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Abstract

Study Design: Retrospective cohort study.

Objective: Preoperative anemia has been associated with an increased need for blood transfusions and postoperative com-
plications. The effects of anemia on the outcomes of anterior cervical discectomy and fusion (ACDF) have not been explored. The
present study aimed to evaluate the association between preoperative anemia and 30-day complications following ACDF surgery.

Methods: Data from the American College of Surgeons National Surgical Quality Improvement Program (2005-2012) was used.
Preoperative anemia was defined as hematocrit <39% for males and <36% for females. A bivariate analysis was performed on
demographic and perioperative variables. Multivariable logistic regression models were employed, adjusting for patient variables,
to identify independent risk factors for complications.

Results: A total of 3500 patients were included of which 444 (12.7%) were anemic patients. Multivariate analysis was used to
quantify the predictive power of anemia on key postoperative outcomes, while controlling for the other statistically significant.
Preoperative anemia was found to be a statistically significant predictor of any complication (odds ratio [OR] ¼ 1.853; 95%
confidence interval [CI] ¼ 1.17-2.934; P ¼ .0086), pulmonary complications (OR ¼ 3.269; 95% CI ¼ 1.745-6.126; P ¼ .0002),
intraoperative blood transfusion (OR¼ 4.364; 95% CI¼ 1.48-12.866; P¼ 0.0076), return to operating theatre (OR¼ 2.655; 95%
CI ¼ 1.539-4.582; P ¼ .0005), and length of hospital stay more than 5 days (OR ¼ 2.151; 95% CI ¼ 1.499-3.085; P < .0001).

Conclusion: Preoperative anemia appears to be a significant predictor of perioperative complications, reoperation, and
extended length of hospital stay in patients undergoing elective ACDF. Future studies should explore outcomes of treatment of
preoperative anemia prior to surgery to determine the optimal management strategy.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is one of

the most commonly performed spinal procedures for

patients with cervical radiculopathy and myelopathy.1-3 In

appropriately selected patients, ACDF is a safe procedure

with limited morbidity and can help relieve pain, neurolo-

gical deficits, and improve functional outcomes.4,5 In com-

parison to the posterior approach, the anterior approach

provides the surgeon with direct exposure to the interver-

tebral discs to perform a direct decompression of anterior

spinal pathology.6 ACDF also minimizes surgical trauma to

the paravertebral muscles that are required for stabilizing

the spine,7-9 but can be associated with complications

including dysphagia, hoarseness, hematoma, laryngeal nerve

palsies, and neurological deficits.10-14

1 Prince of Wales Private Hospital, Sydney, New South Wales, Australia
2 University of Sydney, Sydney, New South Wales, Australia
3 University of New South Wales, Sydney, New South Wales, Australia
4 Icahn School of Medicine at Mount Sinai, New York, NY, USA

Corresponding Author:

Samuel K. Cho, Department of Orthopaedic Surgery, Icahn School of Medicine

at Mount Sinai, 5 East 98th Street, Box 1188, New York, NY 10029, USA.

Email: samuel.cho@mountsinai.org

Global Spine Journal
2017, Vol. 7(5) 441-447
ª The Author(s) 2017

Reprints and permission:
sagepub.com/journalsPermissions.nav

DOI: 10.1177/2192568217699404
journals.sagepub.com/home/gsj

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 License (http://www.creativecommons.org/
licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the work as published without adaptation or alteration, without further
permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

mailto:samuel.cho@mountsinai.org
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/2192568217699404
http://journals.sagepub.com/home/gsj
http://www.creativecommons.org/licenses/by-nc-nd/4.0/
http://www.creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


In the context of the increasing burden of health care costs

for patients, hospitals, and third-party payers, there has been an

increasing emphasis on identifying preoperative risk factors to

optimize postoperative outcomes and reduce hospital readmis-

sions and complications following ACDF surgery. One factor

known to influence the outcomes of surgery is anemia, which is

a common condition that becomes more prevalent with increas-

ing age. Preoperative anemia has been associated with an

increased need for blood transfusions and postoperative com-

plications in various surgical procedures, including cardiac and

spinal procedures.15-17 Spine surgery often requires blood

transfusions due to the potential for blood loss, with more

transfusions being associated with increased morbidity,18,19

although ACDF is a procedure that uses a muscle-sparing

approach and general low rates of blood loss.20 There has also

been previous reports suggesting that preoperative anemia is

associated with prolonged hospital stays, increased postopera-

tive complications, and 30-day mortality in some elective

spinal procedures.21 However, the effects of anemia on the

perioperative outcomes of ACDF have not been specifically

explored. Thus, the present study aimed to evaluate the asso-

ciation between preoperative anemia and 30-day complications

following ACDF surgery.

Methods

Patient Selection and Data Collection

Patient data collected in the period from 2005 to 2012 for the

American College of Surgeons (ACS) National Surgical Quality

Improvement Program (NSQIP) database was used for the pres-

ent study. The methodology for definition and collection

of variables in the ACS-NSQIP database has been outlined

previously.5,22-24 Inclusion criteria for adult surgical cases were

identified based on the Current Procedural Terminology (CPT)

codes for elective ACDF (CPT codes: 22551, 22554, and

63075). Exclusion criteria of the present study included those

who underwent spinal deformity surgery, underweight (body

mass index [BMI] < 18.5 kg/m2), dependent on ventilator, dis-

seminated cancer, radiotherapy for malignancy within 90 days

before operation, pregnancy, tumors of the central nervous sys-

tem, chemotherapy for malignancy within 30 days before opera-

tion, emergency operations, preoperative systemic sepsis,

nonelective surgery, acute renal failure, combined approaches,

posterior approach (CPT: 22600), and patients with missing pre-

operative data. Patients were divided into 2 groups and compared:

patients who had perioperative anemia versus those with no ane-

mia. Preoperative anemia was defined as hematocrit <39% for

males and <36% for females, as previously described.25

Explanatory and Control Variables

Recorded patient characteristics were classified into the fol-

lowing groups: baseline demographics, preoperative medical

comorbidities, operative variables, and morbidity. Patient

demographics included age, gender, race (white, black,

Hispanic, other), outpatient status, obesity status based on

BMI, American Society of Anesthesiologists (ASA) score, dia-

betes, smoker, alcohol use, dyspnea, and functional depen-

dence prior to surgery. Comorbidities included pulmonary

comorbidity, cardiac morbidity, peripheral vascular disease,

neuromuscular injury, stroke, steroid use, recent weight loss,

and bleeding disorder. Preoperative laboratory values included

albumin, hematocrit, partial thromboplastin time (PTT), and

international normalized ratio. Multilevel fusions and operative

time >4 hours were also reported.

A cardiac comorbidity was defined as a history of congestive

heart failure (within 30 days before admission), myocardial

infarction (within 6 months before admission), percutaneous cor-

onary intervention, cardiac surgery, angina (within 1 month

before admission), or use of hypertensive medication. A pulmon-

ary comorbidity was defined as history of severe chronic obstruc-

tive pulmonary disease or current pneumonia. Peripheral vascular

disease was defined as a history of revascularization or amputa-

tion for peripheral vascular conditions and rest pain. Smoking

history (current smoker within 1 year) and chronic steroid use

(regular use within 30 days before admission) were also assessed.

Morbid obesity was defined as a BMI of�40 kg/m2.

Outcomes

The study outcomes included any complication, death, pul-

monary, renal, central nervous system complications, periph-

eral nerve injury, cardiac complication, thromboembolism,

sepsis/septic shock, intra-/postoperative blood transfusion,

urinary tract infections, wound complications, and graft/flap

failures. Other outcomes included return to operating room,

unplanned reoperation (based on data from 2011-2012),

unplanned readmission (based on data from 2011-2012), and

length of stay (LOS) >5 days.

Statistical Analysis

A bivariate analysis was performed on patient demographic,

preoperative, intraoperative, and postoperative characteristics

using Pearson’s w2 test. Fischer’s exact test was used where

appropriate. Variables with a P < .2 in the univariate analysis

were carried forward into the multivariable analysis. Multivari-

able logistic regression models were employed, adjusting for

patient demographic, preoperative, and intraoperative variables,

to identify independent risk factors for any complications, pul-

monary complications, intraoperative/postoperative transfu-

sions, return to operating room, and 30-day readmissions. Both

regression models utilized a stepwise entry and removal criteria,

set to a significance level of .05. SAS Studio Version 3.4 (SAS

Institute Inc, Cary, NC) was used for all statistical analysis.

Results

Patient Demographics and Clinical Characteristics

A total of 3500 patients were included in this study and

consisted of 444 (12.7%) anemic patients. There was no
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statistically significant difference between the nonanemic

and anemic groups with regard to gender (female: 50.03%
vs 52.93%; male: 49.97% vs 47.07%; P ¼ .2542). There

was also no significant difference in obesity (45.9% vs

40.99%; P ¼ .0517), alcohol use (3.14% vs 3.38%; P ¼
.79), or dyspnea (6.9% vs 7.43%; P ¼ .6831). However,

ASA score �3 (35.57% vs 52.7%; P < .0001), diabetes

(13.61% vs 26.35%; P < .0001), and dependent functional

status prior to surgery (1.9% vs 7.21%; P < .0001) were

significantly greater in the anemic patient group. Smoking

(34.85% vs 23.2%; P < .0001) was greater in the nonanemic

group (Table 1).

Patient Comorbidities

Between the nonanemic and anemic groups, there was no sig-

nificant difference in pulmonary comorbidities (3.5% vs 4.73%;

P ¼ .1976), peripheral vascular disease (0.85% vs 1.35%; P ¼
.3004), and steroid usage (2.65% vs 3.60%; P¼ .253). However,

cardiac comorbidities (43.0% vs 62.39%; P < .0001), stroke

(1.77% vs 5.18%; P < .0001), neuromuscular injury (3.93% vs

6.98%; P ¼ .0031), recent weight loss (0.20% vs 1.13%; P ¼
.0011), and bleeding disorders (0.88% vs 2.03%; P ¼ .0256)

were significantly more prevalent in the anemic patient group

(Table 2).

Operative Variables

There was no statistically significant difference between the

nonanemic and anemic group with regards to PTT, total rela-

tive value unit, and number of multilevel fusions, or operative

time greater than 4 hours. However, albumin and hematocrit

was significantly greater in the nonanemic patient group. The

international normalized ratio was greater in the anemic

patient group.

Complications

There were no statistically significant difference between the

nonanemic group and anemic group with regard to cardiac

complications (0.16% vs 045%; P ¼ .2062), pulmonary embo-

lism/deep vein thrombosis (0.52% vs 0.23%; P ¼ .3982), urin-

ary tract infection (0.46% vs 1.13%; P ¼ .0735), would

complications (0.69% vs 0.90%; P ¼ .6173), and unplanned

reoperations (1.02% vs 2.55%; P ¼ .0653). For the anemic

group there was a significant increase in any complication

(2.65% vs 6.31%; P < .0001), death (0.2% vs 0.9%; P ¼
.0093), pulmonary complication (0.95% vs 3.83%; P <

.0001), renal complication (0.00% vs 0.23%; P ¼ .0087), cen-

tral nervous system complication (0.10% vs 0.68%; P ¼ .006),

peripheral nerve injury (0.07% vs 0.45%; P ¼ .0249), sepsis

(0.07% vs 0.45%; P ¼ .0249), intraoperative blood transfusion

Table 1. Univariate Analysis of Demographics and Clinical
Characteristics Comparing Those With and Without Preoperative
Anemia.

Nonanemic,
N ¼ 3056

Anemic,
N ¼ 444

Demographics n % n % P

Sex
Female 1529 50.03% 235 52.93% .2542
Male 1527 49.97% 209 47.07%

Race
White 2265 74.12% 294 66.22% <.0001
Black 277 9.06% 85 19.14%
Hispanic 163 5.34% 30 6.76%
Other 351 11.49% 35 7.88%

Outpatient 594 19.44% 68 15.32% .0382
Age (years)
�50 1385 45.32% 149 33.56% <.0001
51-60 974 31.87% 110 24.77%
61-70 509 16.66% 103 23.20%
71-80 161 5.27% 63 14.19%
>80 27 0.88% 19 4.28%

Obese 1403 45.91% 182 40.99% .0517
ASA �3 1087 35.57% 234 52.70% <.0001
Diabetes 416 13.61% 117 26.35% <.0001
Smoking 1065 34.85% 103 23.20% <.0001
Alcohol 96 3.14% 15 3.38% .79
Dyspnea 211 6.90% 33 7.43% .6831
Dependent functional

status prior to surgery
58 1.90% 32 7.21% <.0001

Abbreviation: ASA, American Society of Anesthesiologists.

Table 2. Comorbidities and Operative Variables for Those With and
Without Preoperative Anemia.

Nonanemic,
N ¼ 3056

Anemic,
N ¼ 444

n % n % P

Comorbidities
Pulmonary

comorbidity
107 3.50% 21 4.73% .1976

Cardiac comorbidity 1314 43.00% 277 62.39% <.0001
Peripheral vascular

disease
26 0.85% 6 1.35% .3004

Neuromuscular
injury

120 3.93% 31 6.98% .0031

Stroke 54 1.77% 23 5.18% <.0001
Steroid use 81 2.65% 16 3.60% .253
Recent weight loss 6 0.20% 5 1.13% .0011
Bleeding disorder 27 0.88% 9 2.03% .0256

Operative Variables Mean SD Mean SD P

Albumin 4.19 0.43 3.89 0.49 <.0001
HCT 42.34 3.34 34.82 3.5 <.0001
PTT 28.66 3.65 28.67 5.74 .9911
INR 0.998 0.14 1.01 0.12 .0453
Total RVU 33.54 19.36 35.37 21.09 .0858

Procedure Subtypes n % n % P

Multilevel fusion 473 15.48% 76 17.12% .3748
Operative time >4 hours 188 6.15% 38 8.56% .0538

Abbreviations: HCT, hematocrit; PTT, partial thromboplastin time; INR, inter-
national normalized ratio; RVU, relative value unit.
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return to operating theatre (1.37% vs 5.18%; P < .0001),

unplanned readmission (2.83% vs 6.12%; P¼ .0148), and LOS

longer than 5 days (4.45% vs 14.41%; P < .0001; Table 3).

Multivariate Analysis

Multivariate analysis was used to quantify the predictive

power of anemia on key postoperative outcomes, while con-

trolling for the other statistically significant variables identi-

fied through the univariate analysis. Preoperative anemia was

found to be a statistically significant predictor of any compli-

cation (odds ratio [OR]¼ 1.8; 95% confidence interval [CI]¼
1.1-2.8; P ¼ .018), pulmonary complications (OR ¼ 3.3; 95%
CI ¼ 1.7-6.1; P ¼ .0002), intraoperative blood transfusion

(OR ¼ 5.9; 95% CI ¼ 2.0-17.0; P ¼ .001), return to operating

theatre (OR ¼ 2.7; 95% CI ¼ 1.6-4.7; P ¼ .0004), and LOS

greater than 5 days (OR ¼ 2.3; 95% CI ¼ 1.6-3.2; P < .0001;

Table 4).

Discussion

ACDF is a common procedure used for cervical disc herniations

and spondylosis with 80% to 90% of success rate in relieving

radicular symptoms.26,27 Elective ACDF is considered a rela-

tively low-risk procedure.1-3 However some complications can

occur such as postoperative dysphagia, postoperative wound

hematoma, recurrent laryngeal nerve palsy, and dural tears.12

With the ageing population, many ACDF patients are elderly

and have morbidities that can detrimentally affect outcomes of

surgery and increase the risk of postoperative complication. As

such, preoperative variables like anemia are becoming

Table 3. Morbidity Univariate Analysis Between Cohorts.

Nonanemic,
N ¼ 3056

Anemic,
N ¼ 444

Outcome n % n % P

Complications
Any complication 81 2.65% 28 6.31% <.0001
Death 6 0.20% 4 0.90% .0093
Pulmonary complication 29 0.95% 17 3.83% <.0001
Renal complication 0 0.00% 1 0.23% .0087
CNS complication 3 0.10% 3 0.68% .006
Peripheral nerve injury 2 0.07% 2 0.45% .0249
Cardiac complication 5 0.16% 2 0.45% .2062
PE/DVT 16 0.52% 1 0.23% .3982
Sepsis/septic shock 2 0.07% 2 0.45% .0249
Intra-/postoperative blood

transfusion
8 0.26% 10 2.25% <.0001

UTI 14 0.46% 5 1.13% .0735
Wound complication 21 0.69% 4 0.90% .6173
Graft/flap failure 0 0.00% 0 0.00% —

Other outcomes
Return to OR 42 1.37% 23 5.18% <.0001
Unplanned reoperation

(2011-2012)
14 1.02% 5 2.55% .0653

Unplanned readmission
(2011-2012)

39 2.83% 12 6.12% .0148

LOS >5 136 4.45% 64 14.41% <.0001

Abbreviations: CNS, central nervous system; PE, pulmonary embolism; DVT,
deep venous thrombosis; UTI, urinary tract infection; OR, operating room;
LOS, length of stay.

Table 4. Multivariable Regression Analysis Analyzing Anemia as a Risk
Factor for Complications, N¼ 3500.

95% Confidence
Limits

Effect Estimate Lower Upper P

Any complications
Anemia 1.8 1.1 2.8 .018
Age (Reference: �50)

51-60 0.9 0.5 1.5 .654
61-70 1.5 0.9 2.5 .155
71-80 2.3 1.2 4.3 .013
>80 3.6 1.3 10.2 .014

ASA �3 2.1 1.4 3.2 .0004
Operative time >4 hours 3.3 2.0 5.6 <.0001

Pulmonary complications
Anemia 3.3 1.7 6.1 .0002
ASA �3 3.0 1.6 5.7 .001
Operative time >4 hours 7.8 4.2 14.7 <.0001

Intra/postoperative transfusion
Anemia 5.9 2.0 17.0 .001
Total RVU 1.03 1.02 1.05 <.0001
Dependent functional status 8.6 2.2 33.5 .002
Cardiac comorbidity 5.8 1.3 26.4 .024
Weight loss 16.0 1.7 154.2 .016
Operative time >4 hours 12.5 4.4 35.6 <.0001

Return to OR
Anemia 2.7 1.6 4.7 .0004
Total RVU 1.011 1.001 1.022 .034
Age (Reference: �50)

51-60 1.0 0.5 2.0 .904
61-70 1.5 0.7 3.0 .269
71-80 1.8 0.8 4.3 .162
>80 3.9 1.2 12.9 .028

ASA �3 2.2 1.2 3.8 .006
Neuromuscular injury 2.4 1.2 3.8 .020
Operative time >4 hours 3.0 1.6 5.8 .001

30-Day readmission, N ¼ 1576 (2011-2012)
Anemia 1.6 0.8 3.1 .219
Cardiac comorbidity 2.7 1.4 5.0 .002
Stroke 4.9 1.9 13.0 .001

Extended LOS (>5)
Anemia 2.3 1.6 3.2 <.0001
Total RVU 1.007 1.000 1.014 .044
Age (Reference: �50)

51-60 1.0 0.7 1.6 .889
61-70 1.0 0.6 1.6 .945
71-80 2.7 1.7 4.5 <.0001
>80 7.8 3.7 16.6 <.0001

ASA �3 1.9 1.4 2.7 .0002
Dependent functional status 4.7 2.7 8.0 <.0001
Pulmonary comorbidity 2.2 1.2 3.9 .010
Neuromuscular injury 3.9 2.4 6.3 <.0001
Operative time >4 hours 5.0 3.3 7.5 <.0001

Abbreviations: ASA, American Society of Anesthesiologists; RVU, relative value
unit; OR, operating room; LOS, length of stay.
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increasing important to consider as a potential indicator of

patient suitability for surgery or predictor of postoperative com-

plications.28 However, to date there have been few studies exam-

ining the specific role of preoperative anemia on the outcomes of

ACDF. Our study of 3500 patients demonstrated that preopera-

tive anemia was a significant predictor of any postoperative

complication, pulmonary complications, increased need for

blood transfusions, an increase propensity for postsurgical reo-

peration, and 30-day hospital readmission. These results may be

useful in assisting preoperative risk stratification of patients

undergoing ACDF and may identify those who may need a

higher level of care.

We found that the rate of any complication (minor or major)

were 2.65% for nonanemic and 6.31% for anemic patients,

which are comparable to other studies in elective spinal

surgery.21,29 Although major complications are rare, they can

be catastrophic and warrant careful patient assessment to mini-

mize perioperative morbidity. Some of the severe complica-

tions of ACDF include sepsis, deep vein thrombosis/

pulmonary embolism, peripheral nerve injury, myocardial

infarction, acute kidney injury, and esophageal

laceration.1,26,27,29,30 One of the consequences of major com-

plications is the need for intubation and ventilator support for

respiratory compromise. We found anemia to be a significant

predictor of pulmonary complications, which includes pneu-

monia and need for intubation or ventilation. Reoperation is

another important consequence that can arise directly or indir-

ectly from the complications of surgery. Anemia was a signif-

icant predictor of return to the operating room for ACDF,

which has been associated with increased mortality rates.31

Along with that anemia was associated with an increased

length of hospital stay, an important marker of hospital costs

and predictor of adverse outcomes in high-risk spinal

surgery.32,33 Given that in most cases minimal blood loss and

transfusions are required for ACDF surgery,34,35 the associa-

tion between anemia with complications in this study suggests

that anemia may be a proxy variable that indicates patients’

general poor health, rather than having a direct bearing on

surgery itself. Anemia is multifactorial and more so related to

patient comorbidities, which include some confounders that

could not be accounted for in the present multivariable

analysis.

Although not a primary focus of the present article, other

predictors of perioperative outcomes were identified. The ASA

score is a subjective assessment of a patient’s preoperative

health. We found that an ASA grade �3 was a significant

predictor of increased length of hospital stay, return to operat-

ing room, pulmonary complications, and total complications.

In this context, preoperative anemia may be similar to ASA

class scores in that it may represent an overall indication of

poor health in the patient, thus associated with complications

following ACDF surgery. Thus, we suggest that anemia along

with the ASA grade should be used when assessing operative

risks in patients undergoing elective surgeries.

Although there are multiple studies implicating the influ-

ence of preoperative anemia on outcomes of noncardiac

procedures, very few have involved spinal surgery. A study

of 8015 patients undergoing elective cranial neurosurgery iden-

tified preoperative anemia to be independently associated with

30-day mortality and morbidity.36 Seicean and colleagues21

performed a similar analysis on 24 473 elective spinal surgeries

and identified anemia as a predictor of all complications. The

authors also concluded that mild and moderate anemia was

associated with prolonged length of hospitalization, increased

complications, and 30-day mortality. Interestingly, severe ane-

mia was not associated with any outcomes of interest. The

authors suggested inadequate sample size, physiological

adjustment, and surgeon technique were responsible for this

finding.21 To the best of the authors’ knowledge, this is the

first study examining the effects of anemia on perioperative

outcomes in ACDF. Our findings are consistent with other

studies of anemia and perioperative outcomes in noncardiac

surgery.16,17,21,36

Limitations

Our study has several limitations. First, the article was an obser-

vational study and thus we could not establish causation. How-

ever, we did capture and control for multiple covariates in our

multivariate models. Second, the follow-up period was only 30

days, which prevents the extrapolation of conclusions beyond

this time period. Also only hematocrit data and not hemoglobin

data was available in our database. However, the World Health

Organization defines anemia using both units and thus we used

hematocrit levels. Furthermore, the database did not allow for

stratifying different subtypes of anemia, including severity. The

study is also an analysis of prospective records collected in a

database and is subject to recording errors. Last, it is important to

note that the main complications of ACDF are approach-related,

such as dysphagia, hoarseness, and laryngeal nerve palsy. How-

ever, these endpoints were not collected in the NSQIP database

and thus we could not include this is our analysis.

Conclusions

This is the first large multicenter study of prospectively col-

lected data analyzing the effects of anemia on perioperative

outcomes in ACDF. Preoperative anemia appears to be a sig-

nificant predictor of perioperative complications, reoperation,

and extended length of hospital stay in patients undergoing

elective ACDF. Future studies should explore outcomes of

treatment of preoperative anemia prior to surgery to determine

the optimal management strategy.
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