[1.6] 7[2.8]

White 180 [94] 229 [92]
Hispanic or Latino ethnicity 9[4.7] 13[5.2] 0.80
Age (years) 65 [10] 66 [10] 0.45
BMI (kg/m?) 28 [5.7] 29 [7.3] 0.53
Preoperative FEV1 (% predicted) 84.9 [19.7] 83.3[19.0] 0.42
Zubrod ECOG score 0.07

0 122 [63] 175 [71]

1 60 [31] 68 [27]

2 11[5.7] 51[2.0]
Functional status’ 0.16

Independent 45 [94] 231 [93]

Partially dependent 2[4.2] 17 [6.9]

Totally dependent 1[2.1] 0
Hypertension 130 [67] 148 [59] 0.09
Congestive heart failure 3[1.6] 5[2.0] 0.27
Coronary artery disease 42 [22] 43 [17] 0.23
Pulmonary hypertension 6 [3.1] 51[2.0] 0.54
Diabetes 34 [18] 39 [16] 0.58
Cigarette smoking 0.97

Current 56 [29] 70 [28]

Former 107 [565] 141 [57]

Never 30 [16] 38 [15]
ASA classification 0.030

I 32 [17] 25[10]

M 150 [78] 217 [87]

Y 11[5.7] 7[2.8]
Disease category 0.008

Non-cancer 17 [8.8] 43 [18]

Cancer 176 [91] 202 [82]

Table 2 (continued)
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Patient variable Pre-ERAS (n=193) Post-ERAS (n=249) P value
Procedure 0.014
Lobectomy 127 [66] 140 [56]
Segmentectomy 5[2.6] 22 [8.8]
Bilobectomy 1[0.5] 411.6]
Wedge resection 60 [31] 83 [33]
Procedure group 0.62
Anatomic 133 [69] 166 [67]
Non-anatomic 60 [31] 83 [33]
Primary lobe* 0.28
Upper 83 [54] 113 [58]
Middle 91[5.8] 17 [8.7]
Lower 63 [41] 65 [33]
Operative approach <0.001
VATS 175 [91] 136 [55]
Robotic 181[9.3] 113 [45]

Data are presented as number of patients with corresponding percentage [%)] or mean [standard deviation]. ', there are 146 missing for
this variable, which is why the numbers do not sum to the column totals. The numbers and percentages are correct as they are based on
the data that are available. *, lobe data not collected for benign or metastatic disease. There were 38 (20%) unspecified lung resections
in the pre-ERAS group and 54 (22%) in the ERAS group. ERAS, enhanced recovery after surgery; BMI, body mass index; FEV1, forced
expiratory volume in one second; ECOG, Eastern Cooperative Oncology Group; ASA, American Society of Anesthesiologists; VATS, video-

assisted thoracic surgery.

ERAS group (91% wvs. 82%, P=0.008), however during the
time period for post-ERAS, our institution began collecting
data for benign lung disease, so the overall percentage of
reported cancer cases was reduced. No significant difference
in smoking status or preoperative FEV1 was observed
between the two groups. There was no significant difference
in the distribution of primary procedure lobe between
groups (P=0.28). Due to an increase in availably of robotic
console time, there was a higher proportion of robotic lung
resections performed in the ERAS group (45% vs. 9.3%,
P<0.001). Evaluation of LOS between these two groups
revealed similar overall median and mean LOS (Table S6).
Primary outcomes for this study included LOS,
postoperative events, ICU admission status, 30-day
hospital readmission, and 30-day mortality (Tzble 3).
After implementation of an ERAS protocol, we observed
a significant reduction in median LOS after minimally
invasive lung resection (4.0 vs. 3.0 days, P=0.030). There
was also a significant decrease in the ICU admission status

© Journal of Thoracic Disease. All rights reserved.

following surgery (15% wvs. 7.6%, P=0.020). There were
no significant differences in the pre- and post-ERAS
groups with respect to postoperative events (31% vs. 35%,
P=0.44), 30-day readmission (7.8% vs. 9.6%, P=0.72),
or 30-day mortality (0% for both groups). Of note, the
mean LOS was not significantly different between groups.
There was one significant outlier in the data with a LOS of
119 days following a wedge resection due to immigration
issues. However, both with and without this outlier, the
distribution of the LOS data was non-normal with a
rightward skew. Given this non-normal distribution, we
opted to compare medians due to the ability to compare
distributions between the groups.

We then further subdivided the groups by anatomic
lung resections (lobectomy, segmentectomy, bilobectomy)
(Table 4) and non-anatomic lung resections (wedge
resections) (Zable 5). In the non-anatomic lung resection
group, there was no significant difference in either
median or mean LOS between the pre- and post-ERAS
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Table 3 Primary outcomes for all lung resections

All lung resections Pre-ERAS (n=193) Post-ERAS (n=249) P value
Length of stay (days) 4.0 (3.0, 6.0) 3.0(2.0,5.0) 0.030
Length of stay (days) 5.0 (3.8) 4.9 (8.0) 0.78
Postoperative events occurred 60 [31] 86 [35] 0.44
ICU admission status 28 [15] 19 [7.6] 0.020
30-day hospital readmission 15[7.8] 24 [9.6] 0.72
30-day mortality 0 0 -

Data represented as either median (interquartile range), mean (standard deviation) or number of patients with corresponding percentage [%].
ERAS, enhanced recovery after surgery; ICU, intensive care unit.

Table 4 Primary outcomes: anatomic resections

Outcome measure Pre-ERAS (n=133) Post-ERAS (n=166) P value
Length of stay (days) 4.0 (4.0,7.0 4.0 (3.0, 6.0) 0.018
Length of stay (days) 5.8 (4.0 5.0 (3.5) 0.08
Postoperative events occurred 50 [38] 64 [39] 0.87
ICU admission status 24 [18] 1519.0] 0.022
30-day hospital readmission 13 [9.8] 20[12] 0.77
30-day mortality 0 0 -

Data represented as either median (interquartile range), mean (standard deviation) or number of patients with corresponding percentage [%].

ERAS, enhanced recovery after surgery; ICU, intensive care unit.

Table 5 Primary outcomes: non-anatomic resections

Outcome measure Pre-ERAS (n=60) Post-ERAS (n=83) P value
Length of stay (days) 2.0 (2.0, 4.0 3.0 (2.0, 4.0 0.86
Length of stay (days) 3.4[2.7] 4.6 [13] 0.41
Postoperative events occurred 10 [17] 22 [27] 0.16
ICU admission status 41[6.7] 41[4.8] 0.64
30-day hospital readmission 2 [3.3] 41[4.8] 0.66
30-day mortality 0 0 -

Data represented as either median (interquartile range), mean [standard deviation] or number of patients with corresponding percentage [%)].

ERAS, enhanced recovery after surgery; ICU, intensive care unit.

groups. In the anatomic lung resection group (lobectomy,
segmentectomy, and bilobectomy), there was reduction in
mean LOS that was trending towards significance in (5.8
vs. 5.0, P=0.08). Despite the median LOS being the same
for pre- and post-ERAS anatomic lung resections, there
was a statistically significant difference between the groups.
This is attributable to the different distributions of the two

© Journal of Thoracic Disease. All rights reserved.

groups (pre-ERAS: IQR, 4.0-7.0; post-ERAS: IQR, 3.0-
6.0). There was also a significant decrease in ICU admission
status between the pre- and post-ERAS groups for anatomic
lung resections (18% wvs. 9.0%, P=0.022).

Notable secondary outcomes are found in Tiable 6. All
patients were discharged alive from the hospital in both
groups. A higher proportion of patients were discharged from
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Variables Pre-ERAS (n=193) Post-ERAS (n=249) P value
Discharge outcomes
Discharged alive 193 [100] 249 [100] -
Discharged with chest tube 2[1.0] 10 [4.0] 0.06
Discharged with Foley catheter 11[0.5] 3[1.2] 0.64
Discharged with home oxygen 21[4.2] 24 [9.6] 0.28
Pulmonary complications
Air leak >5 days 191[9.8] 22 [8.8] 0.72
Pneumonia 4[21] 41[1.6] 0.73
Pneumothorax (requiring chest tube reinsertion) 10 [5.2] 41[1.6] 0.033
Acute respiratory distress syndrome 1[0.5] 1[0.4] 0.99
Respiratory failure 2[1.0] 6 [2.4] 0.48
Cardiovascular complications
Atrial arrhythmia requiring treatment 7 [3.6] 13[5.2] 0.42
Ventricular arrhythmia requiring treatment 31[1.6] 21[0.8] 0.66
DVT requiring treatment 0 2[0.8] 0.51
Myocardial infarction 0 0 -
Other complications
Urinary tract infection 1[0.5] 6 [2.4] 0.14
Urinary retention 18 [9.3] 31[12] 0.30
Sepsis 11[0.5] 0 0.44

All data presented as number of patients with corresponding percentage [%]. ERAS, enhanced recovery after surgery; DVT, deep vein

thrombosis.

the hospital with a chest tube in the ERAS group, though this
difference was not statistically significant (pre-ERAS 1.0%,
post-ERAS 4.0%, P=0.06). To verify the increased proportion
of patients discharged home with a chest tube was not
impacting our LOS data, we performed an analysis excluding
all 12 patients discharged with a chest tube. In this analysis,
we observed a median (IQR) LOS of 4 (3, 6) days in the non-
ERAS group and 3 (2, 5) days in the ERAS group (P=0.008).
No difference was observed with rate of discharge with a
Foley catheter (P=0.64) or new oxygen requirement (P=0.28).
Regarding pulmonary complications, there was a significant
decrease in postoperative pneumothorax requiring chest tube
reinsertion in the ERAS group (pre-ERAS 5.2%, post-ERAS
1.6%, P=0.033). There were no differences in occurrence
of prolonged air leak (P=0.72), pneumonia (P=0.73), acute
respiratory distress syndrome (P=0.99), or respiratory failure
(P=0.48).

© Journal of Thoracic Disease. All rights reserved.

Discussion

In this study, we describe the implementation and results
of a thoracic surgery ERAS protocol. This protocol was
designed to comprehensively optimize the pre, peri, and
postoperative periods of patients undergoing minimally
invasive lung resection. Following the start of our ERAS
pathway, we observed an overall significant one-day
reduction in median LOS. We also observed a significant
decrease in ICU admission rates. We did not observe any
differences in 30-day hospital readmission (7.8% vs. 9.6%)
or mortality rates (0% in both groups).

Common reasons for patients requiring ICU level
care after minimally invasive thoracic surgery include
arrythmias, pressor and oxygen requirements, and pain
control; components of the ERAS pathway were included
to prevent these issues. In pre-ERAS period, admission to
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ICU was 15%. This was a result of managing some patients
in the PACU overnight, which is considered an ICU level
of care admission. As part of the implementation of the
ERAS program, we met with floor and PACU nursing and
a concerted effort was made to decrease number of patients
managed in the PACU and send more patients directly
to the floor. This change likely resulted in a substantial
reduction of cost to both hospital and patient, though cost
was not analyzed in this study. However, decreased total
hospital costs have been previously demonstrated as a
benefit of an ERAS protocol (8).

Though this reduced ICU admission rate was due to
implementation of a hospital policy rather than a change
in patients’ clinical condition, it is still an important
finding and discussion point of this study, Thoracic
ERAS protocols attempt to implement best practices
in a standardized fashion. Current data supports that
preventative ICU level care after thoracic surgery does not
benefit patients in the absence of immediate complications
(18,19). When we began routinely send patients to the
floor instead of the PACU for observation overnight, there
was no significant difference in complication rates and
our overall LOS was reduced. Therefore, other hospitals
considering implementing thoracic ERAS protocols should
feel comfortable sending patients without immediate
complications directly to the floor who may previously have
been candidates for overnight PACU admission. In future
studies, an even more appropriate of ICU utilization may be
unanticipated ICU admission despite initial postoperative
monitoring on the floor. However, this variable was not
available to us in our institutional STS database.

In the secondary outcomes of this study, we observed a
trend-level increase in proportion of patients in the ERAS
group who were discharged home with a chest tube. At
our institution, we send patients home with a chest tube
if they have a prolonged air leak. However, there was no
difference in prolonged air leak between the two groups.
We hypothesize this difference in proportion of patients
discharged home with a chest tube is secondary to a change
in practice during the COVID-19 pandemic, during which
there was a drive to discharge patients home quickly, both
to free up hospital beds and to prevent post-lung resection
COVID infection. When all patients who were discharged
home with a chest tube were excluded from analysis, the
decrease in LOS remained significant. Therefore, the
decrease in LOS after ERAS implementation is unrelated to
discharging more patients home with chest tubes. Notably,
we observed a decreased incidence of pneumothorax after
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Fryer et al. ERAS for minimally invasive thoracic surgery

chest tube removal requiring chest tube reinsertion in
the ERAS group which likely reflects a more conservative
approach to chest tube management in the ERAS group as
there was no difference observed with rates of prolonged air
leak.

The findings from our own institutional experience with
an ERAS program are consistent with previous studies that
demonstrate improved outcomes in patients undergoing
thoracic surgery. Table S7 summarizes previous ERAS
studies. Notably, in our ERAS study we observed a benefit
to patients undergoing minimally invasive lung resections.
This differs from previous studies that showed patients
undergoing minimally invasive thoracic surgery experienced
either less of a benefit from ERAS protocols, or no benefit
at all (5,12). This statistically significant reduction in LOS
after minimally invasive lung resection is also notable since
the overall LOS in our pre-ERAS group was relatively low
when compared to the studies cited in Table S7. Thus, our
study demonstrates that use of a comprehensive ERAS
pathway benefits patients undergoing minimally invasive
lung resection. This is an important finding, given that the
vast majority of lung resections are now performed using a
VATS or robotic approach (13).

When examining our minimally invasive lung resections,
we observed a significant decrease in LOS for the anatomic
resections, but not for non-anatomic resections. The
majority of the studies presented in Table S7 excluded
non-anatomic resections or did not specifically analyze
differences in anatomic and non-anatomic resections with
respect to the benefits gained from ERAS. Lee et 4/ did
include a variable for sub-lobar resection, but did not
observe any difference in LOS between the pre- and post-
ERAS groups (20). In our study, we also did not observe
any benefit in our primary outcomes with respect to
non-anatomic resections. However, patients undergoing
minimally invasive wedge resection have a similar pre-
and post-operative pathway as those patients undergoing
segmentectomy and lobectomy, and therefore benefit in a
similar manner from an ERAS protocol. Of note, within
the non-anatomic (wedge) resection group, we included
patients undergoing lung resection for lung nodule or lung
cancer, patients with interstitial lung disease needing tissue
diagnosis, and patients undergoing blebectomy for primary
spontaneous pneumothorax. This heterogeneity in patient
population may explain the absence of difference in LOS.

Since ERAS pathways were first described, there have
been numerous studies across surgical disciplines reporting
the clinical benefits of these pathways. This study adds to
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the current body of literature, as noted above. What is not
clear is why patients benefit from ERAS pathways. It is
reasonable to hypothesize that if numerous “best practices”
in clinical care are aggregated and implemented, then
patients should overall do better. We certainly agree that
this may explain some of the benefits observed. However,
we believe a greater contribution to improved clinical
outcomes with ERAS pathways is process standardization
and facilitated decision making, which decrease errors and
improve quality of care.

Process standardization can be defined as “the
specification and communication of a process at a level
of detail sufficient to permit consistent and verifiable
implementation by different users at different times and
in different settings” (21). This is particularly relevant in
surgical fields where a substantial number of healthcare
professionals are required to work together to assist patients
in their preparation and eventual recovery from surgery.
Failure to standardize processes can be detrimental, and
in healthcare, non-standardized patterns of care have
been shown to lead to less favorable clinical outcomes
and reduced safety (21). Similarly, lower compliance with
an ERAS protocol has been associated with increased
morbidity in patients undergoing lung resections (4). There
is value in repeatedly and consistently performing a process
the same way, and ERAS protocols facilitate this.

We also believe that ERAS protocols are useful in
reducing decision fatigue. Decision fatigue is, essentially,
a decreased willingness to cognitively engage with a
problem when presented with an increasing number of
decisions (22). The way that decision fatigue manifests
is situationally dependent, but it generally results in the
decision-maker taking a “path of least resistance” (22).
Consider the countless number of postoperative decisions
that are required in the absence of an ERAS protocol.
Decisions are required for chest tube management, foley
catheter removal, resumption of home medications, and
many others. Without an ERAS protocol, decisions about
when to remove a foley catheter may detract focus and time
from decisions regarding when to remove a chest tube or
next steps in a patient who has new hypoxia or hypotension.
According to the concept of decision fatigue, there are a
finite number of decisions one can make before reverting
to heuristics and choosing a decision requiring the least
cognitive effort. This inevitably defers decision making and
extends patient stays. However, in the presence of an ERAS
protocol, decisions such as when to remove a foley catheter
are made prior to the patient even arriving on the floor
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after surgery. We hypothesize that this also allows for better
care of patients who require a higher level of care. Because
staff resources, cognitive effort and attention are not
being used on smaller decisions, decision-making capacity
among caregivers can be redistributed to patients who need
additional (and more cognitively demanding) attention.

Reducing decision fatigue and improving process
standardization may help to explain why ERAS protocols
can reduce patients’ hospital LOS, even when complication
rates remain unchanged. In our study, we observed a
one-day reduction in LOS, but the only difference in
postoperative complications was a decrease in occurrence
of postoperative pneumothorax requiring chest tube
reinsertion. Similar findings (reduced LOS with similar
postoperative complications) have been reported in other
institutions who implemented a thoracic ERAS protocol
(8,10,11). Though LOS is frequently used as a surrogate
measure for improvements in clinical outcomes, it may not
be the most effective way to capture the benefits of ERAS
protocols when factors such as improved patient workflow
and days alive and out of hospital may also be significantly
improved (23,24). Future studies examining hospital
workflow and better patient-centered outcomes may help
to further elucidate the benefits of enhanced recovery
pathways.

Limitations of this study include the retrospective
nature as well the results deriving from a single center
and small number of providers. Due to the retrospective
design, preoperative patient demographics differed between
groups. There was an increase in the percentage of robotic
lung resections in the ERAS group, due to an increase
in robotic console availability. Though robotic lung
resections may lead to shorter LOS, we did not observe
any difference in LOS when comparing our robotic and
VATS lung resections (25). There was also an increase
in sublobar lung resections performed, indicative of
current changes in surgical practice and the ongoing
discourse surrounding lobar versus sublobar resection for
early stage lung cancer (26). This could have introduced
bias into our study that we were not able to control for.
In addition to the increase in robotic and sublobar lung
resections, there was a lower proportion of lung resections
performed for cancer. Though cancer patients may be
more fragile than their non-cancer counterparts, there was
a higher proportion of patients with an ASA score of 1I in
the ERAS group. Therefore, we do not believe that there
were overall healthier patients in our ERAS cohort. Finally,
our data collection was limited by a change in reporting for
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the institutional STS database and a change in the hospital
electronic medical record system. Because of this, not all
data were available for the pre-ERAS group.

Conclusions

An ERAS protocol benefited patients undergoing minimally
invasive anatomic lung resection. In these patients,
reductions in LOS and ICU admission rates were observed
following the implementation of an ERAS protocol. Process
standardization optimizes performance by care providers by
decreasing decision fatigue and improving decision making,
which may contribute to the improved outcomes observed
in this study. Future work should focus on evaluating
patient workflow and more patient-centered outcome
measures. Additionally, future studies should investigate
the experience of providers utilizing ERAS protocols, as
subjectively there was an increase in provider satisfaction
with an ERAS pathway.
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