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IMPORTANCE Postoperative pulmonary complications (PPCs), a leading cause of poor surgical
outcomes, are heterogeneous in their pathophysiology, severity, and reporting accuracy.

OBJECTIVE To prospectively study clinical and radiological PPCs and respiratory insufficiency
therapies in a high-risk surgical population.

DESIGN, SETTING, AND PARTICIPANTS We performed a multicenter prospective observational
study in 7 US academic institutions. American Society of Anesthesiologists physical status 3
patients who presented for noncardiothoracic surgery requiring 2 hours or more of general
anesthesia with mechanical ventilation from May to November 2014 were included in the
study. We hypothesized that PPCs, even mild, would be associated with early postoperative
mortality and use of hospital resources. We analyzed their association with modifiable
perioperative variables.

EXPOSURE Noncardiothoracic surgery.

MAIN OUTCOMES AND MEASURES Predefined PPCs occurring within the first 7 postoperative
days were prospectively identified. We used bivariable and logistic regression analyses to
study the association of PPCs with ventilatory and other perioperative variables.

RESULTS This study included 1202 patients who underwent predominantly abdominal,
orthopedic, and neurological procedures. The mean (SD) age of patients was 62.1 (13.8) years,
and 636 (52.9%) were men. At least 1 PPC occurred in 401 patients (33.4%), mainly the need
for prolonged oxygen therapy by nasal cannula (n = 235; 19.6%) and atelectasis (n = 206;
17.1%). Patients with 1 or more PPCs, even mild, had significantly increased early
postoperative mortality, intensive care unit (ICU) admission, and ICU/hospital length of stay.
Significant PPC risk factors included nonmodifiable (emergency [yes vs no]: odds ratio [OR],
4.47, 95% CI, 1.59-12.56; surgical site [abdominal/pelvic vs nonabdominal/pelvic]: OR, 2.54,
95% CI, 1.67-3.89; and age [in years]: OR, 1.03, 95% CI, 1.02-1.05) and potentially modifiable
(colloid administration [yes vs no]: OR, 1.75, 95% CI, 1.03-2.97; preoperative oxygenation:
OR, 0.86, 95% CI, 0.80-0.93; blood loss [in milliliters]: OR, 1.17, 95% CI, 1.05-1.30; anesthesia
duration [in minutes]: OR, 1.14, 95% CI, 1.05-1.24; and tidal volume [in milliliters per kilogram
of predicted body weight]: OR, 1.12, 95% CI, 1.01-1.24) factors.

CONCLUSIONS AND RELEVANCE Postoperative pulmonary complications are common in
patients with American Society of Anesthesiologists physical status 3, despite current
protective ventilation practices. Even mild PPCs are associated with increased early
postoperative mortality, ICU admission, and length of stay (ICU and hospital). Mild frequent
PPCs (eg, atelectasis and prolonged oxygen therapy need) deserve increased attention and
intervention for improving perioperative outcomes.
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P ostoperative pulmonary complications (PPCs) ad-
versely influence surgical morbidity and mortality,1,2

particularly within the first postoperative week.3-5

Their incidence ranges from 6% to 80%, depending on defi-
nitions, severity considered (from atelectasis to acute respi-
ratory distress syndrome [ARDS]), and presence of risk
factors.2,6-9 Estimates suggest that more than 1 million PPCs
occur annually in the United States, with 46 200 related
deaths and 4.8 million additional hospitalization days.1

Previous studies on PPCs1, 2,6,10,11 have been mostly
retrospective10,11 or based on administrative data,1,6 or they
included patients at very different risk levels for PPCs.2,11

Assessing the effect of PPCs on outcomes with administra-
tive data, particularly those presumed mild and often omit-
ted (eg, atelectasis or the supplemental oxygen postopera-
tive requirement), is a challenge that hinders the
development of effective specific measures.1

Interventions to reduce PPCs include intraoperative
intensive care unit (ICU)–like mechanical ventilation
strategies,5,10,12,13 which have been adopted over the past
decade by US academic centers.14,15 Yet, the contemporary in-
cidence, clinical impact, and risk factors of individual PPCs af-
ter these practice changes are unknown. Detailed knowledge
on current mild-to-severe PPCs is needed to identify modifi-
able risk factors in order to maximize the effectiveness of new
interventions. Such an approach matches well with initia-
tives such as the perioperative surgical home16,17 and en-
hanced recovery after surgery.18,19

We performed a multicenter prospective observational
study in 7 US academic institutions of patients with severe
systemic disease (American Society of Anesthesiologists
[ASA] physical status class 3) undergoing prolonged noncar-
diothoracic surgery with general anesthesia and mechanical
ventilation. This surgical population subset is particularly
susceptible to PPCs2 and would be an ideal target for future
interventions based on their volume and severe, but not life-
threatening, disease burden. We hypothesized that in this
patient cohort, PPCs, even those presumed mild, would be
significantly associated with early postoperative mortality
and use of hospital resources. To test our hypotheses, we
prospectively quantified the incidence of early PPCs in this
high-risk patient cohort and assessed the association of
mild-to-severe PPCs with these outcomes. In addition, we
analyzed the association between the incidence of PPCs and
intraoperative ventilation settings and other relevant peri-
operative variables.

Methods
Study Design
In this study by members of the Perioperative Research Net-
work, institutional review board approval was obtained at
each participating institution. Either waiver of consent or an
opt-out opportunity were approved as required by indi-
vidual institutional review boards, based on the observa-
tional nature of the study and for feasibility of enrollment
immediately before surgery.

Population
Eligible study patients were prospectively identified from the
daily surgical schedule at all 7 institutions (May-November
2014). Patients were considered eligible and included if they
fulfilled the following criteria immediately before surgery: age
18 years or older; ASA class 3 as determined in the preopera-
tive evaluation and confirmed by the institutional principal in-
vestigator; any type of noncardiothoracic nonaortic surgery,
including elective or emergency procedures; general anesthe-
sia with endotracheal intubation and mechanical ventilation;
and expected length of surgical procedure 2 hours or longer.
Exclusion criteria included long-term preoperative continu-
ous ventilatory support (continuous positive airway pressure
/bilevel positive airway pressure) or oxygen dependency; tra-
cheostomized patients; self-reported pregnancy; or life ex-
pectancy equal to or less than 30 days as estimated by the cli-
nician’s notes in the patient’s medical record.

Study Protocol
The following data were collected. Immediately before sur-
gery: age, sex, height, and weight; preexisting comorbidities
(see preagreed standardized definitions and other method-
ological details in the eAppendix in the Supplement); medi-
cations; peripheral saturation of oxygen (obtained in the
preoperative area with no supplemental oxygen); and
hemoglobin concentration in blood (if available within 30
days prior to surgery).

Intraoperative data included the surgical procedure; sur-
gery duration (incision to end of surgery) and anesthesia du-
ration (measure of duration of mechanical ventilation, de-
fined as time from anesthesia induction to extubation and/or
out of operating room time if the patient was transferred me-
chanically ventilated to the next care unit); mechanical ven-
tilation settings; vital signs; neuromuscular blockade moni-
toring; presence of regional anesthesia; and administered fluids
and medications. For ventilation settings and vital signs, the
intraoperative median was calculated for each patient. Mor-
phine equivalents of the administered opioids were calcu-
lated and adjusted to weight and anesthesia duration.

Key Points
Question Are postoperative pulmonary complications (PPCs),
even mild ones, associated with early postoperative mortality and
use of hospital resources?

Findings In this multicenter study in 1202 American Society of
Anesthesiologists physical status 3 patients undergoing
noncardiothoracic surgery requiring 2 hours or more of general
anesthesia with mechanical ventilation, at least 1 PPC occurred in
401 patients (mainly the need for prolonged oxygen therapy by
nasal cannula and atelectasis). Patients with 1 PPC or more, even
mild, had significantly increased early postoperative mortality,
intensive care unit admission, and intensive care unit/hospital
length of stay.

Meaning Mild frequent PPCs (eg, atelectasis and prolonged
oxygen therapy need) deserve increased attention and
intervention for improving perioperative outcomes.
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End Points
The main end point of this study was the incidence of PPCs,
occurring within the first 7 postoperative days (PODs). Post-
operative pulmonary complications were collected prospec-
tively following preagreed definitions (eAppendix in the
Supplement) and included clinical diagnoses (pneumonia,20

bronchospasm, and/or ARDS21), radiological diagnoses (pres-
ence of any degree or location of atelectasis,2 pneumothorax,2

and/or pleural effusion2), and therapies for respiratory insuf-
ficiency (prolonged [>1 day after end of surgery] supplemen-
tal oxygen by nasal cannula [NC], face mask [FM], postopera-
tive noninvasive ventilation [new to the patient or extended
in time compared with the patient’s routine use], and/or re-
intubation with postoperative mechanical ventilation [POMV]).
Radiological diagnoses were reported by attending radiolo-
gists independent of the study, with the final consideration as
PPC by local study principal investigators. Mechanical venti-
lation for nonrespiratory reasons (ie, ventilation maintained
at end of surgery or initiated after surgery for reasons other than
respiratory failure, such as unstable arrhythmia or hemody-
namic instability) was not considered as POMV. Additional
clinical outcomes collected were mortality within the first 7
PODs and admission and length of stay (LOS) in the ICU/
intermediate care unit and hospital.

Statistical Analysis
The estimated sample size of 1000 patients provided 80%
power to detect an odds ratio (OR) of 1.2 or greater as statisti-
cally significant for each ventilatory variable of interest and
its association with the composite outcome of any of the PPCs,
assuming a multiple correlation between the ventilatory vari-
able and the other independent variables in the logistic re-
gression of 0.25 or less, or 90% power to detect an OR of 1.3
or greater, assuming a multiple correlation of 0.50 or less ob-
served earlier.2

We summarized population characteristics, periopera-
tive variables, PPCs, and outcomes. Any missing and outlier
data values were individually revised for completion or cor-
rection or left as missing data points in our study database. All
values represent mean (SD) or number (percentage), unless
stated otherwise.

The association between the PPCs (composite and indi-
vidual PPCs) with demographic data, perioperative data, and
clinical outcomes were examined with χ2 or Fisher exact
tests for categorical variables and t test or Wilcoxon rank
sum test for continuous variables. These PPC composite
bivariable associations were then individually adjusted by
clustering of patients within sites using simple hierarchical
logistic regression with site as a random effect. Relevant
covariates to include in the final model were identified as
those with P values less than .10, clinical relevance,5 and no
significant statistical association with other relevant vari-
ables. For the final model, multivariable hierarchical logistic
regression was used to model the relationships between the
development of PPC and ventilatory settings. The linearity
of each continuous predictor with the log odds outcome was
checked graphically and, if not present, a variable log trans-
formation was performed (eg, expected blood loss). Pearson

correlation coefficients were used to assess collinearity
between predictors. To examine the appropriateness of the
final model, the intraclass correlation coefficient was calcu-
lated. The intraclass correlation coefficient represents the
ratio of between-site variance to total variance and ranges
from 0 to 1 (larger values representing stronger clustering
effects).

All analyses were performed using SAS version 9.4 (SAS
Institute). A level significance of .05 was used for all statisti-
cal tests previously mentioned.

Results
The 1202 included patients underwent predominantly gastro-
intestinal, orthopedic, and neurological surgery (descriptive
characteristics are shown in Table 1). To reduce the degrees of
freedom related to multiple surgery types in the multivariate
analysis, procedures were combined into abdominal/pelvic
(45.3%) and nonabdominal/pelvic (54.7%) following previ-
ous PPC risk assessments.2,22 Albumin was the only colloid fluid
used. At least 1 radiological examination was performed after
surgery in 381 patients (31.7%). All missing or outlier values of
study parameters were identified and corrected. See the eTable
in the Supplement for further details.

Patients who developed 1 or more PPCs (n = 401; 33.4%)
were significantly older and presented with more frequent pre-
operative diagnoses of hypertension, chronic obstructive pul-
monary disease, and cancer (Table 1). No medications were sig-
nificantly different between patients with and without PPCs.
Patients with 1 or more PPCs were significantly more likely to
undergo abdominal/pelvic surgery, emergent and/or longer sur-
gical procedures, and a general/regional combined anes-
thetic approach (compared with exclusively general anesthe-
sia) (Table 1). Preoperative hemoglobin and room-air oxygen
saturation were lower in patients who later developed PPCs.
During the intraoperative period, patients presenting 1 or more
PPCs were more likely to have received volume control ven-
tilation with a slightly higher positive end-expiratory pres-
sure (PEEP), but the median tidal volume (VT) and inspired oxy-
gen fraction (FiO2) were not different from those received by
patients with no PPC in the site-adjusted analysis (Table 1). This
site-adjusted analysis also showed that patients with 1 or more
PPCs had greater blood loss, volume of infused crystalloids or
colloids, percentage of transfused blood products, and intra-
operative phenylephrine for hemodynamic support. Patients
with 1 or more PPCs more often received desflurane or ket-
amine and lower doses of morphine equivalents (in micro-
grams per kilogram per hour). The use of neuromuscular block-
ing agents, neuromuscular blocking agent monitoring, and
neuromuscular blocking agent reversal were similar in all pa-
tients, but the dose of neostigmine was higher in those with 1
or more PPCs.

A third of the studied patients (n = 401) developed at least
1 PPC (Table 2). The most frequent PPC was the prolonged (>1
day) need for oxygen supplementation by NC, followed by at-
electasis and pleural effusion (Table 2). Acute respiratory dis-
tress syndrome and pneumothorax were the least frequent
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Table 1. Study Group Characteristics and Bivariable Analysis Results for PPC Composite

Variable

No. (%)

RR (95% CI) P Value
Site-Adjusted
P Value

Total Patients
(n = 1202)

≥1 PPC
(n = 401)

No PPC
(n = 801)

Demographics

Age 62.1 (13.8) 65.0 (12.4) 60.6 (14.2) NA <.001 <.001

Male 636 (52.9) 197 (49.1) 439 (54.8) NA .06 .20

BMI 30.0 (7.5) 30.2 (7.9) 29.8 (7.3) NA .41 .48

Comorbidities

Hypertension 790 (65.7) 284 (70.8) 506 (63.2) 1.27 (1.06-1.51) .008 .04

Heart failure 68 (5.7) 31 (7.7) 37 (4.6) 1.40 (1.06-1.83) .03 .07

Anemia, hemoglobin <10 g/dL 124 (10.3) 50 (12.4) 74 (9.2) 1.24 (0.98-1.56) .08 .10

Chronic obstructive pulmonary
disease

103 (8.6) 52 (13.0) 51 (6.4) 1.59 (1.29-1.97) <.001 .007

Asthma 172 (14.3) 52 (13.0) 120 (15.0) 0.89 (0.70-1.14) .35 .24

Obstructive sleep apnea 234 (19.5) 88 (21.9) 146 (18.2) 1.16 (0.96-1.40) .12 .34

Smoking status

Current 161 (13.4) 59 (14.7) 102 (12.8) 1.11 (0.89-1.39) .35 .24

Former 478 (42.0) 177 (46.2) 301 (39.9) 1.19 (1.01-1.40) .04 .05

Cancer 499 (41.5) 187 (46.6) 312 (39.0) 1.23 (1.05-1.44) .01 .02

Gastroesophageal reflux disease 431 (35.9) 162 (40.5) 269 (33.6) 1.21 (1.03-1.43) .02 .09

Diabetes 301 (25.0) 110 (27.4) 191 (23.8) 1.13 (0.95-1.35) .18 .24

Alcohol abuse 92 (7.7) 35 (8.7) 57 (7.1) 1.15 (0.88-1.52) .32 .25

Surgical procedure

Surgery category

Abdominal/pelvic 545 (45.3) 240 (59.9) 305 (30.1)
1.79 (1.52-2.11) <.001 <.001

Nonabdominal/pelvic 657 (54.7) 161 (40.1) 496 (61.9)

Emergency 61 (5.1) 34 (8.5) 27 (3.4) 1.73 (1.37-2.20) <.001 .04

Any regional block 266 (22.1) 112 (27.9) 154 (19.2) 1.36 (1.15-1.62) <.001 .007a

Surgery duration, h 3.6 (2.0) 4.2 (2.4) 3.4 (1.7) NA <.001 <.001a

Anesthesia duration, h 4.7 (2.2) 5.3 (2.6) 4.3 (1.9) NA <.001 <.001

Preoperative SpO2, No. (%) 97.2 (2.1) 96.8 (2.3) 97.4 (2.0) NA <.001 <.001

Preoperative hemoglobin, g/dL 12.4 (2.1) 12.1 (2.1) 12.5 (2.1) NA .01 .02a

Intraoperative mechanical ventilation

Ventilatory modes

Volume control, VCV 824 (68.6) 260 (65.0) 564 (70.4) NA .002b NA

Pressure control, PCV, PCV-VG 178 (14.8) 80 (20.0) 98 (12.2) NA NA .37

Assisted/supported, PSV, SIMV 48 (4.0) 11 (2.8) 37 (4.6) NA NA .13

Unspecified 151 (12.6) 49 (12.3) 102 (12.7) NA NA .68

Median exhaled VT, mL/kg PBW 8 (1.6) 8 (1.6) 8 (1.7) NA .53 .25c

Median FiO2, No.(%) 54.4 (13.9) 56.1 (14.8) 53.6 (13.3) NA .002 .15c

Median PEEP, cm H2O 5.1 (1.7) 5.2 (1.7) 5 (1.7) NA .07 .01c

Respiratory rate, breaths/min 12 (2.2) 11.9 (2.3) 12.1 (2.2) NA .12 .24

Peak inspiratory pressure, cm H2O 21.3 (5.4) 21.4 (5.5) 21.2 (5.4) NA .53 .13

Plateau airway pressure, cm H2O 20.1 (4.9) 20.4 (5.0) 19.9 (4.9) NA .25 .25

SpO2, No. (%) 98.8 (1.4) 98.8 (1.4) 98.8 (1.3) NA .78 .86

ETCO2, mm Hg 35.1 (3.1) 35.3 (2.9) 35.1 (3.2) NA .38 .18

Intraoperative hemodynamic data

Mean blood pressure, mm Hg 82.6 (10.5) 82.2 (10.0) 82.8 (10.7) NA .38 .98

Mean blood pressure <60 mm Hg, min 4.3 (14.0) 5.3 (15.7) 3.7 (13.0) NA .005 .07a

Median temperature, °C 36.1 (0.6) 36.6 (1.1) 36.7 (1.3) NA .46 .07a

(continued)
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complications. While most patients presented a single PPC, 14%
of patients experienced 2 or more PPCs (Table 3).

Twenty-three patients were discharged from the hospi-
tal within 24 hours (Table 3). All patients with more than 1
PPC were admitted to the hospital. Median hospital LOS
increased as the number of PPCs per patient increased. Two
hundred and seventy patients (22.5%) were admitted to the
ICU (Table 3): 214 were admitted immediately after surgery
and 56 within the following 7 PODs. The number of PPCs per
patient was directly associated with the likelihood of admis-
sion to the ICU and median ICU LOS (Table 3). Not only were
severe PPCs—such as ARDS, reintubation with POMV, pneu-
monia, and rescue postoperative noninvasive ventilation—
associated with increased ICU admission and LOS, but also
atelectasis, pleural effusion, and prolonged oxygen require-
ment by NC/FM (Table 4).

Nine patients (0.8%) died within the first 7 PODs (early
postoperative mortality), all with more than 1 pulmonary

complication (Table 3). The presence of 1 or more PPCs of
any type was significantly associated with increased early
mortality (2.3% in patients with ≥1 PPC vs 0% in patients
with no PPCs; P < .001; see relative risk in Table 3). Early
mortality rate was the highest in patients with ARDS and
reintubation with POMV (50% and 14.3%, respectively, cor-
responding to relative risks [RR] of 74.8 [95% CI, 15.9-351.6]
and 28.0 [95% CI, 7.5-104.6], respectively), but it was also
significantly associated with pneumonia, pleural effusion,
and atelectasis (observed rates of 9.1%, 7.0%, and 4.4%,
respectively, and RRs of 15.3 [95% CI, 3.4-69.4], 75.3 [95%
CI, 9.5-597.0], and undefined, respectively). Atelectasis was
present in 9 patients and pleural effusion in 8, of the 9
patients with early postoperative death. Pneumothorax,
bronchospasm, and requirement of prolonged use of oxygen
by NC/FM were not associated with early mortality.

Significant variables from the site-adjusted bivariable
analysis were individually evaluated as predictors of PPC

Table 1. Study Group Characteristics and Bivariable Analysis Results for PPC Composite (continued)

Variable

No. (%)

RR (95% CI) P Value
Site-Adjusted
P Value

Total Patients
(n = 1202)

≥1 PPC
(n = 401)

No PPC
(n = 801)

Perioperative fluid management

Crystalloids, mL/kg/h 6.3 (3.7) 6.7 (3.8) 6.1 (3.6) NA .02 .03

Colloids, mL/kg/h 0.3 (0.8) 0.5 (1.1) 0.2 (0.6) NA <.001 <.001

Any blood product 132 (11.0) 70 (17.5) 62 (7.7) NA <.001 .003

Packed red blood cells 118 (9.8) 62 (15.5) 56 (7.0) NA <.001 .004

Fresh frozen plasma 42 (3.5) 29 (7.2) 13 (1.6) NA <.001 .003

Platelet 19 (1.6) 11 (2.7) 8 (1.0) NA .02 .08

Estimated blood loss, mL 343 (650) 484 (867) 273 (493) NA <.001 <.001

Urine output, mL/kg/h 1.2 (1.5) 1.2 (1.3) 1.3 (1.7) NA .57 .09a

Intraoperative medications

Analgesia, patients, No. (%)

Fentanyl 1114 (92.7) 376 (93.8) 738 (92.1) NA .31 .50

Sufentanil 59 (4.9) 21 (5.2) 38 (4.7) NA .71 .58

Hydromorphone 635 (52.8) 192 (47.9) 443 (55.3) NA .02 .83

Morphine 69 (5.7) 17 (4.2) 52 (6.5) NA .11 .28

Remifentanil 210 (17.5) 56 (14.0) 154 (19.2) NA .02 .19

Ketamine 159 (13.2) 72 (18.0) 87 (10.9) NA <.001 .03a

Dose

Morphine equivalents, μg/kg/h 2.2 (8.6) 1.4 (5.0) 2.6 (9.9) NA .02 .06

Ketamine, mg 21 (184) 41 (272) 12 (118) NA .01 .049

Neuromuscular blockade

Nondepolarizing NMBA 1038 (86.4) 357 (89.3) 681 (85.0) NA .04 .05

NMBA reversal 883 (73.7) 300 (75.0) 583 (73.1) NA .47 .38

Neostigmine, μg/kg 31.5 (24.1) 33.9 (24.8) 30.2 (23.7) NA .008 .001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); ETCO2, end-tidal partial pressure of carbon
dioxide; FiO2, inspired oxygen fraction; NA, not applicable;
NMBA, neuromuscular blocking agent; PBW, predicted body weight;
PEEP, positive end-expiratory pressure; PCV, pressure-controlled ventilation;
PPC, postoperative pulmonary complication; PSV, pressure-supported
ventilation; RR, relative risk; SIMV, synchronized intermittent mandatory
ventilation; SpO2, peripheral saturation of oxygen; VCV, volume-control
ventilation; VG, volume guaranteed; VT, tidal volume.

SI conversion factor: to convert hemoglobin to grams per liter, multiply by 10.
a Variables that were statistically significant in the univariable analysis but were

excluded from the logistic regression analysis because of their clinical and/or
statistical correlation with other included covariates.

b Compared with VCV as reference mode.
c Variables that were included in the logistic model as focus of this study,

independently of the P value.
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development in the hierarchical logistic regression analysis.
Variables with significant association with 1 or more PPCs
were emergency (OR, 4.47; 95% CI, 1.59-12.56) and
abdominal/pelvic surgery (OR, 2.54; 95% CI, 1.67-3.89),
colloid use (OR, 1.75; 95% CI, 1.03-2.97), estimated blood
loss (OR, 1.17; 95% CI, 1.05-1.30), VT (milliliters per kilogram
of predicted body weight) (OR, 1.12; 95% CI, 1.01-1.24),
anesthesia duration (OR, 1.14; 95% CI, 1.05-1.24), age (OR,
1.03; 95% CI, 1.02-1.05), and preoperative room-air
peripheral saturation of oxygen (OR, 0.86; 95% CI, 0.80-
0.93) (Figure). Positive end-expiratory pressure and FiO2

had no significant association with PPC development after
adjusting for covariates in the logistic regression analysis.
The estimated intraclass correlation coefficient (ratio of
between-site variance to total variance) was 0.037, support-
ing the cluster (hierarchical) logistic regression model.

Discussion

In this prospective multicenter study, we observed that PPCs
occur in one-third of noncardiothoracic surgical patients with
severe systemic disease (ASA physical status 3) despite cur-
rent intraoperative protective ventilation practices. The pres-
ence of at least 1 PPC, not only severe (eg, ARDS or pneumo-
nia) but also mild (eg, atelectasis or oxygen requirement), was
significantly associated with increased early postoperative
mortality, ICU admission, and prolonged LOS in the ICU and
hospital. In addition, we identified potentially modifiable fac-
tors for future targeted interventions, including colloid ad-
ministration, lower preoperative oxygenation, blood loss, an-
esthesia duration, and VT setting (even within protective limits).

We selected the ASA physical status 3 surgical population
because of its large volume, susceptibility to PPCs,2 and se-
vere but not life-threatening systemic disease burden, which
makes them ideal candidates of future interventions and gen-
eralizable results. Surgical procedures were classified into ab-
dominal/pelvic and nonabdominal/pelvic following previ-
ous PPC risk assessments2,22 reporting the highest risk for PPCs
after thoracic procedures (excluded from this study) fol-
lowed by abdominal surgical procedures, then peripheral pro-
cedures (lowest risk). Open and laparoscopic abdominal pro-
cedures were combined because the impact on PPCs after
varied operations remains unclear.5,23,24

Our results indicate that PPCs affect a substantial number
of this patient population. The observed incidence of at
least 1 PPC in 33.4% of patients was higher than previous
reports,2,6-9 likely due to a combination of different patient
characteristics, surgical procedures, and PPC definitions. Our
prospective design and the attempt to be comprehensive—
including interventions such as oxygen requirement, which
are difficult to reliably extract retrospectively—could also
contribute to these findings.

Table 2. Incidence of PPCs

Complication No. (%)

Pneumonia 22 (1.8)

Pneumothorax 4 (0.3)

Atelectasis 206 (17.1)

Pleural effusion 116 (9.7)

Bronchospasm 13 (1.1)

ARDS 2 (0.2)

Respiratory dysfunction requiring prolonged (>1 d) PO O2

By nasal cannula 235 (19.6)

By face mask 12 (1.0)

PO noninvasive ventilation 46 (3.8)

Reintubation + PO mechanical ventilation 21 (1.7)

At least 1 PPC 401 (33.4)

Abbreviations: ARDS, acute respiratory distress syndrome; O2, oxygen;
PO, postoperative; PPC, postoperative pulmonary complication.

Table 3. Number of PPCs and Clinical Outcomes

Variable
All Patients
(N = 1202)

Hospital ICU

7-d Mortality
(n = 9)

Patients, No. (%)
(n = 1179)

LOS, Median
(IQR), d

Patients, No. (%)
(n = 270)

LOS, Median
(IQR), d

No. of PPCs

0 801 (66.6) 781 (97.5) 3 (2-6) 133 (16.6) 1 (1-2) 0 (0)

1 231 (19.2) 228 (98.7) 5 (4-8) 57 (24.7) 2 (1-4) 0 (0)

2 91 (7.6) 91 (100.0) 8 (5-14) 35 (38.5) 3 (1-6) 3 (3.3)

3 58 (4.8) 58 (100.0) 9 (5-15) 32 (55.2) 4 (2-7) 4 (6.9)

4 17 (1.4) 17 (100.0) 8 (7-18) 9 (52.9) 7 (6-15) 2 (11.8)

5 2 (0.2) 2 (100.0) 22 (21-22) 2 (100.0) 14 (9-18) 0 (0)

6 2 (0.2) 2 (100.0) 25 (24-26) 2 (100.0) 9 (6-11) 0 (0)

At least 1 PPC 401 (33.4) 398 (99.3)a 6 (4-11)b 137 (34.2)b 3 (2-6)b 9 (2.3)b

RR or MDiff (95% CI),
(≥1 PPC vs 0 PPCs)

NA 1.02 (1.00-1.03) 3.0 (2.0-5.3) 2.1 (1.7-2.5) 2.0 (0.7-3.0) NDc

Abbreviations: ICU, intensive care unit; IQR, interquartile range;
LOS, length of stay; MDiff, median difference; NA, not available;
ND, not defined; PPC, postoperative pulmonary complication;
RR, relative risk.

a P < .05 in patients with at least 1 PPC vs 0 PPCs.
b P < .001 in patients with at least 1 PPC vs 0 PPCs.
c RR or MDiff (95% CI) calculated as not defined or not calculated.
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Table 4. Individual PPCs and Clinical Outcomes

Individual PPCs
All Patients
(n = 1202)

Hospital ICU
7-d Mortality
(n = 9)

Patients, No. (%)
(n = 1179)

LOS, Median
(IQR), d

Patients, No. (%)
(n = 270)

LOS, Median
(IQR), d

Pneumonia

Yes 22 (1.8) 22 (100.0) 12.0 (7.0-21.0)a 10 (45.5)b 6.1 (3.0-9.0)c 2 (9.1)b

No 1180 (98.2) 1157 (98.1) 4.0 (2.0-7.0) 260 (22.0) 2.0 (1.0-4.0) 7 (0.6)

RR or MDiff (95% CI) NA 1.02 (1.01-1.03) 8.00 (2.44-15.68) 2.06 (1.29-3.30) 4.0 (0.95-7.11) 15.3 (3.4-69.4)

Pneumothorax

Yes 4 (0.3) 4 (100.0) 6.7 (5.0-10.7) 2 (50.0) 1.3 (0.5-2.0) 0 (0)

No 1188 (99.7) 1175 (98.1) 4.0 (2.1-7.0) 268 (22.4) 2.0 (1.0-4.0) 9 (0.8)

RR or MDiff (95% CI) NA 1.02 (1.01-1.03) 1.0 (1.0-8.81) 2.24 (0.83-5.99) −1.50d NDd

Atelectasis

Yes 206 (17.1) 206 (100.0)b 7.4 (5.0-13.0)a 87 (42.2)a 3.0 (1.8-6.0)a 9 (4.4)a

No 996 (82.9) 973 (97.7) 4.0 (2.0-6.0) 183 (18.4) 2.0 (1.0-3.0) 0 (0.0)

RR or MDiff (95% CI) NA 1.02 (1.01-1.03) 3.29 (0.56-6.81) 2.30 (1.87-2.83) 1.0 (0.87-3.25) NDd

Pleural effusion

Yes 116 (9.7) 115 (99.1) 8.4 (5.0-16.0)a 61 (52.6)a 3.6 (2.0-7.0)a 8 (7.0)a

No 1086 (90.3) 1064 (98.0) 4.0 (2.0 to 6.3) 209 (19.2) 2.0 (1.0-3.0) 1 (0.1)

RR or MDiff (95% CI) NA 1.01 (0.99-1.03) 4.38 (0.52-9.17) 2.73 (2.21-3.38) 1.56 (−0.07 to 4.32) 75.3 (9.5-597.0)

Bronchospasm

Yes 13 (1.1) 13 (100.0) 4.0 (2.8-7.0) 2 (15.4) 4.5 (2.0-7.0) 0 (0.0)

No 1189 (98.9) 1166 (98.1) 4.0 (2.1-7.0) 268 (22.5) 2.0 (1.0-4.0) 9 (0.8)

RR or MDiff (95% CI) NA 1.02 (1.01-1.03) 0 (−1.26 to 33.12) 0.68 (0.19-2.45) 0d NDd

ARDS

Yes 2 (0.2) 2 (100.0) 17.0 (7.5-26.4) 2 (100.0) 6.9 (6.3-7.5)b 1 (50.0)b

No 1200 (99.8) 1177 (98.1) 4.0 (2.1-7.0) 268 (22.3) 2.0 (1.0-4.0) 8 (0.7)

RR or MDiff (95% CI) NA 1.02 (1.01-1.03) 3.50d 4.48 (4.03-4.98) 4.25d 74.8 (15.9-351.6)

Respiratory dysfunction
requiring prolonged
(>1 d) postoperative
O2 by NC

Yes 235 (19.6) 235 (100.0)b 6.0 (4.0-9.7)a 72 (30.6)a 3.0 (2.0-6.0)a 1 (0.4)

No 967 (80.4) 944 (97.6) 4.0 (2.0-6.0) 198 (20.5) 2.0 (1.0-3.0) 8 (0.8)

RR or MDiff (95% CI) NA 1.02 (1.01-1.03) 2.0 (2.0-4.38) 1.5 (1.19-1.88) 1.0 (0.48-2.89) 0.51 (0.06-4.08)

Respiratory dysfunction
requiring prolonged
(>1 d) postoperative
O2 by face mask

Yes 12 (1.0) 12 (100.0) 14.5 (5.6-23.0)a 10 (83.3)a 6.6 (3.0-11.0)a 0 (0)

No 1190 (99.0) 1167 (98.1) 4.0 (2.0-7.0) 260 (21.8) 2.0 (1.0-4.0) 9 (0.8)

RR or MDiff (95% CI) NA 1.02 (1.01-1.03) 7.0 (1.97-18.76) 3.81 (2.90-5.02) 4.15 (0.95-9.38) NDd

Postoperative-
noninvasive ventilation

Yes 46 (3.8) 44 (95.7) 6.0 (3.0-9.5)b 16 (34.8)b 6.1 (2.5-7.5)a 2 (4.3)b

No 1156 (96.2) 1135 (98.2) 4.0 (2.0-7.0) 254 (22.0) 2.0 (1.0-3.8) 7 (0.6)

RR or MDiff (95% CI) NA 0.97 (0.92-1.04) 2.0 (−1.52 to 5.74) 1.58 (1.05-2.39) 4.0 (1.18-5.82) 7.2 (1.5-33.5)

Reintubation +
postoperative
mechanical ventilation

Yes 21 (1.7) 21 (100.0) 21.0 (9.0-26.0)a 19 (90.5)a 7.0 (5.0-11.6)a 3 (14.3)a

No 1181 (98.3) 1158 (98.1) 4.0 (2.0-7.0) 251 (21.3) 2.0 (1.0-3.5) 6 (0.5)

RR or MDiff (95% CI) NA 1.02 (1.01-1.03) 17.0 (5.14-22.40) 4.26 (3.57-5.08) 5.0 (4.09-9.37) 28.0 (7.5-104.6)

Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care
unit; IQR, interquartile range; LOS, length of stay; MDiff, median difference;
O2, oxygen; NA, not applicable; NC, nasal cannula; ND, not defined; O2, oxygen;
PPC, postoperative pulmonary complication; RR, relative risk.
a P < .001 yes vs no for individual PPCs.

b P < .05.
c P < .01.
d RR or MDiff (95% CI) calculated as not defined or not calculated.
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Our findings underline that not only severe but also mild
PPCs are associated with significantly increased morbidity,
mortality, and ICU and hospital LOS. These outcomes varied
with the type and number of PPCs. For example, the pres-
ence of pneumothorax, bronchospasm, and oxygen require-
ment by NC/FM were significantly associated with longer hos-
pital LOS despite no association with mortality. The most severe
PPCs—ARDS and reintubation with POMV—significantly in-
creased the risk for early mortality risk (RRs, 74.8 and 28.0,
respectively) and the ICU LOS but they were rare in ours and
previous studies (Table 4).10,11 Importantly, less severe but con-
siderably more frequent PPCs, such as atelectasis or pleural ef-
fusion, also increased the risk for mortality (RR calculated as
undefined high owing to denominator equal to 0 or 75.3, re-
spectively) and ICU/hospital LOS (see RRs in Table 4). Pneu-
monia could be considered a moderate PPC in both fre-
quency and severity, increasing the risk for mortality (RR, 15.3)
and the ICU/hospital LOS (Table 4). Therefore, interventions
to reduce less-severe PPCs may offer previously unrecog-
nized and substantial opportunities for improvements in post-
operative outcomes and use of hospital resources.

We found modifiable and nonmodifiable variables inde-
pendently associated with PPCs. While some were noted in pre-
vious studies, their relative association to outcomes differed,
providing a more specific and contemporary measure of their
relevance in the studied setting. Nonmodifiable factors (age
and abdominal or emergency surgery) were consistent with
previous literature2,11,25,26 and emphasize the need for en-
hanced interventions to specifically address these groups.
Modifiable factors—such as preoperative oxygenation, proce-
dure duration, and blood loss—offer an opportunity for test-
ing multidisciplinary strategies, such as early identification of
high-risk patients and effective prevention strategies. The use
of colloids (albumin in milliliters per kilogram per hour) was
a modifiable variable independently associated with PPC de-

velopment. This is consistent with previous literature sug-
gesting an effect of large fluid administration in worsening sur-
gical outcomes,25,27,28 and our observed lower administration
of fluids (in milliliters per kilogram per hour) to patients with-
out PPCs. Interestingly, recent studies have shown an in-
creased PPC risk in surgical patients with hypoalbuminemia.2,26

Thus, our results indicate that control of fluid replacement is
an important area of intervention for reduction of PPCs. Fu-
ture studies should address the role of individual fluids and
criteria for administration.

Intraoperative VT was another modifiable variable asso-
ciated with PPC after covariate adjustment. There is an in-
creased interest in perioperative protective mechanical ven-
tilation and a trend to use lower intraoperative VTs despite
limited information on the specific optimal settings for differ-
ent surgical patients.5,10,29 The significant association of VT with
PPCs (12% increased risk per milliliters per kilogram of pre-
dicted body weight unit of VT; Figure) in the adjusted analy-
sis suggests its role even at the lower range of values used. The
effect of PEEP and FiO2 on PPCs was less clear and is contro-
versial in the literature.12,29,30 Our observed narrow range of
PEEP and FiO2 may have influenced the lack of a detectable
effect. Future specific studies will be required to establish the
effect of those variables on surgical outcomes. Of note, our high
incidence of PPCs, even in the presence of protective ventila-
tory strategies,10 implies that interventions to reduce PPCs will
need to address factors beyond mechanical ventilation to ef-
fectively impact outcome.

Our collaborative effort successfully characterized the epi-
demiology of individual PPCs in a contemporary multicenter
high-risk cohort. This study was developed in a detail-
oriented manner with preagreement of terms and data to be
collected. Our investigation exploited information extraction
from electronic medical record systems. The prospective
enrollment, data collection, and validation add reliability to

Figure. Variables Independently Associated With Postoperative Pulmonary Complications Development by Hierarchical Logistic Regression Analysis

Dichotomous 
Predictors

Odds Ratio
(95% CI)

Hypertension 0.91 (0.58-1.41)
Heart failure 1.88 (0.87-4.07)
COPD 1.83 (0.91-3.67)
Former smoker 1.14 (0.77-1.69)
Cancer 1.12 (0.75-1.66)
GERD 1.34 (0.90-1.98)
Insulin 1.63 (0.84-3.17)
Surgery type 2.54 (1.67-3.89)
Anemia 1.05 (0.54-2.01)
Emergency 4.47 (1.59-12.56)
Colloids 1.75 (1.03-2.97)
Blood products 0.86 (0.44-1.69)
Nondepolarizing NMBA 0.80 (0.41-1.56)

0 3 1311975
Odds Ratio

1

DichotomousA

Continuous
Predictors

Odds Ratio
(95% CI)

VT, mL/kg PBW 1.12 (1.01-1.24)
FiO2 1.00 (0.99-1.02)
PEEP 1.07 (0.97-1.18)
Age 1.03 (1.02-1.05)
Anesthesia duration 1.14 (1.05-1.24)
Preoperative SpO2 0.86 (0.80-0.93)
EBL 1.17 (1.05-1.30)
Crystalloids 1.04 (0.99-1.09)
Neostigmine 1.00 (0.99-1.01)
Morphine equivalents 0.98 (0.96-1.01)
Ketamine 1.00 (1.00-1.00)

0.8 1.41.21.1 1.31.00.9
Odds Ratio

ContinuousB

COPD indicates chronic obstructive pulmonary disease; EBL, estimated blood loss; FiO2, inspired oxygen fraction; GERD, gastroesophageal reflux disease;
NMBA, neuromuscular blocking agents; PBW, predicted body weight; PEEP, positive end-expiratory pressure; SpO2, peripheral saturation of oxygen;
VT, tidal volume.

Research Original Investigation Assessing Postoperative Pulmonary Complications After Noncardiothoracic Surgery

164 JAMA Surgery February 2017 Volume 152, Number 2 (Reprinted) jamasurgery.com

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/26/2022

http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.4065


Copyright 2017 American Medical Association. All rights reserved.

clinical outcomes that are often more challenging to measure
than mortality. This design differentiates the present investi-
gation from prior studies that have relied exclusively on ad-
ministrative databases.11,25,31 This pioneering collaboration,
combining the resources of electronic medical records with pro-
spective patient assessment, may prove an efficient ap-
proach for benchmarking in perioperative care and is the foun-
dation of future interventions to improve perioperative care
and outcomes.

Limitations
Our study presents several limitations primarily related to its
observational nature, preselection of specific PPC defini-
tions, and possible multiple testing. The need for oxygen
therapy was determined by local practices and not by the
implementation of a common protocol. This has likely intro-
duced heterogeneity with potential avoidable oxygen
therapy but also untreated hypoxemia being present in our
sample. Indeed, hypoxemia32 has been found to be a com-
mon, persistent, and often underdiagnosed postoperative
complication. The association of this variable with the
reported outcomes, even in the presence of that heteroge-
neity, emphasizes its importance. Radiological examinations
were not obtained in all patients and therefore may induce a
selection bias. We addressed the residual bias and confound-
ing effects with adjusted analyses. Our findings reflect statis-

tical associations and do not imply cause-effect relation-
ships. Finally, our patient population limited to ASA physical
status 3 and 7-day postoperative follow-up after noncardio-
thoracic nonaortic surgery may limit the generalizability of
our results to other populations.

Conclusions
Postoperative pulmonary complications occurred in one-
third of all patients with severe systemic disease (ASA physi-
cal status 3) undergoing noncardiothoracic surgery of 2 hours
or more in 7 major US academic centers. The development of
at least 1 PPC, even those presumed mild, was associated with
significantly increased early postoperative mortality, ICU ad-
mission, and prolonged LOS in the ICU and hospital. A high in-
cidence of PPCs was observed even in the presence of venti-
lation settings that were consistent with protective ventilatory
strategies. Postoperative pulmonary complications fre-
quently considered mild (eg, atelectasis and prolonged oxy-
gen therapy requirement) deserve increased attention. Ef-
forts to reduce these mild PPCs may contribute to improved
perioperative outcomes and shorter hospital stays. These mul-
tidisciplinary interventions should include the management
of fluid administration, preoperative oxygenation, blood loss,
anesthesia duration, and intraoperative VT.
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Invited Commentary

Postoperative Pulmonary Complications—
A Multifactorial Outcome
Krista L. Haines, DO; Suresh Agarwal, MD

Using prospectively collected data, Fernandez-Bustamante
et al1 have been able to demonstrate that mild to severe
postoperative pulmonary complications (PPCs) are more
frequent than previously reported in noncardiac surgical
patients with severe systemic disease, despite intraopera-

tive care aimed at prevent-
ing these outcomes. The
authors appear to have cre-

ated a robust multi-institutional data set, thereby giving a
more accurate representation of the frequency and causal-
ity of postoperative pulmonary function following abdomi-
nal, orthopedic, and neurological surgery under general
anesthesia.

The authors1 identify a cohort of patients in the Ameri-
can Society of Anesthesiologists physical status 3 population
who are more susceptible to developing PPCs including el-
derly patients with hypertension, chronic obstructive pulmo-
nary disease, and cancer diagnoses. Further studies should be
undertaken to see whether any preoperative interventions
could decrease the chances of PPCs in this higher-risk group.
Another important addition was that the authors were able to
identify modifiable risk factors that can be intervened on, both
before and during surgery, to reduce the likelihood of PPCs,
especially in the higher-risk population.

Their results additionally suggest that colloid (albumin)
should not be used in American Society of Anesthesiologists
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