& frontiers | Frontiers in Surgery

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Shuben Lij,

First Affiliated Hospital of Guangzhou Medical
University, China

REVIEWED BY

Paolo Albino Ferrari,

Ospedale Oncologico Armando Businco, Italy
Joseph Hadaya,

University of California, Los Angeles,

United States

*CORRESPONDENCE
MT Gémez-Herndndez
mtgh@usal.es

SPECIALTY SECTION
This article was submitted to Thoracic Surgery,
a section of the journal Frontiers in Surgery

RECEIVED 22 October 2022
ACCEPTED 19 January 2023
PUBLISHED 21 February 2023

CITATION
Gomez-Hernandez MT, Rivas C, Novoa N,
Jiménez MF and the Spanish Group

of Video-assisted Thoracic Surgery (GEVATS)
(2023) Failure to rescue following anatomical
lung resection. Analysis of a prospective
nationwide database.

Front. Surg. 10:1077046.

doi: 10.3389/fsurg.2023.1077046

COPYRIGHT

© 2023 Gémez-Hernandez, Rivas, Novoa,
Jiménez and the Spanish Group of Video-
assisted Thoracic Surgery (GEVATS). This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Surgery

Original Research
21 February 2023
10.3389/fsurg.2023.1077046

Failure to rescue following
anatomical lung resection. Analysis
of a prospective nationwide
database

Maria Teresa GOmez-Hernandez"***, Cristina Rivas', Nuria Novoa'*®,

Marcelo F. Jiménez*** and the Spanish Group of Video-assisted
Thoracic Surgery (GEVATS)

Service of Thoracic Surgery, Salamanca University Hospital, Salamanca, Spain, Salamanca Institute of
Biomedical Research, Salamanca, Spain, *University of Salamanca, Salamanca, Spain

Background: Rescue failure has been described as an important factor that conditions
postoperative mortality after surgical interventions. The objective of this study is to
determine the incidence and main determinants of failure to rescue after
anatomical lung resections.

Methods: Prospective multicenter study that included all patients undergoing
anatomical pulmonary resection between December 2016 and March 2018 and
registered in the Spanish nationwide database GEVATS. Postoperative complications
were classified as minor (grades | and Il) and major (grades lIlla to V) according to
the Clavien-Dindo standardized classification. Patients that died after a major
complication were considered rescue failure. A stepwise logistic regression model
was created to identify predictors of failure to rescue.

Results: 3,533 patients were analyzed. In total, 361 cases (10.2%) had major
complications, of which 59 (16.3%) could not be rescued. The variables associated
with rescue failure were: ppoDLCO% (OR, 0.98; 95% ClI, 0.96-1; p = 0.067), cardiac
comorbidity (OR, 2.1; 95% Cl, 1.1-4; p = 0.024), extended resection (OR, 2.26; 95%
Cl, 0.94-5.41; p = 0.067), pneumonectomy (OR, 2.53; 95 Cl, 1.07-6.03; p = 0.036)
and hospital volume <120 cases per year (OR, 2.53; Cl 95%, 1.26-5.07; p = 0.009).
The area under the curve of the ROC curve was 0.72 (95% Cl: 0.64-0.79).
Conclusion: A significant percentage of patients who presented major complications
after anatomical lung resection did not survive to discharge. Pneumonectomy and
annual surgical volume are the risk factors most closely related to rescue failure.
Complex thoracic surgical pathology should be concentrated in high-volume
centers to obtain the best results in potentially high-risk patients.

KEYWORDS
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Introduction

The term “failure to rescue” (FTR) was first described in 1992 by Silber et al. (1) and refers to
the death of a patient after presenting a major postoperative complication. This metric has been
proposed as an alternative parameter to postoperative morbidity and mortality rates to assess
quality of care and to evaluate the performance of a surgical service or a hospital (2). For this
reason, some institutions have already introduced FTR as a complementary indicator of
surgical quality.

According to Silber et al. (1), while patients features determine the occurrence of
postoperative complications, hospital characteristics are associated to FTR. Thus, several
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studies (3-5) have related high rates of FTR to hospital factors such
as a low volume of surgeries or high nurse-to-patient ratios.
Additionally, according to Farjah et al. (6) the variation in
mortality rates after pulmonary resection for lung cancer among
hospitals is more related to the ability to rescue complicated
patients than to the occurrence of complications.

On the other hand, although FTR is closely related to the ability
to detect and treat complications early based on hospital features,
some studies suggest that there are some patients intrinsic factors
that may increase the risk of FITR after complex surgeries with
high rates of complications (7-11). Our hypothesis is that FTR is
derived from a combination of patient$ intrinsic factors and
hospital features such as hospital volume.

Since FTR has been poorly investigated in thoracic surgery (2, 6)
and no studies have been based on data obtained from a prospective
nationally representative registry, we aimed to determine the
incidence of FTR after anatomical lung resections and to
investigate risk factors associated with FTR in a prospective
nationwide multicenter setting.

Methods
Ethical statement

The Spanish Group of Video-Thoracoscopic Surgery (GEVATS)
project (12) was approved by the ethics committees of all the
participating centres and informed consent was obtained from the
recruited patients to use their clinical data for scientific purposes
(Approval by Ethics Committee of Aragon Health Research
Institute on 20 May 2015 PI15/0072). This specific study was
evaluated and approved by the scientific committee of GEVATS.

Study design and data source

A prospective observational study was conducted based on the
recorded data of the multicentre national registry of GEVATS. The
registry contains information on all anatomical lung resections from
December 2016 to March 2018. Database included data on patients
characteristics, surgical variables, and annual hospital volume of
each participating center. Overall, 33 thoracic surgery departments
participated in gathering data. The 283 variables extracted were
stored in the MySQL database and adapted according to the Society
of Thoracic Surgeons and the European Society of Thoracic
Surgeons standardised definitions and terminology (13).

The data for this article were provided by GEVATS with
permission. Data will be shared on request to the corresponding
author with the permission of GEVATS.

Primary outcome

The primary endpoint was failure to rescue, defined as any
mortality occurring among patients who experienced a major
postoperative complication within 30 days after the operation, or
later if the patient was still in hospital.
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Any adverse event occurring during admission or within 30 days
after surgery was considered a postoperative complication. These
complications were classified according to the Clavien-Dindo
standardized classification of postoperative morbidity (14) into
major (grade IIL: complications that require endoscopic or
radiological surgical reintervention with or without general
anesthesia; grade IV: complications that threaten the life of the
patient and require treatment in intensive or intermediate care and
grade V: complications that lead to the death of the patient) and
minor (grade I: any deviation from the normal postoperative
period that

administration of electrolyte solutions, antiemetics, antipyretics,

does not require reoperation, including the
analgesics and physiotherapy and grade II: complications that
require pharmacological treatment different from the above,
including blood products and parenteral nutrition).

Patients who experience minor or no complications were

excluded.

Statistical analysis

Incidence of FTR was calculated by dividing the number of
deaths among patients who experienced a major postoperative
complication within 30 days after the operation, or later if the
patient was still in hospital.

Potential risk factors for FTR were first analysed in a univariate
logistic regression. Variables with a p-value <0.2 were fed into a
logistic regression model via stepwise backward elimination based
on the Wald statistics. Absence of collinearity was checked by
(tolerance and VIF). Finally, the
discrimination of model was measured graphically with a ROC

testing collinearity ~statics

curve, and the goodness of fit of the model was assessed with the
Hosmer-Lemeshow test.

Statistical analyses were performed using the statistical software
SPSS 26 (IBM Corp, Chicago, Illinois, 2019).

Our manuscript is reported according to the STROBE and
TRIPOD recommendations.

Results

A total of 3,533 patients were recruited. Globally, 2,435 patients
who had no complications and 737 patients who experienced minor
complications were excluded from the analysis. The final sample
consisted of 361 patients (10.2%) who had any major complication.
Of these, 59 could not be rescued. Therefore, incidence of FTR was
16.3%.

Univariate analysis of patient characteristics, surgical features,
and hospital volume for the dependent variable of FTR following
pulmonary anatomical lung resections are shown in Table 1.

Table 2 shows the results of the stepwise multivariable logistic
regression analysis (dependent variable: rescue failure). In the final
model, variables associated with FTR were: ppoDLCO% (OR, 0.98;
95% CI, 0.96-1; p=0.067), cardiac comorbidity (OR, 2.1; 95% CI,
1.1-4; p=0.024), extended resection (OR, 2.26; 95% CI, 0.94-5.41;
p=0.067), pneumonectomy (OR, 2.53; 95 CI, 1.07-6.03; p = 0.036)
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TABLE 1 Univariate analysis of patient characteristics, surgical features, and hospital volume for the dependent variable of FTR following pulmonary

anatomical lung resections.

Survivor (n=302) FTR (n=59) OR (ClI 95%) p-value
Age, mean (SD), years 66.02 (SD: 9.58) 68.63 (SD: 7.85) 1.034 (1.001-1.067) 0.045
Male sex, n (%) 239 (79.1) 53 (89.8) 2.33 (0.96-5.66) 0.062
BMI, mean (SD) 26.52 (SD: 4.55) 26.63 (SD: 4.28) 1.005 (0.994-1.071) 0.867
FEV1/FVC, mean (SD) 0.87 (SD: 0.2) 0.89 (SD: 0.13) 1.276 (0.293-5.557) 0.746
ppoFEV1%, mean (SD) 63.53 (SD: 16.85) 58.66 (SD: 17.05) 0.981 (0.964-0.998) 0.029
ppoDLCO%, mean (SD) 60.08 (SD: 17.81) 53.49 (SD: 16.23) 0.977 (0.959-0.995) 0.014
Tumoral size, mean (SD) 33.11 (SD: 21.86) 37.28 (SD: 25.74) 1.008 (0.995-1.020) 0.219
Smoking history, n (%) 0.405
- Never smoker 27 (8.9) 2 (3.4) 1
- Former smoker
_ Current smoker 175 (57.9) 40 (67.8) 3.09 (0.71-13.51)
- Unknown 96 (31.8) 16 (27.1) 225 (0.49-10.4)
4 (1.3) 1(1.7) 3.36 (0.25-46.36)
Cardiac comorbidity, n (%) 145 (48) 34 (57.6) 1.47 (0.84-2.59) 0.178
- Coronary disease 32 (10.6) 10 (16.9)
ipatonion 7 69 5 89
123 (40.7) 33 (55.9)
CKD, n (%) 8 (2.6) 3(5.2) 2.01 (0.52-7.79) 0.315
Stroke, n (%) 14 (4.6) 4 (6.8) 1.5 (0.48-4.72) 0.492
Diabetes, n (%) 48 (15.9) 18 (30.5) 2.32 (1.23-4.38) 0.009
Peripheral arteriopathy, n (%) 34 (11.3) 9 (15.3) 1.42 (0.64-3.14) 0.388
Previous malignancy, n (%) 106 (35.1) 23 (39) 1.18 (0.67-2.1) 0.569
Diagnosis, n (%) 0.91 (0.5-1.67) 0.771
- Lung carcinoma 272 (90.1) 53 (89.8)
- Pulmonary metastasis
_ Other 13 (4.3) 4 (6.8)
17 (5.6) 2(34)
Induction treatment, n (%) 25(9.2) 5(9.4) 1.03 (0.38-2.82) 0.995
Surgical approach, n (%) 0.011
- VATS 126 (41.7) 14 (23.7) 1
- Open
176 (58.3) 45 (76.3) 2.3 (1.21-4.37)
Pneumonectomy, n (%) 25 (8.3) 14 (23.7) 3.45 (1.67-7.13) 0.001
Extended resection, (%) 27 (8.9) 11 (118.6) 2.33 (1.09-5.02) 0.03
Lymphadenectomy, n (%) 270 (99.3) 52 (98.1) 0.39 (0.03-4.33) 0.439
pStage, n (%) 0.87
-1 128 (48.9) 23 (50) 1
) EI 72 (27.5) 12 (26.1) 0.93 (0.44-1.97)
-V 56 (21.4) 9 (19.6) 0.89 (0.39-2.06)
6 (2.3) 2 (4.3) 1.86 (0.35-9.76)
Hospital volume (cases per year)*, n (%) 0.012
- >120 125 (58.6) 14 (23.7) 1
- <120
177 (41.4) 45 (76.3) 2.27 (1.2-4.31)

BMI: body mass index; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; ppoFEV1%: predicted postoperative forced expiratory volume in the first
second; ppoDLCO%: predicted postoperative diffusing capacity of the lung for carbon monoxide; VATS: video-assisted thoracic surgery; SD: standard deviation; OR: odds ratio;

ClI: confidence interval.

*Hospital volume: 120 cases per year are equivalent to 150 cases during the study period (15 months).
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TABLE 2 Multivariate analysis of risk factors of FTR after anatomical lung
resection.

Adjusted OR p-value
(Cl 95%)

ppoDLCO% 0.98 (0.96-1) 0.067
Cardiac comorbidity 2.1 (1.1-4) 0.024
Extended resection 2.26 (0.94-5.41) 0.067
Pneumonectomy 2.53 (1.07-6.03) 0.036
Hospital volume (cases per year), n (%) 0.009
- >120 1
- <120

2.53 (1.26-4.07)

OR: odds ratio; Cl: confidence interval; ppoDLCO%: predicted postoperative diffusing
capacity of the lung for carbon monoxide; VATS: video-assisted thoracic surgery.

and hospital volume < 120 cases per year (OR, 2.53; CI 95%, 1.26—
5.07; p=0.009).

FTR rates among patients with cardiac disease history reached
19% and extended resection was associated with a 28.9% FTR rate.
While 35.9% of patients who experienced any major postoperative
complications following pneumonectomy died. Moreover, FIR rates
in hospitals with low volume (<120 cases per year) was 20.3%
against 10.1% in high-volume hospitals (>120 cases annually).

The model showed acceptable levels of sensitivity and specificity: the
area under the curve (95% CI) was 0.72 (0.64-0.79) (Figure 1) with a
good degree of calibration (Hosmer-Lemeshow test value (p = 0.739).

Discussion

The analyses of the nationwide prospective Spanish registry
found that the incidence of mortality among patients who

10.3389/fsurg.2023.1077046

anatomical lung resection reaches 16.3%. This study shows similar
failure to rescue rates after lung surgery to those previously
reported in single institutional series (15).

In the current study, we identified several patient factors that
combined with hospital volume may predict failure to rescue after
anatomical lung resection. Prior research examining rescue failure
rates in thoracic surgery focused more on characteristics of the
institution rather than patient features (6, 16-19). In this regard, we
found that FTR rates were 2-fold higher in low-volume hospitals in
comparison to high-volume centres. Farjah et al. (6) also reported
an important variation in FTR rates across hospitals. In their
multicentre study based on the Society of Thoracic Surgeons
General Thoracic Surgery Database, the risk of dying after major
complications increased by 3-fold (20% vs. 6.9%, p <0.001) across
hospitals. Similarly, Tran et al. (19) reported that high-volume
centre status was associated with reduced odds of mortality after re-
intervention compared to low volume centres. Furthermore, Sanaiha
et al. (20) found that high hospital lobectomy volume and
minimally invasive approach decreased the odds of mortality after
cardiovascular complications (myocardial infarction, cardiac arrest or
Additionally,
approached patients at high-volume institutions had the lowest odds
of all-cause mortality (OR 0.27) and myocardial infarction (OR
0.57). Several factors may contribute to such vastly different

pulmonary  embolism). minimally  invasively

outcomes. According to Ghaferi et al. (21) teaching status, bed size
and increased nurse-to-patient ratios may influence outcomes in
patients undergoing pancreatectomy. Meanwhile, Ward et al. (22)
suggested that improved intensive care services, rapid response
teams and availability of personnel may have an important role in
FTR outcomes. The combination of these factors at high-volume
centres, may allow for an earlier detection and treatment of
complications, thus rescuing patients from mortality; while, low-
volume hospitals may lack these capabilities, which ultimately may

experienced any major postoperative complication following  explain the observed differences in outcomes.
ROC Curve
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FIGURE 1
The ROC curve showing the discriminant power of the model.
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However, although the hospital components are important to
understand how to improve on these shortcomings, our purpose
was to determine whether any inherent patient factors in
combination with hospital volume were associated with mortality
By identifying the high-risk
patients, our efforts could then be focused on how to potentially

after postoperative complications.

prevent the occurrence of complications, how to rescue these
patients after an adverse event or eventually referring high-risk
patients to high-volume centres.

Our data demonstrate that ppoDLCO%, cardiac comorbidity,
extended resection, and pneumonectomy in combination to hospital
volume are the most important factors associated to FTR. These
findings are consistent with prior studies illustrating the association
of these factors with postoperative mortality after pulmonary
resection. We previously reported in our institution (23) a 30-day
mortality rate after pneumonectomy of 8.4% that reached 18.5% at
six months after intervention. Among determinant factors of these
results, we found age, laterality of the procedure and the occurrence
of postoperative Additionally,
Dartevelle et al. (24) reported a mortality rate of 4% in T4 lung
cancer patients undergoing extended resection after analysing a

cardiorespiratory — complications.

series of 388 cases operated in the last 30 years. Therefore, patients
who may need a pneumonectomy or an extended resection should
be thoughtfully selected, since some centres experience a high
perioperative mortality rate, or referred to high-volume centres to
guarantee optimal postoperative outcomes.

Several limitations need to be considered in this study. First,
calculation of FTR was based on in-hospital deaths among patients
who experience a major complication within 30 days after the
operation, or later if the patient was still in the hospital. However,
since a significant number of patients die after discharge within 90
days after pulmonary resection as a consequence of any surgical
related complication (25), it can be considered that FTR based on
90-day mortality could be a better indicator of postoperative surgical
care. Second, our data are based on a multicentre voluntary registry,
so that, although the details of the data audit have been previously
reported (12), bias related to patient selection and quality of data
could have influenced our findings. Furthermore, our results should
be confirmed in additional patient cohorts from different multi-
institutional databases.

Conclusion

16.3% of patients who presented major complications after anatomical
lung resection in the GEVATS series did not survive to discharge.
ppoDLCO%, cardiac comorbidity, pneumonectomy, extended resection,
and annual surgical volume were the risk factors most closely related to
FTR. Based on these results, complex thoracic surgical pathology should
be concentrated in high-volume centres in order to obtain the best
results in this type of potentially high-risk procedures.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Surgery

10.3389/fsurg.2023.1077046

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of Aragon Health Research
Institute on 20 May 2015 PI15/0072. The patients/participants
provided their written informed consent to participate in this study.

The Spanish Group of Video-assisted
Thoracic Surgery &EEVATS

Coordinator: Raul Embun (University Hospital Miguel Servet).
Scientific committee: David Gémez de Antonio (University
Hospital Puerta de Hierro Majadahonda, Madrid); Sergi Call
(Mutua Terrasa University Hospital, University of Barcelona,

Terrasa, Barcelona); Nicolds Moreno-Mata (Ramén y Cajal

University Hospital, Madrid); Marcelo F. Jiménez (Salamanca
University Hospital, University of Salamanca, IBSAL, Salamanca);
Miguel Congregado (Virgen Macarena University Hospital, Seville);
and Sergio Bolufer-Nadal (General University Hospital of Alicante).

Local researchers: José¢ Luis Recuero and [fiigo Royo Crespo
(University Hospital Miguel Servet and Lozano Blesa); Borja
Aguinagalde and Tker Loépez Sanz (Donostia University Hospital,
San Sebastidn-Donostia); Sergio Amor-Alonso and Francisco Javier
Moradiellos-Diez

Madrid); Miguel Jests Arrards (Valencian Oncology Institute

(Quironsalud  Madrid ~ University =~ Hospital,

Foundation, Valencia); Ana Isabel Blanco Orozco (University
Hospital Virgen del Rocio, Sevilla); Marc Boada and David Sanchez
(Hospital Clinic of Barcelona, Respiratory Institute, University of
Barcelona, Barcelona); Alberto Cabaiero Sanchez (Ramoén y Cajal
University Hospital, Madrid); Isabel Cal Vazquez and Ramoén
Moreno-Balsalobre (University Hospital La Princesa, Madrid); Angel
Cilleruelo Ramos (University Clinical Hospital, Valladolid); Silvana
Crowley Carrasco (University Hospital Puerta de
Majadahonda, Madrid); Elena Fernandez-Martin and Florentino
Hernando Trancho (Hospital Clinico San Carlos, Madrid); Santiago

Hierro

Garcia-Barajas and Cipriano Lopez Garcia (University Hospital of
Badajoz); Garcia-Jiménez (University
of Albacete, Albacete); José Maria Garcia-Prim and
Rivo (Santiago de Compostela University Hospital,
de Compostela); José Alberto Garcia-Salcedo (12 de
Octubre University Hospital, Madrid); Juan José Gelbenzu-Zazpe

Badajoz, Maria Dolores
Hospital
Eduardo

Santiago

and Marfa Elena Ramirez-Gil (Complejo Hospitalario of Navarre,
Pamplona); Carlos Fernando Giraldo-Ospina and Roberto Mongil
Poce (Hospital Regional Universitario, Madlaga); Maria Teresa
Gomez Herndndez (Salamanca University Hospital, University of
Salamanca, IBSAL, Salamanca); Jorge Hernandez and Juan José Fibla
Alfara (Sagrat Cor University Hospital, Barcelona); Jennifer D. Illana
Wolf (Puerta del Mar Hospital, Cadiz); Alberto Jauregui Abularach
(Vall d’Hebron University Hospital, Barcelona); Unai Jiménez and
Rafael Rojo-Marcos (University Hospital Cruces, Bilbao); Néstor J.
Ribera University Hospital, Alcira,
Valencia); Elisabeth Martinez-Téllez and Juan Carlos Trujillo Reyes

Martinez-Hernandez (La
(Santa Creu and Sant Pau Hospital, Autonomous University of

Barcelona, Barcelona); Lucia Milla Collado (Hospital Arnau de
Vilanova, Lleida); Sergio B. Moreno Merino (Virgen Macarena

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1077046
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Gomez-Hernandez et al.

University Hospital, Seville); Carme Obiols (Mutua Terrasa University
Hospital, University of Barcelona, Terrasa, Barcelona); Florencio
Quero-Valenzuela (Virgen de las Nieves Hospital, Granada); Ricard
Ramos-Izquierdo (University Hospital of Bellvitge, Hospitalet de
Llobregat, Barcelona); Alberto Rodriguez-Fuster (Hospital del Mar,
Hospital del Mar Medical Research Institute, Barcelona); Laura
Sanchez Moreno (University Hospital Marqués de Valdecilla,
Santander); Carlos Simoén (Gregorio Marandén University Hospital,
Madrid); and Julio Sesma Romero (General University Hospital of
Alicante).

Author contributions

Declaration of substantial contributions to: 1. Study conception
and design: MTGH, MFJ. 2. Acquisition of data: GEVATS
MTGH,
MF]J. 4. Drafting of the manuscript or critical revision for relevant
intellectual content: MTGH, CR, NN, MFJ. 5. Final approval of the
version to be submitted: MTGH, CR, NN, MFJ. All authors
contributed to the article and approved the submitted version.

members. 3. Analysis and interpretation of data:

Funding

The authors declare that no financial support was received
regarding the content of this manuscript. GEVATS is supported by
Ethicon and the Spanish Society of Thoracic Surgery (SECT).

Acknowledgments

We thank all the local researchers who contributed with patient
recruitment and data entry. Coordinator: Raul Embun (University
Hospital Miguel Servet). Scientific committee: David Gémez de
Antonio (University Hospital Puerta de Hierro Majadahonda,
Madrid); Sergi Call (Mutua Terrasa University Hospital, University
of Barcelona, Terrasa, Barcelona); Nicoldas Moreno-Mata (Ramoén y
Cajal University Hospital, Madrid); Marcelo F. Jiménez (Salamanca
University Hospital, University of Salamanca, IBSAL, Salamanca);
Miguel Congregado (Virgen Macarena University Hospital, Seville);
and Sergio Bolufer-Nadal (General University Hospital of Alicante).
Local researchers: José Luis Recuero and Ifiigo Royo Crespo
(University Hospital Miguel Servet and Lozano Blesa); Borja
Aguinagalde and Iker Lopez Sanz (Donostia University Hospital,
San Sebastidn-Donostia); Sergio Amor-Alonso and Francisco Javier
Moradiellos-Diez ~ (Quironsalud ~Madrid  University —Hospital,
Madrid); Miguel Jesis Arrards (Valencian Oncology Institute
Foundation, Valencia); Ana Isabel Blanco Orozco (University
Hospital Virgen del Rocio, Sevilla); Marc Boada and David Sanchez
(Hospital Clinic of Barcelona, Respiratory Institute, University of
Barcelona, Barcelona); Alberto Cabaiiero Sanchez (Ramoén y Cajal

References

1. Silber JH, Williams SV, Krakauer H, Schwartz JS. Hospital and patient
characteristics associated with death after surgery. A study of adverse occurrence and
failure to rescue. Med Care. (1992) 30:615-29. doi: 10.1097/00005650-199207000-00004

Frontiers in Surgery

10.3389/fsurg.2023.1077046

University Hospital, Madrid); Isabel Cal Vazquez and Ramoén
Moreno-Balsalobre (University Hospital La Princesa, Madrid); Angel
Cilleruelo Ramos (University Clinical Hospital, Valladolid); Silvana
Crowley Carrasco (University Hospital Puerta de Hierro
Majadahonda, Madrid); Elena Fernandez-Martin and Florentino
Hernando Trancho (Hospital Clinico San Carlos, Madrid); Santiago
Garcia-Barajas and Cipriano Lopez Garcia (University Hospital of
Badajoz, Badajoz); Maria Dolores Garcia-Jiménez (University
Hospital of Albacete, Albacete); José Maria Garcia-Prim and
Eduardo Rivo (Santiago de Compostela University Hospital,
Santiago de Compostela); José Alberto Garcfa-Salcedo (12 de
Octubre University Hospital, Madrid); Juan José Gelbenzu-Zazpe
and Marfa Elena Ramirez-Gil (Complejo Hospitalario of Navarre,
Pamplona); Carlos Fernando Giraldo-Ospina and Roberto Mongil
Poce (Hospital Regional Universitario, Malaga); Marfa Teresa
Gomez Hernandez (Salamanca University Hospital, University of
Salamanca, IBSAL, Salamanca); Jorge Herndndez and Juan José Fibla
Alfara (Sagrat Cor University Hospital, Barcelona); Jennifer D. Illana
Wolf (Puerta del Mar Hospital, Cadiz); Alberto Jauregui Abularach
(Vall d’Hebron University Hospital, Barcelona); Unai Jiménez and
Rafael Rojo-Marcos (University Hospital Cruces, Bilbao); Néstor
J. Martinez-Hernandez (La Ribera University Hospital, Alcira,
Valencia); Elisabeth Martinez-Téllez and Juan Carlos Trujillo Reyes
(Santa Creu and Sant Pau Hospital, Autonomous University of
Barcelona, Barcelona); Lucia Milla Collado (Hospital Arnau de
Vilanova, Lleida); Sergio B. Moreno Merino (Virgen Macarena
University Hospital, Seville); Carme Obiols (Mutua Terrasa
University Hospital, University of Barcelona, Terrasa, Barcelona);
Florencio Quero-Valenzuela (Virgen de las Hospital,
Granada); Ricard Ramos-Izquierdo (University Hospital of Bellvitge,
Hospitalet de Llobregat, Barcelona); Alberto Rodriguez-Fuster
(Hospital del Mar, Hospital del Mar Medical Research Institute,
Barcelona); Laura Sanchez Moreno (University Hospital Marqués de
Valdecilla, Santander); Carlos Simén (Gregorio Maraién University
Hospital, Madrid); and Julio Sesma Romero (General University
Hospital of Alicante).

Nieves

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

2. Gémez-Herndndez MT, Novoa NM, Varela G, Jiménez MF. Quality control in
anatomical lung resection. Major postoperative complications vs failure to rescue. Arch
Bronconeumol. (2021) 57:251-5. doi: 10.1016/j.arbres.2019.12.009

frontiersin.org


https://doi.org/10.1097/00005650-199207000-00004
https://doi.org/10.1016/j.arbres.2019.12.009
https://doi.org/10.3389/fsurg.2023.1077046
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Gomez-Hernandez et al.

3. Sheetz KH, Dimick JB, Ghaferi AA. Impact of hospital characteristics on failure to
rescue following Major surgery. Ann Surg. (2016) 263:692-7. doi: 10.1097/SLA.
0000000000001414

4. Gonzalez AA, Dimick JB, Birkmeyer JD, Ghaferi AA. Understanding the volume-
outcome effect in cardiovascular surgery: the role of failure to rescue. JAMA Surg.
(2014) 149:119-23. doi: 10.1001/jamasurg.2013.3649

5. Ghaferi AA, Birkmeyer JD, Dimick JB. Hospital volume and failure to rescue with
high-risk surgery. Med Care. (2011) 49:1076-81. doi: 10.1097/MLR.0b013e3182329b97

6. Farjah F, Backhus L, Cheng A, Englum B, Kim S, Saha-Chaudhuri P, et al. Failure to
rescue and pulmonary resection for lung cancer. J Thorac Cardiovasc Surg. (2015)
149:1365-71.; discussion 1371-1373.e3. doi: 10.1016/j.jtcvs.2015.01.063

7. Liou DZ, Serna-Gallegos D, Mirocha J, Bairamian V, Alban RF, Soukiasian HJ.
Predictors of failure to rescue after esophagectomy. Ann Thorac Surg. (2018)
105:871-8. doi: 10.1016/j.athoracsur.2017.10.022

8. Ferraris VA, Bolanos M, Martin JT, Mahan A, Saha SP. Identification of patients
with postoperative complications who are at risk for failure to rescue. JAMA Surg.
(2014) 149:1103-8. doi: 10.1001/jamasurg.2014.1338

9. llonzo N, Egorova NN, McKinsey JF, Nowygrod R. Failure to rescue trends in
elective abdominal aortic aneurysm repair between 1995 and 2011. J Vasc Surg. (2014)
60:1473-80. doi: 10.1016/j.jvs.2014.08.106

10. Varley PR, Geller DA, Tsung A. Factors influencing failure to rescue after
pancreaticoduodenectomy: a  national surgical quality improvement project
perspective. J Surg Res. (2017) 214:131-9. doi: 10.1016/j.js5.2016.09.005

11. Li KY, Mokdad AA, Minter RM, Mansour JC, Choti MA, Augustine MM, et al.
Failure to rescue following cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy. J Surg Res. (2017) 214:209-15. doi: 10.1016/j.js5.2017.02.048

12. Embun R, Royo-Crespo I, Recuero Diaz JL, Bolufer S, Call S, Congregado M, et al.
Spanish video-assisted thoracic surgery group: method, auditing, and initial results from
a national prospective cohort of patients receiving anatomical lung resections. Arch
Bronconeumol. (2020) 56:718-24. doi: 10.1016/j.arbr.2020.01.009

13. Fernandez FG, Falcoz PE, Kozower BD, Salati M, Wright CD, Brunelli A. The
society of thoracic surgeons and the European society of thoracic surgeons general
thoracic surgery databases: joint standardization of variable definitions and
terminology. Ann Thorac Surg. (2015) 99:368-76. doi: 10.1016/j.athoracsur.2014.05.104

14. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a
new proposal with evaluation in a cohort of 6336 patients and results of a survey.
Ann Surg. (2004) 240:205-13. doi: 10.1097/01.51a.0000133083.54934.ae

Frontiers in Surgery

07

10.3389/fsurg.2023.1077046

15. Gémez-Hernandez MT, Novoa NM, Varela G, Jiménez MF. Quality control in
anatomical lung resection. Major postoperative complications vs failure to Rescue.
Arch Bronconeumol. (2021) 57:625-9. doi: 10.1016/j.arbr.2021.07.003

16. Grenda TR, Revels SL, Yin H, Birkmeyer JD, Wong SL. Lung cancer resection at
hospitals with high vs low mortality rates. JAMA Surg. (2015) 150:1034-40. doi: 10.
1001/jamasurg.2015.2199

17. Bhamidipati CM, Stukenborg GJ, Ailawadi G, Lau CL, Kozower BD, Jones DR.
Pulmonary resections performed at hospitals with thoracic surgery residency programs
have superior outcomes. ] Thorac Cardiovasc Surg. (2013) 145:60-6. 67.e1-2;
discussion 66-67. doi: 10.1016/j.jtcvs.2012.10.015

18. Osho AA, Bishawi MM, Mulvihill MS, Axtell AL, Hirji SA, Spencer PJ, et al.
Failure to rescue contributes to center-level differences in mortality after lung
transplantation. Ann Thorac Surg. (2020) 109:218-24. doi: 10.1016/j.athoracsur.
2019.07.013

19. Tran Z, Verma A, Williamson C, Hadaya J, Sanaiha Y, Gandjian M, et al. Failure to
rescue after surgical re-exploration in lung resection. Surgery. (2021) 170:257-62. doi: 10.
1016/j.surg.2021.02.023

20. Sanaiha Y, Khoury H, Kavianpour B, Yazdani S, Gowland L, Iyengar A, et al.
Impact of approach and hospital volume on cardiovascular complications
after pulmonary lobectomy. J Surg Res. (2019) 235:202-9. doi: 10.1016/j.jss.2018.
09.062

21. Ghaferi AA, Osborne NH, Birkmeyer JD, Dimick JB. Hospital characteristics
associated with failure to rescue from complications after pancreatectomy. ] Am Coll
Surg. (2010) 211:325-30. doi: 10.1016/j.jamcollsurg.2010.04.025

22. Ward ST, Dimick JB, Zhang W, Campbell DA, Ghaferi AA. Association between
hospital staffing models and failure to rescue. Ann Surg. (2019) 270:91-4. doi: 10.
1097/SLA.0000000000002744

23. Rodriguez M, Gémez MT, Jiménez MF, Aranda JL, Novoa N, Varela G. The risk of
death due to cardiorespiratory causes increases with time after right pneumonectomy: a
propensity score-matched analysis. Eur J Cardio-Thorac Surg Off ] Eur Assoc Cardio-
Thorac Surg. (2013) 44:93-7. doi: 10.1093/ejcts/ezs620

24. Dartevelle PG, Mitilian D, Fadel E. Extended surgery for T4 lung cancer: a 30 years’
experience. Gen Thorac Cardiovasc Surg. (2017) 65:321-8. doi: 10.1007/s11748-017-
0752-6

25. Bryant AS, Rudemiller K, Cerfolio R]. The 30- versus 90-day operative mortality
after pulmonary resection. Ann Thorac Surg. (2010) 89:1717-22.; discussion 1722-
1723. doi: 10.1016/j.athoracsur.2010.01.069

frontiersin.org


https://doi.org/10.1097/SLA.0000000000001414
https://doi.org/10.1097/SLA.0000000000001414
https://doi.org/10.1001/jamasurg.2013.3649
https://doi.org/10.1097/MLR.0b013e3182329b97
https://doi.org/10.1016/j.jtcvs.2015.01.063
https://doi.org/10.1016/j.athoracsur.2017.10.022
https://doi.org/10.1001/jamasurg.2014.1338
https://doi.org/10.1016/j.jvs.2014.08.106
https://doi.org/10.1016/j.jss.2016.09.005
https://doi.org/10.1016/j.jss.2017.02.048
https://doi.org/10.1016/j.arbr.2020.01.009
https://doi.org/10.1016/j.athoracsur.2014.05.104
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.arbr.2021.07.003
https://doi.org/10.1001/jamasurg.2015.2199
https://doi.org/10.1001/jamasurg.2015.2199
https://doi.org/10.1016/j.jtcvs.2012.10.015
https://doi.org/10.1016/j.athoracsur.2019.07.013
https://doi.org/10.1016/j.athoracsur.2019.07.013
https://doi.org/10.1016/j.surg.2021.02.023
https://doi.org/10.1016/j.surg.2021.02.023
https://doi.org/10.1016/j.jss.2018.09.062
https://doi.org/10.1016/j.jss.2018.09.062
https://doi.org/10.1016/j.jamcollsurg.2010.04.025
https://doi.org/10.1097/SLA.0000000000002744
https://doi.org/10.1097/SLA.0000000000002744
https://doi.org/10.1093/ejcts/ezs620
https://doi.org/10.1007/s11748-017-0752-6
https://doi.org/10.1007/s11748-017-0752-6
https://doi.org/10.1016/j.athoracsur.2010.01.069
https://doi.org/10.3389/fsurg.2023.1077046
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Failure to rescue following anatomical lung resection. Analysis of a prospective nationwide database
	Introduction
	Methods
	Ethical statement
	Study design and data source
	Primary outcome
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	The Spanish Group of Video-assisted Thoracic Surgery (GEVATS)
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


