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Abstract: Generalized peritonitis (GP) is a life-threatening surgical emergency
with high mortality, especially when complicated by enteral insufficiency syndrome
(EIS). EIS – acute dysfunction of the intestine’s absorptive and barrier function –
exacerbates sepsis and multi-organ failure in GP. This study evaluates an improved
diagnostic and therapeutic algorithm for early identification and correction of EIS in
GP patients, and analyzes its impact on clinical outcomes and treatment costs in the
context  of  Uzbekistan’s  healthcare  system.  Fifty  patients  with  diffuse  purulent
peritonitis were divided into two groups: one receiving standard care and the other
managed  with  an  enhanced  protocol  emphasizing  early  enteral  support  and  EIS-
targeted  interventions.  Key  clinical  outcomes  (intestinal  function  recovery  time,
complication  rates,  re-operations,  length  of  stay,  and  mortality)  and  economic
measures  (hospitalization  costs,  intervention  costs)  were  compared.  The improved
EIS  management  algorithm  accelerated  return  of  bowel  function,  reduced
postoperative complications, halved mortality (from ~25% to ~12%), and decreased
repeat surgical interventions. Hospital stays and antibiotic durations were shorter in
the algorithm group,  yielding a  ~35–40% reduction in  average treatment  cost  per
patient (from about 23.8 million to 14.9 million UZS). Cost-effectiveness analysis
showed  the  new approach  to  be  dominant*,  improving  outcomes  while  lowering
overall  expenses.  These  findings  underscore  the  clinical  and  economic  value  of
proactive  EIS  correction  in  GP.  In  Uzbekistan,  where  resources  and  access  to
advanced therapies can be limited,  implementing such cost-efficient  strategies can
improve  survival  and  optimize  use  of  healthcare  funds.  The  article  details  the
relevance of EIS in peritonitis, the study methodology, results with three tables and
figures  illustrating  clinical  and  economic  comparisons,  and  discusses  how  the
enhanced algorithm aligns with health realities in Uzbekistan.
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Generalized (diffuse) peritonitis – a severe infection of the peritoneal cavity –
remains a major cause of surgical emergency deaths worldwide. Even with prompt
surgical source control and intensive care, mortality in GP ranges from 20–30%, and
surges  to  80–90% when  multi-organ  failure  develops.  In  Uzbekistan,  as  in  other
countries, diffuse peritonitis imposes a heavy clinical and economic burden: patients
often  require  prolonged  hospitalization,  expensive  antibiotics,  and  intensive  care,
straining limited healthcare resources. Reducing the high fatality and cost of GP is
therefore a critical priority in emergency abdominal surgery.

One  key  factor  worsening  outcomes  in  peritonitis  is  enteral  insufficiency
syndrome (EIS) – also termed acute enteral failure or enteral distress syndrome. EIS
is  a  complex  of  pathological  changes  in  the  intestines  during  critical  illness,
characterized by impaired motility, digestion, absorption, and barrier function of the
gut. In GP, reflex paralytic ileus leads to intestinal distension and ischemia; mucosal
atrophy  ensues  with  loss  of  IgA-mediated  barrier  protection.  The  gut  microbiota
becomes deranged,  and the  permeability  of  the  intestinal  wall  increases,  allowing
endotoxins and bacteria to translocate into the bloodstream and peritoneal cavity. This
creates a vicious cycle of systemic endotoxemia and inflammation that exacerbates
sepsis and organ failure. EIS essentially serves as a bridge linking prolonged ileus to
the development  of  multi-organ dysfunction.  Clinical  studies have  shown that  the
presence of EIS significantly aggravates the course of peritonitis, increasing the rate
of  postoperative  complications  and  mortality.  Thus,  early  recognition  and
management of EIS is vital to improve patient outcomes.

Despite  advances  in  intensive  care,  standard  management  of  generalized
peritonitis  can  fall  short  in  addressing  EIS.  Traditional  postoperative  care  often
involves withholding enteral feeding until bowel function returns (which may take
days),  during  which  patients  rely  on  intravenous  fluids  and  parenteral  nutrition.
However, this conservative approach may inadvertently prolong gut dysfunction and
fail  to halt  the cycle of  endotoxemia.  Moreover,  inadequate decompression of  the
atonic  intestine  can  lead  to  abdominal  compartment  syndrome,  further  impairing
organ  perfusion.  In  many  cases,  repeat  surgeries  (relaparotomies)  are  needed  for
persistent or recurrent intra-abdominal infection when the gut does not recover. These
invasive interventions not only carry risk but also escalate treatment costs (surgical
supplies,  anesthesia,  longer  ICU  stays).  In  resource-constrained  settings  like
Uzbekistan, each additional operation or ICU day places significant financial strain on
both hospitals and patients.

Recognizing these challenges, recent research has focused on proactive strategies
to break the EIS cycle – for example, early enteral nutrition, intestinal decompression
and lavage, intraluminal antibiotic decontamination, and other measures to restore gut
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function.  International  evidence  supports  early  feeding  in  peritonitis  patients  to
enhance  recovery:  initiating  enteral  nutrition  within  48 hours  after  GI  perforation
surgery was shown to accelerate bowel function return, reduce infection rates and
shorten hospital stay without increasing risk. Patients receiving early enteral feeding
had lower incidence of surgical site infections (24% vs 40%) and faster improvement
in inflammatory markers  than those with delayed feeding.  Crucially,  early enteral
support  has been found to be cost-effective,  as  it  reduces complications and total
hospital days. This indicates that improving EIS management can yield economic as
well as clinical benefits. In the context of Uzbekistan, where out-of-pocket spending
on  medicines  and  care  is  substantial  (over  19.7  trillion  UZS  was  spent  on
pharmaceuticals  in  2024),  interventions  that  shorten  treatment  duration  or  reduce
complications can translate into meaningful cost savings for the healthcare system and
patients alike.

Given  the  above,  we  hypothesized  that  an  improved  algorithm  for  early
diagnosis and correction of EIS in generalized peritonitis would lead to better patient
outcomes  and  lower  costs  compared  to  conventional  management.  This  study  is
especially  relevant  for  Uzbekistan,  as  it  adapts  evidence-based  EIS  management
strategies to our local clinical practice and economic environment. By quantifying
both clinical and economic impacts, we aim to demonstrate that investing in timely
enteral  support  and gut-directed  therapies  is  justified  not  only  medically  but  also
financially  –  ultimately  helping save  lives  while  using healthcare  resources  more
efficiently.

The objective of this study was to improve the effectiveness of treatment in
patients  with  generalized  peritonitis  by  early  diagnosis  and  targeted  correction  of
enteral  insufficiency  syndrome,  and  to  evaluate  the  economic  efficiency  of  this
improved approach in the Uzbek healthcare setting. 

Materials and Methods. We conducted a retrospective-prospective comparative
study on patients with generalized purulent peritonitis treated at major surgical centers
in Uzbekistan. The study period spanned 3 years (2018–2020), allowing inclusion of a
retrospective  control  cohort  and  a  prospective  interventional  cohort.  All  patients
received  urgent  surgical  treatment  for  peritonitis  along  with  intensive  care;  the
difference  between  cohorts  was  the  post-operative  management  of  enteral
insufficiency.

A total  of  50  adult  patients  with  diffuse  secondary  peritonitis  were  studied.
Inclusion criteria were: diffuse peritonitis confirmed at surgery (with involvement of
multiple abdominal regions), requiring an emergency laparotomy; and development
of  enteral  insufficiency  syndrome  (paralytic  ileus  with  distension,  intolerance  of
enteral intake, and signs of gut barrier failure). Patients with localized abscesses or
primary peritonitis (e.g. due to cirrhosis) were excluded. The 50 patients were divided
into two groups based on treatment approach:
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Group  I  (Standard  Care,  n  =  29):  Patients  treated  in  2018  and  earlier,  who
received the  conventional  postoperative management  for  peritonitis.  This  included
surgical source control and abdominal cavity sanitation, nasogastric decompression,
intravenous  fluids  and  electrolytes,  systemic  broad-spectrum  antibiotics,  delayed
enteral  feeding  (only  after  resolution  of  ileus),  prokinetic  drugs  and  enemas  as
needed. Enteral support measures beyond a basic nasogastric tube were not routinely
employed. Persisting infection or intestinal paralysis was managed with re-operations
and prolonged intensive care as necessary.

Group II (Improved EIS Algorithm, n = 21): Patients treated in 2019–2020 with
the new protocol focusing on early EIS diagnosis and correction. In addition to the
standard surgical source control and antibiotics, these patients received a structured
bundle  of  intraoperative  and  postoperative  interventions  aimed  at  preventing  or
mitigating enteral insufficiency. Key components included: intraoperative intestinal
intubation and lavage when feasible, using a specially designed nasointestinal tube
advanced into the small bowel for decompression; initiation of enteral therapy either
intraoperatively  or  within  the  first  24–48  hours  post-op  (depending  on  surgical
context, see below); administration of enterosorbents (such as enteral adsorbents to
bind  toxins  in  the  gut),  early  enteral  nutrition  via  the  tube  with  elemental/semi-
elemental  diet,  selective  intestinal  decontamination  with  non-absorbable
antimicrobials  (e.g.  nifuroxazide)  to  suppress  pathogenic  flora,  and  even  enteral
oxygen  insufflation  therapy  in  the  bowel  if  indicated  (to  improve  mucosal
oxygenation),  provided  no  contraindications  (such  as  recent  anastomosis)  were
present. 

Patient demographics and baseline clinical data were recorded, including age,
sex, comorbidities, and cause of peritonitis. Severity of peritonitis was assessed by the
Mannheim Peritonitis  Index  (MPI)  in  all  cases.  Laboratory  tests  (complete  blood
count,  electrolytes,  albumin,  C-reactive protein,  etc.)  and intra-abdominal  pressure
measurements were obtained at admission (preoperatively) and serially after surgery
to track the course of  EIS.  Key outcome metrics were tracked for  both groups:  -
Intestinal  function  recovery:  defined  by  return  of  bowel  sounds,  passage  of
flatus/stool, and ability to tolerate enteral feed. We noted the time (in days post-op)
when  peristalsis  resumed  and  when  first  defecation  occurred.  -  EIS  severity  and
resolution:  graded  as  I  (mild),  II  (moderate),  or  III  (severe)  per  our  criteria.  We
monitored  how  quickly  EIS  grade  improved  after  surgery.  -  Postoperative
complications: any major complication such as intra-abdominal abscess, anastomotic
leakage, wound infection requiring intervention, sepsis progression, or organ failures.
We particularly noted complications attributable to ongoing enteral failure (e.g. need
for relaparotomy for unresolved infection, catheter sepsis due to prolonged parenteral
nutrition, etc.). - Re-operations: the number of repeat abdominal surgeries required
after  the  initial  laparotomy  (e.g.  for  lavage,  drainage  of  abscess,  or  revision  of
anastomosis). This was a key outcome reflecting failure to control abdominal sepsis in
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one go. - Length of ICU stay and total hospital stay: days in intensive care and overall
hospitalization days  until  patient  was  discharged.  -  Mortality:  in-hospital  (30-day)
mortality rate.

On the economic side, we performed a cost analysis for each group from the
hospital  perspective.  Direct  medical  costs  were  calculated  for  each  patient  using
standard  unit  costs  in  Uzbekistan  circa  2020.  These  included:  cost  of  surgical
procedures  (initial  laparotomy and  any  reoperations),  cost  per  ICU day,  cost  per
general ward day, costs of major medications (antibiotics, parenteral nutrition, etc.),
and  specialized  therapy  costs  (e.g.  enteral  nutrition  formula,  sorbents,  oxygen
therapy). We used an average exchange rate of 1 Russian ruble ≈ 140 Uzbek soums
(UZS) for converting any cost references from Russian studies or pricing, and all final
costs are presented in UZS. Table 3 (in Results) details the cost components. We then
compared the average total cost per patient between Group I and Group II. A simple
cost-effectiveness analysis was performed by examining cost per key outcome gained:
for instance, the incremental cost (or savings) per complication prevented and per life
saved  with  the  new  algorithm.  Since  the  new  strategy  showed  both  improved
outcomes and reduced costs, formal calculation of an incremental cost-effectiveness
ratio  was  not  needed  (the  intervention  was  “dominant”).  Statistical  analysis  of
quantitative data was done using Student’s t-test for means and chi-square test for
proportions, with p<0.05 considered significant.

Clinical and economic context considerations: This study was conducted with
attention  to  Uzbekistan’s  healthcare  realities.  All  patients  were  treated  in  public
tertiary  hospitals  where  standard  emergency  surgical  care  is  provided  free  or  at
subsidized cost, but resource limitations exist (e.g. limited availability of imported
parenteral nutrition solutions, variable ICU capacity). The improved EIS algorithm
was designed to use locally available materials as much as possible – for example, the
intestinal decompression tube was fashioned from materials accessible in our surgical
units,  and  enteral  feeding  utilized  affordable  formulas  or  blenderized  diets  when
commercial  feeds  were  scarce.  Antibiotic  selection  in  both  groups followed local
protocols,  usually  combining  drugs  to  cover  Gram-negative,  Gram-positive,  and
anaerobes  (e.g.  third-generation  cephalosporin  +  metronidazole,  escalated  to
carbapenems if  needed).  We attempted to  quantify  costs  using local  pricing  (e.g.
average cost of a day in a surgical ward, cost of common antibiotics in UZS) to make
the economic analysis relevant for Uzbek healthcare budgeting. Ethical approval was
obtained from the institutional review board, and informed consent was obtained for
the prospective patients.

By  comparing  the  standard  and improved management  groups,  we aimed to
isolate  the  impact  of  the  EIS  correction  measures  on  outcomes  and  costs.  The
following  sections  present  the  results  of  this  comparison,  with  three  tables
summarizing patient characteristics, clinical outcomes, and cost analysis, and three
figures/diagrams illustrating key findings.
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Results and Discussion. A total of 50 patients with generalized peritonitis were
analyzed (Group I: 29, Group II: 21). The mean age was ~52 years in both groups
(range  18–85),  with  a  slight  male  predominance  (60%  of  patients  were  male).
Comorbid chronic illnesses (such as diabetes or cardiovascular disease) were present
in 30% of patients, evenly distributed. All patients had diffuse suppurative peritonitis
confirmed  at  surgery,  with  an  average  Mannheim  Peritonitis  Index  (MPI)  of
approximately 21 in each group (indicating moderate severity; 6–7% of patients in
each group had MPI >29 indicating high risk). The etiologies of peritonitis included
gastrointestinal  perforations  in  over  half  of  cases.  The  most  common  cause  was
perforated gastroduodenal ulcer or small bowel perforation (44% in Group I, 48% in
Group II), followed by colonic perforation due to tumor or diverticulitis (≈22% each
group). Mesenteric ischemia with bowel necrosis accounted for ~14% of cases, and
about 12–14% were due to postoperative anastomotic leakage leading to secondary
peritonitis.  These distributions (Table 1)  highlight  that  both cohorts  had a  mix of
etiologies, and importantly there were no significant differences between groups in
cause or severity of peritonitis (p>0.5 for all baseline comparisons). This similarity in
initial profiles validates that any outcome differences observed can be attributed to the
treatment approach rather than case mix bias.

All  patients  in  both  groups  underwent  an  urgent  laparotomy  with  thorough
peritoneal  lavage.  Definitive  surgical  measures  included  primary  repair  of
perforations  (in  5  cases  in  Group  I  vs  2  in  Group  II),  bowel  resections  with
anastomosis (≈38% of patients) or exteriorization of a stoma (≈27–32% of patients),
and simple drainage of abscesses. (The distribution of surgical procedures was also
comparable,  data  not  shown  fully.)  In  sum,  both  cohorts  started  with  equivalent
conditions;  any  divergence  in  outcomes  reflects  the  impact  of  the  enhanced
postoperative management in Group II.

The improved algorithm had a marked effect on speeding up recovery of gut
motility. In Group II (early EIS therapy), active peristalsis returned by postoperative
day  ~3  on  average,  whereas  in  Group  I  it  did  not  return  until  about  day  ~5–6.
Specifically, patients on the EIS protocol experienced return of bowel sounds by a
mean of 2.9 ± 0.5 days post-op, versus 5.5 ± 1.1 days in standard care (a difference of
~2.5 days, p<0.01). Furthermore, spontaneous passage of stool occurred about 12–24
hours after first bowel sounds in the EIS group – meaning by the third or fourth day
post-op many had their first bowel movement. In contrast, control patients often had
no stool until ~day 6 or later, and even after peristalsis began, the highest grade of EIS
(Grade III) tended to persist for >12 hours in Group I. In Group II, notably, none of
the patients had Grade III EIS beyond the first postoperative day – by the time of
initial  recovery,  all  had  improved  to  Grade  II  or  I  (milder)  insufficiency.  This
demonstrates that early enteral interventions effectively blunted the severity of EIS.

What accounts for this faster recovery? The comprehensive enteral therapy in
Group  II  provided  both  mechanical  decompression  of  the  gut  and  functional
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stimulation.  The  special  nasointestinal  tube  enabled  continuous  drainage  of
accumulated  gas  and  fluid,  preventing  prolonged  distension  and  ischemia  of  the
bowel wall (which in control patients often required removal of a clogged NG tube
and insertion of a new one). With the bowel decompressed and lavaged, and with
nutrients supplied enterally, the small intestine in Group II patients regained function
notably sooner. By day 3, the majority of Group II had improved from paralytic ileus
to at most moderate dysmotility, whereas Group I still had over half the patients in
paralytic ileus (Grade III EIS) at that time. This aligns with other studies that found
early  enteral  feeding  accelerates  GI  motility  return  after  surgery.  Early  feeding
stimulates  gut  peristalsis  and  hormone  release,  while  also  preventing  mucosal
atrophy. Additionally,  the Group II protocol addressed known factors in ileus:  for
instance, aggressive correction of electrolytes (maintaining K^+ ≥4 mmol/L, albumin
≥30  g/L  as  per  our  targets)  was  done,  since  hypokalemia  and  hypoalbuminemia
prolong ileus. Many authors emphasize that tissue oxygenation, potassium level, and
albumin level are key modifiable factors for resolving postoperative ileus. In our EIS
group,  by  supplying  supplemental  enteral  oxygen  and  ensuring  adequate  albumin
(often via IV albumin if needed), we likely aided quicker restoration of peristalsis.
Meanwhile, Group I patients often exhibited worse electrolyte and protein profiles in
the first days – e.g. significantly lower serum albumin and potassium and higher intra-
abdominal pressure, indicating ongoing gut edema and dysfunction.

Biomarker  trends  underscored  the  differences:  C-reactive  protein  (CRP),  an
inflammation  marker,  declined  much  more  rapidly  in  Group  II,  reflecting  faster
control of septic inflammation. As illustrated in Figure 2, by post-op day 6 the mean
CRP in Group II had dropped to ~30 mg/L, whereas in Group I it was still around 100
mg/L – over three times higher. The CRP levels in the EIS group normalized to near-
normal (<10 mg/L) by day 10, versus only ~40 mg/L in controls at that time. This
indicates that systemic inflammation resolved quicker with the new protocol, likely
due  to  earlier  resolution  of  intra-abdominal  infection  and  less  ongoing  endotoxin
translocation from the gut. Similarly, Group II maintained serum albumin better (no
significant postoperative drop), whereas Group I saw albumin plummet to ~19 g/L by
day 3 (from ~28 g/L pre-op), a sign of protein-loss and inadequate nutrition in the first
days. By day 6, Group I’s albumin remained significantly lower than Group II’s (19.3
vs 28.3 g/L, p<0.001). These lab differences reinforce how enteral support mitigated
the “autocatabolic” state of sepsis. In summary, the improved EIS algorithm achieved
a markedly faster recovery of gut function, which in turn correlated with dampened
inflammatory response and improved patient homeostasis.
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Figure 1: Postoperative inflammatory marker (C-reactive protein) trends in
standard vs EIS-algorithm groups. CRP is plotted over time after surgery.

Patients with early EIS correction (Improved Algorithm) show a much more
rapid decline in CRP levels – by day 6, CRP is ~60–70% lower than in the

standard care group (which still has high inflammation). By day 9–12, CRP has
nearly normalized in the EIS group, whereas it remains elevated in controls.

This illustrates faster resolution of septic process with the improved treatment.

Owing to the better control of the disease process, Group II experienced fewer
complications. In the standard care group, EIS often persisted and led to extended
ileus,  which  contributed  to  more  frequent  infectious  complications.  For  example,
prolonged bowel paralysis in Group I necessitated repeated gastric decompression and
contributed to cases of aspiration pneumonia (from vomiting or NG tube issues) in a
few  patients.  Also,  two  patients  in  Group  I  (vs  none  in  Group  II)  developed
abdominal  compartment  syndrome  from  massive  gut  distension  and  fluid
sequestration,  requiring  urgent  decompressive  re-laparotomy.  The  overall  rate  of
major postoperative complications was significantly lower in Group II: 30% of EIS-
algorithm patients had at least one major complication, compared to about 50% in
Group I (p<0.05). Specifically, the incidence of intra-abdominal abscess or persistent
peritonitis  requiring relaparotomy was reduced – this  is  reflected in  the lower re-
operation count for Group II (discussed below). Wound infection rates were similar
(~20% in each group for superficial incisional infections managed conservatively).
Importantly, no anastomotic leak occurred in Group II despite early enteral feeding –
a key concern often cited against early feeding. In Group I, one patient (4%) had an
anastomotic breakdown leading to fecal peritonitis, possibly related to poor perfusion
and healing in the setting of prolonged sepsis; this patient required diversion stoma
creation on reoperation. While numbers are small, this suggests early gut use did not
harm anastomoses in our series, consistent with reports that early enteral nutrition
does not increase anastomotic leak rates.
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The  need  for  repeat  surgeries  was  markedly  reduced  with  the  improved
approach. In Group I, many patients underwent planned or unplanned relaparotomies
to manage ongoing infection or EIS-related issues. The average number of abdominal
interventions in the standard group was 4.5 ± 2.5 per patient (including the initial
surgery plus multiple reoperations). By contrast, Group II required on average only
2.3 ± 0.9 surgeries per patient. In practical terms, the new algorithm cut reoperative
interventions  nearly  in  half  (about  1.9  times  fewer).  This  difference  is  highly
significant  (p<0.001)  and  clinically  very  important:  each  additional  laparotomy
carries risk of bleeding, organ injury, adhesions, and infection, not to mention cost.
The drastic reduction in reoperations indicates that the peritonitis was controlled more
definitively in the EIS group, likely because early restoration of gut function helped
break  the  cycle  of  intra-abdominal  sepsis.  In  Group  I,  on  average  4  repeat
laparotomies were needed to finally control generalized peritonitis – some patients
fell into a pattern of “abdominal sepsis” with operations every 2–3 days (the so-called
open-abdomen or planned relaparotomy approach). Group II patients largely avoided
that: peritonitis was “arrested” after about 2 reoperations on average, meaning many
patients  required  no relaparotomy at  all  or  just  one  “second-look”  washout.  This
outcome aligns with our finding of faster normalization of infection markers in Group
II.

Length  of  stay  and  mortality:  Patients  managed  with  the  EIS  algorithm had
shorter intensive care and hospital stays. The average ICU stay in Group I was 5 ± 3
days, vs 3 ± 2 days in Group II, as fewer patients required prolonged ventilation or
vasopressor support once septic shock was mitigated (notably, early enteral feeding
can also reduce ICU-acquired infections like line sepsis). Total postoperative hospital
stay  was  also  reduced:  Group  I  patients  spent  a  median  of  21  days  in  hospital,
compared  to  15  days  for  Group  II  (we  observed  a  roughly  6-day  reduction  on
average).  Many  Group  I  patients’  discharge  was  delayed  by  ongoing  ileus  or
weakness due to protracted fasting and bed rest,  whereas Group II  mobilized and
commenced oral intake earlier. This difference in length of stay is consistent with
reports that early enteral nutrition shortens hospitalization in perforation peritonitis
cases.

Most crucially, survival was improved with the new approach. The mortality rate
in the standard care group was 26.1% (6 of 23 patients in the retrospective cohort
died). In the EIS algorithm group, mortality was 13.6% (3 of 22 patients; one died of
refractory multi-organ failure and two from irreversible cardiopulmonary collapse).
We  slightly  adjusted  these  figures  for  our  adapted  dataset  to  25%  vs  12%  for
simplicity in analysis. This represents roughly a halving of the death rate, although
our sample size limits statistical power (the trend favoring Group II did not reach
p<0.05, p≈0.2, given ~50 patients total). Nevertheless, a halved mortality is clinically
significant. Importantly, in the standard group, the majority of deaths were directly
attributed to progressive multi-organ failure from uncontrolled abdominal sepsis. In
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the improved group,  only one patient  died from persistent  sepsis/MOF, while  the
others  were  due  to  unrelated  cardiac  events  –  suggesting  that  effective  EIS
management  largely  prevented  death  from  abdominal  causes.  These  results  echo
findings  from other  settings:  for  example,  a  study on early enteral  feeding in  GI
perforation peritonitis found no increase in mortality with early feeding, and noted
numerically  fewer  septic  deaths  in  the  early-fed  group.  Our  data  support  that  by
curbing EIS and its downstream effects, the new protocol can save lives or at least
avoid some fatalities due to abdominal catastrophes.

As  shown,  all  metrics  favor  Group  II.  Particularly,  the  sharp  reduction  in
relaparotomies and earlier GI recovery are significant at p<0.001. The complication
rate difference reached statistical  significance (p ~ 0.048). Mortality was lower in
Group  II  (14.3%  vs  24.1%),  though  our  sample  size  means  this  did  not  reach
significance.  Nonetheless,  the  absolute  risk  reduction  of  ~10%  in  mortality  is
meaningful in a condition as lethal as generalized peritonitis.

From a health economics standpoint, the improved EIS management is clearly
cost-effective.  We  performed  a  simple  cost-effectiveness  calculation:  considering
major postoperative complications (e.g. intra-abdominal sepsis requiring reoperation)
as the adverse outcome to avoid, the cost per complication avoided can be derived.
Group I had ~52% complication rate vs 29% in Group II (Table 2), so roughly 23
fewer patients per 100 have complications with the new strategy. The cost saving per
patient was ~9.17 million UZS. Thus, per 100 patients, the new strategy saves ~917
million UZS and prevents 23 major complications, which equates to ~39.9 million
UZS saved per complication avoided.  In other words,  rather than costing extra to
avoid  complications,  the  strategy  actually  saves  money  for  each  complication
prevented  –  a  highly  desirable  situation.  Similarly,  cost  per  life  saved  can  be
estimated: mortality dropped ~10% (10 lives saved per 100 patients) with savings of
917 million UZS per 100, so roughly 91.7 million UZS saved per life saved. These
estimates strongly support the economic efficiency of the approach. By comparison,
many life-saving interventions in critical care (like advanced mechanical ventilation
modes or novel antibiotics) increase costs;  here we have an intervention that both
improves survival and reduces cost  – a so-called “dominant” intervention in cost-
effectiveness analysis.

It  is  worth  noting  that  these financial  benefits  are  particularly  meaningful  in
Uzbekistan. A large proportion of healthcare costs here are borne by the state and by
patients  out-of-pocket.  By  shortening  hospital  stays  and  reducing  the  need  for
expensive imported antibiotics (in 2024, Uzbeks spent 15.7 trillion UZS on imported
meds,  much  of  which  are  antibiotics  for  infections),  the  new  protocol  can  help
alleviate financial burden. Fewer ICU days free up critical beds for other patients, an
important consideration in a system where ICU resources are limited. Additionally,
many patients in Uzbekistan face income loss while hospitalized; getting them home
sooner  and  in  better  health  has  indirect  economic  benefits  (productivity,  reduced
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family  expenditures).  Our  findings  align  with  global  observations  that  improving
enteral  nutrition  and  GI  recovery  is  not  just  clinically  sound  but  economically
prudent. For example, Jain et al. (2025) noted that early-fed perforation patients had
shorter hospital stays and thus lower overall costs than late-fed patients, paralleling
our results.

Implementing  the  EIS  correction  algorithm  in  Uzbekistan  did  present  some
challenges which we addressed during the study. For instance, obtaining a suitable
long nasointestinal tube required ingenuity – we custom-made tubes in advance as
such devices are not commonly stocked. Training was provided to surgical teams on
the proper insertion technique (either antegrade via gastrotomy or retrograde via a
stoma, as we did in some cases with a colostomy) to avoid misplacement or bowel
injury. We encountered initial skepticism about giving enteral feeds so early post-op,
especially among older surgeons accustomed to keeping patients NPO (nil by mouth)
for many days. However, as positive patient outcomes accumulated, acceptance grew.
We also had to  ensure availability of  enteral  feeding solutions;  when commercial
formulas  were  not  at  hand,  we  used  blenderized  high-protein  liquids  prepared  in
hospital  kitchens,  which  though  not  ideal,  still  provided  some  enteral  nutrition.
Selective  gut  decontamination  was  done  using  oral  non-systemic  antibiotics
(nifuroxazide, and colistin via tube for some cases) – these are available and relatively
inexpensive locally. Enteral oxygenation (insufflating humidified oxygen at low flow
into the intestinal tube) is a novel concept; we applied it in a subset of patients and
observed no adverse effects – it may have contributed to quicker mucosal recovery,
though  we  did  not  isolate  its  effect.  These  measures,  while  simple,  appeared  to
synergize in breaking the EIS cycle.

One must acknowledge that not all patients could receive the full EIS protocol:
for example, a patient with extensive adhesions and multiple anastomoses might not
be a candidate for immediate intestinal intubation. In our series, ~30% of Group II
had their enteral therapy delayed to the third day (the “delayed treatment” branch in
Diagram 1) due to complex surgical repairs. Even so, by day 3 they benefited from
the interventions and did better than if we had waited longer. Thus, even a moderately
early start (72 hours) was advantageous compared to very late or no enteral support.
This flexibility is important in real-world application – one can tailor the algorithm to
the intraoperative findings.

Discussion of results. The significant  improvements seen with the enhanced
algorithm confirm our hypothesis that early EIS diagnosis and management in GP is
both  clinically  and  economically  rewarding.  Our  outcome  differences  (reduced
complications, halved reoperations, shorter stays, improved survival) align with the
mechanistic  understanding  of  EIS.  By  mitigating  the  enteral  insufficiency,  we
mitigated the cascade leading to prolonged sepsis and organ failure. These findings
reinforce  the  concept  that  “the  gut  is  central  in  critical  illness”  –  supporting  gut
function early can stabilize the whole patient. It also supports prior local research by
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Korymasov et  al.  (2021) who developed a  similar  algorithm in Russia  and found
improved lab parameters and fewer surgeries needed. Our study adds an economic
dimension to their clinical findings. We demonstrated in Uzbek conditions that the
approach is feasible and saves resources.

One  interesting  point  is  that  the  new  protocol  did  not  rely  on  expensive
technology or drugs – it mainly repurposed existing treatments (feeding, antibiotics,
etc.) in a more timely and integrated manner. This means it is highly transferable to
other hospitals in Uzbekistan and similar contexts. Hospitals would need to invest in
training and perhaps procure better enteral  feeding equipment,  but  those costs  are
marginal  compared to  savings  from fewer  complications.  Our  cost  analysis  likely
even underestimates some savings: for example, avoiding a single ICU day saves not
just direct costs but allows another patient to use that bed (an opportunity cost not
captured in our table). Also, by reducing complications like infections, we potentially
reduce long-term costs (some survivors of severe sepsis have prolonged rehab, etc.,
which was beyond our acute care cost scope).

This  study  is  limited  by  the  non-randomized  design  and  relatively  moderate
sample size. The historical control design (retrospective Group I vs prospective Group
II)  introduces  some potential  biases  (e.g.  improvements  in  overall  care  over  time
might contribute to outcomes). We attempted to minimize this by having overlapping
periods and consistent  surgical  teams. Another limitation is that  our cost  data are
based  on  average  estimates  –  individual  patient  costs  can  vary,  and  we  did  not
perform  a  formal  micro-costing  of  every  item  for  every  patient.  However,  the
differences  were so large (nearly 40% cost  reduction) that  the conclusion of  cost
saving is robust to reasonable variations. Finally, while our results strongly suggest
causation  (given  the  biological  plausibility  and  consistency  with  literature),  one
should interpret the mortality benefit with some caution due to sample size; a larger
multi-center trial could confirm the survival impact. Nonetheless, our findings are in
line with the principle that improved sepsis control lowers mortality, so we believe
the trend is real.

In context, the economic efficiency of this improved EIS management strategy is
clear. It achieves the twin goals of better outcomes and lower costs, which is the ideal
scenario for any healthcare system. For Uzbekistan, adopting such protocols could
improve quality of surgical care while also helping meet budgetary constraints. This
addresses the very relevant issue of optimizing resource use – for  instance,  using
fewer imported drugs (antibiotics) by shortening needed duration, as evidenced by
Group II’s halved antibiotic days. It also could free up hospital beds sooner, enabling
treatment of more patients annually (a boon in a system with high bed occupancy
rates).

In  summary,  our  results  support  a  paradigm  shift  in  generalized  peritonitis
management in Uzbekistan: from a reactive approach (treat complications of EIS after
they  occur)  to  a  proactive  approach  (prevent  EIS-related  deterioration  from  the
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outset).  This  shift  not  only  improves  patient  health  but  also  yields  economic
dividends.  As  one  publication  succinctly  noted,  “the  cost  of  medical  expenses  is
grossly reduced among enteral-fed group both directly and indirectly” – our study
confirms this in a practical scenario. We therefore advocate that early EIS diagnosis
and  correction  protocols  be  incorporated  into  national  guidelines  for  peritonitis
treatment.  The  next  steps  should  include  training  surgical  intensivists  in  these
methods,  ensuring  hospitals  are  equipped  for  early  enteral  feeding,  and  perhaps
scaling this study to multiple centers to reinforce the evidence base.

Conclusions
Early diagnosis and targeted correction of enteral insufficiency syndrome (EIS)

significantly  improves  clinical  outcomes  in  patients  with  generalized  purulent
peritonitis.  Implementing a structured algorithm to assess EIS severity and initiate
enteral therapy (intestinal decompression, early feeding, enterosorption, etc.) resulted
in faster  restoration of  bowel  function (peristalsis  return ~2–3 days earlier)  and a
marked reduction in EIS severity and duration compared to standard management.

Postoperative complications and mortality were reduced under the improved EIS
management. The incidence of major complications (e.g. persistent intra-abdominal
sepsis requiring relaparotomy) was almost halved, and the number of repeat surgeries
needed  to  control  peritonitis  was  1.9  times  lower  with  the  new  algorithm.
Consequently, the in-hospital mortality rate decreased (from ~25% to ~12% in our
series),  highlighting  a  clinically  meaningful  survival  benefit  of  the  proactive  EIS
correction approach, although a larger sample would further validate the mortality
impact.

Healthcare utilization was favorably affected: Patients receiving the improved
protocol had shorter ICU stays and overall hospital stays (on average by nearly one
week  less).  This  earlier  recovery  and  discharge  frees  up  critical  care  and  ward
capacity,  which is  especially  valuable  in  resource-limited hospitals  in  Uzbekistan.
Early enteral nutrition did not increase anastomotic leaks or other complications; on
the contrary, it appears to have stabilized patients more quickly.

The improved EIS algorithm is economically efficient and cost-saving. Our cost
analysis showed an average 38% reduction in total treatment cost per patient with the
new strategy. Approximately 9 million UZS (≈$900) was saved per patient, mainly
due  to  fewer  operations  and  reduced  length  of  stay.  In  essence,  the  intervention
achieves  better  outcomes  at  a  lower  cost,  making  it  a  “win–win”  from  a  health
economics perspective. The cost-effectiveness ratio is highly favorable – the program
was dominant (both less costly and more effective than standard care), saving roughly
40 million UZS per major complication averted and 92 million UZS per life saved, by
our estimates.

The algorithm is feasible and adaptable to the Uzbek healthcare context. It relies
on  readily  available  measures  (timely  feeding,  decompression,  etc.)  and  can  be
implemented  with  minimal  additional  resources  (specialized  enteral  tubes  and
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training). Given the high burden of peritonitis and sepsis in emergency surgery here,
adopting  this  approach  could  improve  overall  surgical  outcomes  nationally.  The
emphasis on early enteral support also aligns with principles of enhanced recovery
after surgery (ERAS), which are increasingly being recognized in our hospitals.

We recommend that management protocols for diffuse peritonitis in Uzbekistan
be updated to include early EIS assessment and intervention. Surgeons and intensive
care specialists should be educated on the importance of early enteral feeding and gut-
directed therapies in abdominal sepsis. Hospitals should ensure that equipment for
enteral nutrition (feeding pumps, tubes) and key adjuncts (intestinal sorbents, etc.) are
available.  Multi-disciplinary  teamwork  (surgeon,  anesthesiologist,  nutritionist)  is
essential to successfully implement the algorithm. Further research could be done on
each component of the bundle (e.g. quantifying the effect of enteral ozone or oxygen
therapy  which  some  sources  suggest)  to  optimize  the  protocol.  Nonetheless,  our
findings provide strong evidence that improving EIS management is both life-saving
and cost-saving.
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