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Summary

Measurement of various aspects of pulmonary function is a relatively easy, noninvasive, and inex-
pensive way to gauge the status of the respiratory system. Interest in using these tests to determine
risk from medical and surgical interventions stems from their presumed ability to be more sensitive
than history or physical examination in detecting underlying lung disease. When coupled with the
assumption that early detection of pulmonary abnormalities will lead to alterations in patient
management, the ultimate goal of improved patient outcomes becomes very attractive. However,
despite advances in technology, achievement of this goal has proved to be more challenging than
expected in many areas. This paper attempts to review the literature addressing several of the more
difficult of these areas. It is clear that more research, involving more rigorously designed studies,
will be necessary, before definitive answers are available. Key words: pulmonary function testing;
clinical utility; risk; outcomes. [Respir Care 2012;57(1):75–82]

Introduction

The true value of any medical test is ultimately deter-
mined by its ability to assist healthcare providers in im-
proving the well-being of their patients. Simple tests with
reproducible values and evidence-based thresholds defin-
ing normality and abnormality are relatively easy to inter-
pret. The work that goes into finding these tests, thresh-
olds, and subsequent outcomes is enormous. So when one

is faced with evaluating tests that are prone to subject
technique, operator variability, and ill-defined arbitrary
boundaries of normalcy coupled with various reference
values and subjective interpretations, the task of deciding
the clinical utility of pulmonary function testing becomes
rather daunting. Perhaps that is why there is not an over-
whelming amount of evidence-based research available in
this area from which to make clear-cut recommendations
or decisions. This fact is not lost on most experienced,
clinically savvy healthcare practitioners, who maintain a
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healthy degree of skepticism toward literature that is based
on opinions rather than facts. Others embrace following
the same guidelines as a way to either acceptable out-
comes, or at the least, as a way to show that they are aware
of what is expected, and sometimes blindly follow the
prescribed path of least resistance. It is likely with this in
mind, close to 20 years ago, that Hayhurst commented “a
request for preoperative pulmonary function testing has
become part of the tradition of investigation of patients
due to undergo major surgery . . . is made almost on re-
flex, with little regard for why the tests are indicated . . . in
these increasingly cost conscious times, an expensive lux-
ury of little clinical usefulness. . . .”1 And although the
amount of knowledge and literature in the areas of pul-
monary function testing, therapeutic interventions, and dis-
eases discussed in this review have increased exponen-
tially, in many respects the medical community is no closer
to an answer than it was back then.

What is the role of spirometry, diffusing capacity of the
lung for carbon monoxide (DLCO), 6-minute walk test
(6MWT), or maximal oxygen uptake for predicting risk
(for pneumonectomy/lobectomy, lung-volume-reduction
surgery [LVRS], non-thoracic surgery, or chemo and ra-
diation therapy)?

Pulmonary function testing is widely used in the preop-
erative evaluation for resectional lung surgery. The Amer-
ican College of Chest Physicians and the British Thoracic
Society have developed algorithmic approaches to the pre-
operative physiologic assessment of postoperative risk,
which incorporates a variety of these pulmonary function
tests (PFTs).2,3 These algorithms begin with the perfor-
mance of simple spirometry, and, if necessary, end with
performance of the more complex cardiopulmonary exer-
cise test. If cardiopulmonary exercise test is unavailable,
the British Thoracic Society guidelines allow for the per-
formance of a shuttle test. In general, as one proceeds
down the American College of Chest Physicians algo-
rithm, the number of patients studied to support the rec-
ommendations decreases (Fig. 1). And although each of
the individual spirometric abnormalities has been associ-
ated with either increased perioperative risk or mortality,
these algorithms have never been validated prospectively.

Interestingly, despite a substantial number of patients
and studies cited in support of these approaches, generally
one study contributes the majority of patients at each step.
And sound, convincing research methodology is infre-
quently present in these studies. The largest study refer-
enced in the algorithms was published by Miller in 1993.4

This prospective cohort reported on 2,340 patients under-
going a variety of thoracic surgeries for lung cancer from
1974 to 1990. The surgical mortalities for 5 different types
of resection performed on the cardiothoracic surgical ser-
vice of Emory University-affiliated hospitals were com-
piled. Operative approach was based on spirometric cut-

offs described in literature dating from 1955–1984. Without
validation in a separate cohort of patients, the author con-
cluded that, because the operative mortalities in their own
patient population were so low (ranging from 0.59% for
exploratory thoracotomy to 4.97% for pneumonectomy),
their approach should be followed for choosing candidates
for lung resection. In their discussion, the authors pro-
posed what appears to be the first algorithm for evaluation
of preoperative pulmonary function in resectional lung sur-
gery, which included only FEV1 and maximum voluntary
ventilation.

The variables used for determining appropriate LVRS
candidates were recently reviewed by DeCamp and col-
leagues.5 Spirometric parameters predicting poor outcome
included FEV1 � 20% predicted, and either DLCO � 20%
predicted or homogeneous distribution of emphysema on
high-resolution computed tomography scan. The method-
ology in identifying this subgroup was solid. These pa-
tients met the predetermined lower 95% confidence thresh-
old for 30-day mortality of greater than 8% during the
National Emphysema Treatment Trial (NETT).6 In this
high risk group, the 30-day mortality and overall mortality
were significantly higher than the medically treated group.
However, at the trial’s conclusion, this group was found to
have a statistically significant difference in 90-day mor-
tality, but not total mortality.7

Other tests of pulmonary function reported to identify
good candidates for LRVS are the post-rehabilitation 6-min
walk distance greater than 140 m and low post-rehabilita-
tion exercise capacity (demonstrated by maximal achieved
cycle ergometry watts, where low exercise capacity is de-
fined as a post-rehabilitation maximal work load at or
below the sex-specific 40th percentile (25 W for women
and 40 W for men) (Table 1). The former was used as a
criterion for inclusion in the NETT study, and the latter
was found in subgroup analysis at the study’s conclusion.
According to the authors, the apparent improved survival
benefit in this latter group was due to the higher mortality
of patients with low exercise capacity in the medical-ther-
apy group.

The utility of preoperative pulmonary function testing
in non-thoracic surgery has not been studied extensively.
Based upon a systematic review of the literature from
1980 to 2005, written by Smetana and colleagues in 2006,8

the American College of Physicians issued a risk assess-
ment guideline attempting to reduce perioperative pulmo-
nary complications for patients undergoing non-cardiotho-
racic surgery.9 The recommendation from this guideline
was that “preoperative spirometry should not be used rou-
tinely for predicting risk for postoperative pulmonary com-
plications” in non-thoracic surgeries, although it did state
that “preoperative pulmonary function testing may be ap-
propriate in patients with a previous diagnosis of chronic
obstructive pulmonary disease or asthma.” The authors
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went on to comment that “consensus exists regarding the
value of spirometry before lung resection . . . , [but] its
value before extrathoracic surgery . . . remains unproven.”
And “finally, the data do not suggest a prohibitive spiro-
metric threshold below which the risks of surgery are un-
acceptable. Therefore, spirometry should be reserved for
patients who are thought to have undiagnosed chronic ob-
structive pulmonary disease.”

The use of pulmonary function testing for the prediction
of risk in the development of pulmonary toxicity from
chemotherapeutic agents or radiation therapy has not been
studied critically. Part of the reason for the lack of exten-
sive research in this area includes unavailability of uni-

versal criteria for the diagnosis of pulmonary toxicity, the
small number of patients who develop pulmonary toxicity
while receiving these therapies, and the development of
asymptomatic or reversible toxicity that goes unrecognized.
The majority of studies evaluating both chemotherapy-
induced pulmonary toxicity and radiation-induced pulmo-
nary toxicity are case series, which document the effects
and/or sequelae of therapy, not the prediction of risk. Those
that attempt to do so have very small numbers and reveal
conflicting results. While some suggest that pulmonary
function testing is helpful in predicting toxicity,10,11 others
suggest the opposite.12-16 It appears that because decreases
in PFTs can occur with either chemotherapy or radiation

Fig. 1. Recommended algorithm for preoperative spirometric evaluation of candidates for lung resection. In this algorithm, “%ppo” refers
to “percent of predicted postoperatively,” and is determined by multiplying the preoperative value of FEV1 or diffusing capacity of the lung
for carbon monoxide (DLCO) by the percent of lung predicted to be intact after surgery, then converted to percent of predicted using
standard equations. (From Reference 2, with permission.)
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therapy, the medical community associates these changes
with poorer outcomes. We assume that finding these dec-
rements earlier and discontinuing therapy are associated
with improved outcomes, especially in patients with
pre-existing lung disease. However, it may be that in
some patients, the decrease in spirometry or DLCO is an
expected temporary outcome, and may abate with on-
going therapy. Perhaps there needs to be a threshold
value included in the definition of pulmonary toxicity
similar to liver function tests in isonicotinylhydrazine
(INH, also known as isoniazid) therapy for latent tuber-
culosis infection, below which chemo or radiation ther-
apy should be stopped.17 This would prevent premature
stoppage of therapy at the first sign of decreased pul-
monary function and allow for resolution of temporary
abnormalities. Nonetheless, there does not appear to be
good evidence that, in these 2 groups of patients, pul-
monary complications can be reliably predicted from
pre-therapeutic pulmonary function testing, or that early
detection affects outcomes

In summary, there is substantial support for the use of
spirometry in predicting risk for resectional lung surgery
for lung cancer and COPD. In other types of non-thoracic

surgery, as well as prediction of risk from chemotherapy
or radiation therapy, the utility of pulmonary function test-
ing remains to be determined.

What Is the Role of Spirometry and DLCO

in Hospitalized Patients?

The availability and relative ease of performing office-
based spirometry have led to increased awareness and use
of this diagnostic modality in the out-patient setting. As
patient care continues to shift from a hospital-based focus
to the out-patient setting, this trend will undoubtedly con-
tinue. Along with this trend may come increased scrutiny
of the value of in-patient pulmonary function testing. As of
now, the number of PFTs performed on in-patients does
not appear to be decreasing in many hospitals. But as more
healthcare providers become aware of the available evi-
dence-based literature, and as the amount of this data in-
creases, pulmonary function testing on hospitalized pa-
tients will likely decrease.

In acutely ill patients requiring hospitalization, the use
of pulmonary function testing is being dictated more and
more by clinical practice guidelines and hospital standard

Table 1. Proposed Lung-Volume-Reduction Surgery Criteria

Criteria Good Candidates Poor Candidates

History and physical
examination

Age � 75 years
Emphysema by clinical evaluation
Ex-smoker � 4 months*
Clinically stable on no more than 20 mg prednisone daily
Significant functional limitation after 6–12 weeks of

pulmonary rehabilitation on optimal medical therapy
Demonstrated adherence to medical regimen

Age � 75 years
History of recurrent bronchial infections with increased

sputum production
Cardiovascular comorbidities, including significant

coronary artery disease, recent myocardial infarction,
congestive heart failure, or uncontrolled hypertension
or arrhythmias

Pulmonary hypertension at rest
Nonpulmonary comorbidities causing significant

functional limitation (morbid obesity†) or that could
limit survival (eg, cancer)

History of thoracic surgery or chest wall deformity that
could interfere with pulmonary resection

Laboratory
evaluation

Post-bronchodilator FEV1 � 45% predicted for all ages
and � 15% if age � 70 years

Hyperinflation demonstrated by total lung capacity
� 100% predicted and residual volume � 150%
predicted

Post-rehabilitation 6-minute walk distance � 140 m
Low‡ post-rehabilitation exercise capacity (demonstrated by

maximal achieved cycle ergometry watts)
High-resolution computed tomogram demonstrating

bilateral severe emphysema, ideally with upper-lobe
predominance

FEV1 � 20% predicted and either diffusing capacity
(DLCO) � 20% predicted or homogeneous distribution
of emphysema on high-resolution computed tomogram

Non-upper-lobe distribution of emphysema with high‡
exercise capacity post-rehabilitation (demonstrated by
maximal achieved cycle ergometry watts)

Significant pleural or interstitial changes on high-resolution
computed tomogram

* Plasma continine level � 13.7 ng/mL (or arterial carboxyhemoglobin � 2.5% if using nicotine products) is considered evidence that the patient is a nonsmoker.
† Body mass index � 31.1 kg/m2 (men) or � 32.3 kg/m2 (women) is considered evidence of morbid obesity.
‡ Low exercise capacity is defined as a post-rehabilitation maximal work load at or below the sex-specific 40th percentile (25 W for women and 40 W for man); high exercise capacity is defined as
a work load above this threshold.
(From Reference 5, with permission.)
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operating procedures. This is especially the case in the 3
most common pulmonary causes for hospitalization: pneu-
monia, COPD, and asthma.18 For in-hospital management
of community-acquired pneumonia, therapy is focused on
etiology, already identified underlying risk factors, and
appropriate choice of antibiotics. Although not critically
evaluated, knowledge of the patient’s acute pulmonary
function has little or no impact on any of these important
decisions. Understandably, the most recent Infectious Dis-
eases Society of America/American Thoracic Society con-
sensus guidelines on the management of community-ac-
quired pneumonia in adults contain no recommendations
for the performance of spirometry in hospitalized patients
with pneumonia.19

One might imagine that if spirometry was going to be
useful, it would be useful in the acute management of
obstructive lung disease. Management of COPD is ad-
dressed in 2 separate, widely used guidelines. Yet the well
respected American Thoracic Society/European Respira-
tory Society standards for the diagnosis and management
of patients with COPD, published in 2004, contains no
recommendations for the use of spirometry in determina-
tion of need for hospitalization, as a guide to treatment, as
an indicator of need for intensive care monitoring, as a
criteria for hospital discharge, or during follow-up.20 On
the other hand, the recently updated Global Initiative for
Chronic Obstructive Lung Disease (GOLD) document
states that assessment of a COPD exacerbation should in-
clude the severity of the FEV1.21 If severe, hospital as-
sessment or admission are recommended. However, these
recommendations are not referenced, and no additional
guidance is provided regarding how to utilize these spiro-
metric data once they are obtained. In these same guide-
lines, spirometry is not used as a guide to therapy, an
indicator for intensive care monitoring/assisted ventilation,
or as a criteria for hospital discharge. And, although mea-
surement of FEV1 is recommended as an item to be as-
sessed at the follow-up visit, once again, no specifics are
provided on how to use the FEV1 to guide therapy. A
systematic review of literature addressing adherence to the
GOLD guidelines, by Lodewijckx and colleagues, found
that spirometry was performed in only 12% to 18% of
COPD patients hospitalized with COPD exacerbations.22

It would appear that clinicians have either not read the
guidelines, are following the ATS/ERS recommendations,
or are skeptical of the value of spirometry in these patients
altogether.

Management of asthma exacerbations requiring hospi-
tal-based care are also addressed in 2 sets of guidelines.
The updated Global Initiative for Asthma (GINA) docu-
ment strongly recommends functional assessments (peak
expiratory flow [PEF] or FEV1) of exacerbation severity,
with further interval measurements until the patient has
responded to treatment in the emergency department.23

This document uses pretreatment PEF or FEV1 � 25%
predicted or personal best, or those with a post-treatment
PEF or FEV1 � 40% predicted as a cutoff for patients who
“usually require hospitalization.” Further cutoffs of post-
treatment lung function of 40–60% predicted for discharge
with “adequate follow-up” and post-treatment lung func-
tion � 60% predicted for discharge are proposed. All of
these recommendations are unreferenced. Furthermore, no
mention is made of the utility for spirometry during the
in-patient management phase of asthma exacerbations.

The National Heart, Lung, and Blood Institute, National
Asthma Education and Prevention Program Expert Panel
Report 3: Guidelines for the Diagnosis and Management
of Asthma Full Report, published in 2007, states that FEV1

and PEF are indicated for both emergency department and
hospital-based care.24 Furthermore, FEV1 measurements
are “preferable,” if they are readily available. The docu-
ment recommends that FEV1 or PEF are measured at ad-
mission, 15–20 minutes after bronchodilator therapy dur-
ing the acute phase (presumably in the emergency
department), and at least daily afterwards. Lastly, FEV1 or
PEF values � 25% of predicted that improve � 10% after
treatment are considered “potential” indicators for inten-
sive care unit admission. Just as in the GINA guidelines,
these values are consensus expert opinions, and no sup-
porting references are provided.

There do not appear to be any studies evaluating the use
of spirometry in hospitalized asthmatic patients. However,
in 2010 Fitzgerald and colleagues, using an Internet-based
survey, evaluated the use of pulmonary function testing in
the emergency departments of hospitals in 7 countries.25

Based on the responses of 298 healthcare providers and
1,078 patients, ages 15 to 70, the authors found that among
patients who underwent pulmonary function testing, only
11% had FEV1, 12% had both PEF and FEV1, and the rest
had only PEF measured. Forty-four percent of patients
with moderate or severe exacerbations did not have any
spirometric testing performed. Once again, it appears cli-
nicians either have not read the asthma guidelines or they
do not agree with them.

In summary, use of spirometry in the management of
exacerbations of asthma, both in the emergency depart-
ment and in the hospital, is favored. PEF is the preferred
spirometric measurement of clinicians taking care of acute
asthmatics, perhaps because it is easy to perform and in-
expensive. The recommendations for use of spirometry in
managing hospital-based COPD are mixed. Lastly, there
appears to be no role for spirometry in the management of
hospitalized patients with acute pulmonary infections. Un-
til these questions are further addressed thoroughly, thus
providing evidence-based guidance, the medical commu-
nity will continue relying on consensus expert opinion.
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Do Physicians Really Alter Treatment and/or
Surgery Based on the Results of PFTs?

Many healthcare providers acknowledge that spirome-
try is a factor in their decision-making processes. How-
ever, very few studies have looked at this question, and
none has done so in a rigorous manner. Yawn and col-
leagues evaluated the effect of spirometry on pharmaco-
logic and nonpharmacologic changes in the management
of 382 patients with diagnoses of asthma or COPD over
the age of 7 years old, from 12 family medicine practices
in the United States.26 Using a before-and-after quasiex-
perimental design, physicians were presented with the re-
sults of spirometry after they had made an initial decision
regarding their patient’s management. The authors found
that in 48% of cases (n � 182), physicians changed their
management plans based on the results of spirometry. The
most common medication changes (n � 107) were addi-
tion of a new drug (44%), or an increase in dose of a
current drug (39%). Non-medication changes (n � 75)
were evenly distributed among smoking cessation, repeat-
ing spirometry, ordering additional diagnostic tests, or plan-
ning more frequent follow-up visits. Reassessment of the
diagnosis (15%) or referral to a pulmonologist/cardiologist
also occurred with similar frequency (13%). The authors
concluded that “spirometry results [do] modify care.”

In a similar Canadian study cited by these authors, Dales
and colleagues reported their findings in a total of 1,034
primary care patients.27 Their physicians were asked, prior
to and following spirometry, if they believed air flow ob-
struction was present and if knowledge of spirometry would
change their management. A follow-up chart review was
performed 6 months after this initial visit to identify actual
medication changes. The authors found that physicians
stated that they would alter their management in 15% of
patients based upon the new information. At the 6 month
follow-up, only 8% of the patients had a documented change
in pulmonary medications. The authors also concluded
that screening spirometry influenced physician’s manage-
ment plans. In the former study, in which the majority of
patients had asthma, the addition of spirometry resulted in
improved adherence to guidelines. These guidelines incor-
porate spirometric values into their recommendations, both
for classification of asthma severity and also for medica-
tion changes. However, it is not clear whether these changes
resulted in improved outcomes, since this was not reported.
This is also the case in the second study. As MacIntyre
points out, “using spirometry to screen for COPD in asymp-
tomatic populations can be problematic, and the effects of
screening spirometry on outcomes have yet to be deter-
mined. The value of spirometry is increased when it is of
good quality, is interpreted properly, and used in high-risk
populations as a case-finding rather than a screening tool.”28

Lastly, a retrospective cohort study evaluating the use of

upright and supine spirometry prior to surgery for anterior
mediastinal masses, which is recommended for all of these
patients in anesthesiology literature,29-31 was ordered in
only 33% of cases.32 Even though spirometry was sugges-
tive of possible upper-airway obstruction in 11% of pa-
tients, anesthetic approach was not altered and no compli-
cations occurred.

Therefore, when spirometry is performed as recom-
mended in appropriate patient populations, changes in man-
agement and improved outcomes are possible. However,
much more data are needed prior to accepting the premise
that physicians alter their practice patterns based upon
PFTs, or that these alterations improve outcomes.

What Is the Evidence Base for Using PFTs for
Priority Listing for Solid Organ Transplantation

(Kidney, Liver, Lung)?

The United Network for Organ Sharing, based in Rich-
mond, Virginia, has administered the Organ Procurement
and Transplantation Network under contract with the Health
Resources and Services Administration of the United States
Department of Health and Human Services since 1986.
According to federal law, all United States transplant cen-
ters and organ procurement organizations must be mem-
bers of the Organ Procurement and Transplantation Net-
work to receive Medicare funds.

Lung Transplantation

Since 2005, for patients aged 12 and older, the Organ
Procurement and Transplantation Network has used 3 fac-
tors to determine priority for receiving a lung transplant:
an individualized lung allocation score, blood type, and
geographic distance between the candidate and lung do-
nor’s hospitals. The raw lung allocation score takes into
account measures of transplant benefit and wait-list ur-
gency. This score is then normalized to a score of 0–100.33

Higher priority is given to patients with higher lung allo-
cation score. Factors involved in the lung allocation score
include FVC (% predicted), pulmonary artery systolic pres-
sure, supplemental O2 requirement at rest, age, body mass
index, insulin-dependent diabetes, functional status (New
York Heart Association class), 6-min walk distance, as-
sisted ventilation, pulmonary capillary wedge pressure,
mean pulmonary artery pressure, PCO2

, serum creatinine,
and diagnosis.34 All of these variables were derived from
the United Network for Organ Sharing lung transplant list
patient population, and published as a series of abstracts
between 2001 and 2003.35,36 Apparently, these data have
never been published in their entirety in a medical journal.
Given the importance of the lung allocation score and its
widespread use, the methods and statistics used to derive
these variables must be assumed to be valid. Of note,

WHAT IS THE ROLE OF PFTS IN MONITORING ADVERSE EFFECTS?

80 RESPIRATORY CARE • JANUARY 2012 VOL 57 NO 1



although FEV1 is a significant predictor of wait-list mor-
tality and outcome among patients with cystic fibrosis, it
was not one of the variables identified by the above-men-
tioned analyses. This was postulated to have occurred be-
cause of the narrow range of percent of predicted FEV1

values in this subset of lung transplant patients.
Other international guidelines for selection of lung trans-

plant candidates, from the Pulmonary Scientific Council of
the International Society for Heart and Lung Transplanta-
tion, readily acknowledge that “there are no prospective,
randomized, well powered studies in lung transplantation
to support [their] recommendations,” and that their guide-
lines are “a combination of recommendations based on
small and/or retrospective and/or registry studies, and ex-
pert opinion consensus.”37 Nonetheless, this extensive doc-
ument includes disease-specific recommendations, many
of which include measures of pulmonary function. Those
that do include COPD (BODE [body mass index, air-flow
obstruction, dyspnea, exercise capacity] index, FEV1,
DLCO); cystic fibrosis (FEV1); idiopathic pulmonary fibro-
sis (DLCO, FVC, desaturation on 6MWT); pulmonary ar-
tery hypertension (6MWT distance); lymphangioleiomyo-
matosis (severe impairment in lung function and exercise
capacity [eg, maximum oxygen uptake � 50% predicted]);
and pulmonary Langerhans cell histiocytosis (severe im-
pairment in lung function and exercise capacity). The use
of the BODE index when considering lung transplantation
in COPD is logical and should hasten the development of
measures of lung function that incorporate multiple im-
portant elements of pulmonary function for making critical
decisions. The index consists of body mass index, degree
of air flow obstruction (% predicted FEV1), the degree of
dyspnea (modified Medical Research Council dyspnea
scale), and exercise capacity (6-min walk distance), and
was derived from a cohort of 207 patients with COPD.
Subsequently, it was prospectively validated as a predictor
of pulmonary and all-cause mortality in 625 COPD pa-
tients.38 This multi-dimensional assessment tool has been
recently found to strongly predict survival in COPD pa-
tients after LVRS,39 but has yet to be found as a predictor
of post-transplant mortality risk.40 Nonetheless, use of these
types of indices allows incorporation of functional assess-
ments of lung function and systemic effects of underlying
lung diseases into more complete tools for improving de-
cision making. Further development and use of such com-
prehensive tools in studying the role of PFTs in monitor-
ing adverse effects can only lead to better models for
predicting risk.

Kidney and Liver Transplantation

Allocation of organs to candidates for kidney transplant
uses only glomerular filtration rate and need for dialysis as
determinants. Liver transplantation allocation is based on

Model For End-Stage Liver Disease (MELD) scores. These
scores are determined from serum bilirubin, serum creat-
inine, and the international normalized ratio (INR). In nei-
ther case does transplantation depend on measures of pul-
monary function.34

Summary

A large body of evidence exists favoring the use of
PFTs for prediction of risk related to lung surgery (lung
resection, LVRS, lung transplantation). It is also likely that
spirometry may be useful in guiding decisions for out-
patients with known or suspected lung disease. However,
there is no definitive evidence to suggest that spirometry is
useful in predicting risk from non-thoracic surgery, che-
motherapy, or radiation therapy. In addition, in most cases,
preoperative spirometry ordered within 24 hours of sur-
gery has little chance of substantially altering decision
making in any surgical procedure.
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Discussion

Culver: When I reviewed this pre-
operative literature about 10 years ago
I was frustrated by some of the same
things I think you were, particularly
the surgical studies. When you pre-set
a criteria based on some prior data,
observations, or personal experience

and then find that people above that
do OK, it doesn’t tell you that people
a little bit below that might’ve done
OK too. That’s what we really need:
to look at that marginal group and see
how they do. There are a few anec-
dotal reports of people who have taken
some marginal individuals to surgery,
but one doesn’t know how they were

selected, and they tend to report only
positive outcomes in those cases, so
you can’t use them for risk assess-
ment. You get a one-sided picture and
it doesn’t really answer as many ques-
tions as you’d like.The NETT study,1

as you showed, was one place where
they, sort of accidentally, cast the net
a little too broad and then did find by
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objective outcome a high risk group,2

and that’s obviously a much more valu-
able experience, because then you re-
ally do define high risk. But it does
mean that some people have to oper-
ate on those patients with high risk
and then report those outcomes.

1. Benzo R, Farrell MH, Chang CC, Martinez
FJ, Kaplan R, Reilly J, et al; NETT Re-
search Group. Integrating health status and
survival data: the palliative effect of lung-
volume-reduction surgery. Am J Respir Crit
Care Med 2009;180(3):239-246.

2. National Emphysema Treatment Trial Re-
search Group. A randomized trial compar-
ing lung-volume–reduction surgery with
medical therapy for severe emphysema.
N Engl J Med. 2003;348:2059-2073.

Hnatiuk: You’re absolutely right.
There are anecdotal case reports where
LVRS has been done on high-risk pa-
tients and they did just fine.

Kaminsky: I just wanted to make
the comment that at our place we use
exercise testing to help stratify patients
for lung resection surgery, for tumor
removal, et cetera. The surgeons who
are involved in that buy into it, but at
the same time, when the numbers come
out discordant from their feeling, they
take the patient on a walk up and down
the stairs.

Hnatiuk: There is support for stair
climbing as a surrogate predictor of
outcome.1

1. Brunell A, Refal MA, Monteverde M, Borri
A, Salati M, Fianchini A. Stair climbing
test predicts cardiopulmonary complica-
tions after lung resection. Chest 2002;
121(4):1106-1110.

Kaminsky: There is literature on the
shuttle walk in Europe that also can
prognosticate. When our surgeon says,
“The VO2max

was X and I know that’s
below the limit of 10 mL/kg/min
post-op predicted, but the patient can
climb three flights of stairs and I’m
going to take him to surgery,” you
have to give the surgeon credit be-

cause he’s trying to do what he can to
cure this stage 1 tumor.

Hnatiuk: It gets back to what Neil
was saying initially, and the study that
I discussed. Ultimately, it’s between
the thoracic surgeon and the patient,
as to how much risk each one is will-
ing to assume in a deadly disease such
as lung cancer.

MacIntyre: I think I know the an-
swer to this. You reviewed nicely that
PFTs don’t predict chemotherapy tox-
icity or radiation toxicity, which I’d
certainly agree with. But I don’t think
you meant to imply that these aren’t
decent tests to monitor patients while
they’re on chemotherapy. Or maybe
I’m misinterpreting here, because it
certainly drives decisions in my place.
Clinicians see diffusions start to tail
off or the FVC start to fall off, they
will stop or change the chemo in a
heartbeat.

Hnatiuk: I agree with your state-
ment that changes in spirometry cur-
rently drive decisions regarding radi-
ation and chemotherapy. However,
until pulmonologists design larger and
better studies identifying predictors for
toxicity, oncologists and radiation
therapists will continue to rely on sub-
optimal studies to make clinical deci-
sions. It’s the best that we have right
now. If you monitor everyone on ther-
apy, you’re going to find some who
have decreases in their DLCO. The next
question has to be, does stopping make
a difference? There are patients de-
scribed in the literature who have de-
creases in DLCO but come right back
to normal despite continued therapy.

MacIntyre: Maybe the reason
there’s only 10% lung toxicity is be-
cause it’s being stopped and modified,
but I agree. I don’t have data that sup-
port that.

Culver: But at least some of the
protocols—and these may be research
protocols where they set up specific

diffusing capacity criteria—there are
patients who are being told, “Your dif-
fusing capacity is less than 40% so
you can’t go on this protocol,” and
that’s leading to questions about 40%
of what? Do we have the right predic-
tion reference values? And sometimes
you don’t even know where those num-
bers came from. There’s a fair body
of surgical literature about diffusing
capacity of less than 40% in thoracic
resections as well, and most of it from
one group, and the papers1,2 don’t men-
tion what reference source is used for
the diffusing capacity. So I don’t know
whether they’ve chosen a low one or
a high one or whether the lab is cali-
brated to that reference set. The vari-
ability makes it a very squishy num-
ber for life-or-death decisions to be
made on whether you’re 38% or 42%.

1. Ferguson MK, Gaissert HA, Grab JD, Sheng
S. Pulmonary complications after lung re-
section in the absence of chronic obstruc-
tive pulmonary disease: the predicted role
of diffusing capacity. J Thorac Cardiovasc
Surg 2009;138(6):1297-1302.

2. Wang J, Olak J, Ferguson MK. Diffusing
capacity predicts operative mortality but not
long-term survival after resection for lung
cancer. J Thorac Cardiovasc Surg 1999;
117(3):581-587.

MacIntyre: I have to keep driving it
home, especially to the oncologists, that
you’ve got to watch the hemoglobin.
Their chemotherapy agents will knock
the daylights out of the hemoglobin and
can send the diffusion into the toilet only
from the anemia effect. They need to
understand that very carefully.

Coates: Well, they need to measure
the hemoglobin before they send it to
the PFT labs, so we can do some kind
of correction. Frequently, they don’t
understand that.

Culver: We measure it in the lab. If
they come for DLCO, they get a finger
stick.

MacIntyre: We used to do that and
we got our hand slapped by CLIA
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[Clinical Laboratory Improvement
Act], because sampling blood is not
something we’re allowed to do. We’ve
been looking at the pulse oximeter
that’s reported to measure total hemo-
globin as perhaps a surrogate.

McCormack: Our oncologists are
pretty diligent in checking hemoglo-
bin, so, unfortunately, I would proba-
bly say if DLCO values are not cor-
rected for hemoglobin, it’s probably
our lack of putting those data together
rather than the lack of hemoglobins
being drawn.

Coates: How good is the correction?

MacIntyre: Better than nothing.

Culver: How would we know?

MacIntyre: Exactly: how would we
know? The ATS/ERS uses the Cotes
formula. I agree we haven’t studied it

in a rigid fashion, but it’s certainly
better than not measuring it at all.

Salzman: We are always trying to
dig up hemoglobin results to adjust
our measured DLCO values, and then
we come to the issue of how old can
the hemoglobin test be and still be
OK? So we started doing finger-stick
hemoglobin in our lab at the time of
measured diffusing capacity, but
we’ve also been interested in this
new Masimo device that measures
noninvasive hemoglobin. I don’t
have any experience with whether
that noninvasive hemoglobin is ac-
curate. Does anybody here have ex-
perience with it?

Ruppel: We evaluated that device.1

We compared blood gases and the
Masimo device, for hemoglobin and
carboxyhemoglobin. We used 2 sepa-
rate devices at the same time and we
used a clinical cutoff of � 3 units, and

looked to see if correcting by one
method versus a blood oximetry would
cause a difference of more than 3 DLCO

units in the final answer, and it did.
The error when we compared the 2
methods was greater than 3 units. But
don’t get excited. There are caveats.
We used it in a spot-check type of
mode, where you put the device on,
wait till it stabilizes, and take a read-
ing. Most of the literature that we re-
viewed showed it being used in emer-
gency rooms and surgery suites, where
it was put on and left on long enough
that perhaps it stabilized more than
we would see in a 5-10-minute spot-
check situation. So there are some ca-
veats to the data, but we decided not
to use it.

1. Ruppel GL, Wilson HA, Gall VK, Hemp-
kens JA. Multi-wavelength pulse oxime-
ter is not suitable for adjusting DLCO mea-
surements. Respir Care 2011;56(8):1115-
1121.
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