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Abstract

Introduction

Advances in surgical techniques have improved clinical outcomes and decreased complica-
tions. At the same time, heightened attention to care quality has resulted in increased identi-
fication of hospital-acquired adverse events. We evaluated these divergent effects on the
reported safety of lung cancer resection.

Methods and materials

We analyzed hospital-acquired adverse events in patients undergoing lung cancer resection
using the National Hospital Discharge Survey (NHDS) database from 2001-2010. Demo-
graphics, diagnoses, and procedures data were abstracted using ICD-9 codes. We used
the Agency for Healthcare Research and Quality (AHRQ) Patient Safety Indicators (PSI) to
identify hospital-acquired adverse events. Weighted analyses were performed using t-tests
and chi-square.

Results

A total of 302,444 hospitalizations for lung cancer resection and were included in the analy-
sis. Incidence of PSl increased over time (28% in 2001-2002 vs 34% in 2009—2010;
P<0.001). Those with one or more PSI had increased in-hospital mortality (aOR = 11.1;
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95% Cl, 4.7-26.1; P<0.001) and prolonged hospitalization (12.5 vs 7.8 days; P<0.001).
However, among those with PSI, in-hospital mortality decreased over time, from 17% in
2001-2002 to 2% in 2009-2010.

Conclusions

In a recent ten-year period, documented rates of adverse events associated with lung can-
cer resection increased. Despite this increase in safety events, we observed that mortality
decreased. Because such metrics may be incorporated into hospital rankings and reim-
bursement considerations, adverse event coding consistency and content merit further
evaluation.

Introduction

Recent decades have seen considerable advances in the surgical management of cancer, includ-
ing minimally invasive approaches, improved imaging and staging, and increased coordina-
tion of peri-operative care. For lung cancer, specific developments include growing use of
positron emission tomography-computed tomography (PET-CT) for pre-operative staging,
video-assisted thoracic surgery (VATS), and robotic approaches. Several studies have demon-
strated favorable effects on outcomes, including fewer “futile” thoracotomies, better post-oper-
ative pain control and function, and reduced length of hospitalization [1-3]. Focusing on
specific surgical complications [4, 5], surgical database studies have demonstrated that mortal-
ity, morbidity and duration of hospital stay have improved with contemporary surgical prac-
tices [6, 7].

In the contemporary era of heightened attention to safety and quality, we have also wit-
nessed an increase in recognition and reporting of adverse events [8-10]. Indeed, tracking
complications of medical treatment is no longer relegated to the domain of research studies,
but is incorporated into real-time evaluation of care [11, 12]. Accompanying this trend has
been progress towards standardization of event tracking, with financial and clinical measures
broadly applied across hospitalizations and institutions, regardless of admitting diagnosis or
inpatient procedures [13-15].

In turn, medical systems and payors track these metrics, with particular focus on prevent-
able events [16-18]. Because these data may be incorporated into facility ratings and reim-
bursement, they have real-time and practical implications for the treatment of lung cancer and
other malignancies. We therefore analyzed a widely used and validated measure of care quality
and safety, Agency for Healthcare Research and Quality (AHRQ) Patient Safety Indicators
(PSI)[19], in a representative national dataset, the National Hospital Discharge Survey
(NHDS).

Methods
Data source

The NHDS is a national survey conducted annually from 1965-2010 that reports discharge
data from non-federal short-stay hospitals. Abstracted data includes diagnosis codes, demo-
graphics, procedure codes, in-hospital mortality, and length of stay. The NHDS has been used
in multiple previous studies to report trends and outcomes representative of the U.S. popula-
tion [20-23].
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Data collection

This study was exempt from IRB review. As has been previously described [23], we analysed
hospital-acquired adverse events in hospitalizations for lung cancer resection using the
National Hospital Discharge Survey (NHDS) database from 2001-2010. We selected this time
period because it is the most recent available in the NHDS and therefore the most representa-
tive of contemporary clinical practice. We identified lung cancer cases using the International
Classification of Diseases, Ninth Revision (ICD-9) diagnosis code 162.X (malignant neoplasm
of trachea, bronchus, lung). We identified lung resections using procedure codes 32.3X (seg-
mental resection of the lung), 32.4X (lobectomy resection of the lung), 32.5X (complete pneu-
monectomy), and 32.9 (other excision lung). Wedge resections were not individually coded in
the ICD-9. We collected demographic information including age, sex, race, and admission
type. We analyzed comorbidities using individual disease ICD codes and the Charlson comor-
bidity index. As described previously [23], we determined AHRQ PSI using ICD-9 codes to
identify hospital-acquired adverse events (Table 1) [24]. AHRQ PSI have been previously asso-
ciated with length of stay and mortality for hospital admissions [25].

Statistical analysis

We summarized demographic and clinical data using frequencies and percentages for categor-
ical variables and means or medians for continuous variables. All analyses were performed
using SAS version 9.4 (SAS Corporation, Cary, NC). Weighted analyses were used in all analy-
ses to obtain nationwide estimates and to account for the stratified sampling process of the
NHDS database.

We used t-tests and chi-square tests to compare medians and proportions in hospitaliza-
tions with or without PSI that resulted in death or discharge. Weighted logistic regression was
used for analysis of in-hospital mortality. Length of stay was analyzed using weighted linear
regression. Multivariable models were used to calculate P-values adjusted for clinical charac-
teristics that were significantly different between those with and without a PSI. A P value less

than 0.001 was considered statistically significant. When appropriate, continuous variables
were reported as mean + standard deviation (SD) or median + interquartile range (IQR).

Table 1. Agency for Healthcare Quality and Research (AHRQ) Patient Safety Indicators (PSI) and corresponding ICD-9 codes.

Category

Surgical

Healthcare associated
infection

Medicine

Patient Safety Indicator

Anesthetic complications

Foreign body
Tatrogenic pneumothorax
Post-operative hip fracture

Postoperative hematoma or hemorrhage

Postoperative wound dehiscence

Accidental puncture or laceration

Central venous catheter-related blood stream infection
Postoperative sepsis

Postoperative physiological and metabolic derangement
(secondary diabetes or acute kidney failure)

Postoperative physiological and metabolic derangement (dialysis)
Postoperative deep vein thrombosis or pulmonary embolism

Transfusion reaction

https://doi.org/10.1371/journal.pone.0231258.t001

ICD-9-CM

E8763, E9381, E9382, E9383, E9384, E9385, E9386, E9387, E9389, 9681,
9682, 9683, 9684, 9687, E8551

9984, 9987, E871x
5121
820xx

9981x, 388x, 3941, 3998, 4995, 5793, 6094, 1809, 540, 5412, 6094, 5919,
610, 6998, 7014,7109,7591, 7592, 8604

5461

E870x, 9982

99662, 9993, 99931, 99932

038x, 038xx, 9980x, 9959x

249x, 2501x, 2502x, 2503x, 584x, 586, 9975

3995, 5498
4511x, 4512, 45181, 4519, 4534x, 4538, 4539, 4151x
9996x, 9997x, E8760

PLOS ONE | https://doi.org/10.1371/journal.pone.0231258  April 9, 2020

3/13


https://doi.org/10.1371/journal.pone.0231258.t001
https://doi.org/10.1371/journal.pone.0231258

PLOS ONE

Complication trends for lung cancer surgery

Categorical variables were reported as percentages and compared using odds ratios (OR) and
adjusted ORs (aOR), with 95% confidence intervals (CI).

Results

A total of 302,444 hospitalizations were included in the analysis; 52% were female, 57% older
than 65 years, and 66% were white. Additional demographic information is presented in

Table 2. Age, sex, race, admission type, facility type, year of resection, Charlson index, and geo-
graphic region were not associated with risk of PSI. Specific comorbidities of pulmonary circu-
latory disease, renal failure, and hypertension were associated with increased PSI risk.

Overall, PSI occurred in 29% of cases. The rate increased significantly over time, from 28%
in 2001-2012 to 34% in 2009-2010 (P<0.001). Rates of several individual PSI increased during
this period: postoperative respiratory failure (11.6% to 14.5%), secondary diabetes or acute kid-
ney failure (1% to 6%), postoperative sepsis (0.8% to 2.2%). Incidence of iatrogenic pneumo-
thorax remained relatively constant at approximately 15% over the study period. Incidence of
specific PSI differed between resection type (Table 3). Pneumonectomy was associated with
higher rates of sepsis and respiratory failure compared to segmentectomy and lobectomy. In
contrast, pneumonectomy had a lower incidence of pneumothorax, compared to segmentect-
omy and lobectomy, which likely reflects the removal of all ipsilateral pulmonary tissue. Inci-
dence of overall PSI did not vary according to type of resection (Table 4).

PSI occurrence was significantly associated with inferior clinical outcomes. Hospitalizations
with one or more PSI had a mean length of hospital stay of 12.5 days, compared to 7.8 days for
hospitalizations without PSI (adjusted P<0.001). In-hospital mortality was 7.3% for hospitali-
zations with one or more PSI, versus 1% for those without PSI (adjusted OR 11.07; 95% CI,
4.69-26.12; P<0.001). However, among those with PSI, in-hospital mortality decreased over
time, from 17% in 2001-2002 to 2% in 2009-2010 (Fig 1).

Discussion

In this analysis of more than 300,000 U.S. hospitalizations for surgical resection of lung cancer
over a recent ten-year period, we found that reported hospital-acquired adverse events—
defined according to AHRQ PSI—increased by more than 20%. Although rates of events most
likely directly linked to surgery, such as post-operative respiratory failure and sepsis, saw a
modest increase, the greatest rise was seen in the composite event of secondary diabetes or
acute kidney failure, which may have resulted from surgical or peri-operative interventions, or
may have occurred secondary to other in-hospital causes. Notably, advanced age, overall
comorbidity burden, chronic pulmonary disease, diabetes, and peripheral vascular disease
were not associated with increased PSI. Also of note, the effect of PSI on mortality decreased
over time, from 17% in 2001-2002, to 2% in 2009-2010.

There are a number of potential explanations for these findings. First, improvements in sur-
gical techniques and peri-operative care may be leading to expanded candidacy for lung cancer
surgery to include older and frailer patients, resulting in increased PSI risk. Second, earlier rec-
ognition and improved management of PSI lessen detrimental clinical effects. Finally, there
could be increased recognition, documentation and reporting of PSI over time, with no associ-
ated increased rates in actual clinical adverse events, leading to an apparent reduction in asso-
ciated mortality.

Elderly patients are increasingly being considered for NSCLC surgical intervention, and
some studies suggest increased rates of complications and mortality after surgical intervention
[26, 27]. However, as noted in other analyses [28, 29], we did not notice a significant increase
in PSIs in the oldest patients, suggesting that age alone should not determine treatment
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Table 2. Baseline demographics and clinical characteristics in the overall cohort and by occurrence of Patient Safety Indicators.

Characteristic PSIN (%) No PSIN (%) Total N (%) P value Adjusted P value’
Total 88044 214400 302444
Age (years)
18-49 4236 (5) 12100 (6) 16336 (6) 0.51" 0.43
50-65 32502 (37) 81436 (38) 113938 (38)
66-79 39915 (45) 100641 (47) 140556 (49)
>80 11391 (13) 20223 (9) 31614 (10)
Year
2001 6019 (7) 18452 (9) 24471 (8) 0.64" 0.33
2002 9989 (11) 23376 (11) 33365 (11)
2003 7585 (9) 20529 (10) 28114 (9)
2004 6117 (7) 20522 (10) 26639 (9)
2005 7579 (9) 20018 (9) 27597 (9)
2006 10367 (12) 24390 (11) 34757 (12)
2007 6657 (8) 21282 (10) 27939 (9)
2008 10148 (12) 20442 (10) 30590 (10)
2009 12157 (14) 26772 (13) 38929 (13)
2010 11426 (13) 18617 (9) 30043 (10)
Sex
Male 46408 (53) 99866 (47) 146274 (48) 0.13" 0.18
Race
White 58052 (66) 140997 (66) 199049 (66) 0.39" 0.22
African American 3602 (4) 14667 (7) 18269 (6)
Asian 1498 (2) 4942 (2) 6440 (2)
Others 1094 (1) 3790 (2) 4884 (2)
Not Stated 23798 (27) 50004 (23) 73802 (24)
Geographic Region
Northeast 19816 (23) 54438 (25) 74254 (25) 0.83" 0.87
Midwest 18218 (21) 45137 (21) 63355 (21)
South 31545 (36) 74213 (35) 105758 (35)
West 18465 (21) 40612 (19) 59077 (20)
Facility characteristics
Number of beds
6-99 3042 (4) 5871 (3) 8913 (3) 0.17" 0.15
100-199 12830 (15) 32507 (15) 45337 (15)
200-299 24961 (29) 47892 (22) 72853 (24)
300-499 31830 (36) 74935 (35) 106765 (35)
500+ 15381 (18) 53195 (25) 68576 (23)
Hospital Ownership
Proprietary 6408 (7) 13030 (6) 19438 (6) o0.11" 0.084
Government 6886 (8) 26930 (13) 33816 (11)
Nonprofit, including church 74750 (85) 174440 (81) 249190 (82)
Type of admission
Elective 70711 (80) 167412 (78) 238123 (79) 0.40" 0.35
Emergency/Urgent 9691 (11) 21728 (10) 31419 (10)
NA 7642 (9) 25260 (12) 32902 (11)
Charlson comorbidity index
(Continued)
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Table 2. (Continued)

Characteristic PSIN (%) No PSIN (%) Total N (%) P value Adjusted P value’
Median (Q1, Q3) 2.7 (2.0,5.4) 2.5(2.0,3.9) 2.5(2.0,4.0) 0.24* 0.16
Range 2.0-12.0 2.0-12.0 2.0-15.0
Specific comorbidities
Acquired immune deficiency syndrome 0(0) 221(0.1) 221 (0.1) 0.99° DNC**
Alcohol abuse 1516 (2) 6330 (3) 7846 (3) 0.37" 0.29
Deficiency Anemias 3920 (5) 10336 (5) 14256 (5) 0.81" 0.65
Rheumatoid arthritis/collagen vascular disease 1596 (2) 3271 (2) 4867 (2) 0.75" 0.77
Chronic blood loss anemia 19 (0) 1513 (1) 1532 (1) <.001" 0.003
Congestive heart failure 6135 (7) 6841 (3) 12976 (4) 0.016" 0.045
Chronic pulmonary disease 39822 (45) 84635 (40) 124457 (41) 0.15" 0.089
Coagulopathy 933 (1) 2935 (1) 3868 (1) 0.71" 0.61
Depression 1703 (2) 9489 (4) 11192 (4) 0.16" 0.37
Diabetes w/o chronic complications 5523 (6) 22625 (11) 28148 (9) 0.032" 0.11
Diabetes w/ chronic complications 1461 (2) 1435 (1) 2896 (1) 0.25" 0.40
Drug abuse 368 (0.4) 2329 (1) 2697 (1) 0.217 0.26
Hypothyroidism 2918 (3) 13798 (6) 16716 (6) 0.14" 0.051
Liver disease 1258 (1) 1978 (1) 3236 (1) 0.63" 0.82
Lymphoma 20 (0) 1407 (1) 1427 (1) <.001" <0.001
Fluid and electrolyte disorders 11044 (13) 18301 (9) 29345 (10) 0.077" 0.074
Metastatic cancer 21112 (24) 47478 (22) 68590 (23) 0.59" 0.30
Other neurological disorders 888 (1) 1522 (1) 2410 (1) 0.717 0.93
Obesity 1129 (1) 7746 (4) 8875 (3) 0.067" 0.26
Paralysis 301 (0.3) 1597 (1) 1898 (1) 0.44" 0.50
Peripheral vascular disease 2862 (3) 11519 (5) 14381 (5) 0.18" 0.15
Psychoses 413 (1) 1709 (1) 2112 (1) 0.38" 0.48
Pulmonary circulation disease 843 (1) 574 (0.3) 1417 (1) 0.020" 0.033
Renal failure 3334 (4) 1689 (1) 5023 (2) <0.0017 0.004
Solid tumor w/out metastasis 7157 (8) 7770 (4) 14927 (5) 0.019" 0.008
Peptic ulcer disease bleeding 0(0) 0 (0) 0(0) 1.00% DNC**
Valvular disease 1168 (1) 8159 (4) 9327 (3) 0.002" 0.008
Weight loss 3780 (4) 3483 (2) 7263 (2) 0.081" 0.25
Hypertension 3452 (4) 5507 (3) 6353 (2) 0.006" 0.002

Numbers indicate N (%) unless otherwise noted
Chi-square

*Wilcoxon

SFisher exact

ILogistic regression, adjusted for age, year, type of admission, acquired immune deficiency syndrome, anemias, diabetes without complications, drug abuse, pulmonary

circulation disease, renal failure, solid tumor w/out metastasis, and hypertension
**Model did not converge; p-value cannot be calculated.
DNC, did not calculate

https://doi.org/10.1371/journal.pone.0231258.t1002

exclusions, which should be based on other factors such as physiological status. Additionally,

patients with increasing comorbidity burden have increased risk of postoperative complica-
tions after lung cancer surgery [30]. In one study conducted during the era of the present anal-
ysis, up to 50% of patients undergoing lung cancer resection had at least three comorbidities
[31]. However, in the current study, age and most comorbidities were not associated with
increased PSI risk, rendering this explanation less plausible.
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Table 3. Incidence of specific Patient Safety Indicators occurring in >1% of 302,444 hospitalizations for lung cancer surgery.*.

Patient safety indicator Overall N (%) Lobectomy N (%) Segmentectomy N (%) Pneumonectomy

N (%)

Any 88044 (29) 72273 (30) 8478 (24) 7221 (30)

Tatrogenic pneumothorax 44516 (15) 38879 (16) 4937 (14) 656 (3)

Postoperative respiratory failure 30390 (10) 23681 (10) 2649 (8) 4016 (17)

Secondary diabetes or acute kidney failure 10988 (4) 8714 (4) 776 (2) 1454 (6)

Postoperative hemorrhage or hematoma 6437 (2) 3769 (2) 1462 (4) 1206 (5)

Postoperative sepsis 3612 (1) 2742 (1) 144 (0.4) 726 (3)

*The following AHRQ PSI each occurred in less than 1% of hospitalizations: accidental puncture or laceration, anesthetic complication, central venous catheter-related
blood stream infection, dialysis, foreign body, hip fracture, postoperative deep vein thrombosis or pulmonary embolus, postoperative wound dehiscence, pressure

ulcers, and transfusion reaction.

https://doi.org/10.1371/journal.pone.0231258.t003

Over time, improvements in peri-operative care have led to enhanced prevention, recogni-
tion, and management of surgical complications. For lung cancer resection, these measures
include, among others, chest physiotherapy, airway suctioning, mucolytics, and high-flow
nasal canula [32]. Additionally, during the period of this study, improvements in recognition
and treatment of sepsis, acute kidney injury and venous thromboembolism emerged [33-40].
To what extent these developments underlie the increased incidence but decreased significance
of PSI in the present study is not clear.

Alternatively—in the contemporary era of heightened vigilance, attention to patient safety,
and documentation—it seems plausible that clinical events, including PSI, are being recorded
more frequently, even if the actual rate has not risen. The temporal increase in composite rate
of adverse events in our study directly contrasts findings from the thoracic surgery literature,
which report improvements in near- and long-term clinical outcomes [41-43]. A previous
analysis of all cancer surgeries in the Nationwide Inpatient Sample (NIS) database also found
that reported hospital-acquired adverse events are increasing over time [44]. Despite substan-
tial differences between the databases [45], our findings are consistent with the findings of this
previous analysis [44]. Supporting this hypothesis is the marked decrease in hospital mortality
we observed in cases experiencing PSI, from 17% in 2001-2002 to 2% in 2009-2010. This
behavioral trend could particularly impact complications defined somewhat subjectively, such
as “respiratory failure,” a term that encompasses aspiration, pneumonia, sepsis, acute respira-
tory distress syndrome, chronic heart failure, and venous thromboembolic events, among oth-
ers [46]. Similarly, the term “sepsis” has been subject to changes in diagnostic threshold over
the years, which may influence coding patterns and have implications for epidemiological and
clinical research [47]. By contrast, rates of pneumothorax and venous thromboembolic events,
tend to be more objectively defined based on radiographic findings, remained relatively stable
over time.

Table 4. Comparison of overall Patient Safety Indictors between resection types.

PSIN (%) No PSI N (%) Odds Ratio (95% CI) P value Adjusted” Odds Ratio (95% CI) Adjusted” P value
Lobectomy 72,273 (29.8) 170,268 (70.2) 1.34 (0.85, 2.13) 0.89 1.27 (0.80, 2.03) 0.85
Pneumonectomy 7,221 (29.7) 17,132 (70.3) 1.34(0.70, 2.56) 0.89 1.31 (0.66, 2.61) 0.95
Segmentectomy 8,478 (24.0) 26,892 (76.0) Reference Reference

* Adjusted for age, year, gender, blood loss, CHF, diabetes without complications, lymphoma, pulmonary circulation disease, renal failure, valvular disease, solid tumor

w/out metastasis, and hypertension.

https://doi.org/10.1371/journal.pone.0231258.t1004
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Fig 1. Rates of PSI and mortality with PSI over time.
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What factors would result in a possible behavioral shift in event coding practice? The “cul-
ture of quality” in healthcare, designed to improve team function, patient centeredness, trans-
parency, and outcomes, stresses the importance of detailed and complete documentation [14,
15, 48, 49]. Alternatively, widespread implementation of the electronic health record may have
simplified the process of selecting and recording diagnostic codes [50]. Whatever the domi-
nant cause, this trend has led to concerns about the interpretability and generalizability of
these data [51, 52]. For much of modern-day clinical practice, reimbursement is tightly linked
to documentation. Demonstration of medical complexity may allow billing at a higher level.
For instance, admitting diagnoses of “Sepsis” and “Urinary tract infection, site not specified
from urinary source” (ICD-9 995.92, 599.0) results in greater compensation than “Urinary
tract infection, site not specified” (ICD-9 599.0) alone. While capturing comorbidities and
severity at the time of clinical intake or admission may favorably impact a facility’s rating or
reimbursement, if this practice is applied to events occurring during or after hospitalization, it
could have the opposite effect. Indeed, others have raised concerns that coding and documen-
tation inconsistencies may limit the validity of employing PSI to evaluate hospital performance
[19, 53, 54].

Even if rising PSI rates are due to changes in documentation practice rather than an actual
increase in clinical complications, efforts to limit these events remain central to optimizing
patient care. Among all major malignancies, the development of post-operative sepsis confers
the greatest mortality to patients with lung cancer [55]. In a large prospective cohort study,
post-operative sepsis added $26,972 in hospital costs [56]. Yet a single intervention—proce-
dural checklists—may reduce bloodstream infections by up to 57 percent [57]. In the present
study, even though the magnitude of effect decreased over time, PSI remained associated with
longer hospitalization and increased mortality, suggesting that these cases continue to merit
attention and intervention.

Limitations of this study include lack of data on surgical approach (eg, open, VATS,
robotic-assisted), type of surgeon, type of hospital, cancer stage, or long-term outcomes. Some
specific complications associated with thoracic surgery, for example, atrial dysrhythmias, are
not included in AHCQ PSI evaluations. Aside from events for which the timing is inherently
defined (eg, postoperative respiratory failure), PSI may have temporally preceded surgical
resection and therefore not technically resulted from the procedure. In addition, the definition
pneumothorax is based on ICD coding, and as such this study is unable to determine if pneu-
mothorax is being coded due to a pneumonectomy space or if the pneumothorax coding
represents true pathology in the remaining lung. Importantly, our unit of measurement is
hospitalization rather than patient, as the NHDS does not have a mechanism to differentiate
individual patients. Although it would be possible for a single patient to undergo multiple hospi-
talizations for lung cancer surgery, sequential lung cancer surgeries in separate hospitalizations
are rarely performed, even in patients with multiple synchronous primary tumors [58]. We also
recognize that almost a decade has passed since the end date of our cohort, during which time
further advances in surgical technique and supportive care have occurred. Unfortunately, dis-
continuation of NHDS after 2010 precludes the analysis of more recent data. Nevertheless, we
believe that the study’s large sample size, geographically and demographically diverse and repre-
sentative cohort, and detailed diagnostic coding data render our findings relevant to contempo-
rary considerations for the care of patients undergoing lung cancer resection.

Conclusion

To our knowledge, this study reports the largest cohort of hospitalizations for lung cancer
resection described to date. In contrast to a consistent thoracic surgery literature reporting
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improved outcomes over time, we found increasing rates of documented hospital-acquired
events defined according to widely used AHRQ PSI. However, the increase in these events
over time did not correlate with worse clinical outcomes. It is unclear if these findings repre-
sent changes in coding practices, patient selection, or improved recognition and treatment of
complications. Nevertheless, because these metrics are considered in hospital ratings and
reimbursement, further study of adverse event reporting and behavior in thoracic surgery and
other populations is warranted.

Supporting information

S1 Data.
(XLSX)

Author Contributions
Conceptualization: Arjun Gupta, Kristin C. Mara, Sahil Khanna.

Data curation: Mitchell S. von Itzstein, Arjun Gupta, Kristin C. Mara, Sahil Khanna, David E.
Gerber.

Formal analysis: Kristin C. Mara.
Funding acquisition: David E. Gerber.

Investigation: Mitchell S. von Itzstein, Arjun Gupta, Kristin C. Mara, Sahil Khanna, David E.
Gerber.

Methodology: Arjun Gupta, Kristin C. Mara, Sahil Khanna, David E. Gerber.
Project administration: Mitchell S. von Itzstein, Arjun Gupta, David E. Gerber.
Resources: David E. Gerber.

Supervision: Kemp H. Kernstine, David E. Gerber.

Writing - original draft: Mitchell S. von Itzstein.

Writing - review & editing: Mitchell S. von Itzstein, Arjun Gupta, Kemp H. Kernstine, Kristin
C. Mara, Sahil Khanna, David E. Gerber.

References

1.  Smoragiewicz M, Laskin J, Wilson D, Ramsden K, Yee J, Lam S, et al. Using pet-ct to reduce futile tho-
racotomy rates in non-small-cell lung cancer: a population-based review. Curr Oncol. 2014; 21(6):
€768-74. https://doi.org/10.3747/co0.21.2125 PMID: 25489265

2. Falcoz PE, Puyraveau M, Thomas PA, Decaluwe H, Hurtgen M, Petersen RH, et al. Video-assisted
thoracoscopic surgery versus open lobectomy for primary non-small-cell lung cancer: a propensity-
matched analysis of outcome from the European Society of Thoracic Surgeon database. Eur J Cardi-
othorac Surg. 2016; 49(2):602-9. https://doi.org/10.1093/ejcts/ezv154 PMID: 25913824

3. Ling XM, Fang F, Zhang XG, Ding M, Liu QA, Cang J. Effect of parecoxib combined with thoracic epidu-
ral analgesia on pain after thoracotomy. J Thorac Dis. 2016; 8(5):880-7. https://doi.org/10.21037/jtd.
2016.03.45 PMID: 27162662

4. Motta G, Ratto GB. Complications of surgery in the treatment of lung cancer: their relationship with the
extent of resection and preoperative respiratory function tests. Acta Chir Belg. 1989; 89(3):161-5.
PMID: 2552720

5. Nagasaki F, Flehinger BJ, Martini N. Complications of surgery in the treatment of carcinoma of the lung.
Chest. 1982; 82(1):25-9. https://doi.org/10.1378/chest.82.1.25 PMID: 7083931

PLOS ONE | https://doi.org/10.1371/journal.pone.0231258  April 9, 2020 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231258.s001
https://doi.org/10.3747/co.21.2125
http://www.ncbi.nlm.nih.gov/pubmed/25489265
https://doi.org/10.1093/ejcts/ezv154
http://www.ncbi.nlm.nih.gov/pubmed/25913824
https://doi.org/10.21037/jtd.2016.03.45
https://doi.org/10.21037/jtd.2016.03.45
http://www.ncbi.nlm.nih.gov/pubmed/27162662
http://www.ncbi.nlm.nih.gov/pubmed/2552720
https://doi.org/10.1378/chest.82.1.25
http://www.ncbi.nlm.nih.gov/pubmed/7083931
https://doi.org/10.1371/journal.pone.0231258

PLOS ONE

Complication trends for lung cancer surgery

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Fernandez FG, Kosinski AS, Burfeind W, Park B, DeCamp MM, Seder C, et al. The Society of Thoracic
Surgeons Lung Cancer Resection Risk Model: Higher Quality Data and Superior Outcomes. Ann
Thorac Surg. 2016; 102(2):370-7. https://doi.org/10.1016/j.athoracsur.2016.02.098 PMID: 27209606

Seder CW, Raymond DP, Wright CD, Gaissert HA, Chang AC, Clinton S, et al. The Society of Thoracic
Surgeons General Thoracic Surgery Database 2017 Update on Outcomes and Quality. Ann Thorac
Surg. 2017; 103(5):1378-83. https://doi.org/10.1016/j.athoracsur.2017.02.073 PMID: 28431693

Rivard PE, Elwy AR, Loveland S, Zhao S, Tsilimingras D, Elixhauser A, et al. Applying Patient Safety
Indicators (PSls) Across Health Care Systems: Achieving Data Comparability. In: Henriksen K, Battles
JB, Marks ES, Lewin DI, editors. Advances in Patient Safety: From Research to Implementation (Vol-
ume 2: Concepts and Methodology). Advances in Patient Safety. Rockville (MD)2005.

Chera BS, Mazur L, Buchanan I, Kim HJ, Rockwell J, Milowsky MI, et al. Improving Patient Safety in
Clinical Oncology: Applying Lessons From Normal Accident Theory. JAMA Oncol. 2015; 1(7):958—64.
https://doi.org/10.1001/jamaoncol.2015.0891 PMID: 26182183

Weaver SJ, Lubomksi LH, Wilson RF, Pfoh ER, Martinez KA, Dy SM. Promoting a culture of safety as a
patient safety strategy: a systematic review. Ann Intern Med. 2013; 158(5 Pt 2):369-74. https://doi.org/
10.7326/0003-4819-158-5-201303051-00002 PMID: 23460092

Forster AJ, Huang A, Lee TC, Jennings A, Choudhri O, Backman C. Study of a multisite prospective
adverse event surveillance system. BMJ Qual Saf. 2019.

Collins SA, Couture B, Smith AD, Gershanik E, Lilley E, Chang F, et al. Mixed-Methods Evaluation of
Real-Time Safety Reporting by Hospitalized Patients and Their Care Partners: The MySafeCare Appli-
cation. J Patient Saf. 2018.

Adler L, YiD, Li M, McBroom B, Hauck L, Sammer C, et al. Impact of Inpatient Harms on Hospital
Finances and Patient Clinical Outcomes. J Patient Saf. 2018; 14(2):67-73. https://doi.org/10.1097/
PTS.0000000000000171 PMID: 25803176

Schwendimann R, Blatter C, Dhaini S, Simon M, Ausserhofer D. The occurrence, types, consequences
and preventability of in-hospital adverse events—a scoping review. BMC Health Serv Res. 2018; 18
(1):521. https://doi.org/10.1186/s12913-018-3335-z PMID: 29973258

In: Aspden P, Corrigan JM, Wolcott J, Erickson SM, editors. Patient Safety: Achieving a New Standard
for Care. Washington (DC)2004.

DR L. Adverse Events in Hospitals: An Overview of Key Issues. Washington, DC: Office of the Inspec-
tor General, Department of Health and Human Services: DHHS Publication no. OEI-06-07-00470;
2008.

Nguyen MC, Moffatt-Bruce SD, Van Buren A, Gonsenhauser |, Eiferman DS. Daily review of AHRQ
patient safety indicators has important impact on value-based purchasing, reimbursement, and perfor-
mance scores. Surgery. 2018; 163(3):542—6. https://doi.org/10.1016/j.surg.2017.10.048 PMID:
29275975

Weissman JS, Lopez L, Schneider EC, Epstein AM, Lipsitz S, Weingart SN. The association of hospital
quality ratings with adverse events. Int J Qual Health Care. 2014; 26(2):129-35. https://doi.org/10.
1093/intghc/mzt092 PMID: 24481052

Kubasiak JC, Francescatti AB, Behal R, Myers JA. Patient Safety Indicators for Judging Hospital Perfor-
mance. Am J Med Qual. 2017; 32(2):129-33. https://doi.org/10.1177/1062860615618782 PMID:
26719348

Memtsoudis SG, Besculides MC, Zellos L, Patil N, Rogers SO. Trends in lung surgery: United States
1988 to 2002. Chest. 2006; 130(5):1462—70. https://doi.org/10.1378/chest.130.5.1462 PMID:
17099025

Gupta A, Tariq R, Frank RD, Jean GW, Beg MS, Pardi DS, et al. Trends in the Incidence and Outcomes
of Hospitalized Cancer Patients With Clostridium difficile Infection: A Nationwide Analysis. J Natl Compr
Canc Netw. 2017; 15(4):466—-72. https://doi.org/10.6004/jnccn.2017.0046 PMID: 28404757

Gupta A, Das A, Tariq R, Bhulani N, Premnath N, Solanky D, et al. Trends in Outcomes of Patients With
Metastatic Cancer Undergoing Intubation and Mechanical Ventilation: Results of the National Hospital
Discharge Survey. J Natl Compr Canc Netw. 2018; 16(3):286-92. https://doi.org/10.6004/jnccn.2017.
7053 PMID: 29523667

von ltzstein MS, Gupta A, Mara KC, Khanna S, Gerber DE. Increasing Numbers and Reported Adverse
Events in Patients with Lung Cancer Undergoing Inpatient Lung Biopsies: A Population-Based Analysis.
Lung. 2019.

http://www.qualityindicators.ahrg.gov/Modules/PS|_TechSpec.aspx. Agency for Healthcare Research
and Quality: Patient Safety Indicators Technical Specifications Last Accessed 2/3/2019 [

PLOS ONE | https://doi.org/10.1371/journal.pone.0231258  April 9, 2020 11/13


https://doi.org/10.1016/j.athoracsur.2016.02.098
http://www.ncbi.nlm.nih.gov/pubmed/27209606
https://doi.org/10.1016/j.athoracsur.2017.02.073
http://www.ncbi.nlm.nih.gov/pubmed/28431693
https://doi.org/10.1001/jamaoncol.2015.0891
http://www.ncbi.nlm.nih.gov/pubmed/26182183
https://doi.org/10.7326/0003-4819-158-5-201303051-00002
https://doi.org/10.7326/0003-4819-158-5-201303051-00002
http://www.ncbi.nlm.nih.gov/pubmed/23460092
https://doi.org/10.1097/PTS.0000000000000171
https://doi.org/10.1097/PTS.0000000000000171
http://www.ncbi.nlm.nih.gov/pubmed/25803176
https://doi.org/10.1186/s12913-018-3335-z
http://www.ncbi.nlm.nih.gov/pubmed/29973258
https://doi.org/10.1016/j.surg.2017.10.048
http://www.ncbi.nlm.nih.gov/pubmed/29275975
https://doi.org/10.1093/intqhc/mzt092
https://doi.org/10.1093/intqhc/mzt092
http://www.ncbi.nlm.nih.gov/pubmed/24481052
https://doi.org/10.1177/1062860615618782
http://www.ncbi.nlm.nih.gov/pubmed/26719348
https://doi.org/10.1378/chest.130.5.1462
http://www.ncbi.nlm.nih.gov/pubmed/17099025
https://doi.org/10.6004/jnccn.2017.0046
http://www.ncbi.nlm.nih.gov/pubmed/28404757
https://doi.org/10.6004/jnccn.2017.7053
https://doi.org/10.6004/jnccn.2017.7053
http://www.ncbi.nlm.nih.gov/pubmed/29523667
http://www.qualityindicators.ahrq.gov/Modules/PSI_TechSpec.aspx
https://doi.org/10.1371/journal.pone.0231258

PLOS ONE

Complication trends for lung cancer surgery

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Gray DM 2nd, Hefner JL, Nguyen MC, Eiferman D, Moffatt-Bruce SD. The Link Between Clinically Vali-
dated Patient Safety Indicators and Clinical Outcomes. Am J Med Qual. 2017; 32(6):583-90. https://
doi.org/10.1177/1062860616683014 PMID: 27940883

Umezu H, Miyoshi S, Araki O, Karube Y, Tamura M, Kobayashi S, et al. Efficacy of functional operability
algorithm for octogenarians with primary lung cancer. Gen Thorac Cardiovasc Surg. 2012; 60(1):36—42.
https://doi.org/10.1007/s11748-011-0842-9 PMID: 22237737

Lin HS, Watts JN, Peel NM, Hubbard RE. Frailty and post-operative outcomes in older surgical patients:
a systematic review. BMC Geriatr. 2016; 16(1):157. https://doi.org/10.1186/s12877-016-0329-8 PMID:
27580947

Ganti AK, Williams CD, Gajra A, Kelley MJ. Effect of age on the efficacy of adjuvant chemotherapy for
resected non-small cell lung cancer. Cancer. 2015; 121(15):2578-85. https://doi.org/10.1002/cncr.
29360 PMID: 25873330

Ganti AK, Shostrom V, Alorabi M, Zhen WK, Marr AS, Truijillo K, et al. Early Stage Non-Small-Cell Lung
Cancer in Octogenarian and Older Patients: A SEER Database Analysis. Clin Lung Cancer. 2016; 17
(4):285-91. https://doi.org/10.1016/j.cllc.2015.11.014 PMID: 26725852

Yang CC, Fong Y, Lin LC, Que J, Ting WC, Chang CL, et al. The age-adjusted Charlson comorbidity
index is a better predictor of survival in operated lung cancer patients than the Charlson and Elixhauser
comorbidity indices. Eur J Cardiothorac Surg. 2018; 53(1):235—40. https://doi.org/10.1093/ejcts/ezx215
PMID: 29106506

Tammemagi CM, Neslund-Dudas C, Simoff M, Kvale P. Impact of comorbidity on lung cancer survival.
Int J Cancer. 2003; 103(6):792—-802. https://doi.org/10.1002/ijc.10882 PMID: 12516101

Villeneuve PJ. Interventions to avoid pulmonary complications after lung cancer resection. J Thorac
Dis. 2018; 10(Suppl 32):33781-S8. https://doi.org/10.21037/jtd.2018.09.26 PMID: 30505565

Girardis M, Rinaldi L, Donno L, Marietta M, Codeluppi M, Marchegiano P, et al. Effects on management
and outcome of severe sepsis and septic shock patients admitted to the intensive care unit after imple-
mentation of a sepsis program: a pilot study. Crit Care. 2009; 13(5):R143. https://doi.org/10.1186/
cc8029 PMID: 19728879

MacRedmond R, Hollohan K, Stenstrom R, Nebre R, Jaswal D, Dodek P. Introduction of a comprehen-
sive management protocol for severe sepsis is associated with sustained improvements in timeliness of
care and survival. Qual Saf Health Care. 2010; 19(5):e46. https://doi.org/10.1136/qshc.2009.033407
PMID: 20671074

Rabbani MA, Habib HB, Siddiqui BK, Tahir MH, Ahmad B, Murtaza G, et al. Etiology of acute renal fail-
ure in a tertiary center. Saudi J Kidney Dis Transpl. 2008; 19(6):1009—14. PMID: 18974597

Tsui A, Rajani C, Doshi R, De Wolff J, Tennant R, Duncan N, et al. Improving recognition and manage-
ment of acute kidney injury. Acute Med. 2014; 13(3):108—-12. PMID: 25229060

Joslin J, Wilson H, Zubli D, Gauge N, Kinirons M, Hopper A, et al. Recognition and management of
acute kidney injury in hospitalised patients can be partially improved with the use of a care bundle. Clin
Med (Lond). 2015; 15(5):431-6.

Moore LJ, Moore FA, Todd SR, Jones SL, Turner KL, Bass BL. Sepsis in general surgery: the 2005—
2007 national surgical quality improvement program perspective. Arch Surg. 2010; 145(7):695-700.
https://doi.org/10.1001/archsurg.2010.107 PMID: 20644134

Douma RA, Kamphuisen PW, Buller HR. Acute pulmonary embolism. Part 1: epidemiology and diagno-
sis. Nat Rev Cardiol. 2010; 7(10):585-96. https://doi.org/10.1038/nrcardio.2010.106 PMID: 20644564

Tarbox AK, Swaroop M. Pulmonary embolism. Int J Crit llin Inj Sci. 2013; 3(1):69-72. https://doi.org/10.
4103/2229-5151.109427 PMID: 23724389

Park BJ. Respiratory failure following pulmonary resection. Semin Thorac Cardiovasc Surg. 2007; 19
(4):374-9. https://doi.org/10.1053/j.semtcvs.2007.10.003 PMID: 18395641

Walker BL, Williamson C, Regis SM, McKee AB, D’Agostino RS, Hesketh PJ, et al. Surgical Outcomes
in a Large, Clinical, Low-Dose Computed Tomographic Lung Cancer Screening Program. Ann Thorac
Surg. 2015; 100(4):1218-23. https://doi.org/10.1016/j.athoracsur.2015.04.112 PMID: 26209493

Kozower BD, Sheng S, O’Brien SM, Liptay MJ, Lau CL, Jones DR, et al. STS database risk models: pre-
dictors of mortality and major morbidity for lung cancer resection. Ann Thorac Surg. 2010; 90(3):875—
81; discussion 81-3. https://doi.org/10.1016/j.athoracsur.2010.03.115 PMID: 20732512

Sukumar S, Roghmann F, Trinh VQ, Sammon JD, Gervais MK, Tan HJ, et al. National trends in hospi-
tal-acquired preventable adverse events after major cancer surgery in the USA. BMJ Open. 2013; 3(6).

Bekkers S, Bot AG, Makarawung D, Neuhaus V, Ring D. The National Hospital Discharge Survey and
Nationwide Inpatient Sample: the databases used affect results in THA research. Clin Orthop Relat
Res. 2014; 472(11):3441-9. https://doi.org/10.1007/s11999-014-3836-y PMID: 25091226

PLOS ONE | https://doi.org/10.1371/journal.pone.0231258  April 9, 2020 12/13


https://doi.org/10.1177/1062860616683014
https://doi.org/10.1177/1062860616683014
http://www.ncbi.nlm.nih.gov/pubmed/27940883
https://doi.org/10.1007/s11748-011-0842-9
http://www.ncbi.nlm.nih.gov/pubmed/22237737
https://doi.org/10.1186/s12877-016-0329-8
http://www.ncbi.nlm.nih.gov/pubmed/27580947
https://doi.org/10.1002/cncr.29360
https://doi.org/10.1002/cncr.29360
http://www.ncbi.nlm.nih.gov/pubmed/25873330
https://doi.org/10.1016/j.cllc.2015.11.014
http://www.ncbi.nlm.nih.gov/pubmed/26725852
https://doi.org/10.1093/ejcts/ezx215
http://www.ncbi.nlm.nih.gov/pubmed/29106506
https://doi.org/10.1002/ijc.10882
http://www.ncbi.nlm.nih.gov/pubmed/12516101
https://doi.org/10.21037/jtd.2018.09.26
http://www.ncbi.nlm.nih.gov/pubmed/30505565
https://doi.org/10.1186/cc8029
https://doi.org/10.1186/cc8029
http://www.ncbi.nlm.nih.gov/pubmed/19728879
https://doi.org/10.1136/qshc.2009.033407
http://www.ncbi.nlm.nih.gov/pubmed/20671074
http://www.ncbi.nlm.nih.gov/pubmed/18974597
http://www.ncbi.nlm.nih.gov/pubmed/25229060
https://doi.org/10.1001/archsurg.2010.107
http://www.ncbi.nlm.nih.gov/pubmed/20644134
https://doi.org/10.1038/nrcardio.2010.106
http://www.ncbi.nlm.nih.gov/pubmed/20644564
https://doi.org/10.4103/2229-5151.109427
https://doi.org/10.4103/2229-5151.109427
http://www.ncbi.nlm.nih.gov/pubmed/23724389
https://doi.org/10.1053/j.semtcvs.2007.10.003
http://www.ncbi.nlm.nih.gov/pubmed/18395641
https://doi.org/10.1016/j.athoracsur.2015.04.112
http://www.ncbi.nlm.nih.gov/pubmed/26209493
https://doi.org/10.1016/j.athoracsur.2010.03.115
http://www.ncbi.nlm.nih.gov/pubmed/20732512
https://doi.org/10.1007/s11999-014-3836-y
http://www.ncbi.nlm.nih.gov/pubmed/25091226
https://doi.org/10.1371/journal.pone.0231258

PLOS ONE

Complication trends for lung cancer surgery

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Roberts JR. Postoperative respiratory failure. Thorac Surg Clin. 2006; 16(3):235—41, vi. https://doi.org/
10.1016/j.thorsurg.2006.05.002 PMID: 17004551

Peach BC. Implications of the new sepsis definition on research and practice. J Crit Care. 2017;
38:259-62. https://doi.org/10.1016/j.jcrc.2016.11.032 PMID: 28011419

Glen P, Earl N, Gooding F, Lucas E, Sangha N, Ramcharitar S. Simple interventions can greatly
improve clinical documentation: a quality improvement project of record keeping on the surgical wards
at a district general hospital. BMJ Qual Improv Rep. 2015; 4(1).

McCarthy B, Fitzgerald S, O’Shea M, Condon C, Hartnett-Collins G, Clancy M, et al. Electronic nursing
documentation interventions to promote or improve patient safety and quality care: A systematic review.
J Nurs Manag. 2019; 27(3):491-501. https://doi.org/10.1111/jonm.12727 PMID: 30387215

Musy SN, Ausserhofer D, Schwendimann R, Rothen HU, Jeitziner MM, Rutjes AW, et al. Trigger Tool-
Based Automated Adverse Event Detection in Electronic Health Records: Systematic Review. J Med
Internet Res. 2018; 20(5):e198. https://doi.org/10.2196/jmir.9901 PMID: 29848467

Kahn MG, Ranade D. The impact of electronic medical records data sources on an adverse drug event
quality measure. J Am Med Inform Assoc. 2010; 17(2):185-91. https://doi.org/10.1136/jamia.2009.
002451 PMID: 20190062

Rochefort CM, Buckeridge DL, Tanguay A, Biron A, D’Aragon F, Wang S, et al. Accuracy and generaliz-
ability of using automated methods for identifying adverse events from electronic health record data: a
validation study protocol. BMC Health Serv Res. 2017; 17(1):147. https://doi.org/10.1186/s12913-017-
2069-7 PMID: 28209197

Ramanathan R, Leavell P, Stockslager G, Mays C, Harvey D, Duane TM. Validity of Agency for Health-
care Research and Quality Patient Safety Indicators at an academic medical center. Am Surg. 2013; 79
(6):578-82. PMID: 23711266

Fox N, Willcutt R, Elberfeld A, Porter J, Mazzarelli AJ. A critical review of patient safety indicators attrib-
uted to trauma surgeons. Injury. 2017; 48(9):1994—8. https://doi.org/10.1016/j.injury.2017.03.051
PMID: 28416153

Sammon JD, Klett DE, Sood A, Olugbade K Jr., Schmid MKim SP, et al. Sepsis after major cancer sur-
gery. J Surg Res. 2015; 193(2):788-94. https://doi.org/10.1016/j.js5.2014.07.046 PMID: 25167780

Vaughan-Sarrazin MS, Bayman L, Cullen JJ. Costs of postoperative sepsis: the business case for qual-
ity improvement to reduce postoperative sepsis in veterans affairs hospitals. Arch Surg. 2011; 146
(8):944-51. https://doi.org/10.1001/archsurg.2011.78 PMID: 21502443

Nuckols TK, Keeler E, Morton SC, Anderson L, Doyle B, Booth M, et al. Economic Evaluation of Quality
Improvement Interventions for Bloodstream Infections Related to Central Catheters: A Systematic
Review. JAMA Intern Med. 2016; 176(12):1843-54. https://doi.org/10.1001/jamainternmed.2016.6610
PMID: 27775764

Finley DJ, Yoshizawa A, Travis W, Zhou Q, Seshan VE, Bains MS, et al. Predictors of outcomes after
surgical treatment of synchronous primary lung cancers. J Thorac Oncol. 2010; 5(2):197—-205. https:/
doi.org/10.1097/JT0O.0b013e3181c814c5 PMID: 20101145

PLOS ONE | https://doi.org/10.1371/journal.pone.0231258  April 9, 2020 13/13


https://doi.org/10.1016/j.thorsurg.2006.05.002
https://doi.org/10.1016/j.thorsurg.2006.05.002
http://www.ncbi.nlm.nih.gov/pubmed/17004551
https://doi.org/10.1016/j.jcrc.2016.11.032
http://www.ncbi.nlm.nih.gov/pubmed/28011419
https://doi.org/10.1111/jonm.12727
http://www.ncbi.nlm.nih.gov/pubmed/30387215
https://doi.org/10.2196/jmir.9901
http://www.ncbi.nlm.nih.gov/pubmed/29848467
https://doi.org/10.1136/jamia.2009.002451
https://doi.org/10.1136/jamia.2009.002451
http://www.ncbi.nlm.nih.gov/pubmed/20190062
https://doi.org/10.1186/s12913-017-2069-7
https://doi.org/10.1186/s12913-017-2069-7
http://www.ncbi.nlm.nih.gov/pubmed/28209197
http://www.ncbi.nlm.nih.gov/pubmed/23711266
https://doi.org/10.1016/j.injury.2017.03.051
http://www.ncbi.nlm.nih.gov/pubmed/28416153
https://doi.org/10.1016/j.jss.2014.07.046
http://www.ncbi.nlm.nih.gov/pubmed/25167780
https://doi.org/10.1001/archsurg.2011.78
http://www.ncbi.nlm.nih.gov/pubmed/21502443
https://doi.org/10.1001/jamainternmed.2016.6610
http://www.ncbi.nlm.nih.gov/pubmed/27775764
https://doi.org/10.1097/JTO.0b013e3181c814c5
https://doi.org/10.1097/JTO.0b013e3181c814c5
http://www.ncbi.nlm.nih.gov/pubmed/20101145
https://doi.org/10.1371/journal.pone.0231258

