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Acute uncomplicated diverticulitis managed without antibiotics- difficult to introduce a new treatment protocol but few complications
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Abstract
Objective Routine antibiotic treatment of acute uncomplicated diverticulitis (AUD) has been shown ineffective. In this study, the adherence to a new treatment protocol for uncomplicated diverticulitis was evaluated and the incidence of complications in patients treated with and without antibiotics was investigated. 
Material & Methods A retrospective study of in-patients diagnosed with AUD at Helsingborg Hospital, Sweden between 2013-01-01 and 2015-01-06 was performed. Antibiotics were routinely administrated until 2014-05-01. Thereafter a new antibiotic-free treatment protocol for uncomplicated diverticulitis was introduced. All patients were followed regarding complications for minimum one year. 
Results A total of 50 patients were studied after the new protocol implementation and, 60% (n=31) of the patients were treated without antibiotics. Specialists initiated antibiotic therapy significantly more often than registrars (p=.03). More patients in the antibiotic group had comorbidities (p= .03), apart from that, no significant differences in baseline characteristics were noted between treatment groups. Patients treated with antibiotics after introduction of the new protocol had significantly higher C-reactive protein than patients managed without antibiotics (median 117 mg/L vs. 70, p=.005). The hospital stay was shorter in the non-antibiotic group (three days vs two days; p= .008). No significant difference in complications were observed. 
Conclusion Protocol compliance was lower than expected, indicating that implementation of new treatment regimens is challenging. This study confirms that complications are rare in AUD treated without antibiotics. However, the selection of the sickest patients to the treatment with antibiotics limits the interpretation of the results. 

Introduction
During the 20th century the incidence of acute diverticulitis has been rising and so have the treatment costs [1, 2, 3]. Acute diverticulitis is classified as uncomplicated or complicated. In uncomplicated disease inflammation is limited to the wall of the colon and the surrounding tissue in absence of abscesses or perforation of the bowel [4, 5]. Standard in-hospital care of acute uncomplicated diverticulitis (AUD) has been antibiotic therapy, bowel rest, and intravenous (iv) fluids [4, 6, 7, 8, 9]. Historically, bacteria have been the implied catalysator in addition to prerequisite diverticula but lately AUD has been suggested to originate from mucosa inflammation[10]. Furthermore, antibiotic resistance and adverse effects such as anaphylaxis and Clostridium difficile infections are increasing [11]. Subsequently the rationale behind AUD treatment with antibiotics has been questioned and recent studies have shown that antibiotics are not mandatory [5, 12, 13, 14, 15, 16]. Two randomized controlled trials (RCT) found no difference in recovery or adverse outcomes when omitting antibiotics[12, 13]. The Swedish AVOD trial included 623 patients and concluded that antibiotic treatment did not shorten hospital stay nor reduce complication- or recurrence rates in AUD .Accordingly the recommendation of routine use of antibiotics in AUD has been removed in some [17, 18, 19], but far from all international guidelines [7, 20, 21, 22]. 

Limited use of antibiotics in AUD may help to decrease antibiotic resistance and antibiotic associated adverse events. Furthermore it may shorten the hospital stay and lead to lower public costs. In the current study, we present a retrospective before-after analysis of antibiotic therapy versus treatment with bowel rest and iv fluids only in order to analyze the adherence to a new treatment protocol for AUD in our hospital. A secondary objective was to study complications and the recurrence rate.  

Material & Methods
This is a retrospective study including consecutive patients admitted to Helsingborg teaching Hospital, Sweden between 2013-01-01 and 2015-01-06 with CT verified AUD. During the first 16 months of the study period, antibiotic therapy during hospitalization was the therapy of choice. In 2014-05-01, a new protocol was introduced stating that patients with suspected AUD should be treated without antibiotics. All physicians working at the emergency or surgical department received an email and oral information about the protocol before it was introduced. The protocol was posted on the internal web page and put in folders at the emergency department and the surgical emergency ward. An e-mail reminder was sent out monthly to all physicians for the whole study period. The two treatment groups were followed for a minimum of twelve months after discharge. The adherence to the new protocol was registered and the number of complications during the time of follow-up was compared between the treatment groups. 

Patients with diverticular disease of the colon (K57.2, K57.3, K57.8 and K57.9 according to the ICD-10 classification) were identified from an in-patient registry of diagnoses. All patients with CT verified AUD identified manually from the patients’ records, were included. Patient were excluded if they had signs of complicated diverticulitis on an abdominal CT (free air, abscess, stenosis) or at clinical examination (sepsis, generalized peritonitis) (Table 1). Other exclusion criteria were pregnancy, ongoing immunosuppressive therapy, and ongoing antibiotic therapy at admission or treatment for AUD the last month. No patient was included more than once in the study. All data were retrieved retrospectively from patient charts and transferred to a modified case report form (CRF) previously used in the AVOD study (Supplement 1) [12]. Follow-up was done by manual review of patient charts, after minimum one year.  Patients were characterized as septic if presenting with clinical signs of infection, fulfilling the systemic inflammatory response syndrome (SIRS) criteria [23].
Statistical Analysis
Continuous variables are presented as median and interquartile range (IQR). The assessment of differences between groups was performed using the Mann-Whitney U-test. Dichotomous variables are presented as absolute and relative frequencies, while comparisons between groups are described using Pearson’s χ2. In all statistical analyses, a p-value < 0.05 was considered significant. Survival analysis was performed using Kaplan-Meier estimator. All analyses were performed using IBM SPSS software version 22 for Windows (IBM Corp, Armonk, NY) and Stata 12 (StataCorp, College Station, TX). 
The study was approved by the local ethical committee.

Results
During the study period 249 patients admitted to Helsingborg hospital with diverticular disease of the colon were identified. After exclusions, 132 patients with CT verified AUD were included in the study, 101 of whom received antibiotic therapy together with bowel rest and iv fluids. The remaining 31 patients were managed with i.v. fluids and bowel rest only (Figure 1). During the study period none of the patients died, nor were any patients operated for complications of AUD. After the introduction of the protocol 60% (31/50) of the patients were managed without antibiotics. During the first 8 months with the new protocol the proportion of patients treated without antibiotics varied between 44% and 83% per month. Specialists initiated antibiotic therapy significantly more often than registrars (p=.03).

Between the groups no statistically significant differences in median age, sex, body mass index (BMI), CRP, WBC, body temperature, or previous episodes of diverticulitis were observed (Table 2a). Patients receiving antibiotic therapy had significantly more comorbidities of any kind, than patients handled without antibiotics 60% (61 patients) vs 39% (12 patients) p=.03 (Table 2a). 

Among patients treated after introduction of the new treatment protocol (n=50)  the CRP level was significantly higher in patients treated with antibiotics (p=.008); (Table 2b). Median duration of symptoms, clinical findings and frequency of CT scan performed at admission did not differ significantly between the treatment groups (Table 3). Patients treated without antibiotics had a significantly shorter median length of hospital stay than patients treated with antibiotics ( 2 days [IQR=1-3] versus 3 days [IQR=2-4]; p=.04) (Table 3). Median treatment duration with antibiotics was 10 days (IQR=8-12). In the antibiotic group 91% of patients received iv therapy which was continued orally in 85% whereas 9% had only oral therapy.
During the study period no patients developed abscesses, stenosis or sepsis. Two patients (2%) developed perforation, both of whom had received antibiotic therapy. One patient (1%), treated with antibiotics, developed a fistula. In total 14% of the patients were readmitted due to recurrent diverticulitis within the study period. Among patients treated with antibiotics, 16% had a recurrence compared to 6% of the patients without antibiotic treatment (Table 4). 

Discussion
This study shows that the introduction of a new treatment protocol for AUD without antibiotics was challenging. The protocol was adhered to in only 60% of eligible patients. There was no significant differences in the number of complications in AUD patients treated with or without antibiotics. However, patients with antibiotic treatment suffered from significantly more comorbidities and tended to have higher CRP indicating a selection bias towards milder AUD in the non-antibiotic group. The patients treated without antibiotics had a significantly shorter hospital stay. As far as we know, this is the first study in Sweden performed at a hospital not participating in the AVOD study, introducing a non-antibiotic treatment of AUD in routine hospital care. 

The compliance to the new treatment protocol varied throughout the study period, without any signs of increasing compliance. Thus, it seems to be difficult to make physicians follow new treatment regimens and despite thorough information about the new protocol, 40% of the patients treated for AUD at Helsingborg Hospital were still treated with antibiotics. Consultants initiated antibiotic therapy significantly more often than registrars. Possibly, young doctors embrace new treatment regimens more easily than more experienced physicians. Another explanation might be that the more experienced doctors are likely to look after patients with severe disease. Notably, despite several studies [12, 13, 14, 16] in favor of non-antibiotic treatment approach for AUD this has not been widely accepted in Sweden. Studies evaluating adherence to new treatment protocols are scarce and the reasons for low cohesion in this study need further investigations.

The majority of complications in this study consisted of recurrent disease. Few other complications were observed. In other studies, the rate of recurrent diverticulitis varies between 7-45% [12, 24] compared to 16% in our study. Previous studies suggest that AUD recurrences occur in the first few months after the initial episode [12, 24]. The patient numbers in the non-antibiotic group was small, with only 31 participants. It could not be excluded that the lower comorbidities and CRP levels in that non-antibiotic group per se could influence the incidence of complications, disguising a difference between the groups. This would concur with the results of a recent metaanalysis looking at a total of 9 studies in which 2 were RCTs, where regression analysis of factors for treatment failure without antibiotics shows that the only significant factor is associated comorbidities[25].

This is a retrospective study, with all the limitations associated with such a design. In the absence of randomizing and blinding there is naturally a risk of selection bias. In contrast to the AVOD study, our retrospective study included a detailed exclusion analysis with strict criteria and sepsis was defined according to established criteria. Consequently, we did encounter a high exclusion rate (47%). However, the majority of exclusions (58 %) were due to false diagnostic coding. A strength of the present study is that we present a consecutive AUD series that reflects daily clinical praxis. 

Conclusion
In summary, the compliance of physicians to the newly introduced protocol prescribing no antibiotics to AUD-patients in daily clinical praxis was lower than anticipated. This study indicates that it is feasible to treat AUD without antibiotics in terms of complications. There were however significant differences in backgrounds factors between the patient groups. 
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Table 1. Inclusion and exclusion criteria.
	Inclusion criteria
	Exclusion criteria

	Age over 18 years
	Signs of other diagnosis

	Any of following diagnose codes:
	Receiving immunosuppressive therapy

	K57.3 or K57.9
	Pregnancy

	K57.2 or K57.8 without signs of complicated disease
	Signs of complicated diverticulitis on CT with abscess, fistula or free air in abdomen or pelvis

	Acute lower abdominal pain w tenderness
	Ongoing antibiotic therapy

	Body temperature ≥ 38°C, self-reported or measured at hospital
	[bookmark: _Hlk524556253]Affected general condition, general peritonitis, sepsis

	Raised WBC and CRP level, or at least increased WBC if short history
	


WBC: White blood cell count. CRP: C-reactive protein. CT: Computed tomography.
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Table 2a. Background characteristics of the whole study population


	
	Total 
(n=132)
	Antibiotics 
(n=101)
	No antibiotics (n=31)
	p

	Age (years)
	63 (48-72)
	63 (47-72)
	63 (59-70)
	.32

	Female sex
	84 (64)
	62 (61)
	22 (71)
	.33

	BMI (kg/m2)
	26.8 (23.9-30.5)
	26.8 (23.9-30.9)
	26.8 (24.7-30.1)
	.83

	CRP (mg/L)
	64 (29-106)
	79 (29-136)
	49 (24-91)
	.09

	WBC (x 109 cells/L)
	12.3 (10.1-14.7)
	12.2 (10.0-15.1)
	12.8 (10.5-14.4)
	.71

	Body temperature (ºC)
	37.5 (36.8-38.1)
	37.5 (37.0-38.2)
	37.2 (36.7-37.8)
	.09

	Previous diverticulitis (n; %)
	33 (25)
	26 (26)
	7 (23)
	.72

	Any comorbidity (n; %)
	73 (55)
	61 (60)
	12 (39)
	    .03

	- cardiovascular disease
	51 (39)
	43 (43)
	8 (26)
	.10

	- pulmonary disease
	19 (14)
	17 (17)
	2 (6)
	.15

	- renal disease
	4 (3)
	4 (4)
	0 (0)
	.26

	- endocrine disease
	24 (18)
	19 (19)
	5 (16)
	.74

	- hematological disease
	4 (3)
	4 (4)
	0 (0)
	.26

	- rheumatic disease
	14 (11)
	13 (13)
	1 (3)
	.13

	- neurological disease
	7 (5)
	4 (4)
	3 (10)
	.22

	- other disease
	7 (5)
	6 (6)
	1 (3)
	.56


Data presented as median (IQR) or as absolute frequency (relative frequency). BMI: Body mass index. WBC: White blood cell count. CRP: C-reactive protein.
Table 2b Background characteristics in acute uncomplicated diverticulitis patients after protocol introduction

	
	Total 
(n=50)
	Antibiotics 
(n=19)
	No antibiotics (n=31)
	p

	Age (years)
	62 (51-70)
	63 (48-68)
	63 (59-70)
	.47

	Female sex (n; %)
	29 (62)
	9 (47)
	20 (71)
	.10

	BMI (kg/m2)
	25.9 (23.9-29.5)
	25.4 (23.8-28.9)
	26.3 (24.0-30.1)
	.72

	CRP (mg/L)
	61 (33-157)
	117 (48-197)
	52 (34-102)
	.008

	WBC (x 109 cells/L)
	12.8 (11.0-14.6)
	12.8 (10.9-15.0)
	12.8 (10.4-14.0)
	.79

	Body temperature (ºC)
	37.4 (36.7-37.9)
	37.9 (37.4-38.1)
	37.2 (36.7-37.8)
	.09

	Previous diverticulitis (n; %)
	15 (32)
	8 (42)
	7 (25)
	.22

	Comorbidity (n; %)
	18 (38)
	9 (47)
	9 (32)
	.29


Data presented as median (IQR) or as absolute frequency (relative frequency). BMI: Body mass index. WBC: White blood cell count. CRP: C-reactive protein.


Table 3.
Findings at admission and hospital length of stay.
	
	Total 
(n=132)
	Antibiotics
(n=101)
	No antibiotics (n=31)
	p

	Duration of symptoms (days)
	2 (1-3)
	2 (1-3)
	2 (1-3)
	.86

	Low abdominal pain (n; %)
	117 (89)
	87 (86)
	30 (97)
	.10

	Fever (n; %)
	72 (55)
	58 (57)
	14 (45)
	.23

	Obstipation (n; %)
	19 (14)
	15 (15)
	4 (13)
	.79

	Diarrhea (n; %)
	37 (28)
	28 (28)
	9 (29)
	.89

	Urgency to urination (n; %)
	21 (16)
	17 (17)
	4 (13)
	.60

	Vomiting (n; %)
	7 (5)
	7 (7)
	0 (0)
	.13

	Blood in stool (n; %)
	11 (8)
	10 (10)
	1 (3)
	.24

	CT scan performed (n; %)
	106 (80)
	79 (78)
	27 (87)
	.28

	- findings consistent with acute uncomplicated diverticulitis
	105 (99)
	78 (99)
	27 (100)
	.56

	Hospital length of stay (days)
	3 (2-4)
	3 (2-4)
	2 (1-3)
	.004


Data presented as median (IQR) or as absolute frequency (relative frequency). CT: Computed tomography.



Table 4. Complications following an episode of acute uncomplicated diverticulitis within 12 months.

	
	Total (n=132)
	Antibiotics (n=101)
	No antibiotics (n=31)
	p

	Any complication
	18 (14)
	16 (16)
	2 (6)
	.18

	Abscess (n; %)
	0 (0)
	0 (0)
	0 (0)
	-

	Perforation (n; %)
	2 (2)
	2 (2)
	0
	.43

	Stenosis (n; %)
	0
	0
	0
	-

	Sepsis (n; %)
	0
	0
	0
	-

	Fistula (n; %)
	1 (0.8)
	1 (1)
	0
	.58

	Recurrence (n; %)
	18 (14)
	16 (16)
	2 (6)
	.18


Data presented as absolute number (relative frequency).


Supplement 1. CRF previously used in the AVOD study.

	Personal data
Sex
Length
Weight

	Background data
Previous acute diverticulitis
Date for the last diverticulitis
Comorbidity
WHO performance scale
Left-sided abdominal pain
Obstipation
Diarrhea
Urgency to urinate
Other symptoms

	Clinical examination
Temperature
Abdominal status (0-4)

	Laboratory tests
CRP
WBC

	CT scan of abdomen
No findings
Diverticula
Inflamed pericolic mesenteric tissue
Thick colonic wall (> 5 mm)

	Therapy
Treatment time
Antibiotics
Bowel rest
Operation

	Complications
Abscess
Perforation
Ileus/obstruction
Stenosis
Bleeding
Sepsis
Fistula
Relapse

	Polyclinical follow-up
Rectoscopy
Sigmoidoscopy
Colonoscopy
Colonic X-ray
CT scan of colon

	Findings at follow-up
Number of diverticula (0-3)
Luminal obstruction of colon
Fistula
Other




Supplement 2
Comorbidities prevalent in the study.
	Comorbidities

	Cardiovascular disease (hypertension, hyperlipidemia, ischemic heart disease, atrial fibrillation, aortic stenosis)

	Endocrine disease (diabetes mellitus, hypothyreosis, hyperparathyroidism)

	Pulmonary disease (chronic obstructive pulmonary disease, asthma)

	Rheumatic disease (rheumatoid arthritis, fibromyalgia, polymyalgia rheumatic, gout)

	Neurological disease (Alzheimer’s disease, Parkinson’s disease, cerebrovascular insult)

	Hematological disease (low-grade lymphoma, essential thrombocytosis)

	Renal disease (renal failure)

	Other diseases (depression, psychotic disease, Crohn’s disease, hereditary pancreatic atrophy, disturbances in coagulation)


 





Figure 1. Flow-chart describing included and excluded patients[image: C:\Users\Hanna\Downloads\Hannas flowchart - New Page.png]
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