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ABSTRACT
Background:  Anterior cervical discectomy and fusion (ACDF) is a common procedure for neck arthritis, typically 

alleviating pain and improving function. Preoperative dehydration has been correlated with postoperative infection, acute renal 
failure, deep vein thrombosis, and increased hospital length of stay. However, some studies have suggested that preoperative 
dehydration has a minimal relationship with postoperative outcomes, specifically in arthroplasty and lumbar surgery candidates.

Methods:  Patients who underwent ACDF from 2015 to 2020 as part of the American College of Surgeons National 
Surgical Quality Improvement Program database were identified. We excluded patients who presented with acute trauma. 
Dehydration was determined using the accepted definition of preoperative blood urea nitrogen to creatinine ratio greater than 
20. Lengths of stay and 30-day postoperative adverse events were compared between dehydrated and nondehydrated cohorts, 
adjusting for baseline features using standard multivariate regression.

Results:  We identified 14,932 patients, and 4206 (28.1%) of whom were preoperatively dehydrated. Dehydrated patients 
had significantly higher odds of wound, hematological, and pulmonary complications; Clavien-Dindo grade IV, delayed length 
of stay (>5 days); and a lower likelihood of being discharged home (P < 0.005), even after controlling for demographic features 
(eg, sex, age, body mass index, race, and ethnicity). Furthermore, linear regression suggested an overall half-day increased 
length of hospital stay for dehydrated patients (95% CI [0.36, 0.60], P < 0.001).

Conclusion:  Preoperative dehydration is common among ACDF surgery patients and appears to correlate with an 
increased risk of postoperative complications and prolonged length of hospital stay. Evaluation of a patient’s hydration status 
from standard preoperative laboratory metrics can be employed for risk stratification, patient counseling, and timing of ACDF 
surgeries.

Level of Evidence:  3.

Cervical Spine

Keywords: ACDF, preoperative, dehydration, cervical spine, fusion, discectomy, NSQIP, risk, complications, length of stay, big 
data

INTRODUCTION

Cervical spine surgeries are increasing due to ante-
rior cervical discectomy and fusion (ACDF) utiliza-
tion, which improves function and relieves pain in 
neck arthritis patients.1 Multiple risk factors for cervi-
cal spine surgery have been studied, including anemia, 
medical comorbidities, and socioeconomic status.2,3 
Studies have investigated preoperative dehydration in 
orthopedic patients, with some indicating an increased 
risk of complications and delayed hospital stay.4–6 The 
importance of fluid management is debated, and few 
universal recommendations exist for preoperative fluid 
management in orthopedic patients.7–9

The relationship between preoperative fluid man-
agement and postoperative complications in ACDF is 
unclear. To address this gap, our study uses the American 

College of Surgeons (ACS) National Surgical Quality 
Improvement Program (NSQIP) database to investigate 
30-day postoperative complications, hospital length of 
stay, and discharge for ACDF patients.10 We aimed to 
identify differences in postoperative complications and 
hypothesized that preoperative dehydration increases 
the risk of complications.

METHODS

We performed a retrospective analysis of the 
ACS NSQIP database.10 The ACS NSQIP is a multi-
institution and multicenter database that collects more 
than 270 patient variables from >500 hospitals. Patient 
variables are extracted via trained clinical reviewers 
who match each patient with their respective Current 
Procedural Terminology code and record preoperative, 
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intraoperative, 30-day postoperative, and discharge 
data. The database undergoes various levels of audits 
and quality checks.

We utilized Current Procedural Terminology codes 
to identify all adults who underwent ACDF from 2015 
to 2020. We collected patient demographics, length of 
stay, discharge destination, and postoperative compli-
cations that occurred within 30 days of surgery. Various 
complications were grouped under their corresponding 
organ system. For example, occurrences of pneumonia, 
pulmonary embolism, unplanned intubation, ventilator 
>48 hours, and ventilator dependence were grouped 
under pulmonary complications. We calculated patient 
body mass index (BMI), Clavien-Dindo scores, and 
our preoperative modified comprehensive complication 
index risk assessment tool. Patients with a preoperative 
blood urea nitrogen/creatinine (BUN/Cr) ratio greater 
than 20 were considered dehydrated, based on prior 
studies.7,8,11,12

Statistical Analysis

After proper exclusion of incomplete and missing 
variables, the sample was divided into two cohorts 
based on hydration status as assessed by BUN/Cr ratio 
>20: those in the dehydrated group and those in the 
hydrated group. Next, SPSS suite (IBM Corp) was uti-
lized to analyze the data. Finally, University of Cali-
fornia Los Angeles’s Advanced Research Computing 
Statistical Methods and Data Analysis G*Power Sta-
tistics tool was used to perform power analysis. Confi-
dence intervals were set at 95% with a P value of 0.05 
being considered statistically significant.

Each group then underwent analysis to compare 
complication rates and means of various variables. 

Furthermore, multiple linear and logistic regres-
sion models were created to elucidate the connection 
between dehydration and various linear and categorical 
complications and variables. These regression models 
controlled for age, sex, ethnicity, race, and BMI.

Categorical results are reported as counts with 
column percentages. Continuous data are reported as 
means and SDs; SEs are given where appropriate. All 
data were initially analyzed to ensure a correct statis-
tical assessment was chosen and that the variables met 
the requirements and assumptions for each statisti-
cal test. Comparison of normally distributed data was 
performed with independent sample t tests. For non-
normally distributed data, the Wilcoxon rank-sum test 
was performed. Categorical variables were assessed 
with Fisher’s Exact Test or χ2 with Kendall Tau. Both 
multiple linear and logistic regression models were ana-
lyzed to ensure all assumptions were met. Where appro-
priate, residuals were assessed for normal distribution, 
and no multicollinearity was observed. All variables in 
the multiple linear logistic regression model were first 
run separately to ensure that no artifact P values were 
present and that all effect sizes were reported honestly.

RESULTS

Patient Demographics

A total of 14,932 patients were identified who under-
went ACDF between 2015 and 2020, a majority of 
ACDF procedures were elective (93.6%). The mean age 
was 56 years (SD 12), and the mean BMI was 30.62 
(SD 6.53). Among all patients, 50.5% were men, 12.7% 
were Black, and 6.3% were Hispanic (Table 1).

Table 1.  Patient demographics, operative time, length of hospital stay, and probability of morbidity and mortality for the dehydrated and not dehydrated groups.

Patient Demographic

Dehydration (Blood Urea Nitrogen/Creatinine >20)

P

Not Dehydrated Dehydrated

Mean SD Mean SD

Age, y 54.65 11.40 59.52 11.22 <0.001
Body mass index 30.66 6.42 30.53 6.79 0.272
Estimated probability of morbidity 2.26% 1.22% 2.60% 1.56% <0.001
Estimated probability of mortality 0.18% 0.83% 0.30% 1.07% <0.001
Length of total hospital stay, d 1.83 3.07 2.39 4.21 <0.001
Total operation time, min 130.02 71.23 135.34 75.71 <0.001

N % N %
Sex
 � Women 4824 45.0% 2573 61.2% <0.001
 � Men 5901 55.0% 1633 38.8%
Race
 � Not Black 9125 85.1% 3910 93.0% <0.001
 � Black 1601 14.9% 296 7.0%
Ethnicity
 � Not Hispanic 10,062 93.8% 3924 93.3% <0.001
 � Hispanic 664 6.2% 282 6.7%
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Patients with preoperative dehydration were more 
likely to be older (59.5 vs 54.7 years; P < 0.001), 
women (61.2% vs 45%; P < 0.001), and Hispanic 
(6.7% vs 6.2%; P < 0.001). Patients with preoperative 
dehydration also had a higher modified comprehen-
sive complication index (1.95 vs 1.14) and more severe 
American Society of Anesthesiologists class (Table 2). 
The estimated probabilities of mortality and morbidity 
were 0.3% vs 0.18% and 2.60% vs 2.26%, respectively. 
Total operation time was 135 (SD 76) vs 130 (SD 71) 
minutes. Length of stay was 2.39 vs 1.83. There were 
no significant differences in BMI.

Postoperative Complications

Preoperative dehydration was associated with a 
higher odds of any complication (OR = 1.40, 95% CI 
[1.17, 1.67], P < 0.001). Preoperative dehydration 
had a higher odds of wound complications (OR = 
1.61, 95% CI [1.18, 2.19], P = 0.003), hematological 
complications (OR = 1.72, 95% CI [1.18, 2.50], P = 
0.005), pulmonary complications (OR = 1.79, 95% 
CI [1.36, 2.37], P < 0.001), and Clavien-Dindo grade 
IV (OR = 2.19, 95% CI [1.49, 3.22], P < 0.001). 
However, preoperative dehydration did not increase 

the odds of 30-day mortality, cardiac complications, 
renal complications, reoperation, or readmission, as 
shown in Table 3, Figure 1, and Figure 2.

Length of Stay and Discharge

Patients with preoperative dehydration had a higher 
odds of delayed length of stay >5 days (OR = 1.67, 95% 
CI [1.46, 1.91], P < 0.001) and a lower likelihood of 
being discharged home (OR = 2.031, 95% CI [1.75, 
2.36], P < 0.001), as shown in Table 4 and Figure 3.

DISCUSSION

Our study compared postoperative complications 
and hospital length of stay between dehydrated and 
nondehydrated ACDF patients. We hypothesized that 
dehydrated patients would experience more compli-
cations and longer hospital stays. Our results showed 
that dehydrated patients had higher odds of wound, 
hematological, and pulmonary complications, Clavien-
Dindo grade IV, delayed length of stay >5 days, and 
a lower likelihood of being discharged home (P < 
0.005). Clavien-Dindo grade is an ordinal classification 
system that describes complications after surgery. In the 

Table 2.  ASA scores, comorbidities, and MCCI for the dehydrated and not dehydrated groups.

Variables

Dehydration (Blood Urea Nitrogen/Creatinine >20)

P

Not Dehydrated Dehydrated

N % N %

ASA Classification
 � 1 317 3.0% 98 2.3% <0.001
 � 2 5637 52.6% 1967 46.8%
 � 3 4517 42.1% 1993 47.4%
 � 4 247 2.3% 143 3.4%
 � 5 1 0.0% 2 0.0%
 � None assigned 7 0.1% 3 0.1%  �
Osteoporosis Diagnosis
 � No 10,713 99.9% 4199 99.8%  �
 � Yes 13 0.1% 7 0.2%  �
History of Congestive Heart Failure
 � No 10,689 99.7% 4188 99.6%  �
 � Yes 37 0.3% 18 0.4%  �
History of Hypertension
 � No 5673 52.9% 2007 47.7%  �
 � Yes 5053 47.1% 2199 52.3%  �
History of Severe COPD
 � No 10,280 95.8% 4003 95.2%  �
 � Yes 446 4.2% 203 4.8%  �
Diabetes
 � No 8951 83.5% 3314 78.8%  �
 � Yes 1775 16.5% 892 21.2%  �
MCCI Score by Increments
 � 0 10,349 96.5% 3981 94.7% <0.001
 � 0–25 124 1.2% 72 1.7%
 � 25–42 178 1.7% 85 2.0%
 � 42–50 41 0.4% 32 0.8%
 � 50+ 34 0.3% 36 0.9%

Abbreviations: ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; MCCI, modified comprehensive complication index.
Note: P values are provided where applicable.
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standard form of this grading system, Clavien-Dindo 
grade IV represents life-threatening complications after 
surgery.13 They also had a half-day longer hospital stay 
(P < 0.001). The BUN/Cr ratio, previously supported as 
a dehydration marker, was highlighted for risk stratifi-
cation.7,8,11,12

Preoperative dehydration is common in various types 
of surgery, with reported prevalence rates ranging from 
34.5% in lumbar spine patients to as high as 47% in 

arthroplasty patients.7,8 In our study, we found the prev-
alence of dehydration in ACDF patients to be 28.1%, 
with older and female patients being more likely to be 
dehydrated. Chan et al also found dehydration to be more 
prevalent in women undergoing orthopedic surgery and 
associated with a greater prevalence of postoperative 
urinary tract infections (UTIs) when compared with 
patients in the hydrated group (P < 0.0001).4 This may 
be due to women having lower muscle mass than men, 

Table 3.  30-day complications, Clavien-Dindo grade IV, and mortality for the dehydrated and not dehydrated groups.

Complication

Dehydration (Blood Urea Nitrogen/Creatinine >20)

P

Not Dehydrated Dehydrated

N % N %

Any
 � No 10,328 96.3% 3966 94.3% <0.001
 � Yes 398 3.7% 240 5.7%  �
Pulmonary (combined)
 � No 10,593 98.8% 4103 97.6% <0.001
 � Yes 133 1.2% 103 2.4%  �
Cardiac (combined)
 � No 10,698 99.7% 4183 99.5% 0.006
 � Yes 28 0.3% 23 0.5%  �
Wound (combined)
 � No 10,603 98.9% 4132 98.2% 0.002
 � Yes 123 1.1% 74 1.8%  �
Hematological (combined)
 � No 10,651 99.3% 4150 98.7% <0.001
 � Yes 75 0.7% 56 1.3%  �
Renal (combined)
 � No 10,708 99.8% 4202 99.9% 0.214
 � Yes 18 0.2% 4 0.1%  �
Clavien-Dindo Grade IV
 � No 10,664 99.4% 4148 98.6% <0.001
 � Yes 62 0.6% 58 1.4%  �
30-d Mortality
 � Lived 10,705 99.8% 4186 99.5% 0.003
 � Death in 30 days 21 0.2% 20 0.5%

Figure 1.  Plot displaying the odds ratios for postoperative complications when comparing dehydrated and not dehydrated patients. Age, sex, ethnicity, race, and 
body mass index were adjusted for.
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resulting in a higher BUN/Cr ratio.6,14 Mukand et al 
found that dehydration was significant in older orthope-
dic surgery patients with prerenal azotemia, leading to 
a longer length of stay and more frequent discharge to 

nursing care facilities (P < 0.01).5 Their findings align 
with ours, where preoperative dehydration had higher 
odds of occurring in older patients and in women with a 
delayed length of stay >5 days and lower odds of being 

Figure 2.  Plot displaying bar graph representation of 30-day mortality, postoperative complications, modified comprehensive complication index 50+, and 
Clavien-Dindo grade IV when comparing dehydrated and not dehydrated patients.
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discharged home (P < 0.001). Rowat et al also found 
that being older, female, and prescribed diuretics were 
dehydration risk factors (P < 0.001).6

Preoperative dehydration has been associated with 
an increased risk of complications. Chan et al found that 
preoperative dehydration in orthopedic patients older 
than 65 years was associated with significantly higher 
rates of respiratory (P = 0.045), gastrointestinal (P < 
0.001), and hematological (P < 0.001) complications as 
well as increased mortality rate.4 Preoperative dehydra-
tion in our study also increased the odds of pulmonary 
complications (OR = 1.79, 95% CI [1.36, 2.37], P < 
0.001). Poor hydration can disrupt mucociliary clear-
ance, ion transport, and epithelium nourishment while 
exacerbating pulmonary conditions.15 Moghadamy-
eghaneh et al and Rowat et al found similar results in 
patients undergoing colon surgery and stroke patients, 
respectively.6,12 Goodarzi et al found that preoperative 
hydration via intravenous fluids significantly reduced 
postoperative nausea, vomiting, fever incidence, and 
thirst but had no effect on postoperative pain.16 Pro-
longed fasting may lead to fluid deficits, contributing to 
perioperative discomfort and morbidity.17 Administer-
ing 1 L preoperatively or intraoperatively significantly 
reduced postoperative symptoms related to dehydra-
tion.17 Hydration status also has implications in disc 
degeneration, affecting effective stress distribution and 
increasing stiffness in intervertebral discs.18

Renfree et al investigated preoperative dehydration 
affecting elective lumbar surgery complications using the 

NSQIP database from 2006 to 2013. Contrary to the find-
ings in our study, their results showed that dehydration did 
not negatively impact perioperative outcomes or readmis-
sion. Preoperative dehydration was shown to increase the 
risk of deep vein thrombosis (P = 0.002), UTI (P < 0.001), 
and the need for postoperative transfusion (P < 0.001).8 
Renfree et al inclusion of only elective spine surgery and 
operating in a different region of the body may partially 
elucidate the differences in our conclusions. Moore et al 
also found that dehydration before total joint arthroplasty 
did not increase the risk for postoperative cardiac, renal, or 
cerebrovascular complications.7 These findings highlight 
the importance of considering the types of surgeries con-
ducted and how dehydration may impact a patient’s recov-
ery depending on the procedure.

Contrary to the findings in our study, Renfree et al 
investigated preoperative dehydration affecting elective 
lumbar surgery complications using the NSQIP database 
from 2006 to 2013. Their results showed that dehydra-
tion did not negatively impact perioperative outcomes or 
readmission. While largely noncontributory, preoperative 
dehydration was shown to increase the risk of deep vein 
thrombosis (P = 0.002), the risk of UTI (P < 0.001), and the 
need for postoperative transfusion (P < 0.001).8 Renfree et 
al inclusion of only elective spine surgery and operating in 
a different region of the body may partially elucidate the 
differences in our conclusions. Moore et al also found that 
dehydration before total joint arthroplasty did not increase 
the risk for postoperative cardiac, renal, or cerebrovascular 
complications.7 When compared with Renfree et al, these 

Table 4.  Readmission, reoperation, discharge destination, and delayed hospital lengths of the stays ( >5, >7, >10, and >15 d) for the dehydrated and not 
dehydrated groups.

Variables

Dehydration (Blood Urea Nitrogen/Creatinine >20)

P

Not Dehydrated Dehydrated

N % N %

Readmission
 � No 10,401 97.0% 4045 96.2% 0.008
 � Yes 325 3.0% 161 3.8%  �
Reoperation
 � No 10,535 98.2% 4105 97.6% 0.008
 � Yes 191 1.8% 101 2.4%  �
Discharge Destination
 � Home 10,228 95.4% 3788 90.1% <0.001
 � Not home 498 4.6% 418 9.9%  �
Delayed Hospital Stay (>5 d)
 � No 10,047 93.7% 3755 89.3% <0.001
 � Yes 679 6.3% 451 10.7%  �
Delayed Hospital Stay (>7 d)
 � No 10,330 96.3% 3909 92.9% <0.001
 � Yes 396 3.7% 297 7.1%  �
Delayed Hospital Stay (>10 d)
 � No 10,525 98.1% 4027 95.7% <0.001
 � Yes 201 1.9% 179 4.3%  �
Delayed Hospital Stay (>15 d)
 � No 10,627 99.1% 4117 97.9% <0.001
 � Yes 99 0.9% 89 2.1%
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findings draw attention to the types of surgeries conducted 
and how dehydration may impact a patient’s recovery 
depending on the procedure. The impact of preoperative 
dehydration on postoperative complications may vary 
depending on the type of surgery performed. For instance, 
open and closed laparoscopic intra-abdominal surgeries, 
as studied by Moghadamyeghaneh et al, may involve more 
significant fluid changes compared with laparoscopic 
colon and rectal surgery or arthroplasty procedures. Fur-
thermore, evidence suggests that preoperative dehydration 
may have a less significant impact on postoperative mor-
bidity in certain orthopedic cases. Thus, the relationship 
between hydration status and postoperative complications 
is complex and varies on a case-by-case basis.

Our study fills a gap in the literature on preoperative 
dehydration in ACDF surgery. The differences pointed 
out in the studies can be explained by the circumstances 
of surgery and the organ systems involved. Future studies 

could include prospective randomized controlled trials 
involving preoperative IV fluid administration to further 
investigate the impact of preoperative dehydration on post-
operative outcomes. Additionally, there should be a focus 
on differences between specific surgical procedures and 
associated risks of preoperative dehydration and postoper-
ative complications in each circumstance.

Limitations

Weaknesses of our study include its retrospective 
nature and limited access to patient-reported outcomes. 
Additionally, the study only assessed complications within 
the first 30 days postoperatively and did not evaluate long-
term complications. Furthermore, we recognize that the 
preoperative laboratory values in the NSQIP database 
represent hydration status preceding the 30-day preoper-
ative period. Future studies with preoperative laboratory 

Figure 3.  Plot displaying bar graph representation of complications, reoperation, readmission, and hospital length of stay when comparing dehydrated and not 
dehydrated patients.
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values obtained closer to the procedure date are needed 
to confirm or refute these findings. We were also limited 
by the lack of socioeconomic data, which made it diffi-
cult to control for potentially impactful variables that can 
affect patient outcomes. Finally, it is important to note that 
a BUN/Cr ratio can be falsely elevated and should be cor-
related with urine osmolality or a clinical examination for 
the best assessment of hydration status.

CONCLUSION

The relationship between preoperative dehydration and 
30-day postoperative outcomes for elective ACDF surgery 
has not been previously studied. Utilizing multivariate 
analysis, we found that dehydration before ACDF surgery 
can increase the risk of various complications and increase 
the length of hospital stay by half a day.
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