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Abstract

Background—Formal pulmonary function testing with laboratory spirometry (LS) is standard of 

care for risk stratification before lung resection. LS and handheld office spirometry (OS) are 

clinically comparable for forced expiratory volume in 1 second (FEV1) and forced vital capacity. 

We investigated the safety of preoperative risk stratification based solely on OS.

Methods—Patients at low-risk for cardiopulmonary complications were enrolled in a single-

center prospective study and underwent preoperative OS. When FEV1% was >60% by OS, formal 

LS was not performed. Using propensity score matching, patients in the OS group were compared 

to low-risk institutional database patients (2008–2015) who underwent LS and lung resection. 

Standardized mean differences determined model covariate balance. McNemar’s test and log-rank 

test were performed respectively for categorical and continuous paired outcome data.

Results—66 prospectively enrolled patients received OS, and underwent pulmonary resection. 

1290 patients received preoperative LS, resulting in 52 propensity score matched pairs (83%). 

There were no mortalities and two 30-day readmissions per group. Major morbidity risk was 

similar in each group (7.7%). All analyses of discordant pair morbidity had p >0.56. There was no 

association between length of stay and exposure to OS vs LS (p=0.31). The estimated annual 

institutional cost savings from performing OS only and avoiding LS was $38,000.

Conclusions—Low-risk patients undergoing lung resection can be adequately and safely 

assessed using OS without formal LS, with significant cost savings. With upcoming bundled care 

reimbursement paradigms, such safe and effective strategies are likely to be more widely 

employed.

Postoperative pulmonary complications (PPCs) are the leading cause of death after both 

cardiothoracic and non-cardiothoracic surgeries [1–7]. The most common PPCs are 

pneumonia and lobar atelectasis requiring bronchoscopy, however PPCs also include 
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postoperative respiratory failure, the need for reintubation, prolonged mechanical 

ventilation, pleural effusions, pneumothoraces, exacerbations of chronic obstructive 

pulmonary disease (COPD), and bronchospasm [2]. While the incidence of PPCs after upper 

abdominal surgery is 12–17%, the incidence after thoracic surgery is 38–59% [2, 8, 9]. In 

addition to mortality, PPCs are a major driver of postoperative length of stay, 

rehospitalization, and healthcare utilization after pulmonary resection [2, 10, 11]. Therefore, 

much emphasis has been placed on appropriate risk stratification prior to pulmonary 

resection to allow clinicians and patients to make informed decisions regarding treatment 

options.

Well-established risk factors for PPC after pulmonary resection are COPD, smoking, age, 

cardiovascular comorbidity, functional status, and abnormal pulmonary function tests 

(PFTs). Many patients with potentially resectable lung tumors are at greater risk than the 

general population for both short-term complications and long-term disability owing to 

tobacco-associated cardiopulmonary disease [2, 3, 12, 13]. Therefore, universal preoperative 

risk stratification via screening spirometry and electrocardiogram prior to lung surgery has 

been recommended by the American College of Chest Physicians, the British Thoracic 

Society, and the European Society of Thoracic Surgeons [14–16]. Specifically, forced 

expiratory volume in one second (FEV1) and diffusing capacity of the lung for carbon 

monoxide (DLCO) should be measured in order to detect reductions in lung volume and 

function. Prior to anatomic lung resection, FEV1 or DLCO <30–40% predicted is associated 

with high risk for postoperative mortality and warrants further physiologic testing, whereas a 

patient with FEV1 and DLCO >60% predicted is considered to be low-risk and no further 

testing is indicated [14–16].

Formal laboratory based volume displacement spirometry has conventionally been used 

because it has high internal and external validity, is non-invasive, and is widely available. It 

is considered to be the standard of care for risk stratification prior to pulmonary resection 

[12, 17]. Yet, anecdotally, many clinicians know that on the healthy extreme of patient 

populations, laboratory spirometry (LS) is predictably normal. In these situations, LS results 

rarely change clinical management, making it one contributor to the high costs of healthcare.

One potential alternative for preoperative screening of pulmonary function and reserve is 

handheld office spirometry (OS). For patients undergoing lung surgery, we previously 

showed that office spirometry FEV1 and FVC are clinically comparable to laboratory 

spirometry values [24]. Subsequently, we questioned whether LS is necessary prior to 

surgical resection or whether OS alone is sufficient. In contrast to LS, OS is lower cost, 

quicker, portable, and easier to use for both providers and patients yet still provides FEV1 

and forced vital capacity (FVC) [14, 18]. Several studies have shown good correlation 

between modern flow-sensing OS and formal LS values across a wide range of 

manufactured OS devices. OS results are reproducible and have high validity. Many 

researchers have advocated for more wide-spread use of OS in primary care settings and in 

epidemiological studies [18–23]. The purpose of this study was to investigate the safety of 

preoperative risk stratification for lung resection in low-risk patients based solely on OS. We 

hypothesized that an identifiable proportion of patients exists for which formal LS is not 

required prior to lung resection.
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Patients and Methods

Prospectively, we enrolled patients being evaluated for pulmonary resection who were 

determined to be at low risk for postoperative cardiopulmonary complications based on 

easily identifiable markers of pulmonary and functional status (Table 1). Possible 

participants were identified via convenience sampling at their initial clinic visit to the 

Washington University Lung Center. Patients who did not meet these criteria were re-

categorized as a higher risk population and followed standard of care. The study was 

approved by the Washington University School of Medicine Human Research Protection 

Office.

Participants were enrolled in both pilot and study phases then were combined for final 

statistical analysis. In order to evaluate and compare OS and LS, pilot phase participants 

underwent formal LS as well as screening OS. OS was performed using the Micromed CE 

0120 spirometer (Micro Direct Inc., Maine, USA) by a dedicated, trained nurse. The 

equipment was maintained and calibration checks performed per recommendations of the 

respiratory laboratory. FEV1 and FVC percent predicted values were calculated according to 

reference standards [24].

Interim analysis confirmed clinical comparability between OS and LS for FEV1 and FEV1% 

in this low-risk population [25]. Therefore, in the subsequent study phase, the protocol used 

OS as a universal screening tool. If FEV1% was less than 60%, patients were deemed study 

ineligible due to higher risk of PPCs and proceeded to formal LS. Participants with FEV1% 

greater than 60% predicted by OS underwent surgery without LS. The participants received 

routine workup for surgery including clinical testing as indicated.

The primary end point of the study was discharge from hospital. The secondary end-points 

were perioperative mortality (death within 30 days of surgery), postoperative respiratory 

failure (need for postoperative mechanical ventilation or bronchoscopy for atelectasis), 

hospital readmission within 30 days of surgery, length of stay, and the costs associated with 

conduction and interpretation of the pulmonary function test (laboratory and office based). 

Additional major morbidities were also recorded.

Descriptive statistics of continuous variables were reported as mean ± standard deviation. 

Student t tests were used to analyze normally distributed continuous data. Pearson χ2 tests 

were used to compare categorical data. Propensity score technique was used to address the 

influence of selection bias in preoperative testing allocation. Study patients who received OS 

were matched with similar low-risk patients from our institutional surgical database (2008–

2015) who had undergone preoperative LS. Patient, tumor, and treatment variable definitions 

are in accordance with the Society of Thoracic Surgeons national General Thoracic Surgery 

Database [26]. The propensity score between the OS and LS groups was based on patient 

and surgical characteristics related to the outcome and was estimated using a non-

parsimonious logistic regression model. Variables with p≤0.05 in univariate analysis or 

biologic plausibility were included (Supplemental Table 1). Balance within the model was 

assessed using standardized difference of the means, with an absolute value >0.10 suggestive 

of a meaningful difference. Propensity score matching was performed in 1:1 fashion without 
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replacement via a caliper of 0.2 standard deviations of the logit of the propensity score. 

Match pairs were analyzed using McNemar’s test for categorical variables with discordant 

pairs and log-rank test for continuous variables.

Expenditures were based on the national Medicare Fee Schedule and represent the sum of 

the technical and interpretive components (in 2015 US $). All statistical analyses were 

performed in SAS for Windows (Version 9.4. Cary, NC. SAS Institute Inc. 2012).

Results

Between May 2008 and February 2012, 81 participants were enrolled in this study. 5 were 

inevitably non-operative and were excluded from analysis. Additionally, 9 participants 

underwent only diagnostic procedures while 1 was determined to require a pneumonectomy 

and therefore required LS. In retrospect, 1 participant was ineligible due to chemotherapy 

within 6 months of study enrollment (Figure 1). The final cohort was 66 participants 

(81.5%).

Within the institutional database (2008–2015), 1948 patients were similar to our study 

population based on inclusion/exclusion criteria. Of these, 305 patients had missing LS and 

therefore were excluded. 205 patients were excluded as their FEV1% was less than 60% and 

were not candidates for matching as our protocol recommended LS for high risk patients. 

The final control cohort was 1290 low-risk patients, or 63.6% of all low risk patients 

undergoing surgery.

There were statistically significant differences between the study group and the control 

group pertaining to age, ASA classification, smoking status, FVC%, preoperative 

comorbidities, pack-year history, surgery type, and incision type (Table 2). Patients were 

well-matched at baseline for the remainder of characteristics. Using propensity score 

matching, we identified 52 matched pairs (82.5%, Table 2). ( Covariate balance improved to 

established thresholds for nearly all variables included in the propensity score (Figures 2–3, 

Supplemental Table 2).

All matched participants met the primary end point of discharge from the hospital. In the 

propensity matched groups, no patients died within 30 days postoperatively, 1 OS patient 

and 3 LS patients experienced 30-day readmission, and 1 patient per group had one or more 

components of postoperative respiratory failure, specifically chest tube airleak or therapeutic 

bronchoscopy. The rate of major morbidities was similar, at 4 patients per group (7.7%, 

Table 3). No association between OS and LS was found for 30-day readmission, length of 

stay, or major morbidities (all p >0.3).

Medicare allowable charges for OS are $37 while LS costs $170 (2015 US$). Therefore, the 

incremental cost savings of OS over LS is $133. During the 8 years included for database 

analysis, low-risk patients with available pulmonary function data constituted 47% of our 

surgical population (1356/2889). Using this conservative proportion as a theoretical ideal, 

performing OS rather than LS in low-risk patients undergoing pulmonary resection would 

results in an estimated institutional cost savings of approximately $38,000 per year.
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Comment

Several national and international evidence-based guidelines recommend preoperative PFTs 

[14–16] and these are conventionally interpreted to mean laboratory spirometry (LS). 

However, no such declaration is made and handheld office spirometry (OS) is clinically 

comparable to LS for FEV1 and FVC. Our findings suggest that screening pulmonary 

function solely by OS prior to pulmonary resection is sufficient and safe for carefully 

selected low risk patients.

The purpose of preoperative PFTs is to stratify individuals at perceived risk of postoperative 

pulmonary complications (PPCs) and to facilitate informed consent about treatment hazards. 

PPCs are associated with higher rates of mortality and morbidity, as well as higher health 

care costs [11]. Having used clinical history exclusion criteria to identify patients at high 

risk for PPCs after thoracic surgery, the incidence of PPCs in our low-risk cohort was well 

below the described rate of PPCs in the general population of patients undergoing lung 

resection (38–59%) [2, 8, 9]. Interestingly, the unmatched patient who suffered the greatest 

morbidity postoperatively was identified as high risk by office spirometry (FEV1% 44%) 

and not by laboratory spirometry (FEV1% 69%) and was ultimately deemed ASA class 4.. 

This strengthens our hypothesis that lower risk patients can be readily identified and that our 

screening criteria were effective in doing so. Furthermore, our findings suggest that formal 

laboratory based volume displacement spirometry would infrequently result in a change in 

the clinical management of these low risk patients.

LS and OS are both reproducible, validated, and safe in low risk pulmonary resection. 

However, OS is more time efficient, user-friendly, lower maintenance, and notably 

economical [18–23, 25]. The incremental cost savings by forgoing LS in lieu of OS for low 

risk patients undergoing pulmonary resection was $133 per patient. Based on our surgical 

volume in 2014 and the fact that 47% of those patients were eligible for OS by our proposed 

screening criteria, the annual institutional savings would be approximately $38,000. Because 

Medicare allowable charges are typically lower than commercial payer reimbursement, the 

true annual avoidable spending is likely substantially greater.

The Choosing Wisely campaign is a well-known example of successful dialogue about 

unnecessary testing. It has encouraged societies and organizations to identify and question 

the need for tests and procedures in their fields of practice. In their recent survey of 600 

representative physicians, nearly three-quarters felt that unnecessary testing or procedures 

was a major healthcare problem and almost half indicated that they prescribe unnecessary 

testing at least weekly. The primary reasons provided for this behavior was for physician 

reassurances and to assuage malpractice concerns. Only 1 in 5 physicians reported 

discussing the cost of testing consistently with their patients. Respondents indicated great 

interest in more evidence-based recommendations regarding unnecessary care [27].

As our understanding of the predictive potential of PFT values grows, several note-worthy 

changes were made in the 3rd edition of the American College of Chest Physicians evidence-

based clinical practice guidelines for physiologic evaluation prior to lung resection. First, the 

FEV1% threshold for low risk decreased from <80% to <60% based on emerging research in 
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lung-volume reduction surgery. Likewise, the threshold for low risk DLCO decreased from 

<80% to <60%. FEV1% or DLCO within 30–60% warrant low technology exercise testing, 

such as a shuttle walk or stair climbing test. If satisfactory performance is met, the patient is 

considered low risk despite their abnormal PFT values [14, 29, 30]. While FEV1 and DLCO 

were previously thought to be complementary physiologic tests, the actual correlation is 

consistently poor. DLCO is associated with both short- and long-term outcomes and may be 

aberrant despite normal FEV1 [28, 31]. Therefore, the 2013 guidelines recommend DLCO 

prior to all lung cancer resections [14]. However, this recommendation is not universal 

among governing societies, especially in otherwise low risk patients [13, 15, 16]. Further 

evidence of the controversy can be seen in the major thoracic databases in which the Society 

of Thoracic Surgeons reports only 57% of patients undergoing major pulmonary resection 

received DLCO, while the European Thoracic Surgery Database reports <25% usage [32].

DLCO measurement is typically a convenient single-breath maneuver that historically was 

offered only in the laboratory setting. However, portable devices are now being used in 

office-based settings with results available in less than 20 minutes [33]. Even if laboratory 

DLCO is combined with OS for preoperative screening, the institutional incremental cost 

savings over LS is still approximately $24,000 annually. Furthermore, low DLCO values 

generally reflect interstitial lung disease and correlate well with findings on high-resolution 

computed tomography [34]. Therefore, as we await uniform consensus of our guidelines, the 

desire for preoperative DLCO does not preclude the selection of OS. Beyond DLCO, other 

potential barriers to implementation include force of habit for both surgeons and referring 

physicians, persistent fears of inferiority of low-technology assessments, and the financial 

implications for existing PFT laboratories.

It is important to note that this study has limitations. First, the targeted enrollment numbers 

were based on feasibility and not on power calculations. Second, the residual standard 

difference of the means for the propensity score implies that minimal residual bias remains 

in our dataset. This is likely due to variable probability of database patients receiving OS 

whereas our study population has absolute probability, leading to unmatchable study 

participants. We chose to sacrifice matching in order to reduce residual confounding, as 

highlighted by the 83% success rate for matching with the caliper method. However, the 

final model was well balanced and allowed for a more accurate assessment of the average 

treatment effect.

In conclusion, low-risk patients undergoing lung resection can be accurately, adequately, and 

safely assessed using handheld OS without the need for formal LS, with significant cost 

savings. This study supports the notion that preoperative OS could be the new standard of 

care for low-risk patients and that LS need not be administered indiscriminately. With 

upcoming bundled care reimbursement paradigms, such safe and effective strategies are 

likely to be more widely employed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

ASA American Society of Anesthesiologists

COPD Chronic obstructive pulmonary disease

DLCO Diffusion capacity of the lungs for carbon monoxide

FEV1 Forced expiratory volume in 1 second

FVC Forced vital capacity

LS Laboratory spirometry

OS Office spirometry

PFT Pulmonary function test

PPC Postoperative pulmonary complication
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Figure 1. 
Inclusion schema and resultant pairs after propensity score matching. FEV1, forced 

expiratory volume in 1 second; LS, laboratory spirometry; OS, office spirometry; PFT, 

pulmonary function test.
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Figure 2. 
Distibution of propensity score (A) prior to and (B) after matching office spirometry and 

laboratory spirometry patients. PFT, pulmonary function test.
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Figure 3. 
Standardized differences before and after propensity score matching for variables included 

in the propensity score logistic regression model. Blue dashed vertical lines represent the 

limits, ±10%, outside of which standardized differences indicate imbalance. ASA, American 

Society of Anesthesiologists; FEV1, forced expiratory volume in 1 second; FVC, forced 

vital capacity.
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Table 1

Inclusion and exclusion screening criteria for low-risk patients undergoing pulmonary resection. These 

indicators can be implemented rapidly and easily in an outpatient clinic setting in order to allow OS to be 

integrated into the natural clinic flow. ASA, American Society of Anesthesiologists.

Inclusion criteria

Age >18 years

Lung lesion requiring lobar, sublobar, or bilobar resection

Climb ≥2 flights of stairs without shortness of breath

Karnofsky performance status ≥ 80 or Zubrod score ≤1

Exclusion criteria

Prior lung resection (i.e. redo)

Prior chest radiation or chemotherapy for current lung cancer

Recent pneumonia (≤ 30 days)

Home oxygen requirement

≥3 months use of inhaled bronchodilators or steroids

Known or suspected chest wall invasion

Planned pneumonectomy

Interstitial fibrosis

Emergency or eminent threat to life (ASA class 4–6)
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Table 3

Major postoperative complications seen in the office spirometry (OS) and laboratory spirometry (LS) groups.

Major complication Events
in total
low risk
cohort

Events in
OS

matched
group

Events in
LS

matched
group

Additional anesthesia 25 0 1

Chest tube airleak 44 1 2

Delirium Tremens 6 0 0

Deep venous thrombosis 11 0 0

Empyema 5 0 0

Intraoperative transfusion 37 0 0

Myocardial infarction 3 1 0

Other cardiac 19 0 1

Other gastrointestinal 8 0 0

Other miscellaneous 87 0 0

Other neurologic 20 1 0

Other pulmonary 19 0 1

Pneumonia 38 0 0

Pulmonary embolism 8 0 0

Reintubation 23 0 0

Reoperation 11 0 0

Tracheostomy 17 0 0

Urinary tract infection 34 1 0

Ventilation >48 hours 4 0 0

Total events 402 4 5

Total patients 268 4 4
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