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Abstract

Study Design—Retrospective cohort study.

Objective—To identify factors that are independently associated with increased surgical drain

output in patients who have undergone ACDF.

Summary of Background Data—Surgical drains are typically placed following ACDF to

reduce the risk of complications associated with neck hematoma. The orthopaedic literature has

repeatedly challenged the use of surgical drains following many procedures, and there are

currently no guidelines for determining which patients are most likely to benefit from drain

placement after ACDF.

Methods—Consecutive patients who underwent elective ACDF with surgical drain placement at

a single academic institution between January 2011 and February 2013 were identified using

billing records. Patient information was abstracted from the medical record. Patients were

categorized based on normal or increased total drain output, with increased drain output defined as

total drain output ≥ 50th percentile (30mL). A multivariate logistic regression was used to

determine which factors were independently associated with increased drain output.
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Results—A total of 151 ACDF patients met inclusion criteria. Total drain output ranged from 0

mL to 265 mL. The average drain output for this cohort was 42.3 ± 45.5 mL (mean ± standard

deviation). Among all patients in the study, 80 patients had increased drain output (drain output ≥

50th percentile or 30 mL).

Multivariate analysis identified three independent predictors of increased drain output: age ≥ 50

years (Odds Ratio [OR] = 3.9), number of levels (2 levels, OR = 2.7; 3–4 levels, OR = 17.0), and

history of smoking (OR = 2.8). One patient developed a postoperative neck hematoma while a

drain was in place.

Conclusion—Patients with the above-identified factors associated with increased drain output

may benefit most from surgical drain placement after ACDF. Nonetheless, neck hematoma is still

possible even with drain use.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is a well-accepted surgical procedure for

the treatment of cervical spine pathology.1,2 In order to minimize the risk of hematoma

following the procedure, the use of a closed-suction drain has become commonplace despite

a lack of evidence establishing its efficacy.

The orthopaedic literature has repeatedly challenged the use of postoperative surgical

drains.3 For hip and knee arthroplasty, several studies have shown no difference in the

incidence of infection, blood loss, changes in hemoglobin and hematocrit, functional

assessment, or other complications when the drainage group was compared with the no-

drain group.4–8 In orthopaedic trauma studies, drains have also been found to be

unnecessary.9,10

For lumbar spinal procedures, multiple studies have found the risk of wound infection and

hematomas in single-level lumbar decompression surgery not to be influenced by use of a

drain.11–14 Conversely, some studies have found an association between drains and

increased postoperative blood transfusions and wound infection after spinal fusion.15–17

There is also evidence that drains may be associated with postoperative fevers after lumbar

spine surgery.13,18

In light of the unique and potentially life-threatening complications associated with

hematoma in the neck (such as airway obstruction), many spine surgeons are hesitant to

forgo using a drain following ACDF.19–21 However, multiple studies of other operations

involving the neck, including thyroidectomy, parathyroidectomy, and esophagectomy have

found no advantage to drain use, and drains may actually be associated with increased

incidence of wound infection and increased hospital length of stay in these procedures.22–25
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Despite evidence challenging drain use for many other procedures, to our knowledge no

prior studies have directly evaluated surgical drains after ACDF. The working hypothesis of

this study is that drains with minimal output may not be necessary from the outset. If

variables independently associated with greater drain output could be identified, it would

suggest that a subset of patients with these variables might have a greater need for surgical

drains after ACDF than others.

Materials and Methods

Data Source

Records of all consecutive patients who underwent ACDF by one of five attending surgeons

(three orthopaedic surgeons and two neurosurgeons) at one institution from January 2011 to

February 2013 were obtained from the institution’s billing department. In order to minimize

selection bias, only surgeons who place a postoperative drain after every ACDF were used

for this study.

ACDF procedures were identified using Current Procedural Terminology (CPT) codes

22551 (anterior discectomy and fusion), 22554 (anterior fusion), and 63075 (anterior

discectomy). CPT code 22551 largely replaced codes 22554 and 63075 in January 2011, and

while all subjects underwent ACDF after January 2011, several additional ACDF patients

were captured using CPT codes 22554 and 63075.

Cases involving trauma, excision of malignancy, previous infection, patients under 18 years

old, total disc replacement, concomitant posterior cervical arthrodesis, thoracic or lumbar

spine surgery, or other unrelated procedures were excluded from analysis.

Data Collection

Once ACDF procedures were identified from billing records, patient information was

abstracted from the electronic medical record for each case. Demographic and history data

collected included: age, sex, body mass index (BMI), American Society of Anesthesiologists

(ASA) classification, preoperative hematocrit, history of smoking, and history of major

medical comorbidities (non-spinal malignancy, diabetes mellitus, pulmonary disease,

hypertension, heart disease, or bleeding disorder/currently taking aspirin).

Preoperative hematocrit was taken from patients’ preoperative lab values, however it was

not drawn on every patient (generally due to low suspicion of an abnormal value). Patients

with hematocrit at or above 36.0 or not drawn were defined as having normal preoperative

hematocrit, and hematocrit below 36.0 was defined as low. Non-spinal malignancy was

defined as either a current or previous history of treatment with radiation, chemotherapy, or

surgery for a malignant tumor that did not involve the spine. Diabetes and hypertension were

determined by a history of treatment for these conditions or by findings during the

preoperative assessment. Pulmonary disease was defined as asthma requiring

hospitalization, chronic obstructive pulmonary disease, chronic bronchitis, or a history of

pulmonary embolism. Heart disease was defined as a history of arrhythmia, valvular

abnormalities, coronary artery disease, myocardial infarction, or congestive heart failure.
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Bleeding disorder was defined as history of bleeding or clotting disorder such as factor

deficiency, platelet disorder, antiphospholipid syndrome, or current aspirin use.

Procedural variables collected included: number of levels fused, use of iliac crest bone graft

(ICBG), whether a corpectomy was performed, and operative time. Operative time was

defined by time from the opening incision to the end of wound closure. The variable

“extended operative time” was defined as greater than or equal to the 50th percentile

operative time. In addition to the above variables, hospital records were reviewed to identify

any issues potentially related to the surgical drains and/or hematomas.

Drain Output

Drain output was defined as the total output from the time of surgery until time of drain

removal. This was measured in milliliters (mL). As drain output was checked at varying

time intervals and drains were generally in place for limited time, it was deemed not

accurate to divide the time of drain output into hourly, shift, or daily measures.

It is notable that when drains were removed, any residual volume in the drain reservoir may

not have been recorded. However, drains were removed when there was minimal output, so

significant drainage should not have been missed.

The primary outcome measure was increased drain output, a binary variable that we defined

as positive when the drain output was greater than or equal to the median drain output for

this cohort.

Statistical Analysis

Statistical analyses were conducted using STATA® version 11.2 (StataCorp, LP, College

Station, Texas, USA). All tests were two-tailed and the statistical difference was established

at a two-sided α level of 0.05 (p < 0.05).

Demographic, comorbidity, and procedural variables were tested for association with

increased drain output using bivariate and multivariate logistic regression. The final

multivariate model was constructed using a backwards stepwise process that initially

included all potential variables and sequentially excluded variables with the highest p-value

until only those with p < 0.20 remained. Variables with 0.05 < p < 0.20 were left in the

model to control for potential confounding, but were not considered to be significantly

associated with the outcome.

Results

A total of 151 ACDF patients met inclusion criteria. Demographic and surgical data are

provided in Table 1. Age was 51.5 ± 11.5 years (mean ± standard deviation [SD]), BMI was

29.5 ± 6.2 kg/m2, and 55% of patients were female. The remaining variables were consistent

with expected demographics, comorbidities, and surgical variation.
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Total drain output for this population ranged from 0 to 265 mL. The average drain output for

this cohort was 42.3 ± 45.5 mL. Figure 1 illustrates the distribution of drain output, with the

number of days until drain removal indicated.

Overall, 80 patients had increased drain output (drain output ≥ 50th percentile or 30 mL).

The percentage of patients with increased drain output is stratified by demographic,

comorbidity, and surgical characteristics in Table 2.

Bivariate analysis examining the effects of each variable on odds of increased drain output is

shown in the middle columns of Table 2. This analysis showed significant association

between increased drain output and age, number of levels, corpectomy, history of smoking,

and operative time.

Multivariate analysis was then used to simultaneously measure the effects of each variable

on drain output while controlling for confounding variables (right columns of Table 2). This

analysis showed that significant predictors of increased drain output (drain output ≥ 30 mL)

were age ≥ 50 years (Odds Ratio [OR] = 3.9, 95% Confidence Interval [CI] = 1.8 – 8.5, p <

0.001), number of levels (2 levels OR = 2.7, 95% CI = 1.3 – 5.8; 3–4 levels OR = 17.0, 95%

CI = 2.0 – 146.7; p = 0.004), and history of smoking (OR = 2.8, 95% CI = 1.3 – 6.1, p =

0.008). History of non-spinal malignancy was included in the final multivariate model to

control for potential confounding (p < 0.20), but its association with drain output was not

considered to be statistically significant (p > 0.05).

Corpectomy and extended operative time were associated with increased drain output on

bivariate analysis, but this association dropped out of significance on multivariate analysis.

This signifies covariance between these variables and those factors found to be significant in

the multivariate model. Sex, BMI, ASA class, preoperative hematocrit < 36.0, history of

non-spinal malignancy, diabetes, history of pulmonary disease, history of hypertension,

history of heart disease, history of bleeding disorder or current aspirin use, and use of iliac

crest bone graft were not significantly associated with drain output on either bivariate or

multivariate analysis.

Figure 2 is a forest plot that shows odds ratios with 95% confidence intervals for each

variable in the final multivariate model. Significant variables are those whose confidence

interval does not cross the dotted line at OR = 1. As seen in Figure 2, as number of levels

increases, so does the odds of increased drain output. Table 3 summarizes the effect of each

variable on drain output (summarizes data from Table 2).

Review of postoperative data revealed that one patient had a significant neck hematoma on

the second postoperative day after a two-level ACDF. This lead to airway obstruction,

intubation and urgent neck exploration at the bedside, return to the operating room, and

extended length of stay. The patient was 52 years old with a history of smoking. The patient

still had a drain in place at the time of the above complication, and it had put out a total of

80 mL over the two days before the airway compromise occurred.
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Discussion

ACDF is a common surgical procedure for which many surgeons routinely place a surgical

drain with the goal of reducing complications due to post-operative hematoma.1,2,26,27 The

efficacy of drains has been challenged for many surgical procedures; however, no study has

assessed the necessity of drain use after ACDF.3–18,22–25 The current study was designed to

identify factors that affect drain output after ACDF in order to assist surgeons with the

decision of whether or not to place a drain postoperatively.

We found that age ≥ 50 years, number of levels fused, and smoking history were all

independently associated with increased drain output (Tables 2 and 3). Sex, BMI, ASA

class, preoperative hematocrit < 36.0, history of non-spinal malignancy, diabetes, history of

pulmonary disease, history of hypertension, history of heart disease, history of bleeding

disorder or current aspirin use, corpectomy, use of iliac crest bone graft, and operative time

≥ 150 minutes were not significantly associated with increased drain output after ACDF.

While there are no other studies for direct comparison, we found three studies that used

multivariate analysis to identify factors associated with postoperative lumbar epidural

hematoma formation after lumbar spine surgery. The most recent study by Amiri et al. found

that alcohol consumption, a multilevel procedure, and previous spinal surgery are risk

factors for developing spinal epidural hematoma.28 Sokolowski et al. found that advanced

age, multilevel procedures, and international normalized ratio are independently associated

with postoperative lumbar epidural hematoma volume.29 Kou et al. found that epidural

hematoma after lumbar procedures was associated with multilevel procedures and presence

of preoperative coagulopathy.30 While these results are not generalizable to hematoma

formation following ACDF, they provide some basis for comparison.

In our study, patients with age ≥ 50 years were more likely to have increased drain output

following ACDF. This resembles the results of the Sokolowski et al. study that found that

advanced age is independently associated with postoperative lumbar epidural hematoma

volume.29 This effect may be due to delayed wound healing associated with increased age.31

As the number of levels involved in the procedure increased, there was a corresponding rise

in the odds of increased drain output. All three previously mentioned studies that identified

factors associated with lumbar epidural hematoma formation found an association between

multilevel procedures and hematoma formation.28–30 As multilevel procedures are generally

associated with increased dissection and exposed bony surfaces, it would seem reasonable

that this could translate into increased postoperative drainage.

Corpectomy and increased operative time were significantly associated with increased drain

output after ACDF on bivariate analysis, yet most likely due to covariance with other

predictor variables, both variables failed to show statistical association with increased drain

output in the multivariate model (p > 0.05). Procedures that included corpectomy were

counted as multilevel procedures for this analysis, so the contribution of number of levels

could have trumped the contributions of corpectomy in the final multivariate model.

Similarly, multilevel procedures are associated with increased operative time, so the
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contribution of operative time in the final multivariate model could have also been overcome

by the effect of number of levels on drain output.

History of smoking was also independently associated with greater odds of increased drain

output in our analysis. Smoking history has long been associated with poor wound healing,

which could contribute to increased drain output.32 Additionally, history of smoking has

previously been found to increase risk of postoperative bleeding in several other surgeries of

the neck.33,34 Preoperative smoking cessation has been shown to decrease postoperative

complications after orthopaedic surgery, particularly wound-related complications.35 This is

yet another reason smoking cessation should be encouraged prior to ACDF.

One patient in this study did have a significant neck hematoma on the second postoperative

day after a two-level ACDF, leading to airway obstruction, intubation and urgent neck

exploration at the bedside, return to the operating room, and extended length of stay. The

patient had a drain placed postoperatively, with 80 mL of total output over the two days

before airway compromise occurred. Notably, this patient carried all identified independent

risk factors for increased drain output (age ≥ 50, multilevel procedure, and history of

smoking). This case also highlights that even with a drain in place (it was still in at the time

of the complication), the serious complication of neck hematoma with airway compromise

can still occur. Only 1 of 151 patients experienced this complication (0.7%), which is

consistent with previously reported incidences of this postoperative complication (0.2% to

1.9%).20

Limitations of this study include its retrospective nature and differences in practice of

surgeons. Neither surgical technique nor criteria for drain removal was fully standardized

across the sample. As mentioned previously, when drains were removed, any residual

volume in the drain reservoir may not have been recorded. However, drains were generally

removed when there was minimal output, so significant drainage should not have been

missed. By performing this study at a single institution, hospital-related confounding

variables should have been reasonably controlled. In addition, while this study describes

factors predicting increased drain output, it is still not known what level of drain output can

be directly linked to increased risk of clinical complications.

Overall, this study is the first of its kind to identify factors associated with increased drain

output after ACDF. While the decision to use a drain after ACDF is at the surgeon’s

discretion, the results of this study suggest that younger patients without a smoking history

who are undergoing a single-level ACDF are less likely to have increased drain output.

Drains may not be necessary in this population, although further research is needed to

support this conclusion. Conversely, patients over the age of 50 with smoking history

undergoing a multilevel ACDF are more likely to have an increased amount of drainage

following the procedure and may benefit more from drain placement. However, as we

unfortunately found in one of our patients, a drain does not eliminate the risk of serious

complications from the development of a postoperative hematoma.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

• Surgical drains are typically placed after ACDF to reduce the risk of neck

hematoma, yet there are no guidelines for identifying which patients most

benefit from drain placement.

• Using consecutive patients at a single academic institution (all of whom had

surgical drains placed), multivariate analysis was conducted to identify factors

independently associated with increased drain output, with increased drain

output defined as drain output ≥ 50th percentile (30mL).

• This study found that patients with age ≥ 50 years, those undergoing ACDF at

two or more levels, and those with a history of smoking are more likely to have

increased drain output.

• This is the first study of its kind identifying these factors, and patients with the

above-identified factors associated with increased drain output may benefit most

from surgical drain placement after ACDF.

• Even with drain placement after ACDF, neck hematoma leading to airway

compromise can still occur.
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Figure 1.
Drain output after ACDF. An increased drain output was defined as one greater than or

equal to the 50th percentile drain output, which was 30 mL. Patients with total drain output

to the right of the vertical dashed line had increased drain output.
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Figure 2.
Multivariate logisitic regression model for factors affecting drain output after ACDF. Odds

ratios (OR) with confidence intervals are illustrated for each variable in the model. Variables

with confidence intervals overlapping the dotted line at OR = 1 were not statistically

significant predictors of increased drain output.
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