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Background: We aimed to investigate the difference in the total length of hospital
stay (LOS) after intraperitoneal vs. intravenous antibiotic treatment in patients with
complicated appendicitis.

Methods: We conducted a quasi-randomized prospective clinical trial. The intervention
group received 4 g fosfomycin, 1g metronidazole, and 50 pg recombinant human
granulocyte-macrophage colony-stimulating factor intraperitoneally, which was left in the
abdominal cavity, immediately after laparoscopic appendectomy. Postoperatively, this
group received antibiotics orally. The control group received intravenous antibiotics both
during surgery and postoperatively. We primarily evaluated total LOS within 30 days.
Furthermore, we evaluated harms and adverse events, Gastrointestinal Quality of Life
Index, postoperative complications, and convalescence. Participants were followed for
30 days postoperatively.

Results: A total of 12 participants concluded the trial. The total LOS was significantly
shorter in the intervention group (six participants, median 13 h; range 2-21 h) than in the
control group (six participants, median 84 h; range 67-169h), p = 0.017. Comparable
harms and Gastrointestinal Quality of Life Index scores were found in the two groups.
The time to return to normal activities was median 6 and 10 days for the intervention
and the control group, respectively. There were no serious adverse events related to the
trial nor any complications in the intervention group. In the control group, two patients
developed intraabdominal abscesses.

Conclusions: The intervention group had a significantly shorter total LOS. The study
was not powered to assess differences in complications, but the results indicate that
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the intervention seems to be a safe regimen, which can be investigated further to treat
patients with complicated appendicitis.

Identifiers: EudraCT no. 2017-004753-16.
ClinicalTrials: https://clinicaltrials.gov/ct2/show/NCT034359007term=NCT03435900&

draw=2&rank=1.

Keywords: appendicitis, clinical trial, intraabdominal infection, perforation, prophylactic antibiotics

INTRODUCTION

In secondary peritonitis, the abdominal cavity is contaminated
with aerobic and anaerobic bacteria from the gastrointestinal
tract (1, 2), e.g. Enterobacterales, Enterococcus faecalis, and
Bacteroides species (3). Secondary peritonitis is treated by source
control, typically surgery, and empirical antimicrobial therapy
(2). A possible regimen could be fosfomycin and metronidazole,
which have been shown to cover the relevant aerobic Gram-
positive and Gram-negative and anaerobic bacteria, both
in previous clinical trials of abdominal surgery (4, 5) and
in vitro (6). Furthermore, administration of recombinant
human granulocyte-macrophage colony-stimulating factor
(thGM-CSF) could improve the local immune response
in secondary peritonitis as found in patients undergoing
peritoneal dialysis (7) and patients suffering from advanced
intraperitoneal malignancies (8).

The infection originates intraperitoneally in secondary
peritonitis, but bacteria may spread to the bloodstream (1).
Intraperitoneal administration of antimicrobial agents in these
patients provides high concentrations at the site of the
infection as well as therapeutic plasma concentrations (9).
Intraperitoneal administration of antimicrobial agents could,
therefore, result in faster and more effective clearance of the local
as well as the systemic infection than the standard treatment
with intravenously administrated antibiotics. Hence, a shorter
antimicrobial regimen or an earlier discharge with an oral
regimen after intraperitoneal administration could provide a
possible treatment option. This would result in a shorter length
of hospital stay (LOS) and a decrease in hospital costs. However,
a shorter LOS has no value if the risk of readmission and
postoperative complications are increased with the intervention
compared with standard treatment.

We aimed to investigate if total LOS could be reduced
for patients with complicated appendicitis when treated
with  intraoperative intraperitoneal —administration  of
fosfomycin, metronidazole and rhGM-CSF followed by an
oral antibiotic regimen compared with a standard intravenous
antibiotic regimen.

MATERIALS AND METHODS

Trial Design and Approvals

This was a quasi-randomized prospective clinical trial (EudraCT
2017-004753-16). The trial protocol was approved prior
to initiation by the Danish Medicines Health Authority
(2017113663), the local Ethics Committee (H-17037698), and

the Danish Data Protection Agency (HGH-2017-124). The
trial was registered at clinicaltrials.gov (NCT03435900) and
monitored by the Good Clinical Practice Unit, Copenhagen
University Hospital. It is reported according to the CONSORT
statement (10) and its extensions regarding harms (11), cluster
randomization (12), and feasibility (13).

Participants and Interventions

The inclusion criteria were: age>18 years, laparoscopic
appendectomy for perforated appendix, and written informed
consent. If the participant was a fertile woman a negative urine
pregnancy test was required. A perforated appendix was defined
as an appendectomy during which the operating surgeon or the
supervisor determined the need for postoperative intravenous
antibiotic treatment. This usually included a visible appendix
perforation, free intra-abdominal pus, visible feces, and/or
an abscess.

Exclusion criteria were: inability to understand, read or speak
Danish; previous allergic reaction to fosfomycin, metronidazole,
rhGM-CSE or penicillins; diagnostic laparoscopy revealing a
normal appendix not requiring an appendectomy or appendicitis
without a perforated appendix; other intra-abdominal pathology
requiring surgical intervention (diagnosed either during surgery
or at a preoperative CT-scan); renal, hepatic, hematological
disease; American Society of Anesthesiologists (ASA) physical
status >3 (14); body weight >110kg; surgery converted to open
appendectomy; or anticipated compliance problems.

A laparoscopic appendectomy was performed according to
routine clinical practice. The intervention group was treated
as follows: after appendix removal, a minimum of 500ml of
saline was used for irrigation of the abdominal cavity, and
the trial drugs were administered intraperitoneally through the
irrigation/suction device and left there. The combination of
the trial drugs consisted of a volume of 500.2ml containing:
4g fosfomycin (Infectofos, Infectopharm, Germany) diluted
in 300ml of sterile water for injections (Sterilt Vand “SAD,
Amgros 1/S, Denmark), 1g metronidazole (Metronidazol “B.
Braun,” B. Braun, Germany) corresponding to a volume of
200 ml and 50 g molgramostim, which is rhGM-CSF expressed
in Escherichia coli (Repomol, Reponex Pharmaceuticals aps.,
Denmark), which is purified prior to clinical use, corresponding
to a volume of 0.2ml. All the drugs were combined prior to
instillation but administered immediately after mixing to ensure
full antimicrobial effect (6). Postoperatively, participants received
orally administered antibiotics: 500mg amoxicillin/125 mg
clavulanic acid and 500 mg metronidazole administered three
times daily for 3 days.
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The control group received standard intravenous antibiotic
agents during surgery (either 1.5g cefuroxime or 4g
piperacillin/500 mg tazobactam and 1g metronidazole) and
a minimum of 500ml saline was used for irrigation of the
abdominal cavity. Postoperatively, participants received 3
days of intravenously administered antibiotic agents: 4g
piperacillin/500 mg tazobactam and 500mg metronidazole.
These doses were administered three times daily for a minimum
of 3 days.

Al study participants could receive preoperative
intravenously administered antibiotic agents; however, for
the intervention group, intravenous administration immediately
before initiation of surgery was avoided.

All participants could be discharged when the Postanesthesia
Recovery Score for Ambulatory Patients (PARSAP score) (15)
was >18. Participants in the control group were first discharged
after finishing their intravenous antibiotic treatment.

Outcomes

The primary outcome was total LOS in the two groups, defined
as the number of hours in hospital after the end of the surgery
and until 30-day follow-up including any readmissions related to
the laparoscopic appendectomy or appendicitis. The secondary
outcomes included the following:

Questionnaires

The questionnaire Gastrointestinal Quality of Life Index (GIQLI)
(16) was filled in by participants 10 days (£2 days) and 30 days
(£3 days) postoperatively. GIQLI has previously been translated
from English to Danish (17). A questionnaire of the participant’s
subjective harms was filled in by the participants at the first
postoperative day and 10 days (£2 days) postoperatively. Both
questionnaires in Danish were face validated in patients with
appendicitis prior to initiation of the trial.

Complications

Postoperative complications were graded according to the
Clavien-Dindo  classification  (18). Furthermore, specific
information regarding deep surgical site infections requiring
surgical drainage, intraabdominal abscesses requiring drainage,
readmissions, and reoperations was collected. The information
was collected during the hospital stay after the surgery, 10
days postoperatively (£2 days) when the patients had their
sutures removed by the trial personnel, and 30 days (3 days)
postoperatively by review of the patients’ medical records and a
planned telephone interview.

Convalescence

Participants were asked both when they could return to normal
activities and how long the period of sick leave (absence from
work) had lasted. Data were collected up to 30 days (&3
days) postoperatively.

Adverse Events

These were registered by trial personnel during admission, 10
days (£2 days) postoperatively when the patients had their
sutures removed by the trial personnel and 30 days (£3
days) postoperatively through review of the patient’s medical

records and at a planned telephone interview. Adverse events
were defined as any untoward medical occurrence including
unfavorable and unintended signs (such as abnormal laboratory
findings), symptoms, and disease as defined by ICH-GCP (19).
Serious adverse events (SAE) or serious adverse drug reactions
were defined as any untoward medical occurrence that at any
dose resulted in death, was life-threatening, required inpatient
hospitalization or prolongation of existing hospitalization,
resulted in persistent or significant disability or incapacity, or
resulted in a congenital anomaly or birth defect as defined by
ICH-GCP (19).

Sample Size and Randomization

We performed a power calculation for the trial. The cumulative
30-day total LOS was expected to be 72h with a standard
deviation of 12 h in the control group. When alpha was set at 0.05,
beta was set at 0.80, and a minimal relevant difference between
the groups was set at 48 h, a randomized design required four
patients in each group, a total of eight patients. However, as
we expected data not to be normally distributed and planned
to use a quasi-randomized design, we decided to include six
patients in each group, a total of 12 patients, to ensure sufficient
power. Participants were included until data on the primary
outcome at day 30 were secured for six patients in each group.
The intervention group was recruited at one hospital (Herlev
Hospital) and the control group at another hospital (Bispebjerg
Hospital). The two hospitals are located 9 km apart. Thus, the
allocation was not concealed, and participants, care providers,
and outcome assessment were not blinded to the intervention.

Statistical Methods

Data were analyzed using SAS Enterprise Guide 7.1 (SAS Institute
Inc., USA). Details on the statistical methods can be seen in the
statistical analysis plan in Supplements. In short, continuous
numerical values were reported as median and range if not
normally distributed. Not normally distributed continuous data
were analyzed with non-parametric statistics: Mann-Whitney
U-test. Binary, categorical data were reported as numbers and
proportions in %. We analyzed these with Chi-square-test, and
if any of the expected cell counts were <5, then p-values from the
Fisher’s exact test is reported. A p-value <0.05 was considered
statistically significant.

RESULTS

Eligible patients were recruited at the Department of Surgery,
Herlev Hospital (intervention group) and the Digestive Disease
Centre, Bispebjerg Hospital (control group) from 14th February
2018 to 17th June 2018. A total of 13 participants were included,
as one patient withdrew consent 3 days after surgery. Therefore,
data on the primary outcome could not be retrieved and another
patient was included according to the predefined protocol. The
screening process is depicted in Figure 1. Last day of follow-up
was 17th July 2018, where the study ended. Six participants in
the intervention and in the control group completed full follow-
up. There were missing data on one outcome in the control
group and data from the participant who withdrew consent

Frontiers in Surgery | www.frontiersin.org

May 2020 | Volume 7 | Article 25


https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Fonnes et al.

Short LOS for Complicated Appendicitis

_[ Enroliment ]_

Assessed for eligibility (n=69)

Excluded (n=56)

+ Normal or not perforated appendix (n=25)

+ Declined to participate (n=14)

+ Could not understand or speak Danish (n=4)
+ Previous allergic reaction (n=4)

+ Renal or hepatic disease (n=2)

+ Other* (n=7)

A

Quasi-randomized
(n=13)

'

l [ Allocation | l

Allocated to intervention (n=7)
+ Received allocated intervention (n=7)

Allocated to control (n=6)
+ Received allocated control (n=6)

JV ( Follow-up ] A/

Lost to follow-up (n=1)

+ Withdrew consent (n=1)

“Lost to follow-up (n=1)

v [ Analysis ] \

+ Excluded from analysis: withdrew consent (n=1)
Analysed:
Primary outcome (n=6)

Harms day 1 and SAE: (n=7)

All other outcomes: (n=6)

unspecified (2), logistic circumstances (1). SAE, serious adverse event.

FIGURE 1 | Flowchart of the screened, enrolled, allocated, and analyzed patients in the trial. *Other reasons for exclusion (n): breastfeeding (1), hematological disease
(1), other intra-abdominal disease requiring surgical intervention (1), administration of intravenous metronidazole prior to surgery (intervention group, 1), other

+ Excluded from analysis: (n=0)
Analysed:
Primary outcome (n=6)

GIQLI day 30: (n=4)

All other outcomes: (n=6)

until the third postoperative day. The exact number of analyzed
participants for outcomes are, therefore, presented in Figure 1.
The demographics and baseline characteristics of all included
patients are presented in Table 1.

Total LOS

The total LOS was significantly lower in the intervention group
(median 13 h; range 2-21h) than in the control group (median
84 h, range 67-169 h), p-value = 0.017 (Mann-Whitney U-test).

Questionnaires
The total GIQLI score seemed to increase from 10th to 30th
postoperative day in both groups (Table 2). The score regarding

the domain of symptoms seemed to increase in both groups. The
scores for the domain of social function seemed to decrease in
both groups from 10th to 30th postoperative day.

An overview of the reported harms is presented in Table 3.
The most commonly reported harms were discomfort when
breathing deeply, diarrhea, and bloating. Discomfort when
breathing deeply was present for both groups within 24 h after
surgery and 10 days postoperatively. Diarrhea was reported only
in the interval between 24h and 10 days postoperatively in
both intervention (67%) and control group (67%). Bloating was
reported at 24h and within the first 10 days postoperatively
in both groups; however, the prevalence increased over time
from 14 to 50% in the intervention group and from 50 to 83%
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in the control group. Other reported harms within 24 h after
surgery were nose bleeding (17%) and dark urine (17%) in the
intervention group and pain in the penis during urination (14%)
in the control group. Other reported harms within 10 days
postoperatively were high pulse (14%) and pain (14%) in the
intervention group and vomiting (14%) in the control group.

Complications

Of the 12 evaluable participants, there were no complications
in the intervention group and two complications in the
control group within 30 days after surgery. These complications
consisted of two intraabdominal abscesses in two participants

TABLE 1 | Demographics and baseline characteristics of the 13 included patients
for continuous variables in median [range] and for categorical variables in numbers
(per cent).

Admission Intervention Control p-value
group (n =7) group (n = 6)

Age, 52 [21-73] 28 [18-55] 0.13f
years
Sex, 4 (57%) 1 (17%) 0.27%
female
Height, 173 185 0.06"
cm [163-185] [168-187]
Weight, 82 [65-105] 92 [73-107] 0.78"
kg
Body 29 [24-34] 28 [21-33] 0.63"
Mass
Index,
kg/m?
ASA It 4 (57%) 6 (100%) 0.19%
score II: 3 (43%) 0 (0%)
Preoperative antibiotics*
Times 2 [0-§] 2 [0-4] 0.541
administered
Surgery
Length, 01:22 01:20 0.78"
hours:minutes [01:03-02:33] [00:38-02:37]

One patient withdrew consent on the third postoperative day. ASA, American Society
of Anesthesiologists.14* Included the following antibiotics: ampicillin, cefuroxime,
gentamicin, piperacillin/tazobactam, and metronidazole. TMann—Whimey U-test, *Fisher’s
exact test.

(33%). The Clavien-Dindo grade of both complications was 3a,
which are complications requiring radiological intervention that
are not under general anesthesia. The complications meant that
one participant had a prolonged hospital stay and one participant
was readmitted.

Convalescence

In the intervention group, one participant had not returned to
normal activity at day 30. Median time to return to normal
activities was 6 days [range 1 to >30 days]. In the control group,
the median time to return to normal activities was 10 days [range
4-28 days].

One participant in the intervention group was still on sick
leave at 30 days postoperatively. The period of sick leave for the
intervention group was median 13 days [range 1 to >30 days].
The control group had a median sick leave of 12 days [range
4-28 days].

Adverse Events

There were no unexpected adverse events in either the
intervention or control group. There were six adverse events (0-2
per participant) in the intervention group. These included nausea
(17%), diarrhea (67%), and pain in the right lower quadrant
(17%). Six adverse events (0-3 per participant) were found in
the control group. These included diarrhea (50%), nausea and
vomiting (17%), vomiting (17%), and haematoma (17%).

Four SAE were reported: two unrelated and two potentially
related to the trial. One unrelated SAE occurred in the
intervention group. The admission for appendicitis was
prolonged due to influenza, and this participant withdrew
consent. There were two potentially related and one unrelated
SAE in the control group. The potentially related SAEs included
prolonged admission due to an intraabdominal abscess that
required both drainage and prolonged antibiotic treatment (n
= 1) and readmission within 30 days due to an intraabdominal
abscess requiring drainage (n = 1). The unrelated SAE was
readmission within 30 days due to diverticulitis.

DISCUSSION

The total LOS within 30 days after surgery was significantly
shorter in the intervention group than the control group in this

TABLE 2 | The median [range] scores of the Gastrointestinal Quality of Life Index (GIQLI) (16) overall and for each item of the intervention and the control

group postoperatively.

10th postoperative day

30th postoperative day

GlQLl Intervention group (n = 6) Control group (n = 6) Intervention group (n = 6) Control group (n = 4)
Total 112 [102-119] 102 [86-115] 118 [73-126] 120 [114-120]
Symptoms 62 [57-69] 55 [45-606] 68 [43-72] 69 [68-69]
Emotions 12 [8-15] 11 [5-14] 13 [8-14] 14 [12-—15]
Physical function 18 [14-26] 20 [15-23] 21 [9-28] 23 [21-27]
Social function 14 [11-16] 13 [10-14] 9.5 [6-12] 9[8-12]
Medical treatment 4 [3-4] 3 [2-4] 3.5 [1-4] 4 [3-4]

The maximal scores of GIQLI are total 144, symptoms 76, physical function 28, emotions 12, social function 14, and medical treatment 4.
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TABLE 3 | The reported harms in the intervention and the control group.

Within 24 h 10th postoperative day

Organ system Yes, to some degree, n (%) Yes, to some degree, n (%)

Complaint Intervention, 7 Control, 6 Intervention, 6 Control, 6

Central nervous system

Dizziness 1 (14%) 1(14%) 1(17%) 3 (60%)
Cardio-pulmonary

Discomfort when 3 (43%) 3 (43%) 4 (67%) 4 (67%)
breathing deeply

Coughing 2 (29%) 2 (29%) 2 (33%) 4 (67%)
Gastrointestinal

Bloating 1 (14%) 3 (60%) 3 (50%) 5 (83%)
Flatulence 2 (29%) 3 (50%) 5 (83%) 6 (100%)
Diarrhea 1 (14%) 0 4 (67%) 4 (67%)
Mild wound 1 (14%) 1(17%) 0 1(17%)
secretion

“Yes, to some degree” corresponds to any of the following statements: “a little of the time,”
“some of the time,” and “all of the time”.

quasi-randomized prospective clinical trial. Harms and GIQLI
scores were comparable for the two groups. There seemed to be
a shorter time to return to normal activities in the intervention
group. No SAEs related to the trial were reported in the
intervention group. Two possibly related SAEs were registered
in the control group, prolonged hospitalization and readmission,
both due to the intraabdominal abscess.

Standard treatment for complicated appendicitis includes
intravenously administered antibiotics, which requires the
patient to stay in hospital. The duration of the postoperative
antimicrobial treatment varies between countries and even
hospitals. Observational cohort studies have shown that the risk
of infectious complications is the same after treatment for 3 and 5
days (20, 21). The median hospital stay, however, was shorter for
patients treated for 3 days (21). A postoperative oral antibiotic
regimen could lead to a further reduction in the hospital stay and
in overall costs (22). We found that it was feasible to discharge
participants in the intervention group with a PARSAP score of
>18 within 24h postoperatively, except in one case when the
participant also suffered from influenza. None of the participants
in the intervention group had to be readmitted within 30 days
postoperatively. This resulted in a shorter median total LOS
for the intervention group of 13h compared with 86h in the
control group.

Complications are feared after laparoscopic appendectomy
for complicated appendicitis. Therefore, prolonged antimicrobial
treatment is administered. In the Western world, these
complications are rare (22). For instance, 12% of patients will
suffer from a Clavien-Dindo grade 3a complication, which
is a complication requiring radiologic intervention, and the
risk of an intraabdominal abscess is only around 7% (22).
In our trial, the two complications were graded as Clavien-
Dindo grade 3a and included intraabdominal abscess in two
participants in the control group, but our trial was not powered
to show a difference in complications between the two groups.

A randomized trial assessing complications would require more
than 1,000 participants in each group due to the low prevalence of
complications, especially the intraabdominal abscesses. However,
we find it reassuring that there have been no infectious
complications in any of the participants receiving the trial
drugs both in the present and the previous trial in a healthier
population (23). This is in line with our investigations made
prior to the initiation of clinical trials, where we documented the
antimicrobial effect of the trial treatment in vitro (6). The effect of
antimicrobial agents, however, is overall challenged by emerging
resistance, which also is a concern for intraabdominal infections
(3). Fosfomycin is especially interesting in that context as it has
maintained activity against a variety of bacteria with acquired
resistance and is used for treatment of serious infections with
multidrug-resistant bacteria (24). Resistance against fosfomycin
may occur, especially during prolonged use as monotherapy. A
meta-analysis found a pooled estimate of 3% for the emergence
of fosfomycin resistance during fosfomycin monotherapy (24).
However, in a setting where fosfomycin is used as a single dose
for a community-acquired infection, it is unlikely that emergence
of resistance will be a major problem.

We found that comparable harms were reported both in the
intervention and control group. The reported harms were most
likely associated with the antibiotics, surgery, and/or anesthesia
and not the route of drug administration. The harm that was
most often reported was diarrhea, which occurred in 67% of
participant both in the intervention and the control group
within 30 days postoperatively. Diarrhea is a commonly reported
side effect of intravenous fosfomycin (1%) (24), intravenous
metronidazole (25), and intravenous piperacillin/clavulanic acid
(1-10%) (26). It is, however, reported to be an uncommon side
effect of cefuroxime (27). The prevalence of diarrhea in both
groups in the present trial was higher than in the summary
of product characteristics of the drugs. The reason for the
higher prevalence could be a longer period of follow-up and a
protocolled assessment of harms.

This quasi-randomized clinical trial has several strengths. We
conducted both in vitro investigations (6) and a clinical trial in
a healthier population (23) prior to the present trial in patients
suffering from complicated appendicitis. We assessed the total
LOS and not only the participants’ immediate postoperative
hospital stays. Therefore, any complications, which required
readmission, that arose within 30 days postoperatively would
affect the median total LOS in both groups and thus reflect a
lack of feasibility. We assessed all harms and adverse events
thoroughly through evaluation of the participant within 24h
after surgery, a follow-up visit 10 days postoperatively, and by
a telephone interview 30 days postoperatively. Furthermore, we
ensured a full follow-up for the first 30 days postoperatively
of all participants through electronic medical records regarding
complications. This study is generalizable as it was conducted in
an average population suffering from complicated appendicitis,
as we included males and females and there were no age
limitations. Some limitations must, however, be mentioned. The
sample size was small. Although intraabdominal abscess is one of
the most clinically significant outcomes, it is a rare complication,
and therefore, many participants would be needed to assess the
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effect on this outcome. This smaller pilot trial seemed ethically
more correct to assess the safety of the intervention and the
total LOS. The latter has a high impact on both the participants
and the total cost of their treatment, but it remains a limitation
that the trial does not have the power to assess a difference or
equivalence in complications. Therefore, larger studies assessing
complications are needed to confirm the results of our pilot
study. Furthermore, the quasi-randomized design meant that no
actual randomization took place, thus there is a risk of selection
bias, and this study design was chosen for practical reasons.
However, the standard treatment of complicated appendicitis,
including operation techniques did not differ between the
two departments.

In conclusion, this quasi-randomized clinical trial found
that the intervention group had a shorter total LOS than
the control group, and that harms were comparable. It,
therefore, seems to be relevant and safe to investigate this trial
treatment further.
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