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Abstract

Objective: Anemia is prevalent in patients with gynecologic cancers and is associated with 

increased perioperative morbidity. We aim to characterize risk factors for preoperative anemia and 

describe outcomes among patients undergoing surgery by a gynecologic oncologist to identify 

potential areas for impactful intervention.

Methods: We analyzed major surgical cases performed by a gynecologic oncologist in the 

National Surgical Quality Improvement Program (NSQIP) database from 2014 – 2019. Anemia 

was defined as hematocrit < 36. Demographic characteristics and perioperative variables for 

patients with and without anemia were compared using bivariable tests. Odds of perioperative 

complications in patients stratified by preoperative anemia were calculated using logistic 

regression models.

Results: Among 60,017 patients undergoing surgery by a gynecologic oncologist, 23.1% had 

preoperative anemia. Women with ovarian cancer had the highest rate of preoperative anemia at 

39.7%. Patients with advanced stage cancer had a higher risk of anemia than early-stage disease 

(42.0% vs 16.3%, p=<0.001). In a logistic regression model adjusting for potential demographic, 

cancer-related, and surgical confounders, patients with preoperative anemia had increased odds of 

infectious complications (OR 1.16, 95% CI = 1.07 – 1.26), thromboembolic complications (OR 

1.39, 95% CI = 1.15 – 1.68), and blood transfusion (OR 5.78, 95% CI 5.34 – 6.26).

Conclusion: There is a high rate of anemia in patients undergoing surgery by a gynecologic 

oncologist, particularly those with ovarian cancer and/or advanced malignancy. Preoperative 

anemia is associated with increased odds of perioperative complication. Interventions designed 
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to screen for and treat anemia in this population have the potential for significant impact on 

surgical outcomes.
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INTRODUCTION

Anemia is widespread among patients with solid malignancies and affects 20–90% of 

patients with gynecologic cancers, depending on the population and phase of treatment 

(1–4). In the preoperative setting, anemia has been shown to be associated with higher rates 

of morbidity and mortality for those undergoing major surgery (5, 6). Treating anemia with 

perioperative blood transfusion is associated with additional risks and does not mitigate the 

negative effects of anemia (7–10). For this reason, the Enhanced Recovery After Surgery 

(ERAS®) society has identified screening and alternative treatments for preoperative anemia, 

such as iron replacement, as important targets of future efforts to optimize patient outcomes 

(11).

In obstetrics and gynecology, previously published studies including large numbers of 

patients from national databases have similarly demonstrated an association between 

preoperative anemia and increased composite morbidity/mortality scores in mixed 

populations of patients (12–14). Compared to the gynecologic surgery population as a 

whole, patients receiving care from a gynecologic oncologist are likely to have poorer 

performance status and unique risk factors such as receipt of neoadjuvant chemotherapy 

(15). Preoperative anemia in gynecologic oncology patients has been shown to be associated 

with surgical site infection (16), but a more comprehensive evaluation of the relationship 

between preoperative anemia and morbidity in this population has not previously been 

performed. Using a national surgical database, we aim to identify the patients undergoing 

surgery by a gynecologic oncologist who are most at risk for preoperative anemia as well 

as the perioperative complications associated with anemia. We hypothesize that the rates of 

infectious and thromboembolic complications are higher among patients going to the OR 

with anemia based on previous data demonstrating a link between these complications and 

anemia in other populations (17, 18). Gynecologic oncologists may consider the results of 

this study when developing guidelines designed to improve perioperative outcomes.

We hypothesize that patients with ovarian cancer are at highest risk for preoperative 

anemia because of advanced age, medical comorbidities, and receipt of neoadjuvant 

chemotherapy for some. We analyze this subpopulation of patients and report the rate of 

preoperative anemia and perioperative complications. These patients may have more to 

gain from interventions designed to treat anemia, particularly those undergoing neoadjuvant 

chemotherapy with a longer time interval between diagnosis and surgery.
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METHODS

Study Design and Participants

This retrospective cohort study was performed using the American College of Surgeons 

National Surgical Quality Improvement Program (NSQIP) database. The database collects 

patient demographics, perioperative variables, and 30-day postoperative outcomes data for 

patients undergoing major surgical procedures at hospitals across the US. This information 

is collected by trained clinical reviewers at each institution and audited to ensure inter-rater 

reliability (19). The linked hysterectomy-specific and gynecology participant use files from 

2014 – 2019 were used for this study. Our cohort included patients with “gynecologic 

oncologist” listed under gynecology or hysterectomy subspecialist. All patients with surgery 

performed by a gynecologic oncologist, including those with benign pathology, were 

included to reflect the entire clinical practice of the subspecialty (15, 20, 21). Patients 

were excluded from the analysis if there was no hematocrit value available within the 

30 days before surgery. This study was reviewed by the Institutional Review Board at 

Northwestern University and declared exempt from formal review as a secondary analysis of 

a deidentified dataset. In accordance with the journal’s guidelines, we will provide our data 

for independent analysis by the Editorial Team for the purposes of additional data analysis or 

for the reproducibility of this study in other centers if such is requested.

Variables

The primary exposure in this study was preoperative anemia, defined as hematocrit lower 

than 36% in the 30 days prior to surgery. This was used to approximate the World Health 

Organization (WHO) definition of anemia that is based on hemoglobin (<12g/dl) because 

hemoglobin value is not available in the National Surgical Quality Improvement Program 

database (22). For patients with multiple laboratory draws leading up to surgery, the 

hematocrit value taken closest to the day of surgery was used. We compared demographic 

characteristics among patients with and without preoperative anemia including age, body 

mass index, race, and ethnicity. Race was categorized as White, Black, Asian, or none 

of the above, which included Native Hawaiian, Pacific Islander, American Indian, or 

Alaska Native. These groups were combined under none of the above due to small sample 

size. Baseline health characteristics were also compared including history of hypertension 

requiring medication, chronic obstructive pulmonary disease (COPD), diabetes, smoking 

history, and ASA class. Missing data for any of these characteristics was classified in a 

separate category. In the subset of patients in the cohort with a malignancy, we identified 

cancer site from the combined participant use file and determined whether the patient had 

advanced or local disease. Advanced disease was defined by Stage IIIA-IVB uterine cancer, 

Stage IIIA-IVB cervical cancer, or Stage IIA-IVB ovarian cancer; all other patients with 

cancer were characterized as having local or early-stage disease. Receipt of neoadjuvant 

chemotherapy was not reported because of high proportion of missing data. Surgical 

variables examined included mode of surgery as determined by CPT codes, operative time, 

and total relative value units (RVUs), which was used as a surrogate for surgical complexity 

(23).
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The two primary outcome measures were odds of infectious complications and 

thromboembolic complications. Patients were identified as having had an infectious 

complication if they had one or more of the following complications: superficial wound 

infection, deep wound infection, organ space infection, pneumonia, urinary tract infection, 

sepsis, or septic shock. Thromboembolic complication similarly was a composite that 

included pulmonary embolism, deep vein thrombosis (DVT)/thrombophlebitis, or stroke. 

Secondary outcomes included any blood transfusion (administered intraoperatively or within 

72 hours after surgery), length of hospital stay > 4 days, rate of readmission within 30 days, 

and individual infectious/thromboembolic complications. The number of units of blood 

transfused was not available in the surgical dataset during this study period, so transfusion 

was considered a binary variable.

Statistical Methods

Chi-squared analyses were used to compare categorical variables between the two groups, 

and Wilcoxon rank sum tests were used compare continuous variables. Associations 

between preoperative anemia and primary and secondary outcomes were described 

using raw data compared with Chi-squared analyses, as well as individual univariate 

logistic regression models for each outcome of interest. Covariates controlled for in the 

logistic regression models included age, body mass index, race, ethnicity, ASA class, 

hypertension requiring medication, diabetes, smoking status, local malignancy versus 

advanced malignancy versus benign pathology, mode of surgery, and surgical RVUs. All 

variables were categorical except for surgical RVUs, which was included as a continuous 

variable. Operative time and cancer site were not included in the models to avoid collinearity 

with mode of surgery, surgical RVUs, and local/advanced/benign pathology. Patients with 

missing values for the covariates of interest were excluded from the logistic regression 

analyses. Patients with ovarian cancer were analyzed as a subpopulation using unadjusted 

logistic regression models as well as adjusted regression analyses for each outcome of 

interest, with the same covariates as described above. All analyses were performed using 

STATA 17.0.

RESULTS

We identified 66,446 patients from the surgical database who had surgery by a gynecologic 

oncologist. 6,429 patients were excluded due to lack of available hematocrit data in the 

30 days prior to surgery, with 60,017 patients included in the final analysis (Figure 1). 

There were 13,881 patients with anemia as defined as hematocrit <36%, representing 23.1% 

of the study population. Among patients with anemia, 10,233 (73.6%) had mild anemia 

(hematocrit 30–36%), 3,269 (23.6%) had moderate anemia (hematocrit 24–30%), and 389 

(2.8%) had severe anemia (hematocrit <24%).

Patient characteristics are described in Table 1. Black race, ASA class III+, hypertension 

requiring medication, and diabetes were associated with a higher likelihood of preoperative 

anemia. With regards to cancer-related variables, patients with ovarian cancer had the 

highest rate of preoperative anemia at 39.7% compared to rates of 18–21% for uterine 

cancer, cervical cancer, and benign pathology. 42% of those with advanced stage disease 
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had preoperative anemia compared to only 16.3% with local disease. Patients going into the 

operating room with preoperative anemia were more likely to have a laparotomy and had 

on average longer operative times (169.6 minutes vs 151.5 minutes, p <0.001) and more 

complex procedures as estimated by total RVUs (33.4 vs 27.7, p<0.001).

The unadjusted rates of primary and secondary outcomes stratified by preoperative anemia 

are described in Table 2. Patients with preoperative anemia had higher rates of infectious 

complication (9.9% vs 6.3%, p<0.001), thromboembolic complication (2.0% vs 0.9%, 

p<0.001), perioperative blood transfusion (25.9% vs 3.6%, p<0.001), length of stay >4 

days (28.0% vs 8.8%, p<0.001), and readmission within 30 days (7.7% vs 4.3%, p<0.001) 

compared to patients without anemia. The unadjusted and adjusted odds ratios of primary 

and secondary outcomes from the logistic regression models are reported in Table 3. In 

the adjusted model, patients with anemia had an odds ratio of 1.16 (95% CI 1.07 – 1.26) 

for any infectious complication and 1.39 (95% CI 1.15 – 1.68) for any thromboembolic 

complication. For the secondary outcomes, preoperative anemia was associated with 

increased odds of blood transfusion (OR 5.78, 95% CI 5.34 – 6.26), length of stay > 4 

days (OR 2.15, 95% CI 2.01 – 2.31), and readmission within 30 days of surgery (OR 1.30, 

95% CI 1.18 – 1.42).

The 9,833 patients with ovarian cancer were analyzed separately. The unadjusted and 

adjusted odds ratios of primary and secondary outcomes from logistic regression models 

are shown in Table 4. In the adjusted models, there was no statistically significant difference 

identified in infectious or thromboembolic complications or 30-day readmissions in patients 

with or without preoperative anemia. However, the odds of perioperative blood transfusion 

were significantly higher for patients with anemia (OR 4.32, 95% CI 3.80 – 4.92), as was the 

odds of length of stay > 4 days (OR 1.48, 95% CI 1.32 – 1.66). In this population, the rate of 

blood transfusion was 41.8% for patients going into the OR with anemia compared to 12.6% 

of those without anemia.

DISCUSSION

Summary of Main Results

Our results demonstrate that patients undergoing surgery by a gynecologic oncologist have 

a high rate of preoperative anemia (23.1% in this large national cohort). 35.4% of patients 

undergoing open abdominal surgery had anemia. The most notable demographic difference 

in the anemic and non-anemic populations was race; Black race was associated with a 

significantly higher rate of preoperative anemia compared to other racial groups. In a 

logistic regression model controlling for relevant demographic, cancer-related, and surgical 

characteristics, anemia was associated with higher odds of infectious and thromboembolic 

complications. There was also a significant increase in the odds of intraoperative blood 

transfusion for patients going into the operating room with anemia even when controlling for 

patient characteristics, surgical approach, and complexity, suggesting an independent effect 

that is not just driven by selection bias. Preoperative anemia was associated with a higher 

rate of hospital length of stay >4 days and 30-day readmissions, both variables relevant 

to patients as well as hospital systems looking to improve on trackable outcome metrics. 

Patients in this study with ovarian cancer had significantly higher rates of preoperative 
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anemia when compared to other gynecologic malignancies or benign pathology. When 

controlling for demographic and operative characteristics, anemic ovarian cancer patients 

had over four times the odds of requiring perioperative blood transfusion.

Results in the Context of Published Literature

The high rate of preoperative anemia in this large national database population is similar to 

that published in previous institution-specific studies (1, 24, 25). Increased risk of anemia 

among Black patients in this cohort is consistent with published data demonstrating that 

Black American women are more likely to be anemic when compared to other racial groups 

(26). The reasons for this effect are incompletely understood, and further research is needed 

to clarify the role of structural racism in this finding, identify potential barriers in access 

to treatment for anemia on the basis of race, and develop processes to address this health 

inequity (27).

Prior studies from the general surgery and gynecology literature have demonstrated poorer 

surgical outcomes for patients with preoperative anemia (5, 6, 12–14, 16); we identify 

a similar effect in a population of patients taken care of by gynecologic oncologists. 

The higher rates of blood transfusion in patients with preoperative anemia in this cohort 

represents a clinically relevant finding given the independent association between blood 

transfusion and perioperative morbidity and mortality in this population (7, 10). In the 

ovarian cancer subpopulation, we hypothesize that neoadjuvant chemotherapy is one of the 

primary drivers of preoperative anemia and intraoperative transfusions based on previous 

studies demonstrating high rates of anemia and blood transfusion for patients undergoing 

interval cytoreduction (10, 28, 29). However, the database used is missing complete data 

regarding receipt of preoperative chemotherapy, limiting our ability to make conclusive 

statements about the role of neoadjuvant chemotherapy.

Strengths and Weaknesses

The major strength of this study is the large sample size with high quality perioperative 

laboratory and complication data available. There are some relevant factors that are not 

collected consistently by National Surgical Quality Improvement Program and therefore not 

included in this study, such as receipt of neoadjuvant chemotherapy and complication >30 

days after surgery. Although blood loss is relevant to this study, estimated blood loss has 

been shown to be unreliable and inaccurate with wide variations based on the estimator, 

so we do not view the lack of data regarding this variable as a significant limitation (30). 

Around 10% of the patient population was excluded due to lack of 30-day preoperative 

lab values. Patients without preoperative labs may be less likely to have anemia, perhaps 

causing overestimation of anemia rates. In addition, we included patients who received 

a blood transfusion in the preoperative period. Preoperative transfusion may improve the 

hematocrit value listed in the database prior to surgery but comes with the complications 

associated with transfusion. This would lead to overestimation of complications in the non-

anemic cohort and weaken the association between anemia and perioperative complication, 

so it does not threaten the study’s conclusions. Finally, far outliers with high blood 

transfusion requirements were not excluded from our analysis due to lack of data available 

in the National Surgical Quality Improvement Program database regarding number of units 
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transfused. These outliers, more likely to fall in the preoperative anemia cohort, may have 

high rates of morbidity that could pull up the overall rates of complication. However, we 

suspect that the number of significant outliers requiring four or more units of blood is low 

and does not diminish our study’s conclusions.

Implications for Practice and Future Research

The risks of complication associated with both preoperative anemia and blood transfusion 

suggest need for alternative interventions to treat preoperative anemia. Iron deficiency is 

one of the most common causes of anemia in this population; rates have been shown to 

be as high as 43% in patients with solid tumors (31). Iron deficiency is modifiable with 

oral or IV iron supplementation. IV formulations deliver dosages more quickly, providing 

rapid availability for erythropoiesis (32). Based on the available data, international surgical 

guidelines recommend treatment of iron deficiency anemia in the preoperative setting (33). 

The Enhanced Recovery After Surgery (ERAS®) society has published on the importance 

of evaluation and treatment of preoperative anemia but has recommended further research to 

clarify the role of iron supplementation and the populations that may benefit (11). Vitamin 

B12 and folate deficiencies are less common but similarly targetable nutritional deficiencies 

that should be considered as part of treatment for preoperative anemia (1).

Gynecologic oncology patients, and particularly advanced ovarian cancer patients, may have 

more to gain from active management of preoperative anemia than the general abdominal 

surgery population. IV iron administration appears to improve hemoglobin levels for anemic 

patients but takes time (32, 34). Patients receiving neoadjuvant chemotherapy may have 

2–3 months between diagnosis and surgery, giving them time to benefit from correction of 

nutritional deficiencies (29). Many patients undergoing surgery by a gynecologic oncologist 

will need adjuvant treatment, and stakes are high to avoid perioperative complication and 

maintain postoperative hemoglobin levels when compared to other surgical patients. For 

patients with ovarian cancer, delay in the initiation of adjuvant chemotherapy beyond 

37 days after surgery has been associated with decreased survival (35, 36). While data 

supporting iron supplementation for all anemic preoperative patients is mixed, the results of 

our study and the unique needs of this patient population suggest that any opportunity to 

improve perioperative anemia should be considered.

CONCLUSIONS

Previous work has demonstrated an increased risk of perioperative morbidity in patients with 

anemia undergoing major abdominal surgery or benign gynecologic procedures (5, 12–14). 

This study adds to the literature by evaluating a national cohort of patients from gynecologic 

oncology practices as a separate population. These patients have distinct demographic 

characteristics and risk factors for both anemia and perioperative complications. Approaches 

to screening and treatment for anemia should be specific to their needs.
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What is already known on this topic –

Preoperative anemia has been shown to be associated with poorer surgical outcomes for 

general surgery and benign gynecology patients.

What this study adds –

Patients undergoing surgery by a gynecologic oncologist have high rates of anemia, 

particularly those with ovarian cancer and/or advanced disease. Preoperative anemia is 

associated with infectious and thromboembolic complications in this specific population.

How this study might affect research, practice or policy –

These results inform future research to determine if screening for and treating 

preoperative anemia for patients seeing a gynecologic oncologist improves perioperative 

outcomes.
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Figure 1. 
Cohort study enrollment diagram.
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Table 1.

Association between patient and surgical characteristics and preoperative anemia.

Not Anemic
(n=46,136)

Anemic
(n=13,881)

p-value

Age (years) <0.001

 ≤ 30 679 (1.5%) 288 (2.1%)

 31 – 50 12,216 (26.5%) 4,871 (35.1%)

 51 – 70 25,757 (55.8%) 6,172 (44.5%)

 71+ 7,484 (16.2%) 2,550 (18.4%)

Body Mass Index (kg/m 2 ) <0.001

 <18.5 434 (0.9%) 239 (1.7%)

 18.5 – 24.9 9,218 (20.0%) 3,290 (23.7%)

 25 – 29.9 10,872 (23.6%) 3,280 (23.6%)

 30 – 39.9 16,157 (35.0%) 4,440 (32.0%)

 ≥ 40 9,315 (20.2%) 2,532 (18.2%)

 Missing 140 (0.3%) 100 (0.7%)

Race <0.001

 White 33,980 (73.7%) 8,382 (60.4%)

 Black 3,496 (7.6%) 2,432 (17.5%)

 Asian 1,733 (3.8%) 678 (4.9%)

 None of the Above 378 (0.8%) 149 (1.1%)

 Missing 6,549 (14.2%) 2,240 (16.1%)

Ethnicity <0.001

 Hispanic 2,714 (5.9%) 1,066 (7.7%)

 Non-Hispanic 38,285 (83.2%) 11,142 (80.5%)

 Missing 5,032 (10.9%) 1,626 (11.8%)

ASA Class <0.001

 I 1,536 (3.3%) 283 (2.1%)

 II 22,333 (48.4%) 4,977 (35.9%)

 III 21,095 (45.7%) 7,595 (55.3%)

 IV or V 1,159 (2.5%) 942 (6.8%)

 Missing 13 (0.03%) 4 (0.03%)

Hypertension Requiring Medication <0.001

 Yes 19,974 (43.3%) 6,276 (45.2%)

 No 26,162 (56.7%) 7,605 (54.8%)

Diabetes <0.001

 Yes 6,929 (15.0%) 2,660 (19.2%)

 No 39,207 (85.0%) 11,221 (80.8%)

COPD 0.161

 Yes 946 (2.1%) 313 (2.3%)
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Not Anemic
(n=46,136)

Anemic
(n=13,881)

p-value

 No 45,190 (97.9%) 13,568 (97.7%)

Smoking History 0.002

 Yes 5,681 (12.3%) 1,575 (11.4%)

 No 40,455 (87.7%) 12,306 (88.6%)

Cancer Site <0.001

 Cervix 2,729 (5.9%) 640 (4.6%)

 Uterus 17,842 (38.7%) 4,155 (29.9%)

 Ovary 5,926 (12.8%) 3,907 (28.2%)

 Other/Unknown 888 (1.9%) 322 (2.3%)

 Benign 18,751 (40.6%) 4,857 (35.0%)

Local versus Advanced Malignancy <0.001

 Local 18,809 (40.8%) 3,653 (26.3%)

 Advanced 5,651 (12.3%) 4,095 (29.5%)

 Benign 18,751 (40.6%) 4,857 (35.0%)

 Unknown 2,925 (6.3%) 1,276 (9.2%)

Route of Surgery <0.001

 Laparotomy 14,754 (32.0%) 8,069 (58.1%)

 Minimally-invasive 30,629 (66.3%) 5,488 (39.5%)

 Vulvectomy / Vaginectomy 194 (0.4%) 54 (0.4%)

 Other / Missing 559 (1.2%) 270 (2.0%)

Operative Time (Min) <0.001

 Mean +/− SD 151.5 +/− 73.3 169.6 +/− 85.7

 Median 137 152

 Missing 7 6

Total RVUs <0.001

 Mean +/− SD 27.7 +/− 15.3 33.4 +/− 20.4

 Median 23.9 29.7

Total 46,136 (76.9%) 13,881 (23.1%) 60,017
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Table 2.

Unadjusted rates of infectious complication, thromboembolic complication, blood transfusion, length of stay 

>4 days, and 30-day readmission in anemic versus non-anemic patients.

Not Anemic
(n=46,136)

Anemic
(n=13,881)

p-value

Infectious Complications

 Superficial wound infection 889 (1.9%) 388 (2.8%) <0.001

 Deep wound infection 118 (0.3%) 76 (0.6%) <0.001

 Organ space infection 729 (1.6%) 366 (2.6%) <0.001

 Pneumonia 227 (0.5%) 163 (1.2%) <0.001

 Urinary tract infection 1,094 (2.4%) 412 (3.0%) <0.001

 Sepsis + Septic Shock 460 (1.0%) 352 (2.5%) <0.001

 Any infectious complication 2,908 (6.3%) 1,374 (9.9%) <0.001

Thromboembolic Complications

 Pulmonary embolism 266 (0.6%) 154 (1.1%) <0.001

 DVT/thrombophlebitis 158 (0.3%) 132 (1.0%) <0.001

 Stroke 43 (0.1%) 22 (0.2%) 0.04

 Any thromboembolic complication 427 (0.9%) 282 (2.0%) <0.001

Blood Transfusion <0.001

 Yes 1,657 (3.6%) 3,601 (25.9%)

 No 44,479 (96.4%) 10,280 (74.1%)

Length of Stay > 4 Days <0.001

 Yes 4,039 (8.8%) 3,890 (28.0%)

 No 42,097 (91.2%) 9,991 (72.0%)

 Median Length of Stay (Days) +/− SD 1 +/− 2.87 3 +/− 4.87 <0.001

Readmission Within 30 Days <0.001

 Yes 1,995 (4.3%) 1,066 (7.7%)

 No 44,141 (95.7%) 12,815 (92.3%)

Total 46,136 (76.9%) 13,881 (23.1%) 60,017
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Table 3.

Unadjusted and adjusted odds ratios of perioperative complications in patients with anemia compared to those 

without anemia from logistic regression models.

Unadjusted Odds Ratio (95% CI) p-value Adjusted Odds Ratio (95 % CI)* p-value

Infectious Complications

 Superficial wound infection 1.46 (1.30 – 1.65) <0.001 1.00 (0.86 – 1.16) 0.965

 Deep wound infection 2.15 (1.61 – 2.87) <0.001 1.31 (0.92 – 1.86) 0.139

 Organ space infection 1.69 (1.49 – 1.92) <0.001 1.19 (1.02 – 1.39) 0.026

 Pneumonia 2.40 (1.96 – 2.94) <0.001 1.15 (0.89 – 1.48) 0.281

 Urinary tract infection 1.26 (1.12 – 1.41) <0.001 1.05 (0.91 – 1.21) 0.530

 Sepsis + Septic Shock 2.58 (2.24 – 2.97) <0.001 1.55 (1.31 – 1.84) <0.001

 Any infectious complication 1.63 (1.53 – 1.75) <0.001 1.16 (1.07 – 1.26) <0.001

Thromboembolic Complications

 Pulmonary embolism 1.93 (1.58 – 2.36) <0.001 1.24 (0.97 – 1.60) 0.089

 DVT/thrombophlebitis 2.79 (2.22 – 3.52) <0.001 1.79 (1.35 – 2.36) <0.001

 Stroke 1.70 (1.02 – 2.85) 0.043 0.98 (0.53 – 1.82) 0.944

 Any thromboembolic complication 2.22 (1.91 – 2.58) <0.001 1.39 (1.15 – 1.68) 0.001

Blood Transfusion 9.40 (8.84 – 10.00) <0.001 5.78 (5.34 – 6.26) <0.001

Length of Stay > 4 Days 4.06 (3.86 – 4.26) <0.001 2.15 (2.01 – 2.31) <0.001

Readmission Within 30 Days 1.84 (1.70 – 1.99) <0.001 1.30 (1.18 – 1.42) <0.001

*
Covariates: age, body mass index, race, ethnicity, ASA class, hypertension requiring medication, diabetes, smoking status, local malignancy 

versus advanced malignancy versus benign pathology, mode of surgery, surgical RVUs.
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Table 4.

Unadjusted and adjusted odds ratios of perioperative complications for patients with ovarian cancer and 

anemia compared to those without anemia from logistic regression models.

Unadjusted Odds Ratio (95% CI) p-value Adjusted Odds Ratio (95% CI)* p-value

Infectious Complications

 Superficial wound infection 0.86 (0.68 – 1.09) 0.218 0.77 (0.56 – 1.05) 0.097

 Deep wound infection 1.77 (0.94 – 3.33) 0.075 2.16 (0.85 – 5.45) 0.104

 Organ space infection 1.00 (0.78 – 1.27) 0.978 0.86 (0.64 – 1.14) 0.293

 Pneumonia 1.57 (1.13 – 2.17) 0.007 0.99 (0.66 – 1.47) 0.955

 Urinary tract infection 1.04 (0.82 – 1.32) 0.754 0.80 (0.58 – 1.09) 0.162

 Sepsis + Septic Shock 1.34 (1.04 – 1.74) 0.025 1.05 (0.76 – 1.43) 0.760

 Any infectious complication 1.08 (0.95 – 1.24) 0.239 0.91 (0.77 – 1.08) 0.279

Thromboembolic Complications

 Pulmonary embolism 1.09 (0.78 – 1.52) 0.589 0.73 (0.48 – 1.12) 0.150

 DVT/thrombophlebitis 1.70 (1.13 – 2.56) 0.011 1.49 (0.91 – 2.42) 0.113

 Stroke 1.06 (0.40 – 2.79) 0.903 0.66 (0.18 – 2.38) 0.527

 Any thromboembolic complication 1.30 (1.00 – 1.67) 0.047 0.98 (0.71 – 1.35) 0.908

Blood Transfusion 4.96 (4.49 – 5.48) <0.001 4.32 (3.80 – 4.92) <0.001

Length of Stay > 4 Days 1.97 (1.81 – 2.14) <0.001 1.48 (1.32 – 1.66) <0.001

Readmission Within 30 Days 1.11 (0.96 – 1.29) 0.173 0.97 (0.81 – 1.16) 0.771

*
Covariates: age, body mass index, race, ethnicity, ASA class, hypertension requiring medication, diabetes, smoking status, local malignancy 

versus advanced malignancy versus benign pathology, mode of surgery, surgical RVUs.
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