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Abstract

Objective—Assess the impact of preoperative serum anti-TNFα drug levels on 30-day 

postoperative morbidity in inflammatory bowel disease patients.

Summary Background Data—Studies on the association of anti-TNFα drugs and 

postoperative outcomes in IBD are conflicting due to variable pharmacokinetics of anti-TNFα 
drugs.. It remains to be seen whether preoperative serum anti-TNFα drug levels correlate with 

postoperative morbidity.

Methods—30 days postoperative outcomes of consecutive IBD surgical patients with serum 

drawn within 7 days pre-operatively, were studied. The total serum level of 3 anti-TNF-α drugs 

(infliximab, adalimumab, certolizumab) was measured, with ≥0.98 µg/ml considered as detected. 

Data was also reviewed according to a clinical cut off value of 3 µg/ml.

Results—217 patients (123 Crohn’s disease (CD) and 94 ulcerative colitis (UC)) were analyzed. 

75 of 150 (50%) treated with anti-TNFα therapy did not have detected levels at the time of 

surgery. In the UC cohort, adverse postoperative outcomes rates between the undetectable and 

detectable groups were similar when stratified according to type of UC surgery. In the CD cohort, 

there was a higher but statistically insignificant rate of adverse outcomes in the detectable vs 

undetectable groups. Using acut-off level of 3 µg/ml, postoperative morbidity (OR=2.5, p=0.03) 

and infectious complications (OR=3.0, p=0.03) were significantly higher in the ≥ 3 µg/ml group. 

There were higher rates of postoperative morbidity (p=0.047) and hospital readmissions (p=0.04) 

in the ≥ 8 µg/ml compared to < 3 µg/ml group.
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Conclusion—Increasing preoperative serum anti-TNFα drug levels are associated with adverse 

postoperative outcomes in CD but not UC patients.

Introduction

Tumor necrosis factor-α (TNFα) is a key pro-inflammatory cytokine playing a central role 

in the pathogenesis of inflammatory bowel disease (IBD). Monoclonal antibodies targeting 

TNFα have revolutionized the management of Crohn’s disease (CD) and ulcerative colitis 

(UC)123. Despite the expanding use of anti-TNFα therapy in IBD, the long term need for 

surgery may not be significantly reduced45. More than one-third of patients do not respond 

to induction therapy (primary nonresponse), and even among initial responders the response 

wanes over time in 20% to 60% of patients6.

Among its many actions, TNFα is implicated in regulating cells central to wound healing 

and protection against infection. For example, TNFα is an important mediator of neutrophil 

chemotaxis and adhesion during the initial phases of inflammation7. Experimental studies 

have also demonstrated that TNFα blockade is associated with significant alterations in 

wound healing89. Patients receiving anti-TNFα therapy have an increased risk of 

opportunistic infections with various bacterial and mycotic infections101112. Given its 

potential impact on wound healing and immunosuppressive properties, a crucial concern is 

whether patients undergoing major abdominal surgery after anti-TNFα drug exposure are at 

increased risk of early postoperative complications.

Studies reporting on the association of preoperative infliximab therapy use and postoperative 

outcomes in IBD have been published with conflicting results131415161718192021. These 

variable findings are attributed to a number of factors including retrospective study design, 

single institution experiences, dissimilar durations of anti-TNFα therapies, difficulty in 

controlling for disease severity, and the overlapping effect of other immunosuppressive 

medications, especially corticosteroids. In addition, differing time periods between the last 

anti-TNFα therapy infusion and date of surgery has plagued all prior studies22.

Rather than the medical history of anti-TNFα agents use, a more accurate measure of anti-

TNFα effect in the IBD patient is the absolute serum anti-TNFα drug level at the time of the 

operation. Increasing evidence demonstrates that despite standardized dosing, varying 

pharmacokinetics profiles between patients leads to a wide variation in serum anti-TNFα 
drug levels and by extension, clinical response. Trough infliximab levels are known to be 

associated with increased rates of remission, lower C-reactive protein (CRP) and improved 

endoscopic outcomes2324. We postulate that serum anti-TNFα drug levels may have an 

adverse surgical impact on IBD patients. Therefore, our study aims to evaluate the 

association of serum anti-TNFα drug levels with the risk of early postoperative 

complications in a cohort of IBD patients.
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Methods

Study Population

Consecutive UC and CD adult patients undergoing major abdominal surgery by a single 

surgeon in a tertiary referral center over a 13-year period ending October 2012 were initially 

identified. From this group, patients who had stored serum drawn within the 7 days period 

before surgery comprised the study cohort. Patients with IBD-unclassified (IBDU) were 

excluded. Other exclusion criteria included patients in whom insufficient serum was 

available for analysis and IBD patients who had anorectal surgery only. This study was 

approved by the Cedars-Sinai Medical Center Institutional Review Board (IRB #30095).

Assessment of Clinical Characteristics

A prospectively maintained IBD registry of patient’s clinical profiles including 

demographics and disease characteristics was retrospectively reviewed. Demographic 

information included patient gender, age at time of surgery, pre-operative morbidity and 

smoking history. Disease characteristics included type of IBD (UC or CD), type of 

preoperative medication use, abscesses at the time of surgery and indication for surgical 

intervention (medically-refractory disease vs. dysplasia/cancer). The diagnosis of UC or CD 

was based upon standard clinical, endoscopic, radiologic and when necessary, pathological 

criteria25. Medical therapy recorded before IBD-related surgery included steroids 

(intravenous or oral), immunomodulators (6-mercaptopurine, azathioprine, methotrexate or 

cyclosporine) and anti-TNFα agents (infliximab, adalimumab, certolizumab). Laboratory 

values (hemoglobin, serum albumin and C-reactive protein) within one month of surgery 

were also collated.

Surgical Procedures

The index surgery for UC patients was either a two-stage ileal pouch-anal anastomosis 

(IPAA), or a subtotal colectomy (STC) (as part of a three-stage IPAA) or total 

proctocolectomy (TPC) with ileostomy. A standard IPAA procedure was performed with 

complete mucosectomy, ileal J-pouch creation and a temporary diverting ileostomy. The 

decision to perform an initial STC/TPC or IPAA as the index operation was at the discretion 

of the operating surgeon. Reasons for STC/TPC included toxic megacolon and/or bowel 

perforation or patients in whom an IPAA was not technically feasible (for example, 

significant intra-abdominal obesity or where the tissues were found intra-operatively to be 

too ‘fragile’ to safely stretch a potential ileal pouch into the pelvis). These criteria reflect 

current standard of surgical practice widely used by colorectal surgeons operating on UC 

patients2627.

In CD patients, the type of surgical procedure selected by the surgeon was dependent on the 

disease site and surgical indication. In addition, surgical approach in all CD patients was 

guided by a desire for maximal bowel length conservation.

Serum anti-TNFα Drug Level Measurements

Stored frozen serum samples were used for analysis. Laboratory measurements of serum 

anti-TNFα drug levels did not degrade over time or with multiple freeze-thaw cycles2829. 
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Serum anti-TNFα drug levels were measured using the homogenous mobility shift assay, 

which utilizes high performance liquid phase chromatography (Prometheus Labs, Inc., San 

Diego, California)3031. This assay measures the total serum level of all 3 anti-TNFα agents 

commonly used in IBD (infliximab, adalimumab and certolizumab). The serum anti-TNFα 
drug levels measurement’s false-positive rate is 5%, with the cut point value of 0.98 µg/ml, 

as referenced by Prometheus Lab.

Patients were categorized into detectable levels (serum anti-TNFα drug levels more than or 

equal to 0.98 µg/ml) or undetectable levels (serum anti-TNFα drug levels less than 0.98 

µg/ml) groups. The detectable level group was further stratified into low (≥0.98 to <3 µg/

ml), medium (≥ 3 to < 8 µg/ml) and high (≥ 8 µg/ml) subgroups.

Postoperative outcomes were also analyzed according to a level of 3 µg/ml, currently the 

most commonly utilized cut off value for clinical efficacy32. All assays were performed by 

Prometheus Labs blinded to patients’ clinical characteristics, disease type, and surgery 

outcomes. Similarly, the records of the postoperative outcomes were analyzed without 

knowledge of patients’ serum anti-TNFα drug levels.

Early Postoperative Outcomes

Postoperative morbidity and mortality were prospectively recorded during the 30-day period 

beginning from the date of surgery using inpatient medical records and office chart notes. In 

patients undergoing planned multi-staged procedures, only the complications arising from 

the initial surgery were analyzed. A complication was defined as any deviation from the 

normal expected postoperative course33. These complications were classified as either 

medical or surgical, and were further characterized as being either minor (grade 1) or major 

(grade 2 and 3) according to the established Clavien-Dindo classification of surgical 

complications34. In addition, all infectious complications, whether surgical or medical in 

nature, were specifically examined. Postsurgical length of hospitalization and 30-day 

hospital readmission rates were also noted.

Statistical Analysis

All data were prospectively entered in a standardized database computer program (Microsoft 

Excel, Seattle, WA). Descriptive statistics were reported as mean and standard deviation 

(SD) for continuous variables, frequencies for categorical variables. Categorical variables 

were analyzed using 2-tailed Fisher’s exact test and continuous variables analyzed with 

Students’ t-test or one-way ANOVA. A Cochrane-Armitage trend analysis was also used to 

investigate the relationship between increasing serum anti-TNFα drug levels and 

postoperative outcomes. Factors found significant on univariate analysis were included in a 

multivariate logistic regression model to test the effect of confounding variables. Analysis 

was performed using R statistical computing software. A p value of <0.05 was considered to 

be statistically significant.
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Results

IBD Study Cohort

From December 1999 to October 2012, 217 (21%) patients satisfied study entry criteria and 

comprised the study cohort (Table 1). The mean age of the study cohort was 36.9 years 

(standard deviation, 15.5). 57% of the study cohort had CD. Anti-TNFα agents were used 

before surgery in 65% of the study cohort, most commonly infliximab. Almost 20% of 

patients had been treated with multiple courses of anti-TNFα agents before surgery. The 

majority of operations were performed for medical intractability. A small bowel/ileocolic 

resection (for CD) or an IPAA or STC (for UC) were performed in 93% of the study cohort.

Serum anti-TNFα Drug Level Profile

82% (177 out of 217) of the serum samples were drawn on the day of the surgery. Sixty-

seven study cohort patients (31%) had detectable serum anti-TNFα drug levels (Table 1). 

Mean level in the detectable group was 18.17 ± 19.95 µg/ml (median 10.94, range, 1.53 to 

99.11 µg/ml). There were no significant differences in age and gender distribution between 

the undetectable and detectable groups. Detectable levels were significantly more common 

in CD versus UC patients (OR 3.1; 95% CI 1.6–5.9; p=0.0005) and patients also being 

treated with steroids (OR 2.8; 95% CI 1.5–5.1; p=0.001). Although there was a significant 

association between the use of anti-TNFα agents and detection of serum anti-TNFα drug 

levels (p=0.001), 75 of the 142 (53%) patients with a history of anti-TNFα therapy did not 

have a detectable level at the time of surgery.

The detectable group included low, medium and high serum anti-TNFα drug levels, with 

66% of the serum values in the high group (≥ 8 µg/ml) (Table 2). Although there was no 

significant association noted between levels and a single anti-TNFα agent use, patients 

treated with multiple courses of different anti-TNFα agents more commonly had high serum 

anti-TNFα drug levels. Significantly higher preoperative hemoglobin and albumin levels 

were noted in the high serum anti-TNFα drug level group compared to the low serum anti-

TNFα drug level group.

Serum anti-TNFα drug levels and clinical characteristics of the UC and CD patients are 

shown in Tables 3 and 4. Although 60 out of 94 (64%) patients in the UC cohort were 

treated with preoperative anti-TNFα therapy, only 17 (28%) had detectable serum anti-

TNFα drug levels at the time of surgery. In the UC cohort, the mean detectable serum anti-

TNFα drug level was 14.00 ± 16.21 µg/ml. There were proportionately equal numbers of 

UC patients who underwent a 2-stage IPAA vs. 3-stage IPAA in both the detectable and 

undetectable groups. In the CD cohort, although 83 patients were treated with preoperative 

anti-TNFα therapy, only 50 (60%) had detected serum anti-TNFα drug levels at the time of 

surgery. Mean serum anti-TNFα drug level was 19.58 ± 21.03 µg/ml. Significantly more 

patients in the undetectable group had a small bowel/ileocolic resection compared to the 

detectable group (p=0.02). The incidence of intra-abdominal abscess found intra-operatively 

was similar between both groups.
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Influence of Serum anti-TNFα Drug Levels on Early Postoperative Complications

Postoperative complications in the study cohort were noted in a total of 68 patients, 

representing an overall rate of 31% (Table 5). The most common postoperative complication 

was ileus (n = 16). Included in the 19 major surgical complications were small bowel 

obstruction (3/8 in the detectable group), postoperative intra-abdominal abscess (5/7 in the 

detectable group), anastomotic leaks (2/2 in the undetectable group), evisceration (1 in the 

detectable group) and intra-abdominal hemorrhage (1 in the undetectable group). The 

majority of infectious complications in the study cohort are surgical related (19/30 with 

superficial and/or intra-abdominal infections). The only death was a 32-year-old CD patient 

(serum anti-TNFα drug level of 3.47 µg/ml) who developed a fatal pulmonary embolism on 

postoperative day one after an elective laparoscopic total colectomy. Although there was an 

increased rate of medical and infectious complications in the detectable vs undetectable 

serum anti-TNFα drug level groups, these differences did not reach statistical significance 

(18% vs 9%, 19% vs 11%). In addition, although there was an increasing incidence of 

overall surgical complication rates and readmission rates with increasing serum anti-TNFα 
drug levels, these trends did not reach statistical significance.

There were no significant differences in adverse postoperative outcomes between the 

detectable and undetectable serum anti-TNFα drug level groups in the entire UC cohort 

(Table 6) or in UC patients stratified according to type of index surgery (Figures 1 and 2). 

Similar results were also seen with outcomes analyzed according to a serum cut off level of 

3 µg/ml (data not shown). Analyzing a subgroup of UC patients with a preoperative history 

of anti-TNFα agent use (n = 60), the infectious complication risk between the undetectable 

group (n = 43) and the detectable serum anti-TNFα drug level groups (n =17) was not 

significantly different (4/43 vs 2/17, 9% vs 12%, p = 0.78). Overall postoperative morbidity 

risk (17/43 vs 8/17, 40% vs 47%, p = 0.59) and readmissions (8/43 vs 4/17, 19% vs 24%, p 

= 0.67) were also not significantly different.

In the CD cohort, there was a higher rate of overall postoperative morbidity, infectious 

complications and readmissions in the detectable serum anti-TNFα drug level group (Figure 

3). None of these trends however reached statistical significance. As the majority of 

operations performed in the CD group were small bowel/ileocolic resections, the outcomes 

were also analyzed in this subgroup. Again, there was a higher but statistically insignificant 

higher rate of overall postoperative morbidity, infectious complications and readmissions in 

patients with detectable serum anti-TNFα drug levels (Figure 4). Using a clinical cut-off 

serum anti-TNFα drug level of 3 µg/ml, both overall postoperative morbidity (16/47 vs 

13/76; OR=2.5, 95% CI 1.07–5.85, p = 0.03) and infectious complications (11/47 vs 7/76; 

OR=3.0, 95% CI 1.08–8.43, p = 0.03) were significantly higher in the ≥ 3 µg/ml group 

(Figure 5). There was a significantly higher rate of overall postoperative morbidity (p = 

0.047) and readmissions (p = 0.043) in the ≥ 8 µg/ml serum anti-TNFα drug level group 

compared to the < 3 µg/ml serum anti-TNFα drug level group (Figure 6). However, a 

Cochrane Armitage trend analysis did not demonstrate significant results.

In our CD cohort, as there was a significantly higher incidence of overall postoperative 

morbidity and infectious complications in the ≥ 3 µg/ml group on univariate analysis, we 

then focused on whether these results held true when we adjusted for the important 
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confounding factors such as preoperative steroids, immunomodulators and albumin. Using a 

multivariable logistic regression model, the effect of adding additional confounding 

variables was tested. Paired comparisons of ≥ 3 µg/ml serum anti-TNFα drug levels with 

steroids, 6-mercaptopurine and azathioprine showed that the association of ≥ 3 µg/ml serum 

anti-TNFα drug levels remained significant for overall postoperative morbidity and 

infectious complications when adjusting for these confounders. However, these serum levels 

did not remain significantly associated with postoperative morbidity when adjusted for 

albumin (Table 7). There were no statistically significant risks for adverse postoperative 

outcomes in association with immunomodulator use, steroid use or laboratory levels (data 

not shown).

Discussion

This study represents the first to specifically examine the impact of preoperative anti-TNFα 
drug levels on postoperative outcomes in IBD patients. A comprehensive literature review 

yielded a subgroup analysis in one retrospective case-control study that looked at 

postoperative outcomes in 19 IBD patients with preoperative serum infliximab levels35. Ten 

patients had detectable serum levels of infliximab and nine patients had undetectable 

infliximab levels. There were no differences in overall infectious complication rates between 

the two groups. Wound infections were more frequent in the group with detected infliximab 

(30% vs. 0%) although the results were not statistically significant and this was a small 

study. As there are many studies correlating clinical and endoscopic responses in IBD with 

anti-TNFα drug levels and recognizing the potential for adverse wound healing and serious 

infections with anti-TNF-α therapy usage3637, evaluation of the association between levels 

and early postoperative complications represents a logical step in IBD surgical research.

The observation that over one-half of patients treated with anti-TNFα therapy before surgery 

did not have detectable levels at the time of surgery was intriguing. The half-life of 

infliximab demonstrates a wide range from 7 to 18 days3839. Marked inter-individual 

differences in drug pharmacokinetics and immunogenicity lead to differences in observed 

clinical efficacy despite standardized dosing40. The poor correlation between preoperative 

anti-TNFα therapy use and detectable levels in our study also demonstrates that merely 

using a medication record of anti-TNFα drug exposure is not rigorous enough as a factor for 

analysis in postoperative morbidity studies. Existing studies on the effect of anti-TNFα 
therapy on early postoperative complications in IBD patients demonstrate a wide disparity in 

the timing of drug infusion to surgery date. A recent meta-analysis on anti-TNFs and 

postoperative complications in IBD included prior studies with infliximab infusions varying 

from 4 to 12 weeks before surgery41. Conflicting results from these studies may in part 

reflect different anti-TNFα drug levels at the time of surgery.

There was a higher proportion of UC patients compared to CD patients in the undetectable 

serum anti-TNFα drug level group. UC disease-specific factors might stimulate earlier 

formation of immune complexes in anti-TNFα agent treated UC patients and lead to a 

reduction in serum infliximab levels24. This effect appears to be largely dependent on the 

severity of disease as a larger volume of inflamed intestinal surface leads to increased drug 
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clearance42. This observation might explain the overall poorer clinical response to anti-

TNFα in hospitalized vs. ambulatory UC patients434445.

Significant associations were noted between a number of laboratory values and serum anti-

TNFα drug levels in this surgical cohort. Notably, mean hemoglobin and albumin levels 

trended higher and CRP trended lower with increasing drug levels. Anemia in IBD can be a 

result of the inhibitory effects of cytokines such as TNFα on erythropoiesis and as such an 

improvement in hemoglobin levels is expected following anti-TNFα therapy4647. Hepatic 

synthetic function and nutritional status are also known to improve with clinical response to 

anti-TNFα therapy, as reflected in our study’s laboratory values48. A decrease in CRP levels 

is seen with increasing anti-TNFα drug levels secondary to anti-TNF blockade on the 

inflammatory cascade49. It is possible the associations between these laboratory values and 

anti-TNFα drug levels could favorably influence the purported deleterious effects anti-

TNFα therapy have on early postoperative outcomes.

Some surgeons advocate that UC patients exposed to anti-TNF drug therapy in the 

preoperative period should undergo a three-stage rather than two-stage IPAA; the first 

operation would be a STC and end ileostomy, allowing the patient to be withdrawn from 

anti-TNFα therapy before creation of a ileal pouch. This surgical approach is supported by 

two studies showing UC patients exposed to anti-TNFα agents were significantly more 

likely to have postoperative anastomotic leak and pelvic infections after IPAA1418. Other UC 

studies, including a recent meta-analysis, however have found no such association20215051. 

The variable results noted in all these studies may reflect that they are all retrospective, 

patients are undergoing varying percentages of two-stage and three-stage IPAA, and are not 

uniformly based on a single surgeon experience resulting in variations in surgical techniques 

confounding postoperative outcomes. Additionally, as these studies included varying anti-

TNFα drug dosing and intervals between dosing and surgery, the diverse results may reflect 

differing serum anti-TNFα drug levels between patients. In our UC cohort, there was no 

significant difference in adverse postoperative outcomes between the undetectable and 

undetectable serum anti-TNFα drug level groups. In addition, we analyzed the STC/TPC 

group and the IPAA group separately in order to standardize our results according to the 

complexity of UC surgery performed. The results again showed no significant disparity, even 

when patients were stratified according to a clinical cut off value at 3 µg/ml. Measurements 

of anti-TNFα drug levels may not have a role in the prognostication of postoperative 

morbidity in UC patients. More importantly though, the lack of effect of serum anti-TNFα 
drug levels on patients undergoing two-stage IPAA suggests that a universal policy of using 

a three-stage IPAA in anti-TNFα exposed patients espoused by some surgeons may be 

unnecessary.

The use of anti-TNFα therapy can simply be a surrogate marker for more severe disease and 

inherently sicker UC patients. It is plausible that undetected serum anti-TNFα drug levels in 

this group represent treatment failure due to the higher inflammatory disease burden, and 

that it is the severity of the underlying disease rather than the medications per se that 

potentially contribute to worse surgical outcomes. With this in mind, we looked at subgroup 

analysis of postoperative outcomes in undetected vs. detected serum anti-TNFα drug levels 
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in UC patients exposed to anti-TNFα therapy only. No significant differences in outcomes 

were seen between groups.

In our CD group, overall postoperative morbidity and infectious complications were 

significantly higher in the ≥ 3 µg/ml group compared to the < 3 µg/ml group. Our data also 

demonstrated a significantly increased overall postoperative morbidity and readmissions 

with levels ≥ 8 µg/ml. Taken together, these results suggest that rising values of serum anti-

TNFα drug levels are associated with adverse postoperative outcomes in this population set. 

Our findings confirm and extend the observations from a prior study in our institution that 

analyzed the association between prior anti-TNFα therapy use and postoperative morbidity 

in 458 CD patients52. A recent meta-analysis of eight studies in CD patients also indicated 

that preoperative infliximab treatment was associated with an increased risk of postoperative 

infectious complications, and a trend towards an increased risk of both noninfectious and 

overall complications41.

There were many factors that account for differences in morbidity outcomes between our 

UC and the CD groups. The type of surgical procedure was a crucial consideration. For 

example, all our UC patients who underwent a pelvic anastomosis have temporary protective 

stomas and this surgical factor would have minimized the adverse sequelae of anastomotic 

leaks and/or pelvic sepsis. The proportion of patients with detectable serum anti-TNFα drug 

levels in the UC group was also much lower than in the CD group. Finally, our CD patients 

frequently had additional risk factors for adverse surgical outcomes such as multiple intra-

abdominal fistulae, multiple bowel anastomoses, past surgeries, and urgent indications for 

surgery.

Limitations of this study are a lack of adjustment for disease severity in UC patients, steroid 

dosage, nutritional deficiency such as body mass index and disease duration prior to 

operation, all of which might be predictive of developing postsurgical morbidity5354. We 

also do not have accurate information on the time period from date of last anti-TNFα drug 

dosage to the date of surgery. As this is a study spanning over 12 years, improved surgical 

technique and postoperative care such as the introduction of enhanced recovery pathways 

may have impacted our results. We also have no prospective information on surgery-specific 

factors such as intraoperative operating time and blood loss. It still remains unknown 

whether these factors could have confounded our results or whether such factors differ 

among anti-TNFα therapy exposed and unexposed patients. Lastly, our results reflect the 

experience of a single high-volume tertiary referral center and thus may not be generalizable 

to other settings.

The challenge that surgeons face is the balance between the timing of surgical intervention 

and preoperative anti-TNFα therapies’ perceived infectious risk profile. Our series is the 

first study to date specifically looking at the relationship between serum anti-TNFα drug 

levels and early surgical complications. There is an association of increasing preoperative 

levels and postoperative infectious outcomes for CD patients but not UC patients. Although 

our study results need to be validated, the potential surgical practice-changing implications 

of this study suggest that especially among CD patients, preoperative serum anti-TNFα drug 

levels measurement should be considered to optimize preoperative counseling, guide 
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surgical practice and determine surgical prognosis. For example, a surgeon may elect to wait 

for the drug serum wash out period in elective CD surgery. Lastly, a blanket policy of 

advocating 3 stage procedures for all anti-TNFα-treated UC patients may be unfounded.
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Figure 1. 
Postoperative outcomes and serum anti-TNFα drug levels in ulcerative colitis patients 

undergoing subtotal colectomy or total proctocolectomy/end-ileostomy (all p=NS).
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Figure 2. 
Postoperative outcomes and serum anti-TNFα drug levels in ulcerative colitis undergoing 

ileal pouch-anal anastomosis (all p=NS).
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Figure 3. 
Postoperative outcomes and serum anti-TNFα drug levels in Crohn’s disease patients (all 

p=NS).
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Figure 4. 
Postoperative outcomes and serum anti-TNFα drug levels in Crohn’s disease patients 

undergoing small bowel/ileocolic resection (all p=NS)
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Figure 5. 
Postoperative outcomes in Crohn’s disease and serum anti-TNFα drug level cut off value at 

3 µg/ml. There was a proportionately higher rate of overall postoperative morbidity and 

infectious complications in the ≥ 3 µg/ml serum anti-TNFα drug level group compared to 

the < 3 µg/ml serum anti-TNFα drug level group.

Lau et al. Page 18

Ann Surg. Author manuscript; available in PMC 2016 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. 
Postoperative outcomes in Crohn’s disease patients with increasing serum anti-TNFα drug 

levels. There was a proportionately higher rate of overall postoperative morbidity and 

readmissions in the ≥ 8 µg/ml serum anti-TNFα drug level group compared to the < 3 µg/ml 

serum anti-TNFα drug level group.
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Table 1

Study Cohort Clinical Characteristics and Serum anti-TNFα Drug Levels

Study
Cohort
(n=217)

Undetectable
Level

(n=150)

Detectable
Level
(n=67)

p

Mean Age (years) 36.9 (15.5) 36.6 (15) 37.4 (16.7) 0.74

Gender (M : F) 127 : 90 82 : 68 45 : 22 0.09

Active Smoker at Time of Surgery 12 (6) 8 (5) 4 (6) 0.85

Type of IBD

  Crohn’s disease 123 (57) 73 (49) 50 (75) 0.0005

  Ulcerative colitis 94 (43) 77 (51) 17 (25)

Preoperative Steroids 116 (53) 69 (46) 47 (70) 0.001

Preoperative Immunomodulators 201 (93) 137 (91) 64 (95) 0.28

  6-mercaptopurine 138 (64) 91 (61) 47 (70) 0.18

  Azathioprine 15 (7) 13 (9) 2 (3) 0.15

  Methotrexate 22 (10) 13 (9) 9 (13) 0.29

  Cyclosporine 26 (12) 20 (13) 6 (9) 0.36

Preoperative anti-TNFα Agent 143 (66) 76 (51) 67 (100) 0.006

  Infliximab 79 (36) 43 (29) 36 (54) 0.0005

  Adalimumab 18 (8) 9 (6) 9 (13) 0.07

  Certolizumab 5 (2) 3 (2) 2 (3) 0.66

  Multiple 41 (19) 21 (14) 20 (30) 0.007

Indication for Surgery

  Medical intractability 189 (87) 130 (87) 59 (88) 0.78

  Intra-abdominal abscess at surgery 15 (7) 8 (5) 7 (10) 0.18

  Dysplasia/cancer 13 (6) 12 (8) 1 (1) 0.10

Mean Preoperative Lab Values

  Hemoglobin (g/dl) 11.93 (1.92) 11.83 (1.92) 12.12 (1.93) 0.36

  Serum albumin (g/dl) 3.81 (0.65) 3.78 (0.64) 3.86 (0.67) 0.51

  C-reactive protein (mg/dl) 2.27 (3.41) 2.23 (3.49) 2.35 (3.29) 0.84

Surgical Procedures

  Small bowel / ileocolic resection 108 (50) 65 (43) 43 (64) 0.005

  Ileal pouch-anal anastomosis 52 (23) 45 (30) 7 (10) 0.003

  Subtotal colectomy and ileostomy 43 (20) 32 (21) 11 (16) 0.40

  Low colorectal anastomosis 10 (5) 4 (3) 6 (9) 0.06

  Closure of ileostomy / colostomy 2 (1) 2 (1) 0 0.60

  Total proctocolectomy/ ileostomy 2 (1) 2 (1) 0 0.60

Pelvic Anastomosis Created 62 (29) 49 (33) 13 (19) 0.048
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All values in parentheses denote % except age and preoperative lab values (standard deviation) IBD inflammatory bowel disease
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Table 2

Clinical Characteristics of Different Detectable Serum anti-TNFα Drug Levels

Low
Level
(n=6)

Medium
Level
(n=17)

High
Level

(n= 44)

p

Mean Age (years) 32.2 (19.2) 40.1 (17.1) 37.1 (16.3) 0.60

Gender M:F 3 : 3 13 : 4 29 : 15 0.46

Type of IBD

  Crohn’s disease 3 (50) 12 (71) 35 (79) 0.23

  Ulcerative colitis 3 (50) 5 (29) 9 (21)

Preoperative Steroids 3 (50) 12 (70) 32 (73) 0.58

Preoperative Immunomodulators

  6-mercaptopurine 5 (83) 9 (53) 33 (75) 0.23

  Azathioprine 0 1 (6) 1 (2) 0.57

  Methotrexate 1 (17) 1 (6) 7 (16) 0.53

  Cyclosporine 2 (33) 1 (6) 3 (7) 0.12

Preoperative anti-TNFα Agent

  Infliximab alone 5 (83) 10 (59) 21 (48) 0.27

  Adalimumab alone 1 (17) 5 (29) 3 (7) 0.06

  Certolizumab alone 0 1 (6) 1 (2) 0.57

  Multiple 0 1 (6) 19 (43) 0.003

Mean Preoperative Lab Values

  Hemoglobin (g/dl) 10.7 (0.97) 10.9 (1.98) 12.7 (1.75) 0.004

  Serum albumin (g/dl) 3.6 (0.34) 3.42 (0.73) 4.0 (0.62) 0.03

  C-reactive protein (mg/dl) 5.72 (2.03) 2.94 (4.03) 1.76 (2.91) 0.05

Indication for Surgery

  Medical intractability 6 (100) 15 (88) 38 (86) 1.0

  Abscess at time of surgery 0 1 (6) 6 (14) 0.83

  Dysplasia/cancer 0 1 (6) 0 0.34

Surgical Procedures

  Small bowel/ ileocolic resection 3 (50) 12 (71) 30 (68) 0.62

  Ileal pouch-anal anastomosis 2 (33) 2 (12) 3 (7) 0.10

  Subtotal colectomy and ileostomy 1 (17) 4 (24) 6 (14) 0.67

  Low colorectal anastomosis 0 1 (6) 5 (11) 1.0

  Closure of ileostomy/colostomy 0 0 0 -

  Total proctocolectomy/ileostomy 0 0 0 -

Pelvic Anastomosis Created 2 (33) 3 (18) 8 (18) 0.71

All values in parentheses denote % except age and preoperative lab values (standard deviation)
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Table 3

UC Patient Cohort Clinical Characteristics and Serum anti-TNFα Drug Levels

UC
Cohort
(n = 94)

Undetectable
Level

(n = 77)

Detectable
Level

(n =17)

p

Mean Age (years) 38.4 (15.9) 37.2 (14.38) 43.8 (21.52) 0.12

Gender M: F 45 : 49 34 : 43 11 : 6 0.59

Indication for Surgery

  Medical Intractability 81 (86) 67 (87) 14 (82) 0.13

  Dysplasia/Cancer 13 (14) 10 (13) 3 (18)

Type of Surgery

  3-Stage (STC as index operation) 42 (45) 32 (41) 10 (59) 0.20

  2-Stage (IPAA as index operation) 52 (55) 45 (59) 7 (41)

Mean Preoperative lab values

  Hemoglobin (g/dl) 11.6 (1.7) 11.6 (1.8) 11.6 (1.6) 0.90

  Serum albumin (g/dl) 3.7 (0.7) 3.7 (0.7) 3.5 (0.7) 0.75

  C-reactive protein (mg/dl) 2.0 (3.9) 2.2 (4.2) 1.0 (2.4) 0.42

Preoperative Steroids 17 (18) 13 (17) 4 (24) 0.50

Preoperative Immunomodulators

  6-mercaptopurine 31 (33) 27 (35) 4 (23) 0.41

  Azathiopurine 3 (3) 3 (4) 0 1.00

  Methotrexate 6(6) 6 (8) 0 0.59

  Cyclosporine 25 (26) 19 (25) 6 (35) 0.38

Preoperative anti-TNFα agent 60 (64) 43 (56) 17 (100) 0.02

All values in parentheses denote % except preoperative lab values (standard deviation)

UC ulcerative colitis; STC subtotal colectomy; IPAA ileal pouch-anal anastomosis
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Table 4

CD Patient Cohort Clinical Characteristics and Serum anti-TNFα Drug Levels

CD
Cohort

(n = 123)

Undetectable
Level

(n = 73)

Detectable
Level

(n = 50)

P

Disease Behavior

  Stricturing 62 (50) 37 (51) 25 (50) 0.94

  Penetrating 24 (19) 15 (20) 9 (18) 0.72

  Both 25 (20) 12 (16) 13 (26) 0.20

  Non-stricturing/penetrating 12 (10) 9 (12) 3 (6) 0.25

Intra-abdominal Abscess 15 (12) 8 (11) 7 (14) 0.47

Small Bowel/ileocolic Resection 85 (69) 56 (77) 29 (58) 0.02

Mean Preoperative Lab Values

  Hemoglobin (g/dl) 12.2 (2.0) 12.1 (2.0) 12.3 (2.0) 0.66

  Serum albumin (g/dl) 3.9 (0.61) 3.9 (0.56) 3.9 (0.67) 0.84

  C-reactive protein (mg/dl) 2.45(3.11) 2.26 (2.84) 2.67 (3.42) 0.53

Preoperative Steroids 99 (80) 56 (77) 43 (86) 0.21

Preoperative Immunomodulators

  6-mercaptopurine 75 (61) 41 (56) 34 (68) 0.24

  Azathiopurine 12 (10) 10 (14) 2 (4) 0.09

  Methotrexate 16 (13) 7 (10) 9 (18) 0.18

  Cyclosporine 1 (1) 1 (1) 0 0.65

Preoperative anti-TNFα Agent 83 (67) 33 (45) 50 (100) 0.0008

All values in parentheses denote % except preoperative lab values (standard deviation)
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Table 6

Postoperative Outcomes and Serum anti-TNFα Drug Levels in UC Cohort

UC
Cohort
(n=94)

Undetectable
Level
(n=77)

Detectable
Level
(n=17)

P

Postoperative morbidity 39 (41) 31 (40) 8 (47) 0.61

Medical complications 11 (12) 8 (10) 3 (18) 0.41

  Major 4 (4) 3 (4) 1 (6) 0.72

  Minor 7 (7) 5 (6) 2 (12) 0.46

Surgical complications 29 (31) 24 (31) 5 (29) 1.00

  Major 10 (11) 8 (10) 2 (12) 0.87

  Minor 19 (20) 16 (21) 3 (18) 0.77

Infectious complications 12 (13) 10 (13) 2 (12) 0.89

Mean postoperative LOS (d) 6.3 (2.1) 6.3 (2.1) 6.0 (2.3) 0.54

Readmission within 30 days 19 (20) 15 (19) 4 (23) 0.71

All values in parentheses denote % except postoperative length of stay (standard deviation)

LOS length of stay
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Table 7

Model Analysis of Postoperative Outcomes in Crohn’s Disease Patients using Multivariate Logistic 

Regression and Serum anti-TNFα Drug Level Cut-off Value of 3 µg /ml

Overall Postoperative Morbidity

Variable Odds
Ratio

95%
Confidence

Interval

P
value

1. Serum anti-TNFα drug level ≥ 3 µg/ml 2.41 1.03 – 5.68 0.04

Steroids alone 1.47 0.45 – 4.82 0.53

2. Serum anti-TNFα drug level ≥ 3 µg/ml 2.52 1.07 – 5.92 0.03

6-Mercaptopurine alone 0.95 0.39 – 2.29 0.91

3. Serum anti-TNFα drug level ≥ 3 µg/ml 2.45 1.04 – 5.78 0.04

Azathioprine alone 0.78 0.16 – 3.91 0.76

4. Serum anti-TNFα drug level ≥ 3 µg/ml 1.91 0.66 – 5.51 0.23

Albumin alone 0.42 0.18 – 0.99 0.05

Infectious Complications

1. Serum anti-TNFα drug level ≥ 3 µg/ml 2.86 1.01 – 8.08 0.04

Steroids alone 1.79 0.37 – 8.6 0.46

2. Serum anti-TNFα drug level ≥ 3 µg/ml 3.34 1.16 – 9.57 0.02

6-Mercaptopurine alone 0.5 0.17 – 1.41 0.19

3. Serum anti-TNFα drug level ≥ 3 µg/ml 2.92 1.03 – 8.26 0.04

Azathioprine alone 0.66 0.08 – 5.71 0.71

4. Serum anti-TNFα drug level ≥ 3 µg/ml 3.03 0.82 – 11.21 0.09

Albumin alone 0.63 0.24 – 1.65 0.35
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