
C L I N I C A L A R T I C L E

Intraoperative vasopressors in head and neck free flap
reconstruction

Robert J. Taylor MD1 | Rusha Patel MD2 | Bethany J. Wolf PhD3 |

William D. Stoll MD4 | Joshua D. Hornig MD1 | Judith M. Skoner MD1 |

William R. Hand MD5 | Terry A. Day MD1

1Department of Otolaryngology—Head &

Neck Surgery, Medical University of South

Carolina, Charleston, South Carolina

2Department of Otolaryngology—Head &

Neck Surgery, West Virginia University,

Morgantown, West Virginia

3Division of Biostatistics, Medical University of

South Carolina, Charleston, South Carolina

4Department of Anesthesia and Perioperative

Medicine, Medical University of South

Carolina, Charleston, South Carolina

5Department of Anesthesiology, Greenville

Health System, Greenville, South Carolina

Correspondence

Terry A. Day, MD, Wendy & Keith Wellin

Endowed Chair, Head and Neck Tumor Center,

Department of Otolaryngology—Head and

Neck Surgery, 135 Rutledge Ave, MSC

550, Charleston, SC 29425.

Email: headneck@musc.edu

Funding information

Edwards Lifesciences, Grant/Award Number:

13641; National Center for Research

Resources, Grant/Award Number:

UL1RR029882; South Carolina Clinical &

Translational Research Institute, Medical

University of South Carolina's Clinical &

Translational Institute and National Institute of

Health/National Center for Advancing

Translational Sciences, Bethesda, MD, Grant/

Award Number: UL1TR000062

Abstract

Introduction: Historically, there were concerns vasopressors impair free flap out-

comes, but recent studies suggest vasopressors are safe. Here we investigate this

controversy by (1) evaluating vasopressors' effect on head and neck free-flap survival

and surgical complications, and (2) performing soft tissue and bony subset analysis.

Patients and methods: Post hoc analysis was performed of a single-blinded, prospec-

tive, randomized clinical trial at a tertiary care academic medical center involving

patients ≥18 years old undergoing head and neck free flap reconstruction over a

16-month period. Patients were excluded if factors prevented accurate FloTrac™

use. Patients were randomized to traditional volume-based support, or goal-directed

support including vasopressor use. Primary data was obtained by study personnel

through intraoperative data recording and postoperative medical record review.

Results: Forty-one and 38 patients were randomized to traditional and pressor-based

algorithms, respectively. Flap survival was 95% (75/79). There was no significant dif-

ference between the pressor-based and traditional protocols' flap failure (1/38 [3%]

vs. 3/41 [7%], RR 0.36, 95% CI of RR 0.04–3.31, p = .63) or flap-related complica-

tions (12/38 [32%] vs. 18/41 [44%], RR 0.72, 95% CI 0.40–1.29, p = .36) Soft tissue

flaps had surgical complication rates of 12/30 (40%) and 9/27 (33%) for traditional

and pressor-based protocols, respectively. Bony flaps had surgical complication rates

of 6/11 (55%), and 3/11 (27%) for traditional and pressor-based protocols,

respectively.

Conclusions: Intraoperative goal-directed vasopressor administration during head

and neck free flap reconstruction does not appear to increase the rate of flap compli-

cations or failures.

1 | INTRODUCTION

Free tissue transfer is commonly employed for reconstruction of post-

ablative head and neck oncologic defects. Although the overall free

flap success rate is >95%, the effect of intraoperative hemodynamic

management remains an area of controversy (Harris, Goldstein,

Hofer, & Gilbert, 2012; Kelly, Reynolds, Crantford, & Pestana, 2014;

Monroe, Cannady, Ghanem, Swide, & Wax, 2011; Monroe,

McClelland, Swide, & Wax, 2010; Motakef, Mountziaris, Ismail,

Agag, & Patel, 2015a; Vyas & Wong, 2014). Fluid resuscitation has

been preferred for hemodynamic support due to concerns about free

flap ischemia from systemic vasopressors (Vyas & Wong, 2014). To

avoid intraoperative vasopressor use, patients often receive signifi-

cant amounts of intraoperative intravenous fluids (IVF). Excessive fluid
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administration can result in an altered microvascular environment and

potentially contribute to free flap failure via hemodilution-induced

hypercoagulability (Clark, McCluskey, Hall, et al., 2007; Martin,

Bennett-Guerrero, Wakeling, et al., 2002; Namdar, Bartscher,

Stollwerck, Mailander, & Lange, 2010; Ruttmann, James, &

Finlayson, 2002).

The historical bias against vasopressor use in free flap recon-

struction was based on animal models suggesting that intravenous

vasopressor administration decreases blood flow to free

musculocutaneous flaps (Banic, Krejci, Erni, Wheatley, &

Sigurdsson, 1999; Benes et al., 2010; Sigurdsson & Thomson, 1995).

Advances in technology now allow minimally invasive assessment of

circulating blood volumes to prevent hypovolemic patients being

treated with vasopressors. As centers have gained experience with

the surgical and anesthetic management of head and neck free flap

reconstruction, this belief has been challenged (Kelly et al., 2014;

Monroe et al., 2011; Motakef et al., 2015a; Motakef, Mountziaris,

Ismail, Agag, & Patel, 2015b; Swanson et al., 2015; Vyas &

Wong, 2014). In fact, a recent review of vasopressor use and free

flap outcomes in humans showed more than 80% of patients at one

institution were administered vasopressors and the cohort receiving

pressors had a lower rate of flap failure (Monroe et al., 2010). This is

corroborated by growing literature suggesting that in high-volume

free flap centers with specific vasopressor protocols that vasopres-

sors have no significant impact on flap survival or postoperative

complications (Hand, McSwain, McEvoy, et al., 2015; Harris

et al., 2012; Kelly et al., 2014; Monroe et al., 2010).

It is also unclear whether vasopressors have different effects on

outcomes of bony versus soft tissue free flap reconstruction. In con-

trast to soft tissue free flaps, bony free flaps typically involve longer

procedures with increased flap ischemia time and often depend on

blood supply from periosteal perforators that may develop a relatively

higher degree of tissue ischemia in response to upstream vasopressor

administration, as demonstrated in animal studies (Driessens &

Vanhoutte, 1979; Tran & Geral, 1978).

This ongoing controversy has led to the present investigation

involving a secondary analysis of our institution's prospective random-

ized controlled trial. The objectives of this secondary analysis are to

(1) evaluate the effect of a goal-directed pressor-based intraoperative

protocol on head and neck flap failure and complications relative to a

traditional fluid resuscitation protocol and (2) report rates of flap fail-

ure and complications following an intraoperative vasopressor regi-

men among bony and soft tissue free flaps.

2 | PATIENTS AND METHODS

Institutional review board approval was obtained for a prospective,

randomized controlled trial at this tertiary care academic medical cen-

ter, and the trial was registered with clinicaltrials.gov (NCT02186938).

Informed consent was obtained from all patients who participated in

the study, and privacy rights were observed. The initial study evalu-

ated the effect of a goal-directed intraoperative vasopressor versus

fluid resuscitation protocol on intensive care unit length of stay

(Hand, Stoll, McEvoy, et al., 2016). The present study represents a

secondary analysis of the prior study. Patients and surgeons were

blinded to randomization, although anesthesia providers were aware

of the randomization assignment so they could implement the appro-

priate protocol. In addition, a retrospective chart review was per-

formed involving all free flap patients who were not enrolled in the

study during the study period, evaluating any differences in baseline

clinical characteristics between enrolled and non-enrolled patients

(Supplemental Table I).

Enrollment and disposition are displayed in Figure 1. One hun-

dred seventy consecutive adult patients undergoing free flap recon-

struction of the head and neck were recruited for study enrollment

and 79 were included in final analysis with an intended 1:1 allocation

ratio. Exclusion criteria included patients with factors preventing accu-

rate arterial waveform analysis with either arterial line monitoring or

the FloTrac™ sensor (Edwards Lifesciences Corporation, Irvine, CA).

The FloTrac™ sensor is a validated medical device that analyzes the

arterial pressure waveform to calculate stroke volume variation (SVV),

serving as a proxy measure of intravascular volume status. This pro-

vides an objective measure to guide management of intraoperative

hypotension with fluid versus pressor-based therapy (Sigurdsson &

Thomson, 1995). The Flotrac™ sensor is a commonly used device in

operating rooms and intensive care units—over 2.6 million patients

have been monitored with it in over 80 countries and it has been

referenced in 190+ studies. Exclusion criteria included weight less

than 55 kg or greater than 140 kilograms, patients with sustained

intraoperative dysrhythmias including atrial fibrillation and atrial flut-

ter, patients with documented NYHA class III–IV heart failure or ejec-

tion fraction less than 30 %, and patients with pulmonary disease

preventing administration of goal tidal volumes without excessive

inspiratory pressures.

Patients meeting inclusion criteria were randomized using a

random numerical identifier generated by study staff to undergo

traditional arterial monitoring with an algorithm emphasizing volume-

based hemodynamic support (traditional group), versus FloTrac™

(Edwards Lifesciences) arterial waveform analysis directed hemody-

namic management with an algorithm emphasizing goal-directed use

of vasopressors (pressor-based group).

The traditional algorithm used maintenance and bolus infusions

of PlasmaLyte to maintain a mean arterial pressure (MAP) of ≥70 or

within 20% of baseline MAP. If a patient's preoperative serum albumin

<3.0 g/dl, they were repleted with 25% IV albumin based on a

calculated total dose ([2.5 g/dl − actual albumin con-

centration] × kg × .8) = grams of albumin to administer. Blood transfu-

sions were administered for hemoglobin <6.5 g/dl or pulse >100 or

>33% increase from baseline pulse and lactate >2 mmol/L, suggestive

of a physiological demonstration of tissue ischemia. Fresh frozen

plasma (FFP) and/or platelets were administered based on surgical

bleeding and coagulation tests in accordance with best practices.

For the pressor-based algorithm, if a patient was hypotensive

(MAP <70 mmHg or MAP less than 20% of baseline preoperative

blood pressure) SVV would be evaluated. If SVV >13%, a 250 ml IVF
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challenge would be given and MAP would be re-assessed in 10 min. If

the patient were still hypotensive and SVV was still >13% after

10 min, a repeat IVF challenge would be given up to 1,500 ml. If SVV

was <13%, then cardiac index (CI) would be evaluated. If CI <3.0 L/

min/m2 (normal CI is 2.6–4.2 L/min/m2) an inotrope epinephrine infu-

sion would be added (glycopyrrolate was used in addition if pulse

<60), and the MAP would be re-evaluated in 10 min. If CI >3.0 L/min/

m2, systemic vascular resistance (SVR) would be evaluated. If SVR

>800 dyne/s/cm5 (normal SVR is 800–1,200), MAP would be

reassessed in 10 min. If SVR <800 dyne/s/cm5 a phenylephrine infu-

sion was begun (initiated at 20 mcg/kg/min and titrated to effect, max

120 mcg/kg/min) and MAP would be re-evaluated in 10 min. For

patients that were not hypotensive on initial assessment the CI would

be evaluated. If CI >3.0 then MAP would be reassessed in 10 min. If

CI <3.0 a dobutamine drip would be added and MAP would be

reassessed in 10 min.

Postoperative care was determined based on departmental stan-

dardized procedures and individualized therapies dictated by patient-

specific factors. Notably all patients received sequential compression

devices, aspirin 81 mg daily, and weight-based subcutaneous

enoxaparin for thromboprophylaxis. If enoxaparin was contraindicated

due to renal insufficiency, then weight-based subcutaneous heparin

was used. Implantable Doppler wires were placed intraoperatively and

the patients underwent flap monitoring by nurses every 1 hr and by

physicians every 4 hr for the first 48 hr after surgery. Following this,

flaps were monitored every 2 hr by nurses and every 12 hr by

physicians.

The primary outcome of the study was a composite measure of

flap failure or flap-related complications including intraoperative anas-

tomotic failure/vessel thrombosis, venous congestion, hematoma, and

fistula within 30 days of surgery. Medical complications were also

recorded and categorized as renal, cardiac, and pulmonary. Outcomes

were compared between pressor-based versus traditional groups, and

an exploratory analysis was performed of subsets receiving bony and

soft tissue reconstructions.

Associations between treatment group and categorical variables

were examined using chi-square tests or Fisher's exact test when

appropriate. Associations between patient flap group and all continu-

ous outcomes were examined using a Student's t-test for normally

distributed data and a Wilcoxon rank-sum test for non-normally dis-

tributed data. All tests were two-tailed. Relative risk (RR) for categori-

cal outcomes and mean or median difference for continuous

outcomes and respective 95% confidence intervals (CI) were esti-

mated from the results of the univariate analysis. Median differences

with 95% confidence interval in total IVF administration between

treatment groups were estimated using the Hodges-Lehmann

approach. Statistical analyses were conducted using SAS 9.4 (SAS

Institute, Cary, NC) with statistical significance defined as a p-value

<.05.

A sample size calculation was performed for the prior study evalu-

ating the effect of these protocols on intensive care unit length of

stay (Hand et al., 2016). A posthoc power analysis was conducted to

estimate the power to detect the observed differences in flap compli-

cation rate between the two treatment arms. A sample size of

F IGURE 1 Enrollment and
disposition of patients assessed for
eligibility. Reported according to the
consolidated standards of reporting
trails
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41 subjects in the traditional arm and 38 in the pressor-based arm

with the composite endpoint of flap complication or failure rates of

44 and 32%, respectively provides only 18% power to detect this dif-

ference. The present study is underpowered to detect changes in sur-

gical complications or free flap failures and thus serves as preliminary

evidence.

3 | RESULTS

3.1 | Demographics and clinical characteristics

Demographics are displayed in Table 1. Forty-one patients were ran-

domized to the traditional volume-based hemodynamic support algo-

rithm while 38 patients received the goal-directed pressor-based

algorithm. Mean age (SD) of participants in each group was 60.8

(10) and 56.8(15) years, respectively. Participants had similar prior

treatment histories with 14/38 (37%) and 13/41 (32%) having

received prior definitive radiation or definitive surgery. No differences

were identified in preoperative BMI, history of hypertension, coronary

artery disease, peripheral vascular disease, smoking history, preopera-

tive hemoglobin, ASA classification, intraoperative estimated blood

loss, intraoperative transfusions, defect type, flap type, or surgical

duration. There was a greater proportion of non-Caucasian patients in

the traditional group 11/41 (27%) compared to the pressor-based

group (1/38, 3%).

3.2 | Goal-directed pressor-based versus
traditional protocol

As expected, patients in the pressor-based algorithm were more

likely to receive intraoperative vasopressors than those in the tradi-

tional algorithm (87% vs. 20%, RR 4.32 [95% CI 2.28–8.16])

(Table 2). Interestingly there was no difference in intraoperative IVF

administration between those who received the pressor-based algo-

rithm compared to those who received the traditional algorithm

(median 5,624 vs. 5,900 ml, 95% CI of difference −349.5 [−1,293

to 765]).

The overall free flap survival rate was 95% (75/79). Three of the

four flap failures (75%) were associated with venous congestion.

There was not a significant difference between the pressor-based

and traditional protocol in terms of flap failure (1/38 [3%] vs. 3/41

[7%], RR 0.36, 95% CI of RR 0.04–3.31) or any flap-related complica-

tions (12/38 [32%] vs. 18/41 [44%], RR 0.72, 95% CI 0.40–1.29)

(Table 2).

The pressor-based group experienced fewer medical complica-

tions than the than the traditional protocol (1/38 [3%] vs. 8/41

[20%]), RR 4.32, 95% CI 0.02–1.03) (Table 2). There were no pul-

monary or cardiac complications among 38 pressor protocol

patients, but among the traditional protocol patients there were

4/41 (10%) and 5/41(12%) cardiac and pulmonary complications,

respectively.

3.3 | Flap failure or surgical complication rates by
flap type and flap type within treatment group

Twenty-eight percent (22/79) of patients received bony reconstruc-

tion and 72% (57/79) received soft tissue flap reconstruction. Fifty

percent (11/22) of patients with bony tissue reconstruction and 47%

(27/57) of patients with soft tissue reconstruction were randomized

to the pressor-based treatment arm. Flap complications or failure

occurred in 41% (9/22) of patients with bony construction compared

to 37% (21/57) among patients with soft tissue reconstruction

(Table 3). Among patients in the traditional arm, 55% (6/11) of

patients with bony reconstruction and 40% (12/30) with soft tissue

reconstruction experienced flap complications or failure. Among

patients in the pressor-based arm, 27% (3/11) of patients with bony

reconstruction and 33% (9/27) with soft tissue reconstruction experi-

enced flap complications or failure. Given the limited sample size, for-

mal hypothesis testing was determined to be inappropriate for

comparison of these groups. Demographics and clinical characteristics

are provided in Supplemental Tables II and III.

4 | DISCUSSION

In the present study, we sought to answer the question, “Is an algo-

rithm emphasizing goal-directed use of vasopressors associated with

more flap-related complications than a traditional hemodynamic sup-

port strategy emphasizing fluid administration?” To assess this we

conducted a secondary analysis of a prospective, randomized study

examining the effect of an intraoperative vasopressor-based algorithm

versus a traditional volume-based algorithm on free flap reconstruc-

tion of the head and neck, with a secondary subset analysis reporting

rates of complications for bony and soft-tissue reconstructions. Our

findings that a pressor-based algorithm was not associated with more

complications is in line with previous studies showing that vasopres-

sors use did not significantly affect surgical morbidity or free flap sur-

vival (Harris et al., 2012; Monroe et al., 2010).

The hemodynamic parameters for optimal free flap outcomes

have yet to be determined. Some degree of hemodilution has been

thought to minimize the risk for vessel thrombosis, although extensive

hemodilution has also been associated with a procoagulative state

leading to venous thrombosis, especially with crystalloids (Martin

et al., 2002; Namdar et al., 2010; Ruttmann et al., 2002). In head and

neck free flap reconstruction excess intraoperative IV fluid administra-

tion has been associated with increased flap failure rates, potentially

due to local interstitial edema diminishing flow either at the pedicle or

in the flap microcirculation (Eley, Young, & Watt-Smith, 2012;

Sigurdsson & Thomson, 1995).

Given the concerns about the adverse effects of excess

intraoperative IV fluid administration, there is interest in exploring the

safety of alternative methods of maintaining intraoperative perfusion

pressure. The primary finding of our study was that a goal-directed

protocol utilizing vasopressors did not lead to an increase in flap fail-

ures or flap specific complications, although we are underpowered to
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detect all but large differences. In fact, contrary to the historical opin-

ion that vasopressor use contributes to free flap death through vascu-

lar compromise, we even observed a slightly lower rate of flap

complications among the group that received pressors. The variability

of the types of free flaps utilized in this study enhances its generaliz-

ability to the field of head and neck free flap reconstruction as a

whole. Overall these results are consistent with multiple other clinical

studies examining pressors in head and neck reconstruction (Chao,

TABLE 1 Clinical characteristics of
79 patients randomized to a traditional
volume-based or a goal-directed pressor-
based hemodynamic protocol during
head and neck free flap reconstruction

Clinical characteristic Pressor-baseda N = 38 Traditionala N = 41 pb

Gender, n (%) .94

Male 29 (76%) 31 (76%)

Female 9 (24%) 10 (24%)

Age, mean ± SD 60.8 ± 10 56.8 ± 15 .15

Race, n (%) .004

Caucasian 37 (97%) 30 (73%)

African American/other 1 (3%) 11 (27%)c

BMI, mean ± SD 25.2 ± 5 25.9 ± 6 .58

HTN, CAD, or PVD, n (%) 27 (71%) 22 (54%) .11

Smoking history, n (%) 29 (76%) 31 (76%) .94

Total prior definitive treatment, n (%) 14 (37%) 13 (32%) .64

Prior surgery, n (%) 10 (26%) 4 (10%) .07

Prior XRT/CXRT, n (%) 7 (18%) 11 (27%) .43

ASA classification, n (%) .62

2 7 (18%) 7 (17%)

3 31 (82%) 33 (80%)

4 0 (0%) 1 (3%)

Preoperative hemoglobin, mean ± SD 12.3 ± 2.1 11.5 ± 1.9 .12

EBL, mL, median (IQR) 300 (175–600) 400 (250–500) .23

Intraoperative units pRBC, mean ± SD 0.4 ± 0.8 0.5 ± 1.0 .63

Defect type, n (%) .95

Oral cavity 18 (47%) 22 (54%)

Laryngopharyngeal 6 (16%) 7 (17%)

Oropharyngeal 5 (13%) 5 (12%)

Cutaneous 7 (18%) 5 (12%)

Midface 2 (5%) 2 (5%)

Flap type, n (%) .63

Fasciocutaneous scapula 2 (5%) 2 (5%)

Osteocutaneous scapula 6 (16%) 8 (20%)

Osteocutaneous fibula 6 (16%) 7 (17%)

Fasciocutaneous radial forearm 11 (29%) 8 (20%)

Anterolateral thigh 12 (32%) 10 (24%)

Latissimus 1 (3%) 3 (7%)

Fasciocutaneous ulnar 0 (0%) 3 (7%)

Surgery duration (H:M), mean ± SD 10:57 ± 2:42 10:55 ± 2:44 .96

Intraoperative IVF(mL), median (IQR) 5,624 (3,910–7,750) 5,900 (4,200–8,340) .54d

ICU length of stay, mean days ± SD 1.6 ± 1.6 2.6 ± 2.7 .05

Abbreviations: BMI, body mass index; CAD, coronary artery disease; EBL, estimated blood loss in mL;

HTN, hypertension; IVF, intravenous fluid; PVD, peripheral vascular disease; SD, standard deviation.
aCharacteristics denoted by n, (%) unless otherwise noted.
bChi square, Fisher's exact, and Student's t-test analysis performed as appropriate.
cThis includes one South Asian Indian.
dMedian difference (Hodges–Lehmann 95% confidence interval) in intraoperative fluid administration (ml)

for traditional versus pressor-based groups was −349.5 (−1,293 to 765).
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Taylor, Rahmati, & Rohde, 2014; Harris et al., 2012; Kelly et al., 2014;

Monroe et al., 2010; Monroe et al., 2011), as well as larger studies

evaluating the effect of vasopressors in free flap reconstruction of the

breast, head and neck, extremities, and trunk (Table 4; Chan, Chow, &

Liu, 2013; Chen et al., 2010; Fang et al., 2018; Knackstedt,

Gatherwright, & Gurunluoglu, 2019; Nelson et al., 2017). The study

by Nelson et al. (2017) observed retrospectively that within

682 patients undergoing 1,039 flaps for breast reconstruction there

was no increase in intraoperative thrombotic events (arterial or

venous) or flap loss associated with vasopressor administration, but

they did have a higher rate of minor complications (wound healing

issues, seroma, infection, partial flap loss, and fat necrosis): 53% in the

vasopressor group and 43% in those who did not receive

vasopressors. Fang et al. (2018) observed that in retrospective review

of 5,671 free flap cases in 4888 patients where 85% of cases had

intraoperative vasopressors, after propensity score matching analysis

there was no increased risk of pedicle compromise (3.2 vs. 4.7%) or

flap failure (1.6 vs. 2.4%) rates with vasopressor use.

Despite this reassuring overall data concerning pressors in free

flap reconstruction, there remains questions about the safety of spe-

cific pressors and the timing of pressor administration. Within the

pressor-based group we did notice a general trend toward use of

vasopressors after induction of anesthesia, but there was even a high

level of pressor administration later in the case with 24/38 (58%)

patients in the pressor group receiving pressors during the time of

microvascular anastomosis and afterward. This is important to

TABLE 2 Free flap failures and complications associated with traditional volume-based versus goal-directed pressor-based intraoperative
hemodynamic protocol for head and neck reconstruction

Outcomea Pressor-based n = 38 Traditional n = 41 Relative risk 95% CI p

Intraoperative Pressors, n (%) 32 (84%) 8 (20%) 4.32 2.28–8.16 <.0001

Flap failure, n (%) 1 (3%) 3 (7%) 0.36 0.04–3.31 .63

Flap-related complication, n (%)a 12 (32%) 18 (44%) 0.72 0.40–1.29 .36

Any medical complication, n (%) 1 (3%) 8 (20%) 0.13 0.02–1.03 .03

Renal 1 (3%) 1 (2%) 1.08 0.07–16.65 1.00

Cardiac 0 (0%) 4 (10%) 0.12 0.01–2.15 .12b

Pulmonary 0 (0%) 5 (12%) 0.10 0.01–1.71 .06b

aPatients who had a flap failure were included in the group of flap-related complications.
bContinuity correction applied.

TABLE 3 Exploratory subset analysis
of pressor-based versus traditional
protocol in bony and soft tissue
reconstruction for head and neck defects

Outcome Pressor-based Traditional Relative risk 95% CI

Bony flap cohorta n = 11 n = 11

Intraoperative pressors, n (%) 9 (82%) 3 (27%) 3.00 1.10–8.20

Flap failure, n (%) 0 (0%) 1 (9%) 0.33b 0.02–7.39b

Flap-related complication, n (%)c 3 (27%) 6 (55%) 0.50 0.17–1.51

Medical complication, n (%) 0 (0%) 3 (27%) 0.14 0.01–2.48

Renal 0 (0%) 0 (0%) 1.00 0.02–46.41

Cardiac 0 (0%) 1 (9%) 0.33 0.02–7.39

Pulmonary 0 (0%) 2 (18%) 0.20 0.01–3.74

Soft tissue flap cohortd n = 27 n = 30

Intraoperative pressors, n (%) 23 (85%) 5 (17%) 5.11 2.26–11.60

Flap failure, n (%) 1 (4%) 2 (7%) 0.56 0.05–5.79

Flap-related complication, n (%)c 9 (33%) 12 (40%) 0.83 0.41–1.66

Medical complication, n (%) 1 (4%) 5 (17%) 0.22 0.03–1.78

Renal 1 (4%) 1 (3%) 1.11 0.07–16.91

Cardiac 0 (0%) 3 (10%) 0.16 0.01–2.93

Pulmonary 0 (0%) 3 (10%) 0.16 0.01–2.93

aMedian difference (Hodges–Lehmann 95% confidence interval) in intraoperative fluid administration (ml)

for traditional versus pressor-based groups was −208 (−3,750 to 2,397).
bContinuity correction applied.
cPatients who had a flap failure were included in the group of flap-related complications.
dMedian difference (Hodges–Lehmann 95% confidence interval) in intraoperative fluid administration (ml)

for traditional versus pressor-based groups was −600 (−1,847 to 500).
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consider since the study by Retrouvey et al. (2020) provided evidence

that the administration of ephedrine after tourniquet deflation for dig-

ital reimplantation and revascularization procedures was associated

with digit failure. In the present study, 1 flap failure occurred in the

24 patients (4%) receiving pressors during microvascular anastomosis,

while there were no flap failures occurring in the 14 patients not

receiving pressors during the microvascular anastomosis. Of particular

note, phenylephrine was the pressor used during the microvascular

anastomosis of the case of the flap failure that occurred in the pressor

group. As the meta-analysis by Knackstedt et al. (2019) describes,

many surgeons recommend against phenylephrine use during micro-

surgical reconstruction if a vasopressor is required. Similarly, Retro-

uvey et al. (2020) observed a trend toward increased odds of digit

failure in patients who had received phenylephrine intraoperatively

during their digit reimplantation/revascularization. Given the small

sample size of the present study and its low rate of flap failures, it is

difficult to draw conclusions about the effect of pressor

administration—and specifically epinephrine—during microvascular

anastomosis. It is reassuring that there was not a glaring difference in

these outcomes—especially considering that 24 patients in the pressor

group received epinephrine intraoperatively and there was only

1 associated flap failure—but it merits investigation in future large

scale prospective studies.

However, it should be stated that while we did not obviously

observe ill effects with intraoperative vasopressor use, there were no

obvious ill effects with traditional volume-based hemodynamic sup-

port. In fact, the vasopressor group averaged about the same amount

of overall fluid administered during surgery. So the evidence suggests

that either method may be acceptable based on the evidence

presented. However, it should be noted that our finding that medical

complications appeared to be slightly more frequent in the traditional

protocol compared to the pressor-based protocol merits further inves-

tigation and should be included as a safety endpoint in future trials. In

a larger retrospective study with 682 patients undergoing breast

reconstruction, there was no difference in medical complications

when comparing patients that did versus did not receive pressors

(Nelson et al., 2017).

Our finding of 38% of patients experiencing a surgical complica-

tion after undergoing free flap reconstruction for head and neck can-

cer reflects the high rate of revision/previously treated cases

presenting to our institution and is in accordance with other reports.

Clark et al. (2007) reported a similar overall complication rate of 37%

in 185 patients undergoing free flap reconstruction of head and neck

defects. In their study, it is not directly reported whether vasopressors

were utilized, but it appears that volume replacement with crystalloids

and colloids was the primary source of hemodynamic support. Mon-

roe et al. (2011) in their retrospective review of 169 patients undergo-

ing head and neck cancer reconstruction that included vasopressor

utilization in 72% of cases at the discretion of the anesthesiologist

reported a nonmedical complication rate of 32%. Their findings agree

with the present study, reporting a similar flap failure rate of 4.4%

(4/90) among those exposed to intraoperative vasopressors versus

2.5% (2/79) among those not exposed to vasopressors.

Because bony and soft tissue free flaps have fundamentally dif-

ferent vascular physiology, it is also of interest to know whether the

effect of intraoperative vasopressors is different for each of these flap

subtypes. Soft tissue flaps depend on a period of angiogenesis after

which the main vascular pedicle is not the sole supply to the tissue. In

contrast, bony flaps depend on a low-pressure system of blood flow

through the periosteum and bone marrow that may be more depen-

dent on the vascular tone of the supplying arterioles (Laroche, 2002;

Travlos, 2006).

The exploratory analysis examining the effect of a pressor-based

algorithm for soft tissue and osseous free flaps found similar rates of

complications or survival. This study provides preliminary information

that even though bony and soft tissue free flaps have different ana-

tomic methods of perfusion, the use of intraoperative goal-directed

vasopressor-based algorithm does not appear to have different effects

on the rates of flap failure or complications. The sample sizes for com-

parison were small for each type of reconstruction and underpowered

TABLE 4 Pertinent studies examining applications of vasopressors in microsurgery cases, listed in order of number of flaps analyzed

Authors Study type

Area

reconstructed

Flaps

analyzed, n

Flaps receiving

pressors, n (%)

Pressor flap

failures, n (%)

No pressor flap

failures, n (%)

Fang et al. (2018) Retrospective Alla 5,671 4,816 (85%) 74 (2%) 23 (3%)

Nelson et al. (2017) Retrospective Breast 1,033 735 (71%) 12 (2%) 3 (1%)

Chen et al. (2010) Retrospective Breast 258 140 (54%) 1 (1%) 5 (4%)

Monroe et al. (2010) Retrospective Alla 169 139 (82%) 4 (3%) 2 (7%)

Monroe et al. (2011) Prospective H&Nb 169 90 (53%) 4 (4%) 2 (3%)

Chan et al. (2013) Retrospective H&Nb 110 81 (74%) 4 (5%) 2 (7%)

Kelly et al. (2014) Retrospective Alla 47 25 (53%) 1 (4%) 2 (9%)

Raittinen et al. (2016) Prospective H&Nb 26 17 (65%) 0 (0%) 0 (0%)

Eley et al. (2012) Prospective H&Nb 24 24 (100%) 0 (0%) —

Suominen et al. (2004) Prospective Breast 19 13 (68%) 0 (0%) 0 (0%)

aThis included head and neck, breast, trunk, and extremities.
bHead and neck.
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to detect clinically meaningful differences, so these results should be

interpreted with caution. Nevertheless, this is important information

as the use of intraoperative vasopressors in flap reconstruction con-

tinues to expand, and should be explored in a larger analysis (Kelly

et al., 2014; Monroe et al., 2010, 2011; Motakef et al., 2015a, 2015b;

Swanson et al., 2015; Vyas & Wong, 2014).

This study possesses several limitations. While it is strength-

ened by the data being obtained in a randomized, prospective

manner—which has been utilized in relatively few investigations

(Eley et al., 2012; Monroe et al., 2011; Raittinen, Kääriäinen, Lopez,

Pukander, & Laranne, 2016; Suominen et al., 2004)—it was not ini-

tially aimed at comparing rates of flap failure or complication. Thus,

the retrospective nature of this secondary analysis will affect data

analysis and interpretation. It also did not directly assess the perfu-

sion of each free flap and instead relied on clinical outcomes

related to complications and flap survival. Although challenging,

objective measurement of perfusion may be useful in future stud-

ies. Generalizability is limited by our sample size, lack of racial

diversity, and single-institution study design. The study is also

underpowered to detect small differences in complications or flap

failure rates and therefore serves as preliminary evidence requiring

confirmation in a prospective multi-institutional study with greater

statistical power.

5 | CONCLUSIONS

This study provides evidence that goal-directed intraoperative vaso-

pressor administration does not appear to increase the rate of free

flap surgical complications or failures relative to a traditional volume-

based algorithm. We also provide an exploratory subset analysis

reporting that the effect of the vasopressor-based algorithm did not

have differential effects on flap failure or complications in bony versus

soft tissue free flaps. It is important to note that this study does not

support the use of vasopressors without guideline-directed use. Fur-

ther investigation is needed to fully elucidate the factors contributing

to free flap complications and to develop optimal hemodynamic

protocols.

ACKNOWLDGMENTS

The authors would like to thank Evan Graboyes, MD for his contribu-

tion to the data interpretation and manuscript critical review. Edwards

Lifesciences, LLC (Irvine, CA) provided partial grant funding (Grant

number 13641). William R. Hand previously consulted for Edwards

Lifesciences. Terry A. Day is a member of the Olympus Advisory

Board. This project was also supported by the South Carolina Clini-

cal & Translational Research Institute, Medical University of South

Carolina's Clinical & Translational Institute and National Institute of

Health/National Center for Advancing Translational Sciences,

Bethesda, MD, grant # UL1TR000062 and the National Center for

Research Resources award number UL1RR029882, Charleston,

SC. Institutional grant pay for statistical support (B. Wolf, PhD) to ana-

lyze data and assist with design.

ORCID

Robert J. Taylor https://orcid.org/0000-0001-8196-6218

REFERENCES

Banic, A., Krejci, V., Erni, D., Wheatley, A. M., & Sigurdsson, G. H. (1999).

Effects of sodium nitroprusside and phenylephrine on blood flow in

free musculocutaneous flaps during general anesthesia. Anesthesiology,

90(1), 147–155.
Benes, J., Chytra, I., Altmann, P., Hluchy, M., Kasal, E., Svitak, R., …

Stepan, M. (2010). Intraoperative fluid optimization using stroke vol-

ume variation in high risk surgical patients: Results of prospective ran-

domized study. Critical Care (London, England), 14(3), R118.

Chan, J. Y., Chow, V. L., & Liu, L. H. (2013). Safety of intra-operative vaso-

pressor in free jejunal flap reconstruction. Microsurgery, 33(5),

358–361.
Chao, J. W., Taylor, E. W., Rahmati, R. W., & Rohde, C. H. (2014). Continu-

ous high-dose vasopressors in free anterolateral thigh flap transfer for

pharyngeal reconstruction: A report of two cases. Microsurgery, 34(3),

237–239.
Chen, C., Nguyen, M. D., Bar-Meir, E., Hess, P. A., Lin, S., Tobias, A. M., …

Lee, B. T. (2010). Effects of vasopressor administration on the out-

comes of microsurgical breast reconstruction. Annals of Plastic Surgery.,

65(1), 28–31.
Clark, J. R., McCluskey, S. A., Hall, F., Lipa, J., Neligan, P., Brown, D., …

Gilbert, R. (2007). Predictors of morbidity following free flap recon-

struction for cancer of the head and neck. Head & Neck, 29(12),

1090–1101.
Driessens, M., & Vanhoutte, P. M. (1979). Vascular reactivity of the iso-

lated tibia of the dog. The American Journal of Physiology, 236(6),

H904–H908.

Eley, K. A., Young, J. D., & Watt-Smith, S. R. (2012). Epinephrine, norepi-

nephrine, dobutamine, and dopexamine effects on free flap skin blood

flow. Plastic and Reconstructive Surgery., 130(3), 564–570.
Fang, L., Liu, J., Yu, C., Hanasono, M. M., Zheng, G., & Yu, P. (2018).

Intraoperative use of vasopressors does not increase the risk of free

flap compromise and failure in cancer patients. Annals of Surgery, 268

(2), 379–384.
Hand, W. R., McSwain, J. R., McEvoy, M. D., Wolf, B., Algendy, A. A., Parks,

M. D., … Reeves, S. T. (2015). Characteristics and intraoperative treat-

ments associated with head and neck free tissue transfer complica-

tions and failures. Otolaryngology—Head and Neck Surgery, 152(3),

480–487.
Hand, W. R., Stoll, W. D., McEvoy, M. D., McSwain, J. R., Sealy, C. D.,

Skoner, J. M., … Day, T. A. (2016). Intraoperative goal-directed hemo-

dynamic management in free tissue transfer for head and neck cancer.

Head & Neck, 38(Suppl 1), E1974–E1980.
Harris, L., Goldstein, D., Hofer, S., & Gilbert, R. (2012). Impact of vasopres-

sors on outcomes in head and neck free tissue transfer. Microsurgery,

32(1), 15–19.
Kelly, D. A., Reynolds, M., Crantford, C., & Pestana, I. A. (2014). Impact

of intraoperative vasopressor use in free tissue transfer for head,

neck, and extremity reconstruction. Annals of Plastic Surgery, 72(6),

S135–S138.
Knackstedt, R., Gatherwright, J., & Gurunluoglu, R. (2019). A literature

review and meta-analysis of outcomes in microsurgical reconstruction

using vasopressors. Microsurgery, 39(3), 267–275.
Laroche, M. (2002). Intraosseous circulation from physiology to disease.

Joint, Bone, Spine: Revue du Rhumatisme, 69(3), 262–269.
Martin, G., Bennett-Guerrero, E., Wakeling, H., Mythen, M. G., el-Moalem,

H., Robertson, K., … Gan, T. J. (2002). A prospective, randomized com-

parison of thromboelastographic coagulation profile in patients receiv-

ing lactated Ringer's solution, 6% hetastarch in a balanced-saline

vehicle, or 6% hetastarch in saline during major surgery. Journal of Car-

diothoracic and Vascular Anesthesia, 16(4), 441–446.

12 TAYLOR ET AL.

https://orcid.org/0000-0001-8196-6218
https://orcid.org/0000-0001-8196-6218


Monroe, M. M., Cannady, S. B., Ghanem, T. A., Swide, C. E., & Wax, M. K.

(2011). Safety of vasopressor use in head and neck microvascular

reconstruction: A prospective observational study. Otolaryngology—
Head and Neck Surgery, 144(6), 877–882.

Monroe, M. M., McClelland, J., Swide, C., & Wax, M. K. (2010). Vasopres-

sor use in free tissue transfer surgery. Otolaryngology—Head and Neck

Surgery, 142(2), 169–173.
Motakef, S., Mountziaris, P. M., Ismail, I. K., Agag, R. L., & Patel, A. (2015a).

Emerging paradigms in perioperative management for microsurgical

free tissue transfer: Review of the literature and evidence-based

guidelines. Plastic and Reconstructive Surgery, 135(1), 290–299.
Motakef, S., Mountziaris, P. M., Ismail, I. K., Agag, R. L., & Patel, A. (2015b).

Perioperative management for microsurgical free tissue transfer: Sur-

vey of current practices with a comparison to the literature. Journal of

Reconstructive Microsurgery, 31(5), 355–363.
Namdar, T., Bartscher, T., Stollwerck, P. L., Mailander, P., & Lange, T.

(2010). Complete free flap loss due to extensive hemodilution. Micro-

surgery, 30(3), 214–217.
Nelson, J. A., Fischer, J. P., Grover, R., Nelson, P., Au, A., Serletti, J. M., &

Wu, L. C. (2017). Intraoperative vasopressors and thrombotic compli-

cations in free flap breast reconstruction. Journal of Plastic Surgery and

Hand Surgery., 51(5), 336–341.
Raittinen, L., Kääriäinen, M. T., Lopez, J. F., Pukander, J., & Laranne, J.

(2016). The effect of norepinephrine and dopamine on radial forearm

flap partial tissue oxygen pressure and microdialysate metabolite mea-

surements: A randomized controlled trial. Plastic and Reconstructive

Surgery, 137(6), 1016e–1023e.
Retrouvey, H., Makerewich, J. R., Solaja, O., Giuliano, A. M., Niazi, A. U., &

Baltzer, H. L. (2020). Effect of vasopressor use on digit survival after

replantation and revascularization—A large retrospective cohort study.

Microsurgery, 40(1), 5–11.
Ruttmann, T. G., James, M. F., & Finlayson, J. (2002). Effects on coagula-

tion of intravenous crystalloid or colloid in patients undergoing

peripheral vascular surgery. British Journal of Anaesthesia, 89(2),

226–230.
Sigurdsson, G. H., & Thomson, D. (1995). Anaesthesia and microvascular

surgery: Clinical practice and research. European Journal of Anaesthesi-

ology, 12(2), 101–122.
Suominen, S., Svartling, N., Silvasti, M., Niemi, T., Kuokkanen, H., &

Asko-Seljavaara, S. (2004). The effect of intravenous dopamine and

dobutamine on blood circulation during a microvascular TRAM flap

operation. Annals of Plastic Surgery, 53(5), 425–431.
Swanson, E. W., Cheng, H. T., Susarla, S. M., Yalanis, G., Lough, D.,

Johnson, O., III, … Sacks, J. (2015). Intraoperative use of vasopressors

is safe in head and neck free tissue transfer. Journal of Reconstructive

Microsurgery, 32(2), 87–93.
Tran, M. A., & Geral, J. P. (1978). The influence of some vasoactive drugs on

bone circulation. European Journal of Pharmacology, 52(1), 109–114.
Travlos, G. S. (2006). Normal structure, function, and histology of the bone

marrow. Toxicologic Pathology, 34(5), 548–565.
Vyas, K., & Wong, L. (2014). Intraoperative management of free flaps: Cur-

rent practice. Annals of Plastic Surgery, 72(6), S220–S223.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Taylor RJ, Patel R, Wolf BJ, et al.

Intraoperative vasopressors in head and neck free flap

reconstruction. Microsurgery. 2021;41:5–13. https://doi.org/

10.1002/micr.30677

TAYLOR ET AL. 13

https://doi.org/10.1002/micr.30677
https://doi.org/10.1002/micr.30677

	Intraoperative vasopressors in head and neck free flap reconstruction
	1  INTRODUCTION
	2  PATIENTS AND METHODS
	3  RESULTS
	3.1  Demographics and clinical characteristics
	3.2  Goal-directed pressor-based versus traditional protocol
	3.3  Flap failure or surgical complication rates by flap type and flap type within treatment group

	4  DISCUSSION
	5  CONCLUSIONS
	  ACKNOWLDGMENTS
	REFERENCES


