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Background: In Low-Middle Income Countries (LMICs), resource optimization and infrastructure 
availability are recurrently in debate. In order to assist the development and implementation of guidelines, 
LMICs often exemplify from High-Income Countries protocols. At the final, it will be: content adaption is 
often needed. In this study, we demonstrated the preliminary analysis of the Brazilian experience by adapting 
the ERAS® Protocol for thoracic surgery patients (PROSM).
Methods: Patients’ data were extracted from the surgical group database that operated in the city of Sao 
Paulo. Patients’ data were organized for analysis after the institution’s ethics committee gave their approval. 
Patients’ variables were analyzed and compared to a control group. Subgroup analysis included patients 
without ICU Admission.
Results: PROSM patients had reduced ICU length of stay (LOS) (Mean of 0.3±0.58 days, 1.2±1.65 days, 
P=0.001), Hospital LOS (Mean of 1.6±1.32 days, 3.9±3.25 days, P=0.001) and Chest Drain duration (Median 
1.0±1.00 days, 3.0±3.00 days, P=0.001). Analyses of patients that were not admitted to the ICU demonstrated 
reduced Hospital LOS and Chest drain duration. Cost analysis, such as procedure, daily, and post-surgical 
costs were also significantly lower towards PROSM group. 
Conclusions: This study revealed important aspects for improvement of the delivered care quality and 
opportunity for expenditure management. We expect to assist more countries to improve knowledge under 
the implementation of enhanced protocols.
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Introduction

The Enhanced Recovery After  Surgery (ERAS ®) 
Protocol aims to improve surgical patients’ outcomes by 
implementing a systematic and multidisciplinary plan of 
care (1), which encompass the three phases of perioperative 
care: Preoperative, intraoperative, and postoperative (2). 
The protocol was initially developed for colorectal surgery, 
and since then, it has been continuously spreading to other 
surgical specialties (3), such as thoracic surgery (4-13).

Nonetheless designing and implementing protocols 
can be a challenge. The scenario in Low-Middle income 
countries (LMICs) demands tailored protocols that are 
capable of associating local comorbidities, infrastructure, 
professionals and other resource availability (14,15). 
Specifically, in Latin America, a pioneering multimodal 
program was initiated in Brazilian territory by 2005 (16). 
This project, titled ACERTO, organizes seminars and 
courses for assisting on the dissemination of ERAS® 

concepts (16,17). For this reason, subsequently years were 
followed by multiple Brazilian hospitals achieving ERAS® 
accreditation (17). 

Published Brazilian literature demonstrated the benefits 
of ERAS protocol applied to hepatic resections (18) and 
bariatric (19) patients. Despite LMICs research is progressing, 
further work is needed to identify capacity (human, 
material and networking) within effective strategies (20).  
To the best of our knowledge, this is the first Brazilian 
prospective study (in the setting of thoracic surgery) that 
provides some clinical insight by describing, analyzing and 
comparing the impacts of PROSM (Protocolo de Recuperação 
Cirúrgica Acelerada Santa Marcelina—Santa Marcelina’s 
Enhanced Protocol) (21), a designed tool based on ERAS® 
recommendations and tailored to meet hospital (located 
in the city of Sao Paulo, Brazil) and the patients’ needs. 
This is a preliminary analysis of the PROSM protocol 
applicability before the randomized trial (Clinical Trials.gov 
- NCT03271749), with an independent sample between the 
randomized trial and this study.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-920) (22).

Methods

Patient selection and data collection

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 

was approved by institution research ethics committee’s 
(Number 70142917.0.0000.0066 – Version 4, August 2, 
2019).

Consecutive PROSM patients’ data were prospectively 
collected and organized for analysis. The control group 
comprised patients who were retrospectively selected before 
PROSM adoption, matching the intervention group by 
surgical indication. The group of surgeons maintains a 
database of some patients who have undergone thoracic 
surgery and provided their informed consent to store 
and use data for research purposes. For this research, 
we extracted patients from the same institution. Due to 
the impaired availability of literature directed to LMICs 
in the thoracic segment (4-10), our analysis has a pilot 
study character. Thus, a sample size estimation was not 
performed. Propensity matching score was not estimated 
since this study was considered a pilot for the clinical 
trial (Clinical Trials.gov - NCT03271749). Likewise, the 
research team did not choose to have a prospective study 
with patients that were not submitted to PROSM because 
since PROSM implementation in 2017, all thoracic surgical 
patients were submitted to our protocol.

Included patients were ≥18 years old at the time of 
the surgical intervention (performed between April 30th 
2014 and December 28th 2016 for the control patients, 
and December 13th, 2017, and July 29th 2019 for PROSM 
patients), and with elective indications for pulmonary 
resections (mediastinum, biopsies, pulmonary resections for 
benign and malignant conditions or metastasis). All patients 
included in the study signed the informed consent. We did 
not start the prospective study until the protocol was fully 
integrated in the institution.

Patients unable to provide the informed consent form, 
compromised performance status (ECOG >2), body weight 
<19 kg/m2 or >31 kg/m2, history of allergies to any of the 
drugs used in the anesthesia for PROSM or latex, renal 
dysfunction, liver dysfunction (Child B and C) or Heart 
Failure (functional classes III and IV) were excluded. 
Patients who did not emerge from the anesthesia, unable 
to maintain the level of consciousness (to understand and 
respond to verbal commands) or presented orthostatic 
hypotension during anesthesia awakening, were also 
excluded from this study.

In attempt to control bias induced by multiple surgical 
techniques, all surgery (open or performed by thoracoscopy) 
was performed by one of the three surgeons of the surgical 
group (rotation schedule) and one surgical technician. 
Likewise,  for PROSM patients,  a pre-established 
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anesthetic protocol was adopted. Rapid metabolism drugs 
were chosen and adjusted to the patient’s body mass and 
according to the bispectral index (BIS) analysis. Propofol 
was used to induce hypnosis, and remifentanil to maintain 
intraoperative analgesia. Regional anesthesia was performed 
by a paravertebral blockade, following the spinal erector 
muscle topography on the operated side. The blockade 
was composed by multi-drug analgesic solution called 
PTAS, which consists of: 1 mcg/kg of clonidine, 5 mg of 
ketamine, 7.5 mg of ropivacaine, 10 mg of lidocaine, 10 mg 
of dexamethasone, 500 mg of hydrocortisone, 20 μL of 8.4% 
sodium bicarbonate solution and 1,000 mg of magnesium 
sulfate. All drugs were diluted in 500 mL of 0.9% saline 
solution. Epidural catheter was not used. For the control 
group, analgesia plan was at surgeon’s discretion.

Data were collected and organized in Microsoft Excel® 
spreadsheets. The following variables were extracted from 
all patients: gender, age, height, weight, diagnosis, surgical 
procedures, ICU admission, clinical complications, surgical 
complications, reoperation, need of thoracentesis, ICU and 
hospital length of stay (LOS), thoracic drain duration and 
costs [materials, surgical procedure, daily (medication, and 
infrastructure), total and post-surgical costs (comprised 
ICU and hospital costs after surgery)]. The post-surgical 
cost was calculated after patient’s discharge, based on the 
costs per day after the surgical intervention We did not 
encounter loss of data.

Material costs were expenditures related to materials 
that were used during the surgical intervention and post-
operatory period, including medication, instruments, and 
oxygen. Surgical costs were costs related to materials used 
during intervention and surgical theater allocation. 

Patients were admitted in the ICU if they presented 
cardiological or cerebrovascular comorbidities or if 
they were submitted to lobectomy or mediastinal tumor 
resection. Criteria for a chest tube removal was the absence 
of air leaks or that drained less than 200 mL of fluid. Both 
criteria were used in the intervention and control groups.

PROSM protocol development

The PROSM protocol is an adapted version of the 
Enhanced Recovery After Surgery (ERAS®) Society and 
the European Society of Thoracic Surgeons (ESTS) (1)  
recommendations. Tables S1-S3 describe the adapted 
protocol phases (Preoperative, Intraoperative and 
Postoperative) comparing with ERAS® recommendations. 

Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS 
Statistics for Windows, Version 23.0. Armonk, NY: IBM 
Corp). Associations between continuous variables were 
assessed using the nonparametric Mann-Whitney U test 
for non-normally distributed data (ICU LOS, hospital 
LOS, drain duration, cost analysis), and Student’s t test 
was used for normally distributed data [Age and Body 
Mass Index (BMI)]. Categorical measures (gender, surgical 
complications, clinical complications, Intensive Care 
Unit (ICU) admission, reoperation, and mortality) were 
analyzed using χ2 or Fisher’s exact test. The likelihood ratio 
was used in cases that χ2 presented violated assumptions. 
Normally distributed data were described as mean and 
standard deviations (SD). Non-normally distributed data 
were described as median and interquartile range (IQR). 
ICU and Hospital LOS were also reported as mean 
only to demonstrate variability. A subgroup analysis was 
performed without ICU patients, to better analyze the 
impact of PROSM on overall costs, since ICU considerably 
increases overall costs. Welch’s t-test was used for normally 
distributed data, due to unequal sample sizes and/or unequal 
variances. Fisher’s exact test was applied for diagnosis 
and surgical intervention. All other variables followed 
the previously mentioned statistical tests. Spearman’s 
rho correlation (rs) was tested to identify the association 
between PROSM protocol, Hospital LOS, ICU LOS and 
drain duration and Post-Surgical Costs. The correlation 
coefficient interpretation was (23): perfect (±1), very strong 
(±0.8 to ±0.9), moderate (±0.6 to ±0.7), fair (±0.3 to ±0.5) 
and poor (less than ± 0.3). Statistical significance was 
established at P<0.05.

Results

This sample was comprised by 122 participants. Patients’ 
baseline characteristics are demonstrated in Table 1. The 
total number of patients in the PROSM group was 61 
patients (25 men and 36 women) and 61 patients in the 
Control group (19 men and 42 women). Mean age was 
51.4±17.09 years and 51.3±17.23 years, and mean BMI 
was 25.8±3.64 kg/m2 and 25.7±4.86 kg/m2 in the PROSM 
and Control groups, respectively. There was no statistical 
significance regarding the patients’ baseline characteristics.

All patients were matched for surgical procedures and 
diagnosis between the groups. Both groups presented 
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similar clinical complications, surgical complications, 
and reoperation rates (PROSM group: 1 thoracic wall 
hematoma, 1 hemothorax and 1 pleural effusion; Control 
group: 1 Hemothorax) and mortality (Control Group: 
Pneumonia – 1 patient). None of the patients needed 
thoracentesis, and none of the reoperation causes were due 
to early chest removal in PROSM patients.

Clinical outcomes are displayed in Table 2. Statistical 
significance was found on ICU LOS (mean of 0.3±0.58 
versus 1.2±1.65 days, P=0.001), Hospital LOS (mean of 
1.6±1.32 versus 3.9±3.25 days, P=0.001) and Chest Drain 
duration (Median 1.0±1.00 versus 3.0±3.00 days, P=0.001) 
in the PROSM and Control groups, respectively. All costs 
found statistical significance apart from Materials and 
Medication (PROSM group: Median R$ 2,458.26, IQR 

R$ 3,536.30; Control group: Median R$ 2,052.35, IQR R$ 
4,319.70, P=0.933). Figure 1 demonstrate the post-surgical 
cost analysis between the PROSM and control. 

Tables S4,S5 display the full understanding of Spearman’s 
correlation. All variables were statistically significant. Strong 
correlation was present between chest tube duration and 
Hospital LOS (rs=0.88). Moderate correlation was present 
between Hospital LOS and PROSM (rs=0.60) and between 
Hospital LOS and Post-Surgical Costs (rs=0.62). PROSM 
demonstrated a poor correlation between Surgical and 
Clinical complications (rs=−0.13 and rs=−0.03, respectively).

Our group decided to include a subgroup analysis 
of results excluding patients that were admitted to the 
ICU after the surgical intervention (which would imply 
in higher overall costs). This analysis resulted in 47 (22 

Table 1 Patients’ demographics

Variable PROSM group (n=61) Control group (n=61) P value

Age, years; mean (SD) 54.1 (17.09) 51.3 (17.23) 0.369a

Gender, n (%)

Male/Female 25 (41.0)/36 (59.0) 19 (31.1)/42 (68.9) 0.258b

BMI, kg/m2; mean (SD) 25.8 (3.64) 25.7 (4.86) 0.884a

VATS, n (%) 11 (18.0) 8 (13.1) 0.454a

Principal surgery [n (%)] and diagnosis (n) 1.000c

Bullectomy 2 (3.3) 2 (3.3)

Tumor–Benign 2 2

Lobectomy 9 (14.8) 9 (14.8)

Tumor–Benign 1 1

Tumor–Malignant 8 8

Pneumectomy 2 (3.3) 2 (3.3)

Tumor–Malignant 2 2

Cist resection 1 (1.6) 1 (1.6)

Mediastinum 1 1

Mediastinal tumor resection 4 (6.6) 4 (6.6)

Segmentectomy 40 (65.5) 40 (65.5)

Metastasis 14 14

Biopsies 19 19

Tumor–Benign 7 7

Thymectomy 3 (4.9) 3 (4.9)
a, Student’s t test; b, Chi-Square test; c, Fisher’s exact test. PROSM, Santa Marcelina’s Enhanced Protocol; BMI, body mass index; VATS, 
video-assisted thoracoscopic surgery. 
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men, 25 women) PROSM participants and 33 (8 men and  
25 women) Control participants. 

The PROSM group was statistically significant for 
Hospital LOS (PROSM group median 1, IQR 1, Control 
group median 2, IQR 1, days, P<0.001), chest tube duration 
(PROSM group median 1, IQR 1, Control group median 
2, IQR 1, days, P<0.001), Procedure Costs (PROSM 
group median R$ 2,412.07, IQR R$ 1,206.42, Control 
group median R$ 3,566.94, IQR R$ 5,213.38, P<0.001) 
and daily Costs (PROSM group median R$ 2,271.74, IQR 
R$ 1,102.93, Control group median R$ 3,274.92, IQR R$ 
1,638.17, P=0.007). Patients’ demographics and outcomes 
are displayed in Tables S6,S7. 

Discussion

The PROSM showed an overall compliance with several 
strong recommendations provided by ERAS® Protocol. 
We also included three extra domains (postoperative 
roentgenogram, postoperative laboratory tests and 
discharge guidance) and adapted to fulfil the context of local 
resources (Tables S1-S3). As suggested by literature (24), 
we did not modify strong recommendations and we applied 
this protocol as a self-assessment instrument, aiming to 
improve the quality of the delivered care and management 
of hospital resources.

As for the primary analysis (results that were directly 

Table 2 Patients’ outcomes

Variable PROSM group (n=61) Control group (n=61) p value

ICU admission, n (%) 14 (23.0) 28 (45.9) 0.008a

Clinical complications, n (%) 5 (8.2) 6 (9.8) 0.752a

Surgical complications, n (%) 4 (6.6) 9 (14.8) 0.142a

Reoperation, n (%) 3 (4.9) 1 (1.6) 0.619b

Mortality, n (%) 0 (0.0) 1 (1.6) 1.000b

ICU LOS, days

Median (IQR) 0.0 (0.00) 0.0 (2.00) 0.001c

Mean (SD) 0.3 (0.58) 1.2 (1.65)

Hospital LOS, days

Median (IQR) 1.0 (1.00) 3.0 (3.00) <0.001c

Mean (SD) 1.6 (1.32) 3.9 (3.25)

Chest drain duration, days <0.001c

Median (IQR) 1.0 (1.00) 3.0 (3.00)

Matmed costs, R$ 2,458.26 2,052.35 0.933c

Median (IQR) (3,536.30) (4,319.70)

Procedure costs, R$ 2,726.47 4,311.41 <0.001c

Median (IQR) (1,709.58) (2,205.63)

Daily costs, R$ 2,627.78 4,848.36 <0.001c

Median (IQR) (1,780.15) (4,327.82)

Total costs, R$ 8,119.15 10,998.36 <0.001c

Median (IQR) (5,577.93) (9,763.48)

Post-surgical costs, R$ 4,068.92 6,626.96 <0.001c

Median (IQR) (4,068.92) (6,626.96)
a, Chi-Square test; b, Fisher’s exact test; c, Mann-Whitney-U test. PROSM, Santa Marcelina’s Enhanced Protocol; ICU, Intensive Care Unit; 
LOS, length of stay; MatMed, materials and medication.
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associated with the patient), baseline characteristics, such 
as age, gender, and BMI (Table 1) did not result in statistical 
significance, suggesting homogeneity between the samples. 
Clinical and surgical complications (Table 2) were similar 
between the intervention and control groups. Analogous 
observations were also reported by previous studies (11-13),  
encouraging PROSM safety trend of not increasing 
complication rates.

Furthermore, our samples did not demonstrate 
statistically significant differences between patients that 
were or were not submitted to video-assisted thoracoscopic 
surgery (VATS) between groups (Table 1), which did not 
contribute as a source of bias due to the intrinsic benefit of 
a less invasive procedure that is associated with a reduced 
adverse event rate (25,26). Enhanced protocol patients that 
were submitted to VATS do not usually benefit as much as 
conventional surgery patients did (27). 

The clinical aggravation of one patient in the control 
group, caused by pneumonia, was classified as a major 
complication, leading to the patient’s death. Additionally, 
four patients experienced major complications that lead 
to reoperation, with no further events. Despite the earlier 
removal of thoracic tubes observed in the PROSM group 
[PROSM: median 1.0 days (IQR 1.00), Control: median 
3.0 days (IQR 3.00), P<0.001], no statistical significance 
was found between groups for clinical and surgical 
complications. Likewise, no correlation was found between 
PROSM and surgical/clinical complications. 

Previous studies (12,27) demonstrated a significant 
decreased rate of pulmonary complications in the enhanced 
protocol samples. Our result dissimilarly could be explained 
by our modest sample of patients. 

Nevertheless, PROSM can suggest clinical significance 
as the decreased exposure to the nosocomial environment, 

since PROSM patients had lower ICU LOS [PROSM: 
median 0.0 days (IQR 0.00); Control: median 0 day 
(IQR 2.00), P=0.001], Hospital LOS [PROSM: median  
1.0 days (IQR 1.00); Control: median 3.0 days (IQR 3.00), 
P<0.001] and chest drain duration. Similar protocols also 
demonstrated decreased ICU and hospital LOS and chest 
drain duration (11,28,29) in the intervention group.

Contradictorily, one randomized trial (12) reported no 
difference in ICU and hospital LOS and drain duration. 
However, some aspects are worth being mentioned. The 
median hospital LOS resulted in 11 days for the control 
and intervention groups, which is significantly higher than 
other studies (8,13,30) and could reflect the institution strict 
protocols of prolonged preoperative preparation or later 
discharge. Likewise, the protocol did not specify chest drain 
management.

LOS reduction has been explained by reduced volume 
of sedation, early mobilization and later carbohydrate 
ingestion in preoperative prepare (8,31), as also adopted 
in PROSM. Remarkably, PROSM’s early mobilization 
is initiated within 2 hours after the surgical procedure: if 
patient is intubated, the physiotherapist assists upper limb 
mobilization. Once the patient is fully conscious, active, 
and able to answer commands, active physiotherapy is 
initiated with upper and lower limb mobility, until patients’ 
tolerance to orthostatic physiotherapy. The orthostatic 
position is held for 4 minutes; if no complications occurred 
(lipothymia, hypotension and nausea/vomiting), the patient 
is stimulated to walk with assistance. We believe that the 
early mobilization and pain control were important aspects 
that contributed to decrease ICU LOS.

Likewise, Das-Neves-Pereira et al. (32) concluded that 
the availability of a multidisciplinary team and family 
support is directly associated with the reduction of LOS in 
fast-track protocol for lung cancer lobectomies, although, 
Madani et al. (30) recognized that the entire protocol 
pathway is expected to be more important than single 
domains. 

The entire cost summary was classified as a secondary 
analysis, demonstrating that PROSM contributed to more 
than R$ 500,000.00 in savings concerning overall and post-
surgery costs among all the sample (37% of economy, per 
PROSM Patient). Except for materials and medication, 
all costs were statistically significant in the PROSM group 
(Procedure cost: 41%; Daily Cost: 15%; Total Cost: 64% 
of economy), which is also consistent with the literature 
(13,33,34).

Reducing in-hospital expenditures can assist health care 

Figure 1 Post-surgical cost analysis between PROSM patients and 
Control group. PROSM, Protocolo de Recuperação Cirúrgica Acelerada 
Santa Marcelina—Santa Marcelina’s Enhanced Protocol.
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institutions to better allocate resources, aiming an efficient 
and cost-effective patient management whilst maintaining 
the standard of care. Sammour et al. (35) analyzed the 
overall costs of ERAS in elective colonic surgery, which 
resulted in an overall cost saving of NZ$ 6900 per patient, 
including the implementation cost of NZ$ 102,000. A 
hospital in Virginia was able to admit 28.1 additional 
patients after being capable of lowering 5.5 days in the 
LOS, after the enhanced protocol implementation (13). 

Murphy and Topel (36) developed an economic 
framework for assessing improvements in life expectancy 
and health. As a result, 1% of reduction in cancer mortality 
would be worth nearly 500 billion dollars, demonstrating 
how substantial improvement in technologies and protocols 
can assist cost management. Likewise, a Canadian  
group (37) verified that a lung resection enhanced protocol 
for lung resection assisted on saving CAD 4,396 by 
diminishing productivity loses. 

In LMICs, a demand for resource optimization and 
infrastructure availability is recurrent (38,39). According 
to the United Nations (40), the global population could 
reach 8.5 billion people in 2030, demonstrating the 
importance to provide excellent care, control public and 
private expenditure burden and reestablishing patients’ and 
caregivers’ social responsibilities. Likewise, collaboration 
between LMICs and high-income countries can assist 
in optimizing knowledge for guidelines implementation 
(14,15). In our experience, PROSM can assist hospitals 
to improve their process and achieve a future ERAS 
Certification.

Likewise, the subgroup analysis supported the statistical 
significance of PROSM in Hospital LOS, drain duration, 
Procedure Costs and Post-Surgical costs, suggesting that 
PROSM also benefits patients who are not referred to 
the ICU. Surprisingly, Daily costs did not show statistical 
significance, which could suggest the influence of 
preoperative admission costs. Improvements can be done to 
optimize patient admission and preoperative preparation.  

Our study has some limitations. Firstly, some bias could 
not be controlled due to the methodological design of a 
prospective study. Fiore et al. (41) had already raised the idea 
that there are a small number of non-randomized studies 
regarding this subject. The results should be interpreted 
with caution due to methodological flaws. We will be able 
to better control this bias once the randomized trial is 
completed. Secondly, we did not measure the compliance 
for each patient, making it difficult to measure changes that 

might occur over time. Thirdly, our results were obtained 
from a small sample that underwent surgical and diagnostic 
procedures, which can increase their heterogeneity. 

Conclusions

PROSM patients experienced reduced ICU LOS, Hospital 
LOS and Chest Drain duration. Cost analysis, such as the 
procedure, daily, total and post-surgical costs were also 
favored the PROSM group.

To the best of our knowledge, this is the first study 
to present a detailed protocol and contemplate surgical 
outcomes and cost analysis of a thoracic enhance protocol 
adapted in a Brazilian reality. This study disclosed important 
aspects related to the improvement of quality of the 
delivered care and the opportunity for cost management, 
which are recurrent in LMIC. We expect to assist more 
countries to improve knowledge under the implementation 
of enhanced protocols. 
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Table S1 Preoperative protocol phase

Contemplated domain Interventions
Evidence level and recommendation grade, 
following ERAS® recommendations

Pre-admission information, education 
and counseling

Information provided by the physician team 
regarding the protocol, benefits and risks of the 
surgical intervention

Evidence level: low; recommendation grade: 
strong

Physical conditioning Stimulation to practice physical activities 
comprising 15 minutes of walking/per day

Evidence level: low; recommendation grade: 
strong

Smoking cessation Smoking cessation was recommended at the first 
consultation

Evidence level: high; recommendation grade: 
strong

Pre-analgesic medication At admission, patients started receiving 500 mg 
of Metamizole Sodium (if allergic reaction was not 
reported) or 750 mg of acetaminophen

Evidence level: high; recommendation grade: 
strong

Preoperative fasting and carbohydrate 
treatments

Patients were instructed to do 8 hours of fasting, 
which was abbreviated 2 hours prior to the surgical 
procedure with clear fluid intake associated with 
Maltodextrin 200 mL

Evidence level: high; recommendation grade: 
strong

ERAS, Enhanced Recovery After Surgery.

Table S2 Intraoperative protocol phase

Contemplated domain Interventions
Evidence level and recommendation grade, 
following ERAS® recommendations

Anesthetic protocol Hypnosis induction was made with Propofol 2 mg/kg. 
Remifentanil (01 to 0.3 mg/kg/min) was used for analgesic 
maintenance. Regional anesthesia included a paravertebral 
intercostal blockade of the erector spinae muscles with 
a combined solution of: 1 mg/kg of clonidine, 5 mg of 
ketamine, 7.5 mg of ropivacaine, 10 mg of lidocaine, 10 mg 
of dexamethasone, 500 mg of hydrocortisone, 20 mL of 8.4% 
sodium bicarbonate and 1000 mg of magnesium sulfate

Evidence level: high; recommendation grade: 
strong

Anesthesia awakening Patients were assisted to the sitting position, raising/lowering 
upper limbs, and extending/flexing lower limbs

Evidence level: low; recommendation grade: 
strong

Supplementary
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Table S3 Postoperative protocol phase

Contemplated domain Interventions
Evidence level and 
recommendation grade, following 
ERAS® recommendations

Acupuncture and electro-
stimulation with Acu-TENS

In order to increase pain control, it involved acupuncture points 
Huatuojiaji from T2 to T9, Dingchuan and Neiguan points ipsilateral 
to surgical incision. Electro-stimulation with Acu-TENS sessions were 
done twice a day, during 30 min immediately after surgery

Evidence level: low; 
recommendation grade: strong

Prophylactic antibiotic 
therapy 

Antibiotic therapy was started within the first 24 hours after surgery Evidence level: high; 
recommendation grade: strong

On-demand prescription Analgesics, laxatives, antiemetics, gabapentin and opioids were 
prescribed as requested or after clinical evaluation

Evidence level: moderate; 
recommendation grade: strong

Roentgenogram Radiological images were evaluated daily, while the patient had the 
thoracic drain

Evidence level: no evidence; 
recommendation grade: no 
evidence

Laboratory tests Laboratory tests were required once the patient showed any 
abnormality on physical examination when compared to the 
preoperative anesthetic and cardiovascular evaluation

Evidence level: no evidence; 
recommendation grade: no 
evidence

Early mobilization and 
physiotherapy

Physiotherapy was initiated with upper limb passive mobility within 
two hours after the surgical intervention, until patient’s extubation. 
When the patient was conscious, active and able to respond to 
commands, active physiotherapy was initiated. The patient was kept in 
the sitting position with monitored vital signs. Breathing exercises were 
associated with upper and lower limb mobility, until patient’s tolerance 
to orthostatic physiotherapy. The orthostatic position was held by 
the physiotherapist and the patient for 4 minutes; if no complications 
occurred (lipothymia, hypotension and nausea/vomiting), the patient 
was stimulated to walk. 
Physiotherapy was prescribed 3 times a day, with each session lasting 
45 min and an interval at least of 15 min between sessions. 
Oxygen therapy could be initiated if saturation levels were less than 
90% upon waking. 
On the day after the surgery, the patient enters the institution’s 
conventional physiotherapy program

Evidence level: low; 
recommendation grade: strong

Chest drain management The drain was removed between 12 to 24 hours after the surgical 
intervention if air leakage ceased and lungs showed full expansion.

Caregiver counseling A family member could stay with the patient, in order to receive 
guidance and assist if necessary.

Evidence level: low; 
recommendation grade: strong

Hospital discharge During hospital discharge, the participant and caregiver were 
instructed to return to the thoracic surgery clinic within 7 days to 
continue the postoperative follow-up.  
Painkillers were prescribed and possible signs to detect postoperative 
complications (fever, dyspnea, bleeding or chest pain refractory to the 
use of medication) were checked

Evidence level: no evidence; 
recommendation grade: no 
evidence

ERAS, Enhanced Recovery After Surgery.
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Table S4 Correlation between PROSM, LOS (ICU, hospital and drain) and post-surgical costs

 PROSM ICU LOS (Days) Hospital LOS (Days) Drain duration (Days) Post-surgical costs (R$)

PROSM

Correlation coefficient 1.00 0.29 0.60 0.56 0.43

Sig. (2-tailed) 0.00 0.00 0.00 0.00

ICU LOS (Days)

Correlation coefficient 0.29 1.00 0.54 0.42 0.56

Sig. (2-tailed) 0.00 0.00 0.00 0.00

Hospital LOS (Days)

Correlation coefficient 0.60 0.54 1.00 0.88 0.62

Sig. (2-tailed) 0.00 0.00 0.00 0.00

Drain duration (Days)

Correlation coefficient 0.56 0.42 0.88 1.00 0.48

Sig. (2-tailed) 0.00 0.00 0.00 0.00

Post-Surgical Costs (R$)

Correlation coefficient 0.43 0.56 0.62 0.48 1.00

Sig. (2-tailed) 0.00 0.00 0.00 0.00

PROSM, Santa Marcelina’s Enhanced Protocol; ICU, intensive care unit; LOS, length of stay; Sig., significance.
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Table S5 Correlation between PROSM and complications (surgical and clinical)

 PROSM Surgical complications Clinical complications

PROSM

Correlation coefficient 1.00 –0.13 –0.03

Sig. (2-tailed) 0.75 0.14

Surgical complications

Correlation coefficient –0.13 1.00 0.26

Sig. (2-tailed) 0.75 0.00

Clinical complications

Correlation coefficient –0.03 0.26 1.00

Sig. (2-tailed) 0.14 0.00

PROSM, Santa Marcelina’s Enhanced Protocol; Sig., significance.

Table S6 Patients’ demographics—subgroup analysis

Variable PROSM Group (n=47) Control Group (n=33) P value

Age, years; Mean (SD) 54.9 (17.80) 49.7 (18.28) 0.206a

Gender, n (%), male/female 22 (46.8)/25 (53.2) 8 (24.2)/25 (75.8) 0.040b

BMI, kg/m2; Mean (SD) 25.2 (3.63) 25.6 (4.86) 0.680a

VATS, n (%) 6 (12.8) 4 (12.1) 0.932b

Main surgery, n (%) 0.510c

Bullectomy 2 (4.3) 2 (6.1)

Lobectomy 4 (8.5) None

Pneumectomy 1 (2.1) 1 (3.0)

Cyst resection 1 (2.1) 1 (3.0)

Mediastinal tumor resection 3 (6.4) 29 (87.9)

Segmentectomy 36 (76.6) None
a, Welch’s t-test; b, Chi-Square test; c, Fisher’s exact test. PROSM, Santa Marcelina’s Enhanced Protocol; BMI, body mass index; VATS, 
video-assisted thoracoscopic surgery. 
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Table S7 Patients’ outcomes—subgroup analysis

Variable PROSM Group (n=47) Control Group (n=33) P value

Clinical Complications, n (%) 3 (6.4) 1 (3.0) 0.639a

Surgical Complications, n (%) 3 (6.4) 2 (6.1) 0.953b

Reoperation, n (%) 2 (4.3) 0 (0.0) 0.509a

Mortality, n (%) 0 0 (0.0) –

Hospital LOS, days, Median (IQR) 1.0 (1.00) 2.0 (1.00) <0.001c

Chest drain duration, days, Median (IQR) 1.0 (1.00) 2.0 (1.00) <0.001c

MatMed costs, R$ 2,315.40 1,774.31 0.179c

Median (IQR) (3,321.89) (1,503.94)

Procedure costs, R$ 2,412.07 3,566.94 <0.001c

Median (IQR) (1,206.42) (5,213.38)

Daily costs, R$ 2,271.74 3,274.92 0.007c

Median (IQR) (1,102.93) (1,638.17)

Total costs, R$ 7,701.72 8,812.47 0.114c

Median (IQR) (4,716.71) (4,600.82)

Post-surgical costs, R$ 3,512.01 4,965.79 0.002c

Median (IQR) (3,512.01) (4,965.79)
a, Fisher’s exact test; b, Likelihood ratio; c, Mann-Whitney U test. PROSM, Santa Marcelina’s Enhanced Protocol; ICU, intensive care unit; 
LOS, length of stay; MatMed, material and medication.


