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M ore than 310 million people undergo surgery each 
year worldwide (1); the estimated postoperative 
mortality is 1–4% (2). The incidence of postoper-

ative complications that affect the respiratory tract ranges be-
tween 9% and 40% (2), and postoperative pulmonary com-
plications (PPC) are associated with elevated mortality (3).

Worldwide, the estimated mean prevalence of 
chronic obstructive pulmonary disease (COPD) is 
13.1% (4). Spirometry is the gold standard method for 
the detection of airflow limitations and is recom-
mended in patients with typical clinical signs of 
COPD (GOLD key indicators: dyspnea, chronic 
cough, chronic sputum production, recurrent lower 
respiratory tract infection, and exposure to risk factors 
[5]) (GOLD, Global Initiative for Chronic Obstruc-
tive Lung Disease).

Due to the growing prevalence, increased life 
 expectancy and the rising demand for operative inter-
ventions, surgery is increasingly being carried out in 
patients with undiagnosed COPD. Although COPD is 
a major risk factor for PPC (6), it is still underdiag-
nosed (7). Both anesthesia and surgery itself affect the 
respiratory system and may aggravate pre-existing 
airway obstructions.

Preoperative pulmonary function tests (PFT) are 
recommended in patients scheduled for lung resection 
(8) or cardiac surgery (9). Moreover, it has frequently 
been postulated that PFT improve preoperative pul-
monary risk assessment in non-thoracic surgery.

The aims of this systematic review of the literature 
were the following:
● Identification of eligible studies
● A qualitative and quantitative synthesis of the 

extracted data
● A structured quality rating of the studies identified.
 The intention was to provide an overview of the 

existing evidence on whether PPC in patients under-
going non-thoracic surgery can be predicted on the 
basis of preoperative PFT.

Methods
The systematic literature search was conducted in 
 accordance with the recommendations of the Preferred 
Reporting Items for a Systematic Review and Meta-
analysis of Diagnostic Test Accuracy Studies 
 (PRISMA-DTA) (10–12).

Summary
Background: Pulmonary function tests (PFTs) such as spirometry and blood gas 
analysis have been claimed to improve preoperative risk assessment. This system-
atic review summarizes the available scientific literature regarding the ability of PFTs 
to predict postoperative pulmonary complications (PPC) in non-thoracic surgery.

Methods: We systematically searched MEDLINE, CINAHL, and the Cochrane 
 Library for pertinent original research articles (PROSPERO CRD42020215502), 
framed by the PIT-criteria (PIT, participants, index test, target conditions), respecting 
the PRISMA-DTA recommendations (DTA, diagnostic test accuracy).

Results: 46 original research studies were identified that used PFT-findings as index 
tests and PPC as target condition. QUADAS-2 quality assessment revealed a high 
risk of bias regarding patient selection, blinding, and outcome definitions. Qualitative 
synthesis of prospective studies revealed inconclusive study findings: 65% argue for 
and 35% against preoperative spirometry, and 43% argue for blood gas analysis. A 
(post-hoc) subgroup analysis in prospective studies with low-risk of selection bias 
identified a possible benefit in upper abdominal surgery (three studies with 959 par-
ticipants argued for and one study with 60 participants against spirometry).

Conclusion: As the existing literature is inconclusive it is currently unknown if PFTs 
improve risk assessment before non-thoracic surgery. Spirometry should be con-
sidered in individuals with key indicators for chronic obstructive pulmonary disease 
(COPD) scheduling for upper abdominal surgery
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To avoid redundancy, we searched PROSPERO 
and the Cochrane Database of Systematic Reviews 
for related systematic reviews. The systematic review 
protocol was registered with PROSPERO 
(#CRD42020215502; 23 November 2020) (13). For 
the planning and internal audit of the systematic re-
view, the Revised Assessment of Multiple Systematic 
Reviews (R-AMSTAR) criteria (14, 15) and the Scot-
tish Intercollegiate Guidelines Network (SIGN) (16) 
checklist for systematic reviews and meta-analyses 
were used. PIT criteria (participants, index test, target 
conditions) (10) were applied for framing of the re-
search question (Box 1).

Eligibility criteria
Original research studies in adult cohorts, published in 
peer-reviewed journals, were considered for inclusion 
(Box 2). Although we had originally intended to search 
without language restrictions, on grounds of practica-
bility we decided to include only studies in English or 
German.

Search algorithm
The systematic search algorithm was developed in 
 collaboration with a medical librarian (KDP). We sys-
tematically searched MEDLINE, CINAHL, and the 

Cochrane Library for original research articles pub-
lished between 1 January 1968 and 1 December 2020 
(eBox 1). 

Study selection
The studies identified were uploaded into EndNote X9 
(Clarivate Analytics, London, UK) to facilitate a struc-
tured review. Duplicates were removed. Structured 
screening of the title, abstract, and full text was per-
formed by two independent reviewers (AD, MP). The 
selection process was documented in a PRISMA flow-
chart (Figure 1) (12). Discrepancies were discussed, 
and where no consensus could be reached a third 
 reviewer (TD) was consulted. Additional sources such 
as systematic reviews, guidelines, and review articles, 
as well as the reference lists from the identified original 
articles, were checked for further eligible studies (non-
systematic search).

Quality assessment
Quality was assessed in accordance with PRISMA-
DTA (10). The risk of bias and concerns regarding 
 applicability were rated for each study using the revised 
Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS-2) tool (17) and the SIGN methodology 
checklists (16). QUADAS-2 evaluates the risk of bias 
and the applicability in four domains: patient selection, 
index test, reference standard, and flow and timing. The 
risk of bias in each domain is assessed using signaling 
questions. Selection and spectrum bias was assumed in 
the event of irregular exclusions (exclusion of pulmo -
nary high-risk or low-risk patients) irregular inclusion 
criteria (inclusion of non-pulmonary comorbidities/co-
factors or non-systematic referral patterns, e.g., person-
al preferences of the assigning physician) (18). The risk 
of bias in randomized controlled trials was further 
checked using the updated Cochrane Collaboration 
risk-of-bias tool (19). Quality assessment was per -
formed by two raters (AD, MP) independently. In the 
event of disagreement a third rater (TD) was consulted.

Data extraction, analysis, and synthesis
A specific data collection form was created, piloted 
with five randomly selected papers, and refined. 
Extracted data were, if possible, summarized and rel-
evant facts were cumulatively pooled in a narrative, 
qualitative synthesis. A structured quantitative data 
synthesis was planned, depending on the degree of het-
erogeneity across the identified primary studies. Only 
prospective studies were included in the final quali-
tative synthesis.

We further performed a subgroup analysis (post 
hoc) that focused specifically on upper abdominal 
surgery and included only prospective studies with a 
low risk of selection bias (associated with low appli-
cability concerns) in the QUADAS-2 analysis.

Results
The systematic search algorithm identified 2330 
studies; a further 48 potentially eligible studies were 

BOX 1

The PIT criteria (participants, index test, target conditions) 
for a priori framing of the research question in a systematic 
review of the literature
● Participants: Adults undergoing elective non-thoracic surgery with or without 

preselection by clearly defined, reproducible pulmonary preconditions (NB: 
non-reproducible, non-structured selection based on unclear/unknown crite-
ria or on personal preference/physician’s discretion was regarded as an 
 irregular referral pattern)

● Index test: Abnormal findings in preoperative pulmonary function tests such as 
spirometry (eligible index parameters include, but are not limited to: FEV1, 
FVC, FEV1/FVC, VC, MEFR, MEFV, FEF, FEF 25–75, MVV expressed as 
 absolute value or percentage of predicted value), diffusion capacity (e.g., 
SBN2, TLCO,SB, DLCO), or blood gas analysis (eligible index parameters: pO2, 
pCO2, pH, BE) 

● Target conditions: Postoperative pulmonary complications (PPC), accepting 
various available definitions but with the European Perioperative Clinical Out-
come (EPCO) definitions (20) or the StEP-COMPAC definition (2) being 
 regarded as the current clinical standard definitions (reference standard)

BE, base excess; COMPAC, Core Outcome Measures in Perioperative and Anaesthetic Care; DLCO, 
diffusion capacity for carbon monoxide; FEF, forced expiratory flow; FEF25–75%, mean forced expi-
ratory flow over 25–75% of the FVC; FEV1, forced expiratory volume in one second; FVC, forced vital 
capacity; MEFR, maximal expiratory flow rate; MEFV, maximum expiratory flow volume; MVV, maxi-
mum voluntary ventilation; PCO2, partial pressure of carbon dioxide; PO2, partial pressure of oxygen; 
RV, residual volume; SBN2, single-breath pulmonary diffusion capacity measured using nitrogen test; 
TLCO,SB, transfer factor of the lung for carbon monoxide by the single-breath method; VC, vital capacity
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identified by means of an additional non-systematic 
search. After title and abstract screening, 161 articles 
underwent full-text review. Forty-six original articles 
(e1–e46) fulfilled all eligibility criteria; all 46 of them 
investigated preoperative spirometry (eTable 1, 
Table 1) and eight investigated preoperative blood gas 
analysis (e10, e13, e17, e20, e22–e24, e27) (eTable 2).

Quality assessment
Assessment of the quality of these 46 studies identified 
a substantial cumulative risk of bias and clinical appli-
cability concerns (Figure 2, eTable 3), particularly 
 regarding patient selection (QUADAS-2 rating: high 
risk of bias in 59%, high applicability concerns in 57%) 
and the reference standard (high risk of bias in 87%, 
high applicability concerns in 87%). There were major 
concerns regarding the outcome definition (PPC), 
blinding of the results of the index test (diagnostic 
 review bias), preselection of study cohorts, referral pat-
tern (spectrum bias) and unclear prior clinical tests. 
Fewer concerns arose regarding the index test, flow, 
and timing.

Study methods
We identified 26 prospective studies (Table 1), and 20 
retrospective studies (eTable 1). In retrospective cohort 
studies physicians were mostly not blinded to the index 
tests (PFT); rather, the findings were used for clinical 
decision making and thus impacted the patients’ 
 outcome (diagnostic review bias). For this reason, 
retrospective studies were not included in the final 
qualitative analysis.

Five studies were secondary analyses from ran -
domized controlled trials with interventions other 
than PFT. Twenty studies used only descriptive or 
univariate analysis. Twenty-six of the identified 
studies applied multivariable regression analysis but 
employed a wide variety of different covariables for 
adjustment; hence, the results of these multivariable 
models are difficult to compare and to synthesize.

Qualitative synthesis of prospective studies
Qualitative synthesis of the identified prospective 
studies revealed conflicting, inconclusive results. 
Seventeen studies (65%) argued for and nine (35%) 
against the ability of spirometry to predict PPC. Three 
prospective studies argued for (43%) and four (57%) 
against the ability of blood gas analysis to predict PPC 
(eTable 2). As the high level of methodological het-
erogeneity and the variety of PFT parameters tested, 
 referral patterns, and outcome definitions precluded 
quantitative synthesis of the extracted data, we per-
formed a qualitative synthesis instead (Table 1).

Index parameters
In the reviewed studies various index parameters were 
tested and diverse PFT parameters were found to be 
suitable (Table 1, right column). Few studies clearly 
 defined the standard procedures, cut-off values and ref-
erence cohorts for spirometry.

Outcome definition
AS outlined in the PIT criteria (10), the 2015 European 
Perioperative Clinical Outcome (EPCO) definitions 
(20) and the 2018 Standardised Endpoints in Perioper-
ative Medicine (StEP) (2) were regarded as the current 
clinical standard outcome definitions for PPC; how-
ever, only a small number of study outcomes conform-
ed with either of these definitions; moreover, the two 
definitions differ substantially from each other.

Patient selection
As the selection criteria of the reviewed studies were 
extremely inhomogeneous, generalization of cumu-
lative findings is precluded. In particular, irregular 
preselection on the basis of comorbidity/cofactors other 
than pulmonary preconditions or systematic exclusion 
of pulmonary high-risk patients gave rise to concerns 
regarding selection/spectrum bias and applicability 
(eMethods).

Type of surgery
To do justice to the research question of this systematic 
review, the study populations of the reviewed studies 
must correspond as closely as possible with the target 
population defined by the PIT criteria (10, 18). The 
identified studies came from a broad surgical spectrum: 
abdominal, bariatric, vascular, non-thoracic proce -
dures, head and neck operations, esophagectomy, or 

BOX 2

Eligibility criteria for the systematic review of the literature
● Inclusion criteria

– Original research 
– Published in a peer-reviewed journal 
– Studies in adults (age ≥ 18 years) 
– Studies in patients undergoing non-thoracic surgery (mixed cohorts 

 accepted) 
– At least one PFT parameter among the independent variables 
– Dependent variables include at least one adverse postoperative 

 respiratory outcome (any definition) 
– Analysis respects the association of a PFT finding (independent variable) 

with an adverse postoperative respiratory outcome 

● Exclusion criteria
– Animal studies 
– Laboratory or phantom studies 
– Studies in pediatric cohorts 
– Transplant surgery 
– Scoliosis surgery 
– Studies limited to cardiac surgery 
– Studies limited to lung resection 
– Studies with PFT parameters applied only as outcome variables 
– Language other than English or German 

PFT, pulmonary function test

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2022; 119: 99–106 101



M E D I C I N E

mixed cohorts. Some study cohorts included a signifi-
cant proportion of lung resections or cardiac surgery 
(not a formal exclusion criterion for this review, but a 
potential source of bias).

As upper abdominal surgery is associated with a 
high risk of PPC (e27), we decided to perform an 
 additional (post-hoc) subgroup analysis. This analysis 
focused on prospective studies in patients undergoing 
upper abdominal surgery but included only studies 
with low risk of selection bias and low applicability 
concerns in the QUADAS-2 analysis (Table 2). Three 
studies (with a total of 959 patients) concluded that 
spirometry can predict PPC; one study (60 patients) 
reported that it cannot.

Discussion
Our systematic review of the literature shows that due 
to a lack of robust evidence and methodological flaws it 
is remains unclear whether preoperative PFT suffi-
ciently predict PPC prior to non-thoracic surgery. The 
existing literature is inconclusive: 65% of the prospec-
tive studies argue for and 35% against the ability of 
preoperative spirometry to predict PPC, while 43% 
argue for the ability of blood gas analysis to predict 
PPC. In the absence of randomized controlled trials, the 
existing evidence is based on inhomogeneous studies 
with divergent basic assumptions.

Quality assessment of the studies by means of 
QUADAS-2 gave rise to substantial concerns regard-
ing patient selection, referral patterns, outcome defi-
nition, blinding of the results of the index test, and 
 unclear prior clinical testing, associated with a cumu-
lative high risk of bias and concerns regarding clinical 
applicability.

Because a wide variety of index parameters were 
chosen in the studies analyzed, it remains unclear on 
which parameters of spirometry the prediction of PPC 
should be based. The studies employed various analy-
sis methods: univariate or descriptive analysis in 
43%, multivariable regression analysis in 57%. How-
ever, an association between an index parameter and 
PPC on univariate analysis does not rule out the 
possibility that simple clinical findings (e.g., dyspnea, 
cough, or wheezing) or a risk factor (e.g., smoking) 
would predict PPC equally well.

Almost half of the identified trials were retrospec-
tive. However, retrospective cohort studies seem 
 inadequate to answer our research question, as PFT 
findings were often used for clinical decision making, 
thus changing the clinical course and possibly the 
 patient’s outcome, with a resultant effect on the end-
point of the diagnostic study. Many prospective 
studies were also afflicted by this problem, because 
inadequate blinding of the index test meant that the 
treating physicians were aware of the PFT findings 
(diagnostic review bias).

All of the trials analyzed were affected by the 
major problem of inconsistent outcome definitions, 
hampering the interpretation of pooled data. The 2018 
StEP consensus definition of PPC (2) represents an 
important step towards standardized endpoint defini-
tion, which will allow synthesis of data from different 
trials in the future; however, this does not help us to 
evaluate historical data.

Our systematic analysis features a very broad spec-
trum of different types of surgery making general 
conclusions and recommendations difficult. Upper 
abdominal surgery is associated with a strikingly high 
risk of PPC (e27). In a (post-hoc) subgroup analysis 
we identified a significant number of prospective 
studies with lower risk of selection and spectrum bias 
that concerned themselves with spirometry prior to 
upper abdominal surgery. In these studies we found 
some evidence of an additional diagnostic benefit of 
preoperative spirometry. We therefore believe it is 
reasonable to test for relevant airflow obstruction 
 before upper abdominal surgery in persons with a rea-
sonable pretest probability, especially those with 
 typical symptoms of COPD as defined by the GOLD 
key indicators (5).

However, based on our literature research we hold 
that PFT cannot currently be recommended in 
 advance of other kinds of non-thoracic surgery. It is 
important to note that this conclusion rests on the lack 
of evidence, and especially in this field the absence of 
evidence of efficacy does not constitute evidence of 
inefficacy.

FIGURE 1

PRISMA-DTA flowchart
PRISMA-DTA, Preferred Reporting Items for a Systematic Review and Meta-analysis of 
 Diagnostic Test Accuracy Studies

Id
en

tif
ica

tio
n

Sc
re

en
in

g
El

ig
ib

ilit
y

In
clu

de
d Studies included  

in qualitative  
synthesis 
(n = 46)

Duplicates excluded 
(n = 97 )

Records excluded by abstract 
 screening (n = 2120 )

Full-text articles excluded (n = 115 ):
– Language other than English or 

German (n = 11)
– Inappropriate study design  

(n = 25)
– Unsuitable type of surgery  

(n = 5)
–  Ineligible index test  

(n = 58)
– - Ineligible reference standard 

(n = 16)

Records identified by 
database search 

(n = 2330 )

Additional records from 
other sources 

(n = 48 )

Records after removal 
of duplicates 
(n = 2281)

Title and abstract 
screening 
(n = 2281 )

Full-text articles 
 assessed 
(n = 161 )

102 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2022; 119: 99–106



M E D I C I N E

The studies included in this review focus especially 
on answering the question of whether PFT can predict 
PPC. Other important applications of preoperative 
PFT should not be forgotten. Spirometry is mandatory 
to verify the diagnosis of COPD (5), which in turn 
goes along with perioperative therapeutic or preven-
tive measures and may also have implications for the 
long-term outcome and quality of life (21). Moreover, 
spirometry enables determination of the baseline pul-
monary function status for personalized grading of 
postoperative pulmonary dysfunction and thus the 
setting of individual treatment goals.

PFT can be beneficial for the planning of preoper-
ative pulmonary rehabilitation measures, antiobstruc-
tive treatment, personalized ventilation strategies, and 
the choice of drugs or monitoring methods (21). Lee 
et al. propose five fundamental factors for preoper-
ative optimization: smoking cessation, pulmonary 
 rehabilitation, vaccination, self-management, and the 
identification and optimization of comorbidities (21). 
Beyond the intended improvement of patient out-
come, this also allows efficient use of healthcare 
 resources.

This systemic review of the literature has some 
limitations. Studies were collected from a period of 
several decades, in the course of which the diagnostic 
and clinical standards have changed. Our literature 
 research makes no claim to be complete; we assume 
that some studies that used PFT as a baseline measure 
per protocol will have been missed.

Conclusion
Our systematic review shows the lack of robust evi-
dence from large high-quality studies and concludes 
that it remains unproven whether preoperative PFT pre-
dict PPC prior to non-thoracic surgery. On the other 

hand, our (post-hoc) subgroup analysis suggests that 
there might be a benefit or incremental diagnostic value 
of spirometry in patients scheduled for upper abdomi-
nal surgery. This question has not yet been explored in 
randomized controlled trials. Nevertheless, a broad, 
quasi-unchallenged consensus exists that preoperative 
spirometry is not recommended in patients who show 
no clinical abnormality (22–26), while it may be con-
sidered in selected high-risk patients scheduled for 
 intermediate- or high-risk procedures (24, 26). In our 
opinion, further high-quality studies are required to 
conclusively answer these research questions.

The existing prospective studies come to conflict-
ing conclusions: 17 of 26 studies (65%) argue for and 
nine (35%) against preoperative spirometry, and three 
of seven (43%) argue in favor of blood gas analysis. 
Due to methodological flaws and inconsistent study 
designs it is currently unknown whether PFT are able 
to predict PPC prior to non-thoracic surgery. Based on 
the studies included in this review, spirometry prior to 
upper abdominal surgery should be considered in 
 individuals with typical symptoms of COPD (GOLD 
key indicators), but no benefit of PFT before other 
kinds of non-thoracic surgery has yet been demon-
strated.

FIGURE 2

Quality assessment of the studies by means of QUADAS- 2, cumulative results: QUADAS-2 evaluates the risk of bias and the clinical applicability in four domains: 1) pa-
tient selection, 2) index test, 3) reference standard, 4) flow and timing. The potential for bias was assessed in each domain using signaling questions.
QUADAS, Quality  Assessment of Diagnostic Accuracy Studies

Flow and timing

Reference standard

Index test

Patient selection

■ low    ■ unclear    ■ high

Proportion of studies with low, high or unclear 
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TABLE 1

Qualitative synthesis of identified prospective studies that investigated the association between spirometry and postoperative pulmonary com-
plications

Study

First author,
year (reference)

Collins 1968*2 (e1)

Stein 1970*2 (e2)

Latimer 1971 (e3)

Appleberg 1974 (e4)

Gracey 1979 (e5)

Crapo 1986 (e6)

Fogh 1987 (e7)

Poe 1988 (e8)

Roukema 1988*2 (e9)

Svensson 1991*2 (e10)

Rao 1992 (e13)

Williams-Russo 1992 (e14)

Kocabas 1996 (e17)

Barisione 1997 (e19)

Mitchell 1998 (e20)

Pereira 1999 (e21)

Girish 2001 (e23)

McAlister 2003 (e24)

Ong 2004*2 (e25)

McAlister 2005 (e26)

Kanat 2007 (e27)

Sunpaweravong 2012 (e31)

Jeong 2013 (e33)

Atilla 2017 (e41)

Shin 2017 (e42)

Cohort

Number 
of 
 patients

120

77

46

100

157

114

125

209

153

98

73

278

60

361

148

247

83

272

86

1 055

60

232

538

173

694

Preselection:  
type of surgery

Upper abdomen

Mixed

Upper abdomen

Mixed

Mixed

Gastric bypass

Major abdominal 
 surgery

Cholecystectomy

Upper abdomen

Thoracoabdominal 
 aortic surgery

Head and neck

Mixed

Upper abdomen

Upper abdomen

Non-thoracic surgery

Upper abdomen

Upper abdominal and 
thoracic surgery

Non-thoracic surgery

Major head and neck 
 interventions

Non-thoracic surgery

Upper abdomen

Esophagectomy

Gastrectomy for gastric 
cancer

Laparoscopic sleeve 
 gastrectomy

Non-thoracic surgery

Preselection:  
demographics and comorbidity

Only men

At discretion*3

–

Respiratory high-risk patients excluded

COPD, at discretion*3

–

–

20–70 years

Only patients without pulmonary risk factors

–

–

Hypertension, diabetes

–

–

≥ 40 years

> 60 years, pulmonary disease, obesity, smoker 
or respiratory symptoms

–

At discretion*3

< 80 years, without respiratory tract disease or 
diabetes

Low-risk patients without sleep apnea, medical 
problems, planned ICU admission

–

–

–

–

COPD, ≥ 40 years, at discretion*3

Findings

For/ against 
 spirometry*1

● for

● for

● for

● for*4

● for

● against

● against*4

● for*5

● against

● for*5

● for

● against

● against*6

● for

● against

● for*7

● for

● for

● for

● against

● for

● for

 ● for*8

 ● against

● for*9

Positive index test

● FEV1, ● FVC

● abnormal PFT

● abnormal PFT

● FEV1/FVC

● FEF25–75%

–

● abnormal PFT

● MEFV, ● SBN2

–

● FEV1, ● FEV1 %, ● FVC,  
● FVC %, ● FEF25,  
● FEF25%, ● FEF25–75

● FEV1 %, ● peak flow

–

● FEF25–75%,  
● MVV %, ● abnormal PFT

● FEV1, ● FEV1 %, ●IVC,  
● FEV1/IVC, ● TLCO,SB, 
●TLCO,SB %, ● RV

–

● FEV1/FVC

● FEV1, ● FVC

● FEV1, ● FVC

● FEV1/FVC

● FEV1, ● FVC,  
● FEV1/FVC

● FVC, ● FEV1/FVC

● FEV1%, ● FVC%

 ● FEV1/FVC

–

● FEV1 %
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ATS, American Thoracic Society; ERS, European Respiratory Society; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive 
Lung Disease; NPV, negative predictive value; PFT, pulmonary function tests; PPC, postoperative pulmonary complications; PPV, positive predictive value; QUADAS, Quality Assessment of 
Diagnostic Accuracy Studies

Study

First author,
year (reference)

Kocabas 1996 (e17)

Barisione 1997 (e19)

Kanat 2007 (e27)

Jeong 2013 (e33) 

Number of 
patients

60

361

60

538

Index test

Standards for 
spirometry

ATS

ATS, ERS

ATS, ERS

GOLD

Reference standard

Prevalence 
of PPC (%)

35%

14%

58%

2%

Index parameter 
cut-off value

FEV1 < 1,25 L

FEV1 % < 50%

FEV1/FVC < 50%

Abnormal 
 spirometry*3

Abnormal 
 spirometry*3

Abnormal 
 spirometry*3

Abnormal 
 spirometry*3

Sensi-
tivity

50%

62%

38%

67%

84%

66%

6%

Specifi-
city

70%

70%

65%

76%

99%

55%

99%

PPV

38%

38%

14%

67%

95%

71%

60%

NPV

70%

70%

65%

76%

98%

55%

99%

For/against 
 spirometry*2

● against*4

● for

● for

● for*5

● = univariate analysis, ● = multivariate analysis; study design: findings/conclusions based on: ● = univariate analysis, ● = multivariate analysis
*1 Conclusions drawn by the authors based on published study findings and clinical considerations
*2 Only secondary analysis from an RCT that was not conducted to investigate PFT
*3 Patients were preselected at the discretion of a physician (in most cases a surgeon or anesthetist) and referred to an internist, pulmonologist, respiratory physician, or specialized department 

(referral patterns must be considered)
*4 Conclusion based on changes of the predictive value
*5 Multivariable analysis performed but conclusions based on univariate findings
*6 Clinical variables appeared to be non-inferior to spirometry
*7 FEV1/FVC was no longer a predictor when COPD was included in the multivariable model
*8 Multivariable analysis was performed only for the outcome variable “postoperative morbidity” (this includes surgical complications such as anastomosis leakage and wound complication)
*9 Study cohort was divided into five quintiles of airflow obstruction severity(FEV1); quintiles 1 to 4 served as reference cohort for the patients in the fifth quintile
*10 Secondary analysis from a multicenter study that found no strong evidence for FEV1 predicting respiratory morbidity after adjustment for peak oxygen consumption or ventilatory efficiency
COPD, Chronic obstructive pulmonary disease; FEF, forced expiratory flow; FEF25–75%, mean forced expiratory flow over 25–75% of the FVC; FEV1, forced expiratory volume in one second; 
FVC, forced vital capacity; MEFV, maximum expiratory flow volume; MVV, maximum voluntary ventilation; PFT, pulmonary function test; RV, residual volume; SBN2, single-breath lung diffusion 
capacity using nitrogen test; TLCO,SB, transfer factor of lung for carbon monoxide by single-breath method; VC, vital capacity

Study

First author,
year (reference)

Sankar 2020 (e46)

Cohort

Number 
of 
 patients

1 200

Preselection:  
type of surgery

Mixed non-cardiac 
 surgery

Preselection:  
demographics and comorbidity

≥ 40 years, ≥ 1 cardiac risk factor, 
FEV1%  ≥ 30%

Findings

For/ against 
 spirometry*1

● against*10

Positive index test

–
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Critical appraisal of patient selection, types of surgery, index parameters, 
outcome definitions, and analysis methods used in the 46 studies iden -
tified by the review

Patient selection and type of surgery
To do justice to the research question of this systematic review, the study 
populations of the reviewed studies must correspond as closely as possible 
with the target population defined by the PIT criteria (participants, index 
test, target conditions) (10, 18). Surgical procedures were either abdominal 
(n = 22 with n = 16 upper abdominal) (e1, e3, e6–e9, e15, e17–e19, 
e21–e23, e27, e32–e34, e36, e38, e39, e41, e43, e45), vascular (n = 3) (e10, 
e11, e16), non-thoracic (n = 4) (e20, e24, e26, e42), head and neck surgery 
(n = 3) (e13, e25, e28), esophagectomy (n = 3) (e30, e31, e40), or in mixed 
cohorts (n = 10) (e2, e4, e5, e12, e14, e15, e29, e35, e37, e44, e46). Some 
study cohorts included a significant proportion of lung resections or cardiac 
surgery (not a formal exclusion criterion for this review, but a potential 
source of bias).

As the selection criteria of the reviewed studies were extremely 
 inhomogeneous, generalization of cumulative findings is precluded. 
Studies were conducted either in unselected cohorts, in preselected 
 patients with clearly defined pulmonary comorbidities (reasonable pre-
test probability for postoperative pulmonary complications [PPC]) (e12, 
e15, e37, e42), in patients with other, less plausible non-pulmonary or 
 sociodemographic cofactors (e1, e8, e14, e18, e21, e22, e32, e46), at the 
discretion of a physician based on vague criteria or unknown consider-
ations (e2, e24, e29, e35, e37, e38, e42, e44), or even in preselected low-
risk patients (e4, e9, e25, e26). Irregular preselection by comorbidity/ -
cofactors (e.g., one study included only patients with diabetes or hyper-
tension [e14], four studies excluded pulmonary high-risk patients [e4, e9, 
e25, e46], two studies only included males [e1, e18]) are a potential 
source of selection bias and give rise to concerns regarding clinical appli-
cability. In some prospective and most retrospective studies, pulmonary 
function tests (PFT) were used on the basis of on non-reproducible deci-
sion pathways or non-documented pretests, or patients were referred to 
an internist or pulmonologist for preoperative risk assessment based on 
personal clinical consideration at the discretion of the attending phy -
sician (usually a surgeon or an anesthetist) (e2, e24, e29, e35, e37, e38, 
e42, e44). These referral patterns must be considered when interpreting 
the results. On the other hand, some studies carried out preoperative 
screening spirometry in low-risk cohorts consisting of patients showing 
no clinical abnormalities. This approach is not indicated, and spectrum 
bias (18) may occur if a reasonable pretest probability is absent and prior 
clinical standard risk assessment, physical examinations and comor -
bidities are not taken into account.

Index parameters
Various index parameters were inconsistently tested in the reviewed 
studies, either as absolute value or as percentage of the predicted value. For 
the latter, only a small number of studies clearly defined the reference 
population used. Many authors noted that PFT were performed in accor -
dance with established recommendations, such as those of the Global 
Initia tive for Chronic Obstructive Lung Disease (GOLD) (5) or the Ameri-
can Thoracic Society (ATS) (e47). Most authors used established standard 
cut-off values for the diagnosis of airway obstructions and the grading of 
COPD severity. In some studies, the source of the underlying thresholds 
 remained unclear or spirometry findings were globally dichotomized (e2, 
e3, e7, e17, e39) to define “abnormal spirometry” [y/n]. However, this 

eMETHODS  
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 approach does not differentiate between the underlying disease and the 
 pathomechanism.

Various divergent parameters of spirometry and/or diffusion capacity 
were found to be eligible in the reviewed studies (Table 1, right column). 
In some studies that investigated blood gas analyses, the partial pressure 
of carbon dioxide (PCO2) and/or oxygen (PO2) was identified as an eli-
gible parameter (eTable 2).

Outcome definition
The 2015 European Perioperative Clinical Outcome (EPCO) (19) defini-
tion and the 2018 Standardised Endpoints in Perioperative Medicine 
(StEP) (2) definition were regarded as current clinical standard outcome 
definitions for PPC in our PIT criteria (10). Two important facts must be 
considered; first, for nearly all of the studies included these endpoint defi-
nitions were unavailable at the time of study design, because they were 
conducted before 2015; second, the two outcome definitions—EPCO and 
StEP—differ substantially from each other. Various outcome definitions 
were used in the identified trials, with the overwhelming majority deviating 
distinctly from EPCO or StEP. We found a wide variety of composite end-
points with a high level of discordance from our target conditions; some 
study outcomes relied on singular conditions such as pneumonia (e31, e39, 
e43) or were based solely on radiological findings. Few studies used out-
come definitions closely related to either EPCO or StEP [4/46]. As most 
study outcomes did not properly meet the target condition “PPC”, there 
was a high risk of systematic bias coupled with concerns regarding clinical 
applicability.

Analysis methods
Analysis methods differed among the studies: some studies used univari-
able or descriptive analysis, others used multivariable regression analyses.

However, if univariable analysis identifies an association between an 
index parameter and PPC, it cannot be ruled out that a simple clinical 
finding (e.g., dyspnea, cough, or wheezing) or a risk factor (e.g., smok-
ing) would predict PPC equally well. Generally, multivariable analysis 
adjusts for this kind of interaction. Unfortunately, studies that applied 
multivariable regression analysis used a wide variety of different covari-
ables for adjustment; hence, the results of these multivariable models are 
difficult to compare and almost impossible to synthesize.
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eBOX

Final search algorithm and filters for the PubMed search
((“preoperative”[All Fields] OR “presurgical”[All Fields] OR “diagnostic use”[All 
Fields] OR “respiratory risk”[All Fields] OR “risk assessment”[All Fields]) AND 
(“respiratory function tests”[MeSH Terms] OR “spirometry”[All Fields] OR “lung 
function”[All Fields] OR “blood gas Analysis”[All Fields] OR “vital capacity”[All 
Fields] OR “forced expiratory volume”[All Fields] OR “Fev1”[All Fields]) AND 
(“postoperative”[All Fields] AND (“lung”[All Fields] OR “pulmonary”[All Fields]) 
AND (“complication”[All Fields] OR “complications”[All Fields]))) OR “postoper-
ative pulmonary complications”[All Fields] OR “postoperative lung compli-
cations”[All Fields] OR (“lung diseases”[MeSH Terms] AND “Postoperative 
complications”[MeSH Terms]) OR (((((((((((((((((((((“respiratory insufficien-
cy”[MeSH Terms] OR (“respiratory”[All Fields] AND “insufficiency”[All Fields]) 
OR “respiratory insufficiency”[All Fields] OR (“respiratory”[All Fields] AND 
 “insufficiency”[All Fields])) AND “OR”[All Fields]) AND (“respiratory insufficien-
cy”[MeSH Terms] OR (“respiratory”[All Fields] AND “insufficiency”[All Fields]) 
OR “respiratory insufficiency”[All Fields] OR (“respiratory”[All Fields] AND “fail-
ure”[All Fields]) OR “respiratory failure”[All Fields])) OR (“pulmonary”[All Fields] 
AND “insufficiency”[All Fields]) OR “pulmonary insufficiency”[All Fields])) AND 
“OR”[All Fields]) AND ((“lung”[MeSH Terms] OR “lung”[All Fields] OR “pulmo -
nary”[All Fields]) AND (“failure”[All Fields] OR “failures”[All Fields]))) AND 
“OR”[All Fields]) AND (“reintubate”[All Fields] OR “reintubated”[All Fields] OR 
“reintubation”[All Fields] OR “reintubations”[All Fields])) AND “OR”[All Fields]) 
AND (“pneumonia”[MeSH Terms] OR “pneumonia”[All Fields] OR “pneu-
moniae”[All Fields] OR “pneumonias”[All Fields] OR “pneumoniae s”[All 
Fields])) AND “and”[All Fields]) AND (“postoperative period”[MeSH Terms] OR 
(“postoperative”[All Fields] AND “period”[All Fields]) OR “postoperative peri-
od”[All Fields] OR “postop”[All Fields] OR “postoperative”[All Fields] OR “post-
operatively”[All Fields] OR “postoperatives”[All Fields])) AND “not”[All Fields]) 
AND “thorax/surgery”[MeSH Terms]) AND “mesh or”[All Fields]) AND “thoracic 
diseases/surgery”[MeSH Terms]) AND “mesh or”[All Fields]) AND “cardiovas-
cular diseases/surgery”[MeSH Terms]) AND “mesh or”[All Fields]) AND 
 “cardiovascular system/surgery”[MeSH Terms]) NOT ((Addresses[ptyp] OR 
Autobiography[ptyp] OR Bibliography[ptyp] OR Biography[ptyp] OR pubmed 
books[filter] OR Case Reports[ptyp] OR Congresses[ptyp] OR Consensus 
 Development Conference[ptyp] OR Directory[ptyp] OR Duplicate Publi-
cation[ptyp] OR Editorial[ptyp] OR Systematic reviews OR Meta analysis OR 
Festschrift[ptyp] OR Guideline[ptyp] OR In Vitro[ptyp] OR Interview[ptyp] OR 
Lectures [ptyp] OR  Legal Cases[ptyp] OR News[ptyp] OR Newspaper 
 Article[ptyp] OR Personal Narratives [ptyp] OR Portraits[ptyp] OR Retracted 
Publication[ ptyp] OR Twin Study[ptyp] OR Video-Audio Media[ptyp])) 

Filters: Human, Adult 19+, Clinical Study, Clinical Trial, Clinical Trial, Phase I, 
Clinical Trial, Phase II, Clinical Trial, Phase III, Clinical Trial, Phase IV, Controll ed 
Clinical Trial, Dataset, Evaluation Study, Multicenter Study, Observational 
 Study, Pragmatic Clinical Trial, Randomized Controlled Trial, Validation Study 
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eTABLE 1

Qualitative synthesis of identified retrospective studies dealing with spirometry*1

● = Univariate analysis, ● = multivariate analysis; study design: findings/conclusions based on: ● univariate analysis, ● multivariate analysis.
*1 in genera,l retrospective studies are suspicious for selection bias, as the indication for PFT typically relies on non-reproducible individual clinical consideration or is at the discretion of a 

 physician (referral pattern); 
*2 Conclusions drawn by the authors based on published study findings and clinical considerations
*3 Patients were preselected at the discretion of a physician (in most cases a surgeon or anesthetist) and referred to an internist, pulmonologist, respiratory physician, or specialized department 

(referral pattern must be considered)
*4 Clinical variables appeared to be non-inferior to spirometry
*5 Study design: matched cohort
 *6 Study design: case–control
*7 ”Abnormal spirometry” was no longer an independent predictor in the multivariable model when ”obstructive sleep apnoea” and ”respiratory symptoms” were subtracted.
*8 Only GOLD groups A/B versus C/D, which are based on clinical data, were used in the multivariable model, while GOLD grades 1–4, determined by spirometry, were evaluated in a descrip-

tive/univariable analysis.
 *9 Patients with mild to moderate COPD (FEV1 ≥ 50% predicted) were compared with a control group
COPD, Chronic obstructive pulmonary disease; DLCO, diffusing capacity for carbon monoxide; FEF25–75%, mean forced expiratory flow over 25–75% of FVC; FEV1, forced expiratory volume in 
one second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; PFT, pulmonary function tests; VC, vital capacity

Study

First author,
year (reference)

Kispert 1992 (e11)

Kroenke 1992 (e12)

Kroenke 1993 (e15) 

Moriyama 1994 (e16)

Lawrence 1996 (e18)

Fuso 2000 (e22)

Joo 2009 (e28)

Silva 2010 (e29)

Ferguson 2011 (e30)

Huh 2013 (e32)

Inokuchi 2014 (e34)

Clavellina-Gaytán 
2015 (e36)

Jeong 2014 (e35) 

Kim HJ 2016 (e37)

Kim TH 2016 (e38)

Miki 2016 (e39)

Reinersmann 2016 
(e40)

Tajima 2017 (e43)

Hirosako 2018 (e44)

Oh 2018 (e45)

Number of 
patients

147

89

130

103

164

480

111

521

516

213

1053

602

2059

405

387

750

136

1236

386

898

Cohort

Preselection:  
type of surgery

Major vascular surgery

Mixed

Thoracic and major 
 abdominal surgery*5

Aneurysm surgery

Abdominal surgery*6

Abdominal surgery

Partial laryngectomy

Mixed

Esophagectomy

Laparoscopic gastrec-
tomy

Gastrectomy

Obesity surgery

Mixed

Mixed

Abdominal surgery

Gastrectomy

Esophagectomy

Colorectal

Mixed

Laparoscopic gastrec-
tomy and colorectal

Preselection:  
demographics and existing diseases

−

Severe COPD, FEV1 < 50%

78 with COPD, 52 without COPD

−

Only men

> 70 years, obesity, smokers, cough, any 
pulmonary disease

−

At discretion*3

−

≥ 60 years

−

−

At discretion*3

COPD

≥ 40 years, comorbidities or abnormal 
lung function, at discretion*3

−

−

−

At discretion*3

> 60 years, chronic pulmonary disease, 
smokers

Findings

 For/against 
 spirometry*2

● for

● against

● against*4

● for

● against

● for

● against

● against

● for

● against

● for

● against*7

● for

● for*8

● against*9

● for

● for

● for

● for

● for

Positive index test

● FEV1, ● FEV1/FVC

−

−

● VC %

−

● FEV1 %, ● FEV1/FVC

● FEV1/FVC %

● FVC %

● FEV1 %, ● DLCO %

● FEV1 %,  
● FEF25–75,  
● FEF25–75%,  
● FEV1/FVC %

● VC %

● FEV1 %, ● FVC %

● airflow obstruction

● FEV1 %

−

● abnormal PFT

● FEV1 %, ● DLCO %

● FEV1, ● FEV1 %,  
● VC %

● FEV1 %

● FEV1 %, ● FVC %,  
● DLCO



M E D I C I N E

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2022; 119: 99–106 | Supplementary material VII

eTABLE 2

Qualitative synthesis of identified studies that investigated the association between blood gas analysis and postoperative pulmonary 
 complications

● = Univariate analysis, ● = multivariate analysis; study design: findings/conclusions based on: ● univariate analysis, ● multivariate analysis
*1 Conclusions drawn by the authors based on published study findings and clinical considerations
*2 Patients were preselected at the discretion of a physician (in most cases a surgeon or anesthetist) and referred to an internist, pulmonologist, respiratory physician, or specialized department 

(referral pattern must be considered)
*3 Multivariable regression analysis was performed without laboratory data
 PCO2, partial pressure of carbon dioxide; PO2, partial pressure of oxygen; PRO, prospective observational study; RCT/O, secondary analysis from a randomized controlled trial with an interven-
tion that did not involve PFTs; RET, retrospective study 
Of note, a nineth study was identified in the course of the systematic literature search (McAlister 2005 [e26]) but was not included in this qualitative analysis as blood gas analysis was ordered in 
only 11 of 1055 cases at the discretion of the attending physicians. 

Study

First author,
year (reference)
Prospective studies

Svensson 1991 (e10)

Rao 1992 (e13) 

Kocabas 1996 (e17) 

Mitchell 1998 (e20)

Girish 2001 (e23)

McAlister 2003 (e24) 

Kanat 2007 (e27)
Retrospective study

Fuso L 2000 (e22)

Number of 
patients

98

73

60

148

83

272

60

480

Study 
design

● RCT/O

● PRO

● PRO

● PRO

● PRO

● PRO

● PRO

● RET

Cohort

Preselection:  
type of surgery

Thoracoabdominal 
aortic surgery

Head and neck

Upper abdomen

Mixed non-thoracic 
surgery

Upper abdomen and 
thorax

Non-thoracic surgery

Upper abdomen

Abdominal surgery

Preselection: demographics 
and comorbidity

–

–

–

≥ 40 years

–

At discretion*2, *3

–

> 70 years, obesity, smoker and 
cough, any pulmonary  disease

Findings

For/against spiro-
metry*1

● for

● for

● against

● against

● against

● for

● against

● for

Positive index 
test

● pCO2  
● pO2

● pO2

–

–

–

● pO2
● pCO2

–

● pO2
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eTABLE 3

QUADAS-2 risk of bias and applicability concerns: overview of all included studies

Study

First author,
year (reference)

Collins 1968 (e1)

Stein 1970 (e2)

Latimer 1971 (e3)

Appleberg 1974 (e4)

Gracey 1979 (e5)

Crapo 1986 (e6)

Fogh 1987 (e7)

Poe 1988 (e8)

Roukema 1988 (e9)

Svensson 1991 (e10)

Kispert 1992 (e11)

Kroenke 1992 (e12)

Rao 1992 (e13)

Williams-Russo 1992 (e14)

Kroenke 1993 (e15)

Moriyama1994 (e16)

Kocabas 1996 (e17)

Lawrence 1996 (e18)

Barisione 1997 (e19)

Mitchell 1998 (e20)

Pereira 1999 (e21)

Fuso 2000 (e22)

Girish 2001 (e23)

McAlister 2003 (e24)

Ong 2004 (e25)

McAlister 2005 (e26)

Kanat 2007 (e27)

Joo 2009 (e28)

Silva 2010 (e29)

Ferguson 2011 (e30)

Sunpaweravong 2012 (e31)

Huh 2013 (e32)

Jeong 2013 (e33)

Inokuchi 2014 (e34)

Jeong 2014 (e35)

Clavellina-Gaytán 2015 (e36)

Kim HJ 2016 (e37)

Kim TH 2016 (e38)

Miki 2016 (e39)

Reinersmann 2016 (e40)

Atilla 2017 (e41)

Shin 2017 (e42)

Risk of bias

Patient 
 selection

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Index test

●
●
●
●
●
●
● 
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Reference 
standard

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Flow and  
 timing

●
●
●
●
●
●
●
● 
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Applicability concerns

Patient 
 selection

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Index test

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Reference 
standard

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
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QUADAS-2 rating: ● low, ● high, ● unclear
QUADAS, Quality  Assessment of Diagnostic Accuracy Studies

Study

First author,
year (reference)

Tajima 2017 (e43)

Hirosako 2018 (e44)

Oh 2018 (e45)

Sankar 2020 (e46)

Risk of bias

Patient 
 selection

●
●
●
●

Index test

●
●
●
●

Reference 
standard

●
●
●
●

Flow and  
 timing

●
●
●
●

Applicability concerns

Patient 
 selection

●
●
●
●

Index test

●
●
●
●

Reference 
standard

●
●
●
●


