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Introduction
The actual biopathogenesis of ulcerative colitis (UC) remains 
unknown.1 However, UC is considered a disease of immune-
mediated gut disorder by dysregulated innate and adaptive 
immunities.1,2 Total proctocolectomy cures a patient of the 
intestinal manifestation of chronic UC.3 The timing of surgery 
during the illness will influence the optional choice of opera-
tion, the frequency of subsequent complications, and the func-
tional outcomes. There are 2 definitive approaches to surgery 
for UC treatment: emergency procedures and elective proce-
dures.3 Either option involves skillful manipulation of the 

distal ileum, which may influence the essential physiological 
function of ileal mucosa-associated lymphoid tissue of the gas-
trointestinal immune system.4 Gut-associated lymphoid tissue 
is one of the major subdivisions of the complement system, 
which is an important part of the innate immune defense sys-
tem.5–8 Immunoglobulin G (IgG) antibodies are the most 
abundant type of antibody protein (75%-80%) found in all 
bodily fluids.9 The IgG antibodies are critically important in 
fighting pathogens.5,10 The IgG concentration in patients with 
UC has been shown to be significantly altered11 due 
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to markedly increased overproduction of IgG by intestinal 
mononuclear cells.12 In this study, and in our previous observa-
tion,13 the reverse is true. We did not see an increase, but rather 
a decrease, in circulating total p-IgG in patients with fulminant 
UC prior to emergency colectomy.

Because of fulminant UC refractory to medical treatment, 
emergency colectomy is indicated.14–16 The initial operation is 
a subtotal colectomy.17 The rectum remains, and a terminal 
ileostomy (TI) is constructed. After subtotal colectomy with 
TI, the disease and symptoms associated with the disease are 
effectively eliminated.3 At this time, patients are able to dis-
continue all of their immunosuppressive medications, and their 
overall health is quickly restored. In a second operation stage, 
the remaining rectum is excised, and a pouch is constructed 
from the distal ileum to replace the rectum. A diverting loop 
ileostomy (DLI) is then constructed to divert the bowel con-
tents from the proximal part of the small intestine to allow 
healing of the anastomosis and the pouch. Elective patients 
receive the same operation, but the colon is excised simultane-
ously.17 The elective surgery is indicated in patients with 
chronic UC due to response failure of medical management to 
control symptoms, complications associated with side effects of 
medications, stricture formation, mucosal dysplasia, and dys-
plasia-associated lesion or mass, malignancy, or extraintestinal 
manifestations.3,18

In this study, all patients received a DLI. A DLI not only 
changes the mucosal appearance of the bowel19,20 but also 
changes bacterial content quantitatively and qualitatively.21–23 
As a last step in the procedure, the DLI is closed, the distal 
small bowel and the pouch are put into function, and the most 
distal part of the small intestine becomes a functional pouch, 
specifically, a reservoir/container for the bodily waste excre-
ment. The present investigation aims to (1) determine whether 
the bowel manipulations during restorative proctocolectomy 
and ileal pouch-anal anastomosis (IPAA) change the circulat-
ing p-IgG pattern concentration, (2) evaluate the post-UC dis-
ease activity, and (3) evaluate possible differences in the p-IgG 
saturation between the emergency and elective surgery patients, 
before and after surgery and with acceptably functional 
pouches, over a 10- to 20-year period.13,24

Methods
The STARD (Standards for Reporting of Diagnostic Accuracy) 
statement: To facilitate the completeness and transparency of 
our biomarker study, and avoid risk of bias, we used the STARD 
approach.25,26 All STARD materials, including the checklist 
(record last updated February 7, 2017), are available at http://
www.equator-network.org/reporting-guidelines/stard.25

Ethical Considerations
The study was conducted in accordance with the second 
Helsinki Declaration27 and approved by the Meharry Medical 
College and Vanderbilt University Medical Center (USA) 
and Karolinska Institutet (Sweden) Institutional Ethical 

Committees. Informed consent was given by all patients, and 
patient participation in the study was voluntary.

Patients and Operation Procedures
In total, 15 patients, 27 men and 18 women, were enrolled in 
the study. The mean age was 34 years (range: 18-55). In all, 26 
patients initially had subtotal colectomies with TI and pouch 
construction during a later operation, whereas 19 had their 
colectomies and pouch constructions simultaneously. 
Emergency surgery patients had procedures because of failing 
conservative management of UC (Figure 1AA). The elective 
group, of which 8 patients had dysplasia and 1 had adenocar-
cinoma (Dukes A),29 had operations due to chronic, continu-
ous UC (Figure 1AA-B). The overall duration of the subtotal 
colectomies in the emergency group was 4.8 years (range: 
0-19), and in the elective surgery patients, it was 11.9 years 
(range: 1.5-31). Patients with subtotal colectomies kept their 
TIs for a mean of 7.7 months (range: 3-22) before the pouch 
construction procedure. A DLI was constructed in all patients 
during the latter operation (Figure 1AC) and retained for a 
mean period of 7 months (range: 2-27). The excluded termi-
nal ileum during the DLI was a mean length of 96 cm (range: 
57-133), including the small bowel used for the pouch con-
struction. Of the 45 patients, 29 received S pouches (mean: 
3 cm × 10 cm), and 16 received J pouches (mean: 
2 cm × 20.5 cm). All of the pouches and anastomosis manipu-
lations were handsewn.

Overnight-fasted patients appeared for p-IgG analyses: (1) 
before colectomy; (2) after colectomy with TI, but before pouch 
construction (for the emergency group); (3) with ileal pouch 
while having DLI; and (4) with functional pouches at 1, 2, and 
3 years and at mean 13.7 years (range: 10-20) after DLI closure. 
Blood specimens were collected in the mornings before break-
fast, and p-IgG levels were analyzed and determined by means 
of a commercial enzyme-linked immunosorbent assay. The 
fasting reference values for p-IgG are 7 to 15 g/L. The refer-
ence values are derived from data that are traditionally verified, 
usually every 2 years, by comparing p-IgG levels of up to 100 
healthy control volunteers.

Statistics
The Biomedical Data Processing Package (BMDP; Statistical 
Software Inc., Los Angeles, CA, USA; 1986) was used to per-
form statistical calculations.30 This statistical software was used 
to estimate the total numbers of surgeries and their variances 
for each year. Distributed data were compared from the values 
(1) before colectomy, (2) after colectomy with TI, (3) after 
IPAA with a DLI, and (4) at 1 to 13.7 years (range: 10-20) 
after DLI closure by analysis of variance method with 
Bonferroni correction for multiple comparisons.31,32 The cor-
relation was calculated using the Pearson product-moment 
correlation coefficient.33 Comparable test results for length of 
excluded ileum and plasma variables were accomplished with 
linear regression analysis. Differences were regarded as 
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significant for a probability value of less than .05, unless it was 
stated otherwise.

Results
Surgical manipulation procedures are depicted in Figure 1, and 
p-IgG variables are depicted in Table 1. Observations prior to 
colectomy showed that the total p-IgG levels in patients with 
emergency colectomies were significantly depleted compared 
with the elective surgery group: 9.9 ± 3.0 vs 11.5 ± 3.0 g/L 
(P < .03) (Table 1). During the manipulative period with TI 
and DLI, the p-IgG levels were increased in both groups, but 
the increase was not statistically significant (P = .26 and P = .19). 
During the functional period, the analyses of the emergency 
surgery patients at 1, 2, and 3 years and at mean 13.7 years 
(range: 10-20) of functional ileoanal pouch (IAP) showed that 
there was a statistically significant, steady increase from pre-
colectomy levels of 9.9 ± 3.0 to 11.6 ± 3.0 g/L (P < .002), 
13.0 ± 0.65 g/L (P < .005), 13.5 ± 2.6 g/L (P < .005), and 
15 ± 4.2 g/L (P < .0001), respectively. A positive and significant 
correlation was noted in the emergency surgery patients 
(r2 = .78; P < .001) during the period following pouch surgery. 
The significantly increasing levels were seen 12 months follow-
ing closure of a DLI and continued to increase gradually 
throughout the study. In the patients who had elective opera-
tions, the data measurements of p-IgG concentration were 
identical (P = NS) throughout the observation. There was no 
correlation (P = NS) between the steadily increasing 

p-IgG levels with respect to (1) patient age, (2) patient sex, (3) 
duration of subtotal colectomy prior to and after colectomy 
with TI, (4) duration and length of the diverted ileum while 
having DLI, or (5) episodes of pouch inflammation (pouchitis) 
or rectal cuff inflammation (cuffitis). Because mucosectomy 
was performed in all patient groups, a comparison between 
patients with and without mucosectomy on p-IgG levels dur-
ing the surveillance follow-up was not done.

Discussion
To date, the exact pathogenesis of UC remains to be eluci-
dated.1,2 The normal intestinal mucosal immune system is con-
stantly stimulated by the luminal contents,11 which strongly 
suggests that luminal IgG subclasses are not randomly 
expressed.12 The IgG subclass deficiencies are shown to be asso-
ciated with an increased susceptibility to infection.34 Most of 
the patients have a regulatory dysfunction,34 and the deficien-
cies are most often relative rather than absolute.34,35 In UC, 
elevation of circulating IgG above reference level suggests a 
pathway of bowel inflammatory reaction and tissue injury in the 
intestine.11 Although p-IgG deficiencies have been extensively 
studied,8 very limited data are available regarding clinical out-
comes in humoral immunodeficiency. Previous studies reported 
that total p-IgG levels in patients with UC were significantly 
increased, for both active and inactive diseases, and concluded 
that in such scenarios, p-IgG could be used as additional mark-
ers of the disease.7,12 Interestingly, in our previous experience,13 

Figure 1.  Restorative proctocolectomy and ileoanal pouch anastomosis. (AA-D) Two-stage procedure of restorative proctocolectomy: (AA) 

proctocolectomy with anal sphincter preserved, (AB) first stage, (AC) second stage, and (AD) side view. (B) Different pouch configurations in the study 

(J-shaped and S-shaped reservoirs). (C) J-shaped reservoir: (CA) ileal pouch-anal anastomosis without mucosectomy (double-stapled technique) and (CB) 

with mucosectomy.
Adapted with permission from M’Koma et al.28
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and in this observation, a significant difference was discovered 
in mean p-IgG prior to colectomy between emergency surgery 
patients with fulminant UC compared with those who had 
elective operations because of quiescent UC. Total p-IgG was 
found to be significantly depleted (P < .03) in patients with ful-
minant UC.13 Similar observations were also reported by other 
research clinicians.36 Our interpretation of this depletion is that 
despite preferentially increased production of luminal IgG dur-
ing the antigen vs antibody reaction against the gut mucosal 
resistance, acute severe ulceration causing diarrhea led to sig-
nificant loss of IgG. The increased losses affect absorption of 
gut IgG during active UC. Therefore, a depletion of circulating 
p-IgG baseline is inevitable. Impaired production of IgG due to 
disease fulmination could be another possible explanation.

During the manipulative period with the TI and/or DLI, 
and during the functional period, no statistically significant 
differences of p-IgG were noted in patients who had elective 
operations for quiescent disease. This indicates that the manip-
ulation of the ileum and the changes in gut bacterial flora21–23 
did not affect the IgG production. However, in the emergency 
surgery group, the p-IgG concentrations were equal to preop-
erative levels during the manipulative period but significantly 
increased during functional IAP. These observations of 
increased p-IgG levels may seem to indicate mucosal immune 
system functional restoration,11 to an exaggerated response to 
make up for lower precolectomy values, hence, an indication of 
patient improvement and/or rehabilitation. For future thera-
peutic strategies that may include using immunoglobulin levels 
in patients with UC as a prognostic indicator or boosting 
humoral immunity as a treatment, we need to gain an under-
standing of immune and inflammatory regulatory responses in 
a variety of clinical conditions within the intestine.

Summary
Preoperatively, patients who had emergency operations due 
to fulminant UC showed significantly lower concentrations 
of p-IgG when compared with patients with quiescent UC 
who had elective operations. The low p-IgG concentration 
in the emergency surgery patients with active disease may 
have occurred as a result of increased losses and impaired 
production of IgG because of diseased gut luminal mucosa. 
The p-IgG levels steadily continued to increase after colec-
tomy. Increased p-IgG did not correlate with episodes of 
pouchitis or cuffitis. Therefore, the restored and normalized 
p-IgG following colectomy surgery may be interpreted as a 
sign of patient rehabilitation rather than a mere immu-
nopathophysiology biomarker. The p-IgG levels in patients 
with quiescent UC who had elective operations remained 
unchanged throughout the study.
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