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IMPORTANCE Prolonged anesthesia and operative times have deleterious effects on surgical
outcomes in a variety of procedures. However, data regarding the influence of anesthesia
duration on microvascular reconstruction of the head and neck are lacking.

OBJECTIVE To examine the association of anesthesia duration with complications after
microvascular reconstruction of the head and neck.

DESIGN, SETTING, AND PARTICIPANTS The American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database was used to collect data. In total, 630
patients who underwent head and neck microvascular reconstruction were recorded in the
NSQIP registry from January 1, 2005, through December 31, 2013. Patients who underwent
microvascular reconstructive surgery performed by otolaryngologists or plastic surgeons
were included in this study. Data analysis was performed from October 15, 2015, to January
15, 2016.

EXPOSURES Microvascular reconstructive surgery of the head and neck.

MAIN OUTCOMES AND MEASURES Patients were stratified into 5 quintiles based on mean
anesthesia duration and analyzed for patient characteristics and operative variables (mean
[SD] anesthesia time: group 1, 358.1 [175.6] minutes; group 2, 563.2 [27.3] minutes; group 3,
648.9 [24.0] minutes; group 4, 736.5 [26.3] minutes; and group 5, 922.1 [128.1] minutes).
Main outcomes include rates of postoperative medical and surgical complications and
mortality.

RESULTS A total of 630 patients undergoing head and neck free flap surgery had available
data on anesthesia duration and were included (mean [SD] age, 61.6 [13.8] years; 436
[69.3%] male). Bivariate analysis revealed that increasing anesthesia duration was associated
with increased 30-day complications overall (55 [43.7%] in group 1 vs 80 [63.5%] in group 5,
P = .006), increased 30-day postoperative surgical complications overall (45 [35.7%] in
group 1 vs 78 [61.9%] in group 5, P < .001), increased rates of postoperative transfusion (32
[25.4%] in group 1 vs 70 [55.6%] in group 5, P < .001), and increased rates of wound
disruption (0 in group 1 vs 10 [7.9%] in group 5, P = .02). No specific medical complications
and no overall medical complication rate (24 [19.0%] in group 1 vs 22 [17.5%] in group 5,
P = .80) or mortality (1 [0.8%] in group 1 vs 1 [0.8%] in group 5, P = .75) were associated with
increased anesthesia duration. On multivariate analysis accounting for demographics and
significant preoperative factors including free flap type, overall complications (group 5: odds
ratio [OR], 1.98; 95% CI, 1.10-3.58; P = .02), surgical complications (group 5: OR, 2.46; 95%
CI, 1.35-4.46; P = .003), and postoperative transfusion (group 5: OR, 2.31; 95% CI, 1.27-4.20;
P = .006) remained significantly associated with increased anesthesia duration; the
association of wound disruption and increased anasthesia duration was nonsignificant (group
5: OR, 2.0; 95% CI, 0.75-5.31; P = .16).

CONCLUSIONS AND RELEVANCE Increasing anesthesia duration was associated with
significantly increased rates of surgical complications, especially the requirement for
postoperative transfusion. Rates of medical complications were not significantly altered, and
overall mortality remained unaffected. Avoidance of excessive blood loss and prolonged
anesthesia time should be the goal when performing head and neck free flap surgery.
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F ree tissue transfer is widely regarded as the criterion
standard for reconstruction in the surgical manage-
ment of head and neck cancers, facilitating optimal func-

tional and aesthetic outcomes. Since its introduction, micro-
vascular technology and technique have undergone
developments that have made free flap repairs safe and effec-
tive, with a success rate of 91% to 99%.1-3 However, patients
are still subject to postoperative complications that result from
the complex nature of the procedure, long operative course,
and suboptimal preoperative health status. These complica-
tions may contribute to the rare flap failure, which is associ-
ated with substantial morbidity and significant cost to the pa-
tient and health care system.4-6

The frequency and potential severity of complications af-
ter free flap repairs of the head and neck necessitate a thor-
ough investigation of outcome predictors. Although several
studies3,5-9 have sought to identify risk factors associated with
flap failure, results among various institutional analyses con-
flict, and generalizable data are lacking.2,10 One variable in par-
ticular requiring additional investigation is anesthesia dura-
tion for which, to our knowledge, there is no analysis of
population-based data specific to patients undergoing head and
neck surgery. The association between increased operative time
and morbidity has been well documented in general and pro-
cedure-specific analyses.11-14 Several studies11,12,14 have found
that a longer operation is associated with increased rates of in-
fection, wound disruption, and thrombotic events in pa-
tients undergoing free flap surgery. In addition, prolonged an-
esthesia duration may be particularly important in
microvascular surgery because flap viability is intimately re-
lated to the degree of intraoperative hemodynamic control.15

The need for this analysis was further evidenced by the var-
ied anesthetic management of patients undergoing free flap
surgery, suggesting a paucity of data with which to construct
evidence-based guidelines.16,17 Anesthesia duration repre-
sents a modifiable risk factor, and the identification of signifi-
cant associations may help guide patient selection and intra-
operative decision making. This study aimed to elucidate
possible associations between anesthesia duration, preopera-
tive characteristics, and postoperative complications in pa-
tients undergoing head and neck free flap surgery by using
population-based data collected from the American College of
Surgeons National Surgical Quality Improvement Program
(NSQIP) database.

Methods
A retrospective analysis was performed on data from the NSQIP
participant use files for January 1, 2005, through December 31,
2013. The NSQIP database was accessed in October 2015 to
identify patients who underwent free flap reconstruction of
the head and neck between 2005 and 2013 using the Current
Procedural Terminology codes outlined in the eTable in the
Supplement. Data analysis was performed from October 15,
2015, to January 15, 2016. Patients who underwent a free flap
and concurrent head and neck cancer procedures were in-
cluded in the final cohort. Only patients with information re-

garding anesthesia duration were included in the analysis. In
addition, patients with an anesthesia duration of 0 minutes
were excluded from the analysis under the assumption that
this was a coding error or aborted procedure. This analysis was
determined to be exempt from approval by the Rutgers New
Jersey Medical School Institutional Review Board because of
the deidentified format of the NSQIP data set; therefore, no pa-
tient informed consent was required.

Patients were subsequently stratified into 5 ranked quin-
tiles based on duration of anesthesia to more precisely cap-
ture the specific anesthesia durations that may be associated
with a particular complication. Patients with tied duration were
grouped in the same quintile, resulting in small variations in
quintile population sizes. Preoperative patient characteris-
tics and operative variables are given in Table 1 and Table 2,
respectively. Comorbidities included when available were dia-
betes, current smoker, current alcohol use (>2 drinks per day
in the 2 weeks before admission), dyspnea, dependent func-
tional status, history of chronic obstructive pulmonary dis-
ease, history of congestive heart failure, previous percutane-
ous coronary intervention, previous cardiac surgery,
hypertension requiring medication, history of transient ische-
mic attacks, history of stroke, long-term corticosteroid use,
bleeding disorder, chemotherapy or radiotherapy within 30
days preoperatively, prior operation, open wound at time of
surgery, and disseminated cancer. Operative variables in-
cluded when available were emergency status of the proce-
dure, work relative value units, total operation time, surgical
wound class, American Society of Anesthesiologists class, and
free flap type (osseous vs nonosseous).

Analysis of 30-day outcomes in these quintiles was per-
formed (Table 3). Surgical complications included superfi-
cial, deep, and organ or space surgical site infections; wound
disruption; graft, prosthesis, or flap failure; and blood trans-
fusion within 72 hours. Medical complications included pneu-
monia, unplanned reintubation, pulmonary embolism, me-
chanical ventilation for longer than 48 hours, renal
insufficiency, acute renal failure, urinary tract infection, coma

Key Points
Questions Does increased anesthesia duration increase rates of
specific postoperative complications in free flap reconstruction of
the head and neck?

Findings In this study of 630 patients who underwent head and
neck free flap procedures, those who were obese, had an osseous
free flap, or had multiple free flaps were found to have longer
anesthesia duration. After confounding factors were accounted
for, increased anesthesia duration was associated with increased
rates of overall postoperative complications, surgical
complications, and transfusions.

Meaning Increasing anesthesia duration was associated with
significantly increased rates of surgical complications, especially
the requirement for postoperative transfusion; therefore,
avoidance of excessive blood loss and prolonged anesthesia time
should be the goal of the reconstructive surgeon when performing
head and neck free flap surgery.
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for longer than 24 hours, peripheral nerve injury, cardiac ar-
rest, myocardial infarction, deep vein thrombosis, sepsis, sep-
tic shock, and stroke. Rates of overall complications, subse-
quent operation, unplanned readmission, and mortality were
also included in this analysis.

All statistical analyses were performed using SPSS statis-
tical software, version 22 (IBM Inc). Independent 2-tailed, un-
paired t test, cross-tabulation, Pearson χ2, and Fisher exact tests

were used to analyze associations among variables when ap-
propriate. Adjusted residuals were calculated for select pre-
operative and operative variables and postoperative compli-
cations in the χ2 analyses. Residuals less than −1.96 and greater
than 1.96 were considered to be significant. Preoperative and
operative variables found to be significant in the bivariate
analysis, as well as basic demographic variables, were in-
cluded in multivariable logistic regression models to deter-

Table 1. Preoperative Demographics and Comorbidities Stratified by Anesthesia Cohorta

Preoperative Variable
Group 1
(n = 126)

Group 2
(n = 125)

Group 3
(n = 128)

Group 4
(n = 125)

Group 5
(n = 126) P Value

Age, mean (SD), y 63.7 (13.2) 61.7 (14.1) 62.0 (13.6) 61.0 (13.5) 59.5 (14.5) .18

BMI, mean (SD)b 25.8 (6.0) 24.8 (4.7) 26.3 (5.6) 26.5 (7.0) 26.7 (5.9) .10

Obesity (WHO class 1-3) 24 (19.1) [−0.5] 13 (10.4) [−3.2] 30 (23.4) [0.9] 27 (21.6) [0.3] 36 (28.8) [2.5] .007

WHO classification (BMI)

0 (<30.0) 102 (81.0) 112 (89.6) 98 (76.6) 98 (78.4) 89 (71.2)

.08
1 (30.0-34.9) 14 (11.1) 7 (5.6) 23 (18.0) 15 (12.0) 25 (20.0)

2 (35.0-39.9) 6 (4.8) 5 (4.0) 5 (3.9) 7 (5.6) 7 (5.6)

3 (>40.0) 4 (3.2) 1 (0.8) 2 (1.6) 5 (4.0) 4 (3.2)

Sex

Male 87 (69.0) 85 (68.0) 84 (65.6) 91 (72.8) 89 (71.2)
.08

Female 39 (31.0) 40 (32.0) 44 (34.4) 34 (27.2) 36 (28.8)

Race

White 75 (89.3) 81 (88.0) 92 (87.6) 96 (81.4) 91 (81.3)

.30Black 6 (7.1) 4 (4.3) 6 (5.7) 12 (10.2) 15 (13.4)

Other 3 (3.6) 7 (7.6) 7 (6.7) 10 (8.5) 6 (5.4)

Preoperative albumin, mean (SD), g/dL 4.0 (0.7) 4.0 (0.6) 4.0 (0.5) 4.0 (0.6) 4.0 (0.5) .91

Preoperative hematocrit, mean (SD), % 39.9 (5.1) 39.4 (4.8) 39.4 (5.1) 39.3 (4.4) 39.0 (5.1) .67

Comorbidities

Diabetes 10 (7.9) 17 (13.6) 14 (10.9) 12 (9.6) 11 (8.7) .61

Current smoker 9 (27.8) 29 (23.2) 32 (25.0) 33 (26.4) 38 (30.2) .77

Alcohol consumption of >2 drinks/d 9 (8.6) 10 (8.0) 17 (13.3) 13 (10.4) 18 (14.5) .40

Dyspnea 10 (14.3) 17 (8.0) 14 (7.0) 12 (6.4) 11 (11.1) .17

Dependent functional status 4 (3.2) 6 (4.8) 2 (1.6) 2 (1.6) 3 (2.4) .48

History of COPD 11 (8.7) 9 (7.2) 12 (9.4) 4 (3.2) 10 (7.9) .36

CHF <30 d 1 (0.8) 1 (0.8) 0 0 1 (0.8) .73

Previous PCI 8 (7.6) 6 (4.8) 13 (10.2) 5 (4.0) 6 (4.8) .23

Previous cardiac surgery 5 (4.8) 5 (4.0) 9 (7.0) 6 (4.8) 6 (4.8) .85

Hypertension 52 (41.3) 57 (45.6) 63 (49.2) 57 (45.6) 60 (47.6) .77

History of TIA 7 (6.7) 1 (0.8) 5 (3.9) 3 (2.4) 2 (1.6) .08

History of stroke 2 (1.9) 1 (0.8) 1 (0.8) 2 (1.6) 2 (1.6) .91

Long-term corticosteroid use 4 (3.2) 3 (2.4) 6 (4.7) 3 (2.4) 9 (7.1) .26

Bleeding disorder 3 (2.4) 4 (3.2) 3 (2.3) 5 (4.0) 5 (4.0) .90

Chemotherapy 5 (4.8) 5 (4.0) 1 (8.6) 8 (6.4) 7 (5.6) .59

Radiotherapy 1 (1.0) 1 (0.8) 2 (1.6) 3 (2.4) 6 (4.8) .18

Prior operation 5 (4.8) 7 (5.6) 6 (4.7) 5 (4.0) 9 (7.3) .82

Open wound or wound infection 15 (11.9) 10 (8.0) 10 (7.8) 11 (8.8) 12 (9.5) .80

Disseminated cancer 14 (11.1) 12 (9.6) 8 (6.2) 6 (4.8) 18 (14.3) .07

Abbreviations: BMI, body mass index; CHF, congestive heart failure; COPD,
chronic obstructive pulmonary disease; PCI, percutaneous coronary
intervention; TIA, transient ischemic attack; WHO, World Health Organization.

SI conversion factors: To convert albumin to grams per liter, multiply by 10;
hematocrit to a proportion of 1.0, multiply by 0.01.
a Groups 1 through 5 are based on mean (SD) anesthesia times: group 1, 358.1

(175.6) minutes; group 2, 563.2 (27.3) minutes; group 3, 648.9 (24.0) minutes;

group 4, 736.5 (26.3) minutes; and group 5, 922.1 (128.1) minutes. Data are
presented as number (percentage) of patients unless otherwise indicated. The
χ2 adjusted residuals are reported in brackets for statistically significant
variables with significant residuals greater than 1.96.

b Calculated as weight in kilograms divided by height in meters squared. Body
mass index is available for 629 of 630 patients; 1 patient is unknown in group
5.

Anesthesia Duration and Head and Neck Microvascular Reconstruction Complications Original Investigation Research

jamafacialplasticsurgery.com (Reprinted) JAMA Facial Plastic Surgery Published online October 5, 2017 E3

© 2017 American Medical Association. All rights reserved.

Downloaded From:  by a Emory University User  on 02/21/2018

http://www.jamafacialplasticsurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamafacial.2017.1607


mine the independent association of increased anesthesia du-
ration with complications after free flap surgery of the head
and neck. P < .05 was considered to be statistically signifi-
cant.

Results
A total of 630 patients undergoing head and neck free flap sur-
gery from the 2005-2013 NSQIP database had available data
on anesthesia duration and were included in the study (mean
[SD] age, 61.6 [13.8] years; 436 of 629 [69.3%] male). These pa-
tients were ranked based on anesthesia duration and strati-
fied into 5 quintiles. Mean (SD) anesthesia time ranged from
358.1 (175.6) minutes in group 1 to 922.1 (128.1) minutes in group
5. The variability was notably less in groups 2 to 4, with mean
(SD) anesthesia durations of 563.2 (27.3) minutes in group 2,
648.9 (24.0) minutes in group 3, and 736.5 (26.3) minutes in
group 4 (eFigure in the Supplement).

Preoperative Demographics and Comorbidities
No linear trend in ages was found across the quintiles, as dem-
onstrated in groups 2 to 4, and age overall was not associated
with increased or decreased anesthesia duration (Table 1). Of
the entire population, 436 patients (69.3%) were male. This
male-dominant trend held true in all 5 quintiles, and there was
no significant difference in the rate of patient sex across quin-
tiles (87 [69.0%] men in group 1, 85 [68.0%] in group 2, 84
[65.6%] in group 3, 91 [72.8%] in group 4, and 89 [71.2%] in
group 5 [of 125 with sex data available]; P = .08) (Table 1). White
was the most common race, accounting for 435 (85.1%) of all
patients in the analysis, followed by black race (43 [8.4%]) and
other races (33 [6.5%]). A total of 119 patients had reported un-

known race and were not included in statistical analysis. On
χ2 analysis, the distribution of these races was not associated
with anesthesia duration (Table 1). The rate of obesity was
greatest in group 5 and lowest in group 1, with χ2 analysis dem-
onstrating a significant difference in the distribution of obe-
sity across cohorts (36 [28.8%] in group 5 vs 24 [19.1%] in group
1, P = .007). Adjusted residual values indicate that obesity was
associated with the longest durations of anesthesia in group
5 (Table 1). On extreme value analysis comparing only group 1
and group 5, higher rates of obesity were significantly associ-
ated with increased anesthesia duration (24 [19.1%] in group
1 vs 36 [28.2%] in group 5, P = .048). Mean body mass index
and specific World Health Organization obesity categories were
not associated with increased or decreased anesthesia dura-
tion. Preoperative albumin level and hematocrit were not found
to be associated with increased or decreased anesthesia du-
ration.

Univariate analysis of the rates of 19 different preopera-
tive comorbidities across all quintiles (Table 1) demonstrated
no associations between comorbidities and increased or de-
creased anesthesia duration.

Operative Variables
The mean (SD) total operative time was greatest in group 5
(817.0 [118.7] minutes) and lowest in group 1 (400.0 [123.8] min-
utes). This trend was positively linear across all quintiles, and
increased operative time was significantly associated with in-
creased anesthesia duration (mean [SD] operative time, 400.0
[123.8] minutes in group 1 vs 817.0 [118.7] minutes in group 5;
P < .001) (Table 2). American Society of Anesthesiologists class
3 or 4, nonclean surgical wound, and emergency status of the
operation were not associated with increased or decreased an-
esthesia duration. Cases that involved a single osseous free flap

Table 2. Operative Features Stratified by Anesthesia Cohorta

Operative Variable
Group 1
(n = 126)

Group 2
(n = 125)

Group 3
(n = 128)

Group 4
(n = 125)

Group 5
(n = 126) P Value

Emergency 0 1 (0.8) 1 (0.8) 0 0 .56

Total operative time, mean (SD), min 400.0 (123.8) 472.5 (37.4) 553.1 (38.1) 636.6 (38.4) 817.0 (118.7) <.001

Wound class

Clean 25 (19.8) 32 (25.6) 29 (22.7) 22 (17.6) 22 (17.5)

.09
Clean or contaminated 90 (71.4) 88 (70.4) 95 (74.2) 99 (79.2) 96 (76.2)

Contaminated 9 (7.1) 3 (2.4) 1 (0.8) 0 5 (4.0)

Dirty or infected 2 (1.6) 2 (1.6) 3 (2.3) 4 (3.2) 3 (2.4)

ASA class

1 2 (1.6) 0 1 (0.8) 0 2 (1.6)

.26
2b 21 (16.7) 29 (23.4) 18 (14.1) 23 (18.4) 29 (23.0)

3 92 (73.0) 86 (69.4) 93 (72.7) 95 (76.0) 80 (63.4)

4 1 (8.7) 9 (7.3) 16 (12.5) 7 (5.6) 15 (11.9)

Free flap type

Osseous 22 (17.5) [−3.0] 24 (19.2) [−2.6] 36 (28.1) [0.1] 42 (33.6) [2.1] 39 (31.0) [3.4] .009

Nonosseous 98 (77.8) [2.3] 96 (76.8) [2.0] 85 (66.4) [−0.6] 76 (60.8) [−1.9] 68 (54.0) [−1.6] <.001

Multiple 6 (4.8) [−1.1] 5 (4.0) [−1.5] 7 (5.1) [−0.8] 7 (5.6) [−0.7] 19 (15.1) [4.0] .003

Abbreviation: ASA, American Society of Anesthesiologists.
a Groups 1 through 5 are based on mean (SD) anesthesia times: group 1, 358.1

(175.6) minutes; group 2, 563.2 (27.3) minutes; group 3, 648.9 (24.0) minutes;
group 4, 736.5 (26.3) minutes; and group 5, 922.1 (128.1) minutes. Data are

presented as number (percentage) of patients unless otherwise indicated. The
χ2 adjusted residuals are reported in brackets for statistically significant
variables with significant residuals greater than 1.96.

b Data are missing for 1 patient in group 2.
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operation were associated with a positively linear increase in
anesthesia duration (22 [17.5%] in group 1 vs 39 [31.0%] in group
5, P = .009), with adjusted residual values most significant in
group 5. Cases that involved a single nonosseous free flap op-
eration were associated with a negatively linear decrease in an-
esthesia duration (98 [77.8%] in group 1 vs 68 [54.0%] in group
5; P < .001), with adjusted residual values most significant in
group 1. Patients in whom multiple free flap operations were
performed were most likely to fall into the top quintile with
the longest duration of anesthesia (6 [4.8%] in group 1 vs 19
[15.1%] in group 5; P = .003), with adjusted residual values most
significant in group 5.

Postoperative Complications
The rate of postoperative transfusion within 48 hours was
greatest in group 5 (70 [55.6%]) and lowest in group 1 (32
[25.4%]), and this trend was positively linear across quin-
tiles, with adjusted residual values most significantly posi-
tive in group 5. The χ2 analysis demonstrated that this differ-
ence in the rates of postoperative transfusion across cohorts
was significant (P < .001) (Table 3). In addition, the rate of
wound disruption was significantly distributed across quin-
tiles, with a positively linear trend occurring in 10 (7.9%) in
group 5 and 0 in group 1 (P = .02) and adjusted residual val-
ues most significantly positive in group 5 (Table 3). Overall sur-
gical complications were also significantly associated with in-

Table 3. Postoperative Complications Stratified by Anesthesia Cohorta

30-Day Postoperative
Variable

Group 1
(n = 126)

Group 2
(n = 125)

Group 3
(n = 128)

Group 4
(n = 125)

Group 5
(n = 126) P Value

Overall complications 55 (43.7) [−2.8] 60 (48.0) [−1.7] 75 (58.6) [1.0] 75 (60) [1.3] 80 (63.5) [2.2] .006

Surgical complications

Superficial SSI 10 (7.9) 14 (11.2) 7 (5.5) 6 (4.8) 13 (10.3) .24

Deep incisional SSI 1 (0.8) 3 (2.4) 7 (5.5) 5 (4.0) 5 (4.0) .29

Organ or space SSI 0 0 3 (2.3) 0 1 (0.8) .08

Wound disruption 0[−2.6] 4 (3.2) [−0.6] 4 (3.1) [−0.6] 8 (6.4) [1.4] 10 (7.9) [2.4] .02

Flap failure 8 (6.3) 7 (5.6) 6 (4.7) 5 (4.0) 9 (7.1) .82

Transfusion within
24 h

32 (25.4) [−4.3] 44 (35.2) [−1.8] 61 (47.7) [1.4] 59 (47.2) [1.3] 70 (55.6) [3.4] <.001

Total 45 (35.7) [−3.7] 53 (42.4) [−2.0] 71 (55.5) [1.3] 71 (56.8) [1.6] 78 (61.9) [2.9] <.001

Medical complications

Pneumonia 9 (7.1) 7 (5.6) 8 (6.2) 8 (6.4) 6 (4.8) .95

Unplanned
reintubation

7 (5.6) 2 (1.6) 3 (3.1) 2 (1.6) 7 (5.6) .20

Pulmonary embolism 4 (3.2) [2.9] 0[−1.2] 2 (1.6) [0.8] 0[−1.2] 0[−1.2] .03

Mechanical
ventilation >48 h

8 (6.3) 7 (5.6) 7 (5.5) 5 (4.) 8 (6.3) .93

Renal insufficiency 0 0 0 0 1 (0.8) .40

Acute renal failure 0 0 0 0 0 NA

UTI 3 (2.4) 2 (1.6) 2 (1.6) 0 1 (0.8) .51

Coma >24 h 0 0 0 0 0 NA

Peripheral nerve
injury

0 0 0 0 0 NA

Cardiac arrest 0 2 (1.6) 1 (0.8) 2 (1.6) 2 (1.6) .67

Myocardial infarction 1 (0.8) 1 (0.8) 3 (2.3) 0 3 (2.4) .35

DVT 1 (0.8) 4 (3.2) 1 (0.8) 1 (0.8) 0 .15

Sepsis 4 (3.2) 6 (4.8) 6 (4.7) 2 (1.6) 6 (4.8) .61

Septic shock 0 1 (0.8) 1 (0.8) 0 1 (0.8) .74

Stroke 0 0 0 1 (0.8) 1 (0.8) .55

Total 24 (19.0) 19 (15.2) 20 (15.6) 17 (13.6) 22 (17.5) .80

Subsequent operationb 20 (19.6) 1 (13.1) 9 (9.9) 16 (17.8) 15 (19.0) .31

Readmittedc 6 (6.1) 7 (8.8) 5 (5.6) 10 (12.0) 8 (10.7) .47

Mortality 1 (0.8) [−0.9] 6 (4.8) [2.9] 3 (2.3) [0.6] 0[−1.7] 1 (0.8) [−0.9] .03

Abbreviations: DVT, deep vein thrombosis; NA, not applicable; SSI, surgical site
infections; UTI, urinary tract infection.
a Groups 1 through 5 are based on mean (SD) anesthesia times: group 1, 358.1

(175.6) minutes; group 2, 563.2 (27.3) minutes; group 3, 648.9 (24.0) minutes;
group 4, 736.5 (26.3) minutes; and group 5, 922.1 (128.1) minutes. Data are
presented as number (percentage) of patients unless otherwise indicated. The
χ2 adjusted residuals are reported in brackets for statistically significant

variables with significant residuals greater than 1.96.
b Data missing for 184 patients (data available for 102 patients in group 1, 84 in

group 2, 91 in group 3, 90 in group 4, and 79 in group 5).
c Data missing for 204 patients (data available for 98 patients in group 1, 80 in

group 2, 90 in group 3, 83 in group 4, and 75 in group 5).
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creased anesthesia duration and demonstrated a positively
linear trend, occurring in 45 patients (35.7%) in group 1 and 78
(61.9%) in group 5 (P < .001) and adjusted residual values most
significantly positive in group 5 (Table 3). Distribution of rates
of postoperative pulmonary embolism across cohorts was also
significant; however, rates were greatest in group 1 (4 [3.2%])
and uniformly 0 in groups 2, 4, and 5 (P = .03). Group 3 had
pulmonary embolism in 2 patients (1.6%) (Table 3). No other
individual medical complications were significantly associ-
ated with an increased or decreased anesthesia duration, and
rates of overall medical complications were not significantly
distributed among quintiles. The overall complication rate was
positively linear throughout the quintiles, with the lowest rate
in group 1 (55 [43.7%]) and the highest rate in group 5 (80
[63.5%]) and adjusted residual values most significantly posi-
tive in group 5. These higher rates of postoperative complica-
tions were significantly associated with increased anesthesia
duration (P = .006) (Table 3). The greatest rate of mortality af-
ter free flap surgery of the head and neck was found in group
2 (6 [4.8%]), and the lowest rate was found in group 4 (0)
(Table 3). The distribution of mortality rates across quintiles
was significant (P = .03) (Table 3); however, the trend was not
linear. On extreme value analysis comparing only group 1 and
group 5, there was no statistical difference between rates of
mortality (1 [0.8%] vs 1 [0.8%], P = .75) and mean (SD) total
work (30.1 [10.9] relative value units in group 1 vs 31.0 [11.3]
relative value units in group 5, P = .51). In addition, the asso-
ciations of unplanned readmission (6 [6.1%] in group 1 vs 8
[10.7%] in group 5, P = .31) and subsequent operation (20
[19.6%] in group 1 vs 15 [19.0%] in group 5, P = .47) with an-
esthesia duration were not significant (Table 3). The associa-
tions of all complications with increased anesthesia duration
were significant in group 5. Thus, anesthesia durations of ap-
proximately 11 hours or more (group 5 mean minus 2 SDs) were
most associated with postoperative complications.

Multivariate Analysis
Binary logistic multivariate analysis was performed to ac-
count for age, sex, race, and obesity. Group 1 was used as our
reference group, and data reported represent relative risks for
group 5. Increased anesthesia duration was an independent
risk factor for overall complications (group 5: odds ratio [OR],
1.98; 95% CI, 1.10-3.58; P = .02), surgical complications (group
5: OR, 2.46; 95% CI, 1.35-4.46; P = .003), and postoperative
transfusion (group 5: OR, 2.31; 95% CI, 1.27-4.20; P = .006) af-
ter accounting for the listed confounders. Wound disruption
was not significantly associated with increased or decreased
anesthesia duration after multivariate regression (OR, 2.0;
P = .16). The results of analyses for pulmonary embolism and
mortality were not significant, with ORs of approximately 1,
because of the nonlinear trend in complication rates associ-
ated with increasing anesthesia duration.

Discussion
Microvascular reconstructive surgery has been developed and
refined during the past 50 years with the aim of decreasing mor-

bidity while maximizing flap transfer success and clinical ben-
efit. The current incidence of postoperative flap loss has been
reported as less than 3%.1,4,18-20 This success is in part attrib-
utable to the advent of modern flap monitoring techniques and
astute perioperative surgical care, as well as improved surgi-
cal techniques. The association between prolonged operative
time and postoperative complications has long been investi-
gated in the literature.21-24 Increased operative duration has
specifically been shown to be a risk factor for morbidity in free
flap procedures, with existing literature citing increased rates
of rhabdomyolysis, fluid and electrolyte disturbances, deep
vein thrombosis, and hypothermia.14,25-39

Although anesthesia duration is associated with opera-
tive time, few studies10,33 have specifically evaluated this mea-
sure as a risk factor for morbidity. Patients who have a tumul-
tuous anesthetic course and protracted time to extubation after
surgical closure may be at risk for certain postoperative com-
plications. In 2014, a study by Kim et al33 that also used quin-
tiles examined the effect of anesthesia time on free flap sur-
gery of all sites, concluding that longer anesthesia times
conveyed a greater risk of postoperative transfusion. An-
other review10 characterized prolonged operative time as an
independent risk factor for free flap failure. The population re-
ceiving free flaps of the head and neck is unique with its own
collection of clinical characteristics and comorbidities. Mini-
mal literature exists on the association of anesthesia times with
free flap surgery in this distinct population.

Compared with other surgical sites, the complexity of head
and neck microvascular reconstruction may provide for an in-
herently long operation. These cases are also more likely to re-
quire osseous reconstruction in addition to soft tissue, fur-
ther lengthening the procedure. This was observed in our data
set, in which the mean anesthesia duration was nearly 60 min-
utes longer when an osseous flap was used. In addition to flap
type, selection of donor site is a major determinant of length
of procedure. Operative time can be significantly reduced if
the flap can be harvested at the same time as the dissection of
the recipient site rather than each step being performed seri-
ally after patient repositioning.

Anesthesia duration may also be extended for patients who
are poor surgical candidates or may be otherwise at risk for a
more complex operative course. In our analysis of patient co-
morbidities, only obesity was significantly associated with in-
creased anesthesia duration. Obesity can be intuitively under-
stood as a risk factor for increased anesthesia duration and
other perioperative complications. However, multivariate re-
gression analysis was used to account for the disparity in dis-
tribution of obesity and flap type across groups, demonstrat-
ing that prolonged anesthesia may be an independent predictor
of overall postoperative complications.

With regard to outcomes, our results revealed no differ-
ence in mortality between group 1 and group 5. In addition,
our data corroborate the findings of Kim et al33 in demonstrat-
ing an insignificant association between increasing anesthe-
sia time and risk of flap loss. However, Kim et al33 did not find
increased anesthesia time to be a risk factor for postoperative
complications in their overall free flap surgery population. Our
results show that patients undergoing head and neck surgery
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may be particularly sensitive to duration of anesthesia, with
increased anesthesia time predictive of complications over-
all. When specific postoperative complications are grouped,
only the rates of surgical complications exhibited the same sig-
nificance as overall complications. This finding suggests that
medical complications are more likely to be a function of the
patient’s preoperative health status than the operative course.

When looking at each specific outcome individually, we
found that only the rate of perioperative transfusion was sig-
nificant after multivariate regression. The incidence of intra-
operative and postoperative transfusion, which serves as a sur-
rogate for blood loss, has been well studied for various
operative procedures as a quality indicator for surgical
performance.24,33,34 Despite advancements in microvascular
technique and improvement in outcomes, blood transfusion
is still required in a significant number of patients undergo-
ing free flap surgery.35-37 Our analysis showed a similarly high
rate of transfusion (mean of 42%) with a significant linear trend
in the incidence across the 5 quintiles ranging from 25.4% to
55.6%. Multivariate analysis showed that increased anesthe-
sia duration was an independent risk factor for perioperative
transfusion, with 2.39 times the risk in group 5 vs group 1.
Known risks of allogenic blood transfusion include cancer re-
currence, acute lung injury, and increased incidence of post-
operative infection. Transfusion-related immune suppres-
sion appeared to be the cause of these postoperative
consequences.38,39 Minimizing blood loss during surgery has
been encouraged as a result of that finding.

These results highlight the need for an awareness of the
perioperative and nonsurgical factors that may extend anes-
thesia time and tactics that promote intraoperative effi-
ciency. One such strategy involves selection of a donor site ame-
nable to concurrent harvesting and implementation of a 2-team
approach. Studies40-42 have found that this is an effective strat-

egy in reducing operative time and thereby reducing overall
anesthesia duration. The number of microvascular anastomo-
ses and defect closure that will be required should also be con-
sidered in donor site selection. Ultimately, meticulous preop-
erative planning and preparation should allow surgeons to
reduce operating room time regardless of other nonsurgical fac-
tors out of their control.

Limitations
The limitations of this study are intrinsic to the database from
which the information was taken. As with any retrospective
analysis, the possibility of bias cannot be eliminated from the
data extracted from the NSQIP registry. The registry also lacks
information of specific interest to free flap surgery, including
flap failure timing, reason for flap failure, and donor site mor-
bidity. Furthermore, long-term results of microvascular and
reconstructive surgery could not be studied because the NSQIP
data are limited to a 30-day postoperative period. Last, the use
of blood transfusion in this database is coded for all patients
receiving a transfusion intraoperatively or within 24 hours, and
it should be considered that not all these occurrences neces-
sarily represent a postoperative complication.

Conclusions
This review of 630 patients undergoing head and neck free flap
surgery revealed that increased anesthesia duration may be an
independent risk factor for postoperative complications, in par-
ticular surgical complications and the need for postoperative
transfusion. Detailed surgical planning, avoidance of exces-
sive blood loss, and reduced anesthesia times, particularly to
less than 11 hours, should be the goal when performing micro-
vascular free flap reconstruction of the head and neck.
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