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Abstract

Objective. The development of surgical site infections (SSls)
can put the viability of free tissue transfer reconstructions
at risk, often resulting in considerable postoperative mor-
bidity and prolonged hospitalization. Current antibiotic
prophylactic guidelines suggest a first- or second-generation
cephalosporin with metronidazole for clean-contaminated
cases and recommend clindamycin as an alternative choice
in penicillin-allergic patients. This study was designed to
examine the rates of postoperative infection associated
with prophylactic antibiotic regimens, including patients
receiving clindamycin as an alternative due to penicillin
allergy.

Study Design. Case series with chart review.
Setting. Tertiary academic medical center.

Subjects. Patients undergoing major ablative head and neck
resection involving the pharynx and oral cavity recon-
structed via free tissue transfer.

Methods. The sample included patients (n = 266) who under-
went free tissue transfer involving the oral cavity and phar-
ynx from 2009 to 2014. Data included demographic data,
medical comorbidities, anatomic tumor subsite and surgical
procedure, and prophylactic antibiotic regimen. SSI data
were examined up to 30 days after the initial surgical proce-
dure. Multivariate logistic regression analysis was performed
to determine the overall risk for SSI. Culture data were also
reviewed.

Results. The data indicated that clindamycin was associated
with an approximate 4-fold increased risk for SSI (odds
ratio, 3.784; 95% confidence interval: 1.367-10.470 [P =
.010]) after controlling for possible confounding factors.

Conclusion. For patients with a true penicillin allergy, we rec-
ommend broader gram-negative coverage with alternative
antibiotics, such as cefuroxime, when undergoing free tissue
transfer in the head and neck.
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Ithough the success rates of microvascular free tissue

transfer in patients undergoing head and neck cancer

surgery are very high (95%-97%),' the development
of a surgical site infection (SSI) can put flap viability at risk,
resulting in considerable postoperative morbidity and length-
ened hospital stay. The need for chemoprophylaxis in patients
undergoing these procedures has been well established, with
infection rates in those not receiving antibiotics approaching
87%.%° While lack of antibiotic use in head and neck oncolo-
gic surgery can result in high rates of infection, current use of
antibiotics still results in SSIs rates ranging from 13% to
41%.7'° 1t is commonly believed that the flora of the oral
cavity, exposure to saliva, and disruption of the aerodigestive
tract predispose oncologic head and neck procedures to these
high infection rates.'”

Previous studies have shown tobacco use, American
Society of Anesthesiologists (ASA) classification, history of
radiation therapy, length of surgery, and blood loss during
surgery as risk factors for the development of SSIs.”'!!2
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Perioperative antibiotic regimens aim to provide adequate cover-
age of common oral flora, including Streptococcus, both aerobic
and anaerobic species; anaerobes, including Bacteriodies,
Peptostreptococcus, Prevotella, and Fusobacterium species; and
Enterobacteriaceae and staphylococei.'>*

The current American Society of Health-System Pharmacists
guidelines suggest the use of cefazolin with metronidazole,
cefuroxime with metronidazole, or ampicillin-sulbactam for
oncologic clean-contaminated head and neck surgery. The
guidelines also suggest the use of clindamycin in patients with a
beta-lactam allergy. The aim of these guidelines is to provide
effective prophylaxis for patients that is supported by the litera-
ture. The combination of a first- or second-generation cephalos-
porin with metronidazole covers gram-positive bacteria, some
gram-negative bacteria (Escherichia coli, Klebsiella, and
Proteus), and anaerobic species (metronidazole). Ampicillin/sul-
bactam is effective at treating gram-positive, gram-negative, and
anaerobic bacteria, while clindamycin is most effective against
gram-positive and anaerobic bacteria. At present any one of
these regimens are considered to provide adequate perioperative
protection for clean-contaminated head and neck cases.

However, recent data indicate that patients receiving
alternative antibiotic regimens secondary to a presumed
penicillin allergy may have a higher incidence of postopera-
tive infections following microvascular free flap reconstruc-
tion.'>'”7 In this report, we investigated the rates of SSI in a
single institution over a 5-year period among patients under-
going clean-contaminated head and neck surgery with
microvascular free flap reconstruction.

Materials and Methods

After Institutional Review Board approval was obtained
(IF1718786), data were retrospectively collected on 438
consecutive patients undergoing free flap reconstruction of
the head and neck at the Mount Sinai Hospital between
May 2009 and November 2014. Patients were included for
analysis if they underwent a clean-contaminated procedure
and received an antibiotic regimen in concordance with
American Society of Health-System Pharmacists guidelines.
Procedures that violated the aerodigestive tract were, by
definition, considered clean-contaminated. Given the impact
of antibiotic compliance, cases were included only when
antibiotics were given ““on time”’ and redosed appropriately
(every 4 hours for cefazolin, every 6 hours for metronida-
zole, every 2 hours for ampicillin-sulbactam, every 6 hours
for clindamycin).!” All surgical sites were prepared with
povidone-iodine preparation solution prior to incision.
Additionally, only cases with 1 free tissue transfer site were
included (n = 431).

The following parameters were collected for each
patient: demographics, ASA status, body mass index
(BMI), diabetic status, prior radiation therapy, duration of
surgery, tumor stage, location of tumor and defect, type of
free flap used in reconstruction, perioperative antibiotic
regimen, and operative blood loss. We defined our ‘‘stan-
dard therapy’ to include cefazolin with metronidazole,
cefuroxime with metronidazole, and ampicillin-sulbactam.

“Alternative therapy” included the use of clindamycin
alone or with metronidazole or gentamicin.

SSIs were defined via the Centers for Disease Control
and Prevention criteria as occurring within 30 days post-
operatively and including at least 1 of the following:

(1) purulent drainage from the incision;

(2) an incision that spontaneously dehisces or is delib-
erately opened or aspirated by a surgeon and is
culture positive or not cultured and the patient is
positive for fever (>38°C) and/or localized pain
or tenderness;

(3) an abscess or other evidence of infection involving
the deep tissue that is detected on gross anatomic
or histopathologic examination or imaging test; or

(4) diagnosis of the surgeon of an SSI.'®

Orocutaneous fistulas that did not meet the above criteria
for SSI (n = 7) were not categorized as SSIs. Patients with a
penicillin allergy were identified in the electronic medical
record. The associated reactions included the following:
hives (19.5%), rash (41.5%), anaphylaxis (4.9%), swelling
(9.7%), desquamation (2.4%), convulsions (2.4%), chills/tre-
mors (2.4%), itching (2.4%), and unknown (2.4%).

Retrospective data were collected and stored in Excel
(2007 Microsoft Corp, Redmond, Washington). Data were
analyzed with MedCalc 12.2.1.0 (MedCalc, Mariakerke,
Belgium) and SAS 9.3 (SAS Institute, Cary, North Carolina).
Categorical variables were summarized by frequencies and
percentages and analyzed with Pearson’s chi-squared test or
Fisher’s exact test as appropriate. Student’s ¢ test for indepen-
dent samples was used to determine differences in continu-
ously distributed data for sample sizes >30. Mann-Whitney’s
rank-sum test was used to determine differences otherwise.
The criterion for statistical significance was P < .05.

Fisher’s exact test was then used to assess the presence
of any association (1) between year of treatment and infec-
tion status and (2) between year of treatment and use of the
alternative antibiotic treatment. The primary analysis for
SSI risk was multiple logistic regression of infection status
on treatment, controlled for those covariates that had shown
a univariate association with treatment category of P < .05.
Results were further examined per a model correcting for a
longer list of covariates, including the following clinically
relevant variables: tobacco use, ASA classification, history
of radiation therapy, length of surgery, operative blood loss,
BMI, and diabetic status.

Results

Patient Characteristics

Between May 2009 and November 2014, 438 patients
underwent microvascular free tissue transfer for reconstruc-
tion of head and neck defects. Seven patients who had 2
free flaps performed concurrently at the time of initial sur-
gery were excluded (n = 431). Seven HIV-positive patients
and 2 immunosuppressed patients secondary to previous
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Table I. Demographics of Patients Undergoing Microvascular Free Tissue Transfer.?

Standard Therapy (n = 225)° Alternative Therapy (n = 41)° Total (N = 266)° P Value

Age, y 63.6 = 13.2 622 = 17.3 635 = 13.9 616
Sex, male 152 19 171 .009
Body mass index, kg/m> 24.6 (21.1, 28.0) 27.9 (20.5, 31.3) 25.1 (21.1, 28.5) .048
Tobacco use 124 of 203 21 of 37 145 of 240 621
Diabetes 36 of 217 Il of 39 47 of 256 .084
Hypothyroidism 22 4 26 997
ASA class (llI+) 200 of 221 36 236 of 262 .806
Tumor stage 734

Il 63 of 177 Il of 30

-1V 114 of 177 19 of 30
Prior radiation 65 of 190 10 of 35 75 of 225 515
Indication for surgery .002

Cancer 208 32 239

Benign tumor/defect 8 7 15

Osteoradionecrosis 9 2 Il
Blood loss, mL 642 (300, 1000) 551 (275, 800) 625 (300, 800) .258
Duration of surgery, min 564 (484, 628) 533 (450, 578) 559 (475, 625) 223
Donor site 954

Anterolateral thigh 62 10 74

Radial forearm 101 20 122

Fibula 34 8 42

Scapula 21 3 24

Latissimus dorsi | 0 |

Rectus abdominis | 0 |

Serratus anterior 3 0 3

lliac crest 2 0 2

Abbreviation: ASA, American Society of Anesthesiologists.

Values are presented as number of patients, mean = SD, or median (first and third quartiles).
PNote that some variables have a sample base less than that cited in the column head (denoted as “x of y”).

organ transplant were excluded as well. Eighteen patients had
no data available due to transition to a different electronic
medical record. Clean cases were excluded (n = 53), such as
those involving the scalp and those not violating the aerodiges-
tive tract (eg, parotid defect). Additionally, patients were
excluded either for receiving antibiotics not in accordance with
American Society of Health-System Pharmacists guidelines
due to an antibiotic shortage (n = 40) or for unavailable data
(n = 46). Of the final cohort group, 90.2% (n = 240) under-
went reconstruction for cancer defects, 5.6% (n = 15) for
benign processes or nonmalignant defects, and 4.1% (n = 11)
for reconstruction after osteoradionecrosis. The final study
cohort consisted of 265 patients, 225 received standard ther-
apy, and 41 received alternative therapy.

Baseline demographics and clinical characteristics for the
cohort are shown in Table I. Briefly, the mean age of the
study population was 64 years (range, 23-94). Nearly 90%
of the group had ASA status >3; 33.3% had prior radiation
therapy; and nearly 20% were diabetic. Donor sites for free
flap reconstruction included radial forearm (45.9%), antero-
lateral thigh (27.8%), fibula (15.8%), scapula (9.0%), serra-
tus (1.1%), iliac crest (0.7%), latissimus (0.4%), and rectus

abdominis (0.4%). Individual donor sites were not associ-
ated with increased risk of SSI (P = .954).

A total of 225 patients (84.6%) received standard ther-
apy, with cefazolin-metronidazole being the predominant
regimen. Forty-one patients (15.4%) received clindamycin
alone (n = 30), clindamycin with metronidazole (n = 8), or
clindamycin with gentamicin (n = 3). Thirty-five patients
(85.4%) in the alternative group received clindamycin due
to a reported penicillin-allergy. Overall SSI rate for the
cohort was 11%. Patients receiving standard regimen had an
SSI rate of 8%. Those treated with the alternative regimen
had an SSI rate of 27%. Multiple logistic regression analysis
showed significantly greater odds of SSI with alternative
therapy (odds ratio, 3.784; 95% confidence interval, 1.367-
10.470 [P = .010]; Table 2). Three patients receiving clin-
damycin developed diarrhea, and 1 was confirmed to be
Clostridium difficile positive. (No episodes of C difficile
diarrhea were reported in the standard group.)

SSI and Risk Factors

The year of treatment was not associated with either infec-
tion status (P = .568) or use of the alternative antibiotic
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Table 2. Multivariate Logistic Regression of Risk Factors on Surgical Site Infection.?

Effect Estimated Odds Ratio P Value 95% Confidence Limits of Hazard Ratio
Use of alternate treatment 3.784 010 1.367-10.470

Diabetic status 1.718 297 0.621-4.751

Male 0.934 .890 0.352-2.475

Body mass index 1.054 .160 0.979-1.135

?Bold font indicates statistical significance (P <.05).

Table 3. Surgical Site Infection Risk Factors.

Infection (n = 30) No Infection (n = 236) P Value

Age, y 612 £ 158 63.6 £ 13.7 A37
Sex, male 18 153 .603
Body mass index, kg/m? 27.9 (23.7, 30.0) 24.7 (21.4,27.2) .038
Tobacco use 13 of 26 132 of 214 .250
Diabetes 10 37 of 226 .024
Hypothyroidism 2 28 of 240 .543
ASA class (Ill+) 25 of 28 211 of 234 .882
Tumor stage 122

-1l 4 of 20 70 of 187

-v 16 of 20 117 of 187
Osteoradionecrosis | 10
Prior radiation 9 of 26 66 of 199 .883
Duration surgery, min 565 (461, 651) 559 (569, 618) .809
Blood loss, mL 602 (300, 600) 628 (300, 850) 813
Antibiotic therapy

Standard 19 206 .001

Alternative I 30
Lesion site 692

Oral cavity 19 146

Oropharynx | 26

Hypopharynx/larynx 5 35

Sinonasal 5 28

Salivary gland 0 |
Donor site .839

Anterolat thigh 6 68

Radial forearm 13 108

Fibula 7 35

Scapula 4 20

Other 0 7

Abbreviation: ASA, American Society of Anesthesiologists.

*Values are presented as number of patients, mean * SD, or median (first and third quartiles). Bold font indicates statistical significance (P <.05).
®Note that some variables have a sample base less than that cited in the column head (denoted as “x of y").

treatment (P = .562). Other effects—including patient age,
sex, tobacco use, and prior radiation—did not achieve sig-
nificance. We further examined the results in a model cor-
recting for clinically relevant variables, including those
above, plus age, smoking status, BMI, and use of preopera-
tive radiation. This produced comparable results, with esti-
mated odds ratio between alternative treatment and
infection of 4.520 (P = .012; Table 3).

Culture Data

Of the 30 patients with SSI, culture data were available for
21 patients (Table 4). The most common organism isolated
from the standard therapy group was Enterococcus faecalis.
The most common bacteria isolated in the penicillin allergic
group were Haemophilus influenzae. Other species such as
Klebsiella and oxacillin-resistant Staphylococcus aureus
were equally as prevalent in both groups. Patients in the
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Table 4. Bacterial Isolates and Sensitivities.

Therapy Type: Microorganisms Cultured from Group Wounds

No. of Cases

Antibiotic Resistance

“Standard”

Aerobic gram-positive cocci
Staphylococcus aureus 2
Streptococcus intermedius (S constellatus) I
Alpha-hemolytic Streptococcus (S mitis) I

Facultative anaerobic gram positive
Enterococcus (E faecalis) 5

Facultative anaerobic gram negative
Enterobacteriaceae (E cloacae, Serratia marcescens)
Pseudomonas aeruginosa
Klebsiella pneumoniae

—_ U1 W w

Proteus mirabilis

“Alternative”

Aerobic gram-positive cocci

Staphylococcus aureus
Coagulase-negative Staphylococcus (S epidermidis)
Streptococcus intermedius (S constellatus)
Alpha-hemolytic Streptococcus (S mitis, S viridans)
Streptococcus agalactiae (group B)

NN — DN W

Anaerobic gram negative
Bacteroides (Prevotella bivia) I
Facultative anaerobic gram positive
Enterococcus (E avium) I
Facultative anaerobic gram negative
Pseudomonas aeruginosa
Haemophilus influenzae
Klebsiella pneumoniae

—_—— W —

Escherichia coli

Oxacillin, ciprofloxacin, erythromycin, levofloxacin
No sensitivity testing
No sensitivity testing

Gentamicin, tetracyclines, streptomycin, ampicillin / sulbactam

Cefazolin, ceftazadime, ceftriaxone, pipercillin / tazobactam
None

Ampicillin/sulbactam

None

Oxacillin, ciprofloxacin, clindamycin, levofloxacin, erythromycin
No sensitivity testing

No sensitivity testing

No sensitivity testing

None

None
None
None
None

None
None

alternative group also had a fair number of infections from
gram-positive aerobic bacteria. We believe that growth of
these cultures was due to contaminates, as the microbiology
report frequently noted them as ‘“‘secondary cultures,”” and
we did not test them for antibiotic sensitivities if they were
Staphylococcus epidermidis, Staphylococcus viridans, or
Staphylococcus constellatus.

Discussion

We investigated the effects of antibiotic regimen on SSI
rates following head and neck reconstruction with microvas-
cular free tissue transfer. Patients had a 4-fold increased risk
for SSIs when using clindamycin versus the other standard
regimens. This strong association was maintained after
adjusting for confounding factors. Our findings are sup-
ported by recent reports.®'® Additionally, BMI and a history
of diabetes were independent risk factors for SSI, both of
which have been reported in the literature.'**°

Because the oropharynx is not usually colonized with gram-
negative bacteria, the literature has suggested that routine gram-
negative coverage is not required for routine clean-contaminated
cases. However, patients with head and neck squamous cell

carcinoma of the upper aerodigestive tract harbor increased
levels of gram-negative bacteria.’' Nevertheless, there is con-
flicting evidence about whether extended gram-negative cover-
age is needed for large head and neck cases.”>?* In our study,
there was an admixture of bacterial causes. Many of the cases
in both groups were secondary to multiresistant strains. Several
penicillin-allergic patients grew H influenzae strains that were
sensitive to cephalosporins.

Alternative prophylactic antibiotics are required when
patients present with a known penicillin allergy. With this
increased risk of SSI, it becomes increasingly important to
correctly identify a true allergy or extend antibiotic coverage
in this patient population. Confusion about the definition of
true allergy among patients and practitioners leads to recom-
mendations for alternative antimicrobial therapy, with the
potential for lack of efficacy, increased costs, and adverse
events.'* While 10% of patients will report a penicillin
allergy, 90% of these patients are not truly allergic and could
safely receive a beta-lactam antibiotic.>> True penicillin
allergy is rare, with estimated incidence of anaphylaxis
around 1 to 5 per 10,000 cases of penicillin therapy.*®*” The
rate of cross-reactivity with cephalosporins has frequently
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reported as 10%, yet this is likely an overestimate of the true
incidence.”® In lieu of penicillin-allergic patients having a 3-
fold increased risk of cross-reactivity to nonrelated drugs, the
risk of allergic reaction attributable to first-generation cepha-
losporins administration is probably closer to 0.5%.%® First-
generation cephalosporins share similar side chains to penicil-
lin and amoxicillin, and previous data have demonstrated that
cross-reactivity is related to side-chain configuration, not the
beta-lactam ring.® Second- and third-generation cephalospor-
ins have different side chains from penicillin and are not
associated with an increased risk of cross-reactivity with
penicillin.*® Studies have also shown that there is no increased
risk of anaphylaxis after cephalosporin challenge in penicillin-
allergic patients.”=' Therefore, when patients report a penicil-
lin allergy, formal skin testing should be considered. Once
confirmed, the use of the second-generation cephalosporin
cefuroxime can be used as a suitable alternative.

Although this study is limited by its retrospective nature,
the results are supported by observations seen at other major
academic centers.'®!” In a recent study by Langerman et al
that examined antibiotic prophylaxis and laryngectomy, the
authors noted that when clindamycin was administered alone,
the study cohort exhibited a statistically higher odds of SSIs,
wound dehiscence, and other antibiotic-induced complica-
tions.'> Further data from additional centers may validate
these findings. With the large effect size noted in our study,
it is unlikely that a clinical trial could randomize to clinda-
mycin, especially since SSIs in the setting of free tissue trans-
fer can result in reconstructive flap loss and the associated
morbidity.

Conclusion

A nearly 4-fold increase risk of SSI was observed when
clindamycin was used for antibiotic prophylaxis in patients
undergoing major head and neck oncologic surgery with
free tissue transfer. These data suggest that clindamycin is
insufficient for SSI chemoprophylaxis in these cases. It is
important to identify genuine penicillin allergies. In a truly
penicillin-allergic patient, the use of extended gram-
negative coverage is suggested, and a safe alternative, such
as cefuroxime, may be used.
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