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Management of anastomotic complications of colorect...

ANASTOMOTIC COMPLICATIONS > ees > Definition and
manifestations

Definition and manifestations — There is no
uniform definition of an anastomotic
dehiscence and leak [17]. In a review of 97
studies, as an example, 56 different definitions
of an anastomotic leak were used [20]. The
majority of reports define an anastomotic leak
using clinical signs, biochemical markers
[21,22], radiographic findings, and
intraoperative findings [23,24].

The clinical signs include:
* Pain
* Fever
* Tachycardia
* Peritonitis
* Feculent drainage
® Purulent drainage

The biochemical markers include:

* Elevated Serum C-reactive protein - Cut
off levels postoperation day (POD) 3 = 15.9
mg/dL, POD 4 = 11.4 mg/dL, POD 5 =10.9
mg/dL [21].

* Elevated Procalcitonin - Cut off levels
POD 3 =0.75 ng/mL, POD 4 = 0.9 ng/mL
[21].

Odig ol daid slaiel eday 2025/2 yluup—to—date adge b s Jlie (e dalud) §)5uall

el Chags ) el o A g Gonlad e Aalad) 2y CIBI pl) 3 el 59 Cm ulSY]

53



2l daili-4

. Cikot, M. et al. The marker C-reactive protein is helpful in
monitoring the integrity of anastomosis: plasma
calprotectin. Am. J. Surg. 212, 53-61 (2016).

. Vallance, A. et al. A collaborative review of the current concepts
and challenges of anastomotic leaks in colorectal
surgery. Colorectal Dis. 19, O1-012 (2017).

. Moghadamyeghaneh, Z. et al. Contemporary management of
anastomotic leak after colon surgery: assessing the need for
reoperation. Am. J. Surg. 211, 1005-1013 (2016).

. Kingham, T. P. & Pachter, H. L. Colonic anastomotic leak: risk
factors, diagnosis, and treatment. J. Am. Coll. Surg. 208, 269-278
(2009).

. Park, J. S. et al. Risk factors of anastomotic leakage and long-term
survival after colorectal surgery. Medicine 95, 2890 (2016).

. Neutzling, C. B,, Lustosa, A. S., Proenca, I. M., da Silva, E. M. &
Matos, D. Stapled versus handsewn methods for colorectal
anastomosis surgery. Cochrane Database Syst. Rev. 2,

CDO003144 (2012).

. Rahbari, N. N. et al. Definition and grading of anastomotic leakage
following anterior resection of the rectum: a proposal by the
international Study Group of Rectal Cancer. Surgery 147, 339-351
(2010).

. Parthasarathy, M., Greensmith, M., Bowers, D. & Groot-Wassink,
T. Risk factors for anastomotic leakage after colorectal resection:
a retrospective analysis of 17 518 patients. Colorectal Dis. 19,
288-298 (2017).

. Rojas-Machado, S. A. et al. Prediction of anastomotic leak in
colorectal cancer surgery based on a new prognostic index
PROCOLE (prognostic colorectal leakage) developed from the

54



meta-analysis of observational studies of risk factors. Int. J.
Colorectal Dis. 31, 197-210 (2016).

10.Pettersson, D. et al. Interim analysis of the Stockholm III trial of
preoperative radiotherapy regimens for rectal cancer. Br. J. Surg.
97, 580-587 (2010).

11.McDermott, F. D. et al. Systematic review of preoperative,
intraoperative and postoperative risk factors for colorectal
anastomotic leaks. Br. J. Surg. 102, 462479 (2015).

12.Halabi, W. J. et al. Epidural analgesia in laparoscopic colorectal
surgery: a nationwide analysis of use and outcomes. JAMA Surg.
149, 130-136 (2014).

13.Daams, F., Wu, Z., Lahaye, M. J., Jeekel, J. & Lange, J. F.
Prediction and diagnosis of colorectal anastomotic leakage: a
systematic review of literature. World J. Gastrointest. Surg. 6, 14—
26 (2014).

14.Gessler, B., Eriksson, O. & Angenete, E. Diagnosis, treatment, and
consequences of anastomotic leakage in colorectal surgery. Int. J.
Colorectal Dis. 32, 549-556 (2017).

15.McSorley, S. T., Khor, B. Y., MacKay, G. J.,, Horgan, P. G. &
McMillan, D. C. Examination of a CRP first approach for the
detection of postoperative complications in patients
undergoing surgery for colorectal cancer: a pragmatic
study. Medicine 96, e6133 (2017).

16.Kornmann, V. N. et al. Systematic review on the value of CT
scanning in the diagnosis of anastomotic leakage after colorectal
surgery. Int. J. Colorectal Dis. 28, 437445 (2013).

17.lkeda, T.et al. Endoscopic evaluation of clinical colorectal

anastomotic leakage. J. Surg. Res. 193, 126-134 (2015).
18.Gabay, C. & Kushner, I. Acute-phase proteins and other systemic
responses to inflammation. N. Engl. J. Med. 340, 448—454 (1999).
19.Nason, G. J. et al. Early rise in C-reactive protein is a marker for
infective complications in laparoscopic colorectal surgery. Surg.
Laparoscop. Endosc. Percutan. Tech. 24, 57-61 (2014).
20.Cousin, F. et al. Diagnostic accuracy of procalcitonin and C-
reactive protein for the early diagnosis of intra-abdominal

infection after elective colorectal surgery: a meta-analysis. Ann.
Surg. 264, 252-256 (2016).

55



21.Smith, S. R. et al. Biomarkers and anastomotic leakage in
colorectal surgery: C-reactive protein trajectory is the gold
standard. ANZ. J. Surg. 88, 440—444 (2018).

22.Su’a, B. U., Mikaere, H. L., Rahiri, J. L., Bissett, I. B. & Hill, A.
G. Systematic review of the role of biomarkers in diagnosing
anastomotic leakage following colorectal surgery. Br. J. Surg. 104,
503-512 (2017).

23.Wu, Y., Potempa, L. A., El Kebir, D. & Filep, J. G. C-reactive
protein and inflammation: conformational changes affect function.
Biol. Chem. 396, 1181-1197 (2015).

24 Rickert, A., Willeke, F., Kinle, P. & Post, S. Management and
outcome of anastomotic leakage after colonic surgery. Colorectal
Dis. 12, €216—223 (2010).

25.Aguiar, F. J. et al. C-reactive protein: clinical applications and
proposals for a rational use. Rev. Assoc. Med. Bras. 59, 85-92
(2013).

26.Mik, M., Berut, M., Dziki, L. & Dziki, A. Does C-reactive protein
monitoring after colorectal resection with anastomosis give any
practical benefit for patients with intra-abdominal septic
complications? Colorectal Dis. 18, 0252—-0259 (2016).

27.Kosti¢, Z. et al. Diagnostic value of serial measurement of C-
reactive protein in serum and matrix metalloproteinase-9 in
drainage fluid in the detection of infectious complications and
anastomotic leakage in  patients with  colorectal
resection. Vojnosanit. Pregl. 72, 889-898 (2015).

28.Du Clos, T. W. Function of C-reactive protein. Ann. Med. 32,
274-278 (2000).

29.Almeida, A. B. et al. Elevated serum C-reactive protein as a
predictive factor for anastomotic leakage in colorectal
surgery. Int. J. Surg. 10, 87-91 (2012).

30.Vermeire, S., Van Assche, G. & Rutgeerts, P. The role of C-
reactive protein as an inflammatory marker in gastrointestinal
diseases. Nat. Clin. Pract. Gastroenterol. Hepatol. 2, 580586
(2005).

31.Ji, L, Wang, T., Tian, L. & Gao, M. The early diagnostic value of
C-reactive protein for anastomotic leakage post radical

56



gastrectomy for esophagogastric junction carcinoma: a
retrospective study of 97 patients. Int. J. Surg. 27, 182-186
(2016).

32.Scepanovic, M. S. et al. C-reactive protein as an early predictor
for anastomotic leakage in elective abdominal surgery. Tech.
Coloproctol. 17, 541-547 (2013).

33.Muiioz, J. L. et al. Procalcitonin and C-reactive protein as early
markers of anastomotic leak after laparoscopic colorectal surgery
within an enhanced recovery after surgery (ERAS) program. Surg.
Endosc. 32, 4003—4010 (2018).

34 Messias, B.A., Botelho, R.V., Saad, S.S. et al. Serum C-reactive
protein is a useful marker to exclude anastomotic leakage after
colorectal  surgery. Sci  Rep 10, 1687  (2020).
https://doi.org/10.1038/s41598-020-58780-3

35.Lazarus E, Jesudason MR, Varghese G, Raghunath R, Mittal R,
Prakash JAJ. Association of a Single Post-Operative Day Three C-
Reactive Protein Value with Anastomotic Complications after
Colorectal Surgery: A Prospective Observational Study. Surg
Infect (Larchmt). 2022 Aug;23(6):576-582. doi:
10.1089/s5ur.2022.015. Epub 2022 Jul 22. PMID: 35867007

36.Keller J, Fibbe C, Rosien U, et al. Recent advances in capsule
endoscopy: development of maneuverable capsules. Expert
Rev Gastroenterol Hepatol. 2012;6:561-566.

37. Mang T, Bogoni L, Salganicoff M, et al. Computer-aided
detection of colorectal polyps in CT colonography with and
without fecal tagging: a stand-alone evaluation. Invest Radiol.
2012;47:99-108.

38. Grady E. Gastrointestinal bleeding scintigraphy in the early
21st Century. J Nucl Med. 2016;57:252-259.

39.. Allen TW, Tulchinsky M. Nuclear medicine tests for acute
gastrointestinal conditions. Semin Nucl Med. 2013;43:88-101.

40. Garcia-Aguilar J, Pollack J, Lee SH, et al. Accuracy of
endorectal ultrasonography in preoperative staging of rectal
tumors. Dis Colon Rectum. 2002;45:10-15.

41.6. Lee JK, Liles EG, Bent S, Levin TR, Corley DA. Accuracy of
fecal immunochemical tests for colorectal cancer: systematic
review and meta-analysis. Ann Intern Med. 2014;160:171.

57



42. Imperiale TF, Ransohoff DF, Itzkowitz SH, et al. Multitarget
stool DNA testing for colorectal-cancer screening. N Engl J
Med. 2014;370(14):1287-1297.

43. Thirunavukarasu P, Talati C, Munjal S, Attwood K, Edge SB,
Francescutti V. Effect of incorporation of pretreatment serum
carcinoembryonic antigen levels into AJCC staging for colon
cancer on 5-year survival. JAMA Surg. 2015;150(8):747-755.
doi: 10.1001/jamasurg.2015.0871. PMID: 26083632.

44. Offit K. Genetic prognostic markers for colorectal cancer.

N Engl J Med. 2000;342:124-125.

45. Lynch HT, Lynch JF, Lynch PM, et al. Hereditary colorectal
cancer syndromes: molecular genetics, genetic counseling,
diagnosis and management. Fam Cancer. 2008;7:27-39.

46. FitzHarris GP, Garcia-Aguilar J, Parker SC, et al. Quality
of life after subtotal colectomy for slow-transit constipation: both
quality and quantity count. Dis Colon Rectum.
2003;46:433-440.

47. Paquette IM, Varma MG, Kaiser AM, Steele SR, Rafferty JF. The
American Society of Colon and Rectal Surgeons’ clinical practice
guideline for the treatment of fecal
incontinence. Dis Colon Rectum. 2015;58:623-636.

48. Ganio E, Ratto C, Masin A, et al. Neuromodulation for fecal
incontinence: outcome in 16 patients with definitive implant.

The initial Italian Sacral Neurostimulation Group (GINS)
experience. Dis Colon Rectum, 2001;44:965-970.

49.Forte ML1, Andrade KE, Lowry AC, Butler M, Bliss DZ,

Kane RL. Systematic review of surgical treatments for fecal
incontinence. Dis Colon Rectum. 2016;59(5):443-469. doi:
10.1097/DCR.0000000000000594

50. Ky AJ, Sonoda T, Milsom JW. One-stage laparoscopic restorative
proctocolectomy: an alternative to the conventional
approach? Dis Colon Rectum. 2002;45:207-210.

51. Lezoche E, Feliciotti F, Paganini AM, et al. Laparoscopic
colonic resections versus open surgery: a prospective
nonrandomized  study on 310  unselected  cases.
Hepatogastroenterology. 2000;47:697-708.

58



52. Martinez-Perez A, Cara MC, Brunetti F, de’ Angelis N. Pathologic
outcomes of laparoscopic vs. open mesorectal excision
for rectal cancer: a systematic review and meta-analysis.

JAMA Surg. 2017;8:165665. do1:10.1001/jamasurg.20165665

53. Weeks JC, Nelson H, Gelber S, et al. Short-term quality-oflife
outcomes following laparoscopic-assisted colectomy vs.
open colectomy for colon cancer: a randomized trial. JAMA.
2002;287:321-328.

54. deSouza AL, Prasad LM, Ricci J, et al. A comparison of open
and robotic total mesorectal excision for rectal adenocarcinoma.
Dis Colon Rectum. 2011;54:275-282.

55. Biondo S, Frago R, Codina Cazador A, et al. Long-term
functional results from a randomized clinical study of transverse
coloplasty compared with colon J-pouch after low anterior
resection for rectal cancer. Surgery. 2013;153:383-392.

56. Heah SM, Seow-Choen F, Eu KW, et al. Prospective, randomized
trial comparing sigmoid vs. descending colonic J-pouch
after total rectal excision. Dis Colon Rectum. 2002;45:

322-328.

57. Machado M, Nygren J, Goldman S, et al. Similar outcome
after colonic pouch and side-to-end anastomosis in low anterior
resection for rectal cancer: a prospective randomized trial.

Ann Surg. 2003;238:214-220.

58. Ricciardi R, Roberts PL, Marcello PW, Hall JF, Read TE,
Schoetz DJ. Anastomotic leak testing after colo-rectal resection:
what are the data? Arch Surg. 2009;144(5):407-411.

59. Prytz M, Angenete E, Bock D, Haglind E. Extralevator
abdominoperineal excision for low rectal cancer—extensive
surgery to be used with discretion based on 3 year local recurrence
results. Ann Surg. 2016;263(3):516-521. Holm T, Ljung A,
Haggmark T, Jurell G, Lagergren J.Extended abdominoperineal
resection with gluteus maximus
flap reconstruction of the pelvic floor for rectal cancer. Br J
Surg. 2007;94:232-238.

60. Farouk R, Pemberton JH, Wolff BG, et al. Functional outcomes
after ileal pouch-anal anastomosis for chronic ulcerative colitis.
Ann Surg. 2000;231:919-926.

59



61. Bullard KM, Madoff RD, Gemlo BT. Is ileoanal pouch function
stable with time? Results of a prospective audit. Dis Colon
Rectum. 2002;45:299-304.

62. Segal JP, Ding NS, Worley G, et al. Systematic review with
meta-analysis: the management of chronic refractory pouchitis

with an evidence-based treatment algorithm. Aliment Pharmacol
Ther. 2017;45(5):581-592. doi:10.1111/apt. 13905

63. Kushner I. The phenomenon of the acute phase response. Ann N
Y Acad Sci 1982; 389:39.

64.Tillett WS, Francis T. SEROLOGICAL REACTIONS IN PNEUMONIA
WITH A NON-PROTEIN SOMATIC FRACTION OF PNEUMOCOCCUS.
J Exp Med 1930; 52:561.

65. Kushner I. C-reactive protein - My perspective on its first half
century, 1930-1982. Front Immunol 2023; 14:1150103.

66. Mantovani A, Garlanda C. Humoral Innate Immunity and Acute-
Phase Proteins. N Engl ] Med 2023; 388:439.

67.Antonelli M, Kushner I. It's time to redefine inflammation. FASEB
J2017; 31:1787.

68. Bedell SE, Bush BT. Erythrocyte sedimentation rate. From folklore
to facts. Am ) Med 1985; 78:1001.

69. Gauldie J, Richards C, Harnish D, et al. Interferon beta 2/B-cell
stimulatory factor type 2 shares identity with monocyte-derived
hepatocyte-stimulating factor and regulates the major acute
phase protein response in liver cells. Proc Natl Acad SciU S A
1987; 84:7251.

70.Moshage HJ, Janssen JA, Franssen JH, et al. Study of the molecular
mechanism of decreased liver synthesis of albumin in
inflammation. J Clin Invest 1987; 79:1635.

71.Gabay C, Smith MF, Eidlen D, Arend WP. Interleukin 1 receptor
antagonist (IL-1Ra) is an acute-phase protein. J Clin Invest 1997,
99:2930.

72.Loyer P, Ilyin G, Abdel Razzak Z, et al. Interleukin 4 inhibits the
production of some acute-phase proteins by human hepatocytes
in primary culture. FEBS Lett 1993; 336:215.

73.Mackiewicz A, Schooltink H, Heinrich PC, Rose-John S. Complex of
soluble human IL-6-receptor/IL-6 up-regulates expression of
acute-phase proteins. ] Immunol 1992; 149:2021.

74.Nemeth E, Valore EV, Territo M, et al. Hepcidin, a putative
mediator of anemia of inflammation, is a type II acute-phase
protein. Blood 2003; 101:2461.

60



75.Nijsten MW, Olinga P, The TH, et al. Procalcitonin behaves as a
fast responding acute phase protein in vivo and in vitro. Crit Care
Med 2000; 28:458.

76.Gabay C, Kushner 1. Acute-phase proteins and other systemic
responses to inflammation. N Engl ] Med 1999; 340:448.

77.Antonelli M, Kushner I. Low Serum Levels of 25-Hydroxyvitamin D
Accompany Severe COVID-19 Because it is a Negative Acute
Phase Reactant. Am ] Med Sci 2021; 362:333.

78.Holick MF. The vitamin D deficiency pandemic: Approaches for
diagnosis, treatment and prevention. Rev Endocr Metab Disord
2017; 18:153.

79.Agmon-Levin N, Theodor E, Segal RM, Shoenfeld Y. Vitamin D in
systemic and organ-specific autoimmune diseases. Clin Rev
Allergy Immunol 2013; 45:256.

80.Silva MC, Furlanetto TW. Does serum 25-hydroxyvitamin D
decrease during acute-phase response? A systematic review.
Nutr Res 2015; 35:91.

81.Waldron JL, Ashby HL, Cornes MP, et al. Vitamin D: a negative
acute phase reactant. ] Clin Pathol 2013; 66:620.

82.Reid D, Toole BJ, Knox S, et al. The relation between acute
changes in the systemic inflammatory response and plasma 25-
hydroxyvitamin D concentrations after elective knee
arthroplasty. Am ] Clin Nutr 2011; 93:1006.

61



Summary

Introduction: Anastomotic leakage is one of the most significant
complications that concern surgeons. Early detection and management of
leakage following colo-colonic or colo-rectal anastomosis can reduce the
morbidity and mortality associated with it. The primary objective of this
study is to evaluate the role of C-reactive protein (CRP) as a tool to facilitate

early diagnosis of leakage.

Materials and Methods: Our study is a prospective cohort study (PCS) in
which patients who underwent surgical intervention on the colon or rectum
with anastomosis were monitored. They were divided into two groups:

those who did not develop leakage and those who did.

Results: Our study included 122 patients, with no leakage occurring in 106
patients (87%) and leakage occurring in 16 patients (13%). The mean CRP
value on the third day in the first group was significantly lower from that in
the second group (p-value < 0.0001), with a cutoft value of 150, sensitivity
of 87.6%, and specificity of 90.5%. There was no statistically significant

difference between the mean values on the first two days.

Conclusion: The cutoft CRP value of 150 on the third day after colon and
rectal surgery involving anastomosis can be used to early predict or rule out
leakage, allowing for the potential early discharge of patients from the

hospital.

Keywords: Anastomosis, Colon, Rectum, Leakage, C-reactive

protein (CRP).
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