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 Oesophageal cancer is the eighth most common cancer worldwide, with nearly 
456,000 new cases diagnosed in 2012.1 Surgery alone or in combination with chemotherapy or 
chemoradiation is the mainstay of cure for oesophageal adenocarcinoma. Oesophageal squa-
mous cell cancer is also treated with the options described and may be treated with definitive 
chemoradiotherapy or radiotherapy alone. 

 Oesophagectomy for oesophageal cancer is a complex operation and the mortality 
from oesophagectomy can be significant. Audit results in England and Wales from 2960 oe-
sophagectomies performed between April 2011 and March 2013 showed that 33% of patients 
would have a significant complication with a 90 day mortality of 4.4%.2

 Increased experience in laparoscopic and thoracoscopic techniques has led to the de-
velopment of Minimally Invasive Oesophagectomy (MIO) in order to decrease the associated 
morbidity. The term MIO has been used to describe totally minimally invasive surgery or hy-
brid operations whereby either the thoracic or abdominal component being performed endo-
scopically. The advantages of MIO are that there is less tissue trauma and hence better recovery. 
Cuschieri, et al. in 1992 were one of the first to describe their experience in thoracoscopic 
mobilisation of the oesophagus thus avoiding a thoracotomy.3 Since their experience there has 
been a plethora of case control series describing both totally minimally invasive and hybrid 
oesophagectomies. 

 In England and Wales data from the national oesophago-gastric cancer audit of 2014 
has shown that 41.5% of oesophagectomies were performed by minimally invasive or hybrid 
techniques.2 The majority of operations were laparoscopically assisted two-phase approaches 
(minimal access approach for the abdomen and open right chest incision). Given this increasing 
trend towards minimally invasive techniques the inpatient complication rates of these patients 
were also studied over the two year period. Patients undergoing minimally invasive oesopha-
gectomies appeared to have a statistically higher rate of anastomotic leaks compared to patients 
undergoing open oesophagectomies (11.7% vs. 6.7%).2 There was also an increased need for 
re-operation in patients undergoing minimally invasive oesophagectomies compared to open, 
although this was not statistically significant (13.5% vs. 8.7%).2

 On the other hand, pulmonary complications from a thoracotomy incision appear to 
be higher in open chest oesophagectomy compared to thoracoscopic assisted oesophagectomy. 
This was reflected in the UK audit (18.1% vs. 14.1%).2 This has also been shown in other large 
centre series.3,4 An important study published in the Lancet reported the results of a random-
ized study with the primary end point being postoperative pulmonary infection in minimally 
invasive oesophagectomy (59 patients) versus open oesophagectomy (56 patients). 16(29%) 
patients in the open oesophagectomy group had pulmonary complications in the first two weeks 
compared with 5(9%) patients in the minimally invasive group (p=0.005).5 This translated into 
a shorter hospital stay and better short-term quality of life.

 Although a number of systematic reviews have been conducted, these all focus on ob-
servational studies.4,6-8 Whilst these studies suggest that minimally invasive techniques improve 
short-term clinical outcomes, there is very little data available on long-term survival.

 There are a limited number of small randomized trials. The Dutch TIME trial (Tra-
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ditional invasive versus minimally invasive oesophagectomy) 
by Biere and colleagues described earlier reported only on short 
term outcome data.5 The French MIRO (oesophagectoMIe pour 
cancer paR voie conventionnelle ou coeliO-assistee) is currently 
in progress randomly allocating 200 patients to either open or 
laparoscopically-assisted oesophagectomy but with the primary 
end-point being short-term complication (major morbidity with-
in 30 postoperative days).9 A recently published prospective, 
phase II multicentre trial did look at the long term survival of pa-
tients following totally minimally invasive oesophagectomy as 
one of its secondary end-points. At a median follow-up of 35.8 
months, the estimated 3-year overall survival was 58.4% with 
locoregional recurrence occurring in only 6.7% of patients.10

 It is challenging to perform randomized controlled tri-
als evaluating procedures that are novel and require skilled sur-
geons beyond their learning curves in the procedure. The eagerly 
awaited results from the pilot ROMIO (Randomized Oesopha-
gectomy: Minimally Invasive or Open) trial will hopefully help 
inform measures of recruitment, methods to monitor quality of 
surgery and commitment to a surgical protocol.11

 Robotic surgery is increasingly being used in modern 
surgical practise. Some of the limitations of laparoscopic and 
thoracoscopic approaches to oesophagectomy include instru-
mentation, narrow field and 2-dimentional view obtained. Ro-
botic surgery allows for greater degrees of freedom and hence 
improved dissection. However, centres performing robotic sur-
gery describe case series with no real long term outcome data.12-14 

 Several MIO techniques have been described and ap-
pear safe in the management of oesophageal cancer in centres 
with high volume and surgeons experienced in MIO. In large 
centres, MIO has been shown to have equivalent morbidity and 
mortality.3,4 The numerous MIO techniques complicates the de-
bate on defining the optimal technique for the surgical treatment 
of oesophageal cancer. There is a real need for quality random-
ized controlled trials comparing MIO with open oesophagec-
tomy to elucidate the ideal procedure with the lowest postop-
erative morbidity, the best quality of life and longest long term 
survival.
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ABSTRACT

 Amyloidosis is caused by extracellular deposits of amyloid by plasma cells, which 
can be idiopathic, occur with chronic inflammatory conditions, familial, or be associated with 
Multiple Myeloma. The Gastrointestinal tract can be affected by amyloidosis and can lead to 
colonic perforation, which is a rare cause of Gastrointestinal perforation as there are only nine 
cases documented in the literature. The aim of this case report is to describe a patient present-
ing with a colon perforation secondary to amyloidosis associated with Multiple Myeloma. A 
66 year old male presented with diffuse abdominal pain, distention, and obstipation. Imaging 
demonstrated free air so he was taken to the operating room for a subtotal colectomy and end 
ileostomy for a transverse colon perforation. Pathology was consistent with amyloidosis in the 
colon. Further workup revealed that he had multiple organ systems affected by amyloid depos-
its along with Multiple Myeloma. Given his cardiac involvement by amyloidosis he succumbed 
to the disease four weeks after diagnosis. In the setting of bowel perforation and multi-organ 
failure of unknown etiology it is important to keep protein deposition diseases such as amyloi-
dosis in the differential diagnosis.

KEYWORDS: Colonic perforation; Primary amyloidosis; Multiple myeloma; Infiltrative car-
diomyopathy.

ABBREVIATIONS: Multiple Myeloma (MM); Gastrointestinal (GI); Pulseless Electrical Activ-
ity (PEA); Difference between involved and uninvolved Free Light Chains (FLC-diff); Tropo-
nin-T (TnT); Pro-B-type Natriuretic Peptide (ProBNP).

INTRODUCTION

 Amyloidosis involves extracellular deposits of amyloid produced by plasma cells and 
can be localized or systemic. It can be idiopathic (primary), occur with chronic inflammatory 
states (secondary), familial, or be associated with Multiple Myeloma (MM). The deposition of 
amyloid usually occurs in blood vessel walls and the mucosa/muscularis of the Gastrointestinal 
(GI) tract, which can lead to ischemia and ultimately perforation.1 Primary Amyloidosis is a rare 
cause of intestinal perforation. A review of the literature documents approximately nine colonic 
perforations secondary to amyloidosis (Table 1), of which four were primary amyloidosis,2-5 

four were Secondary Amyloidosis associated with ankylosing spondylitis,6-9 and one case was 
associated with Multiple Myeloma.10 The purpose of this case report is to describe a patient pre-
senting with a transverse colon perforation who was found to have primary systemic amyloido-
sis associated with Multiple Myeloma. His post-operative course was significant for complica-
tions of several organ systems and ultimately PEA arrest. There are no cases in the literature of 
a patient with a colonic perforation that is diagnosed with systemic amyloidosis associated with 
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Multiple Myeloma involving the heart, lungs, small/large bowel, 
liver, and bone marrow followed by death within four weeks of 
diagnosis. In a patient presenting with an intestinal perforation, 
protein deposition diseases such as amyloidosis should be kept 
in the differential diagnosis.

CASE REPORT

 The patient is a 66 year old male with history of anae-
mia, atrial fibrillation, hypertension, and compression fractures 
status post kyphoplasty two weeks prior to admission. The pa-
tient presented to the emergency department with diffuse ab-
dominal pain, distention, and obstipation. He was afebrile with 
normal vital signs. His physical exam was notable for diffuse 
tenderness to palpation and distention. Labs were significant for 
a normal white blood count, anaemia, coagulopathy, and malnu-
trition. An abdominal XR (Figure 1A) and CT abdomen/pelvis 
(Figure 1B) showed a distended cecum to transverse colon, free 
air, and bilateral pleural effusions.

 

 The patient underwent an exploratory laparotomy, sub-
total colectomy, end ileostomy, and mucous fistula. The colon 

from the cecum to the splenic flexure were dilated and ischemic 
with a perforation present in the transverse colon. During his 
hospitalization he had bradycardia with a junctional rhythm and 
a troponin of 0.06 ng/dL. Cardiac echo demonstrated thickened 
valves, atria and ventricles, right ventricular hypertrophy, and 
preserved diastolic function consistent with an infiltrative car-
diomyopathy. The patient developed progressive oliguria and a 
diuretic was started to help maintain euvolemia. He gradually 
improved and was discharged two weeks after his operation in 
stable condition. After discharge, the pathology revealed a 2 mm 
perforation in the transverse colon, ischemic colitis, and exten-
sive amyloidosis present in the colon, ileum, omentum, and co-
lonic perforation site. Amyloidosis was confirmed by Congo red 
staining (Figure 2). 

 Three days after discharge the patient was readmitted 
for conservative management of an ileus. His vital signs and 
labs were stable. The Hematology/Oncology team diagnosed 
the patient with primary amyloidosis associated with Multiple 
Myeloma after a bone marrow biopsy, which showed a kappa 

Case Report Age Gender Amyloidosis Type Perforation Site

Deharo et al, 19882 Unknown Primary Colon

Shinozaki et al, 19893 Unknown Primary Sigmoid

Thaler et al, 19994 58 M Primary Sigmoid

Parks et al, 20025 88 M Primary Sigmoid

Gonzalaez-Sanchez et al, 19896 Unknown Secondary (AS) Colon

Gonzalez-Gay et al, 19947 Unknown Secondary (AS) Colon

Gonzalez-Gay et al, 20008 Unknown Secondary (AS) Colon

Kovacsovics-Bannkowski et al, 20009 Unknown Secondary (AS) Colon

Harada et al, 201410 75 F Multiple Myeloma Sigmoid

Table 1: Characteristics of 9 cases of colonic perforation secondary to amyloidosis identified on review of the literature. [Abbrevia-
tions: AS – Ankylosing Spondylitis].

Figure 1: (A) Abdominal XR and (B) CT abdomen/pelvis showing dilated cecum to trans-
verse colon, moderate free air, bilateral pleural effusions, and T8/T10/L2 kyphoplasties.

Figure 2: Congo red staining (magnification × 20) showing amyloid deposi-
tion in blood vessel walls and around adipocytes within the colon. Bar scale 
represents100 µm.
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expression plasma cell dyscrasia in a hypercellular marrow 
with focal amyloid deposit. Therapy was initiated in hospital 
with Cyclophosphamide, Bortezomib, and Dexamethasone (Cy-
BorD). Despite aggressive treatment the patient was found to 
have a myriad of other amyloid related organ abnormalities. Co-
agulopathy with a heterogeneous liver on imaging, indicating 
hepatic amyloidosis. Nephrotic syndrome with progressive pro-
teinuria, anasarca, hypoalbuminemia, and oliguria. Arrhythmias 
with congestive heart failure from infiltrative cardiomyopathy. 
Shortly after starting Chemotherapy the patient went into PEA, 
was made DNR, and expired four weeks post-operatively. The 
autopsy report reported amyloid deposition in the heart, lungs, 
small/large bowel, liver, and bone marrow along with concentric 
hypertrophy of the heart, cardiomegaly, bilateral pleural effu-
sions, chronic passive congestion of the liver, hepatic steatosis, 
splenic congestion, acute tubular necrosis, bilateral adrenal ne-
crosis, and testicular atrophy. The bone marrow revealed hyaline 
deposition, 40% plasma cells (lambda predominant), positive 
CD 19/20 in <1% of cells, and positive CD3 small T cells. The 
cause of death was heart failure secondary to primary amyloido-
sis, associated with Plasma cell dyscrasia.

DISCUSSION

 Perforation of the colon is rarely secondary to protein 
deposition diseases such as amyloidosis. There are approxi-
mately 20 known cases of GI perforation due to amyloidosis 
documented in the literature with only nine of these involving 
the large bowel. Most patients with primary amyloidosis are not 
diagnosed until after secondary organ injury has occurred, as 
was the case with our patient. Treatment of amyloidosis includes 
combinations of stem-cell transplant, dexamethasone, and che-
motherapy depending on the risk stratification of the patient.1 

It is important to be able to predict the prognosis of a patient 
with systemic amyloidosis so that they can receive the appropri-
ate therapy. Given that amyloidosis with cardiac involvement 
has a poorer prognosis than other organ involvement, a revised 
prognostic staging system for primary systemic amyloidosis 
was created based on the Difference between involved and un-
involved Free Light Chains (FLC-diff), Troponin-T (TnT), and 
Pro-B-type Natriuretic Peptide (ProBNP).1 Patients were given 
one point for each if FLC-diff ≥ 180 mg/L, TnT ≥ 0.025 ng/dL, 
and ProBNP ≥ 1,800 pg/mL. The median overall survival for 
stages I through IV were 94, 40, 14, and 5.8 months respective-
ly.1 Our patient had a FLC-diff of 400 mg/L, TnT of 0.06 ng/dL, 
and ProBNP of 6064 pg/mL, thus classifying him as stage IV 
for primary systemic amyloidosis. Our patient presented with 
a transverse colon perforation, underwent a subtotal colectomy, 
and had a post-operative course that was complicated by cardiac, 
pulmonary, hepatic, and GI events secondary to amyloid depos-
its ultimately leading to death. It is important to consider protein 
deposition diseases such as primary amyloidosis in patients with 
bowel perforation and multi-organ failure of unknown etiology. 
Cardiac involvement portends a poor prognosis and treatment 

strategies should be initiated as soon as possible.
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ABSTRACT

Background: It has been noted in the medical literature that abdominal hysterectomy rates 
continue to be over 66%, with less than one-third of hysterectomies performed via minimally 
invasive approaches despite the rapidity of recovery. We compared trends in hysterectomy 
routes for the years 2000 and 2010 at our institution. 
Methods: Expedited IRB approval was obtained for a retrospective chart review of all hyster-
ectomies performed during 2000 and 2010. Medical records were abstracted for basic demo-
graphics, including age, Body Mass Index (BMI), uterine size (grams), and route of hysterecto-
my (laparoscopic, vaginal, laparotomy). Laparoscopic approaches included Total Laparoscopic 
Hysterectomy (TLH), Laparoscopic Supracervical Hysterectomy (LSH), Laparoscopy Assisted 
Vaginal Hysterectomy (LAVH), and Da Vinci robotic hysterectomy. Standard statistical analy-
sis was performed using JMP statistical programming.
Results: No differences were found between mean age and racial distribution in the years 
analyzed. In 2000 and 2010, 50% of hysterectomies were performed using minimally inva-
sive techniques. In 2000, 47% were performed via the vaginal route whereas in 2010, 47.7% 
were performed via laparoscopy. When patients were stratified by weight class, obese women 
(BMI>30) had a statistically significant greater number of hysterectomies performed via the 
abdominal route when compared to normal weight women; this was independent of uterine 
weight. African-American women were also found more likely to have an abdominal hysterec-
tomy, but once controlled for uterine weight, this difference dissipated. 
Conclusions: At our institution, 50% of hysterectomies were performed using minimally in-
vasive techniques in both 2000 and 2010, with laparoscopic approaches essentially replacing 
vaginal hysterectomies by 2010 without affecting abdominal hysterectomy rates. Minimally 
invasive approaches continue to lag in obese women.

KEYWORDS: Surgery; Laparoscopic Hysterectomy (LH); Cancer; Minimally invasive tech-
nique; Obese patients.

ABBREVIATIONS: TVH: Total Vaginal Hysterectomy; LH: Laparoscopic Hysterectomy; AH:  
Abdominal Hysterectomy; LAVH: Laparoscopic Assisted Vaginal Hysterectomy; TLH: Total 
Laparoscopic Hysterectomy; BMI: Body Mass Index.

INTRODUCTION

 Hysterectomies continue to be one of the most common surgeries performed on wom-
en in the United States, peaking at 681,234 in 2002 and declining to 433,621 in 2010.1 Despite 

http://openventio.org/Volume2_Issue1/Introduction_of_Laparoscopic_Hysterectomy_Approach_Decreasing_the_Abdominal_Hysterectomy_Approach_or_Replacing_Vaginal_Hysterectomy_SROJ_2_107.pdf
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several minimally invasive techniques now available, including 
Total Vaginal Hysterectomy (TVH) and Laparoscopic Hysterec-
tomy (LH) approaches, the vast majority are still performed with 
a laparotomy or via the Abdominal Hysterectomy (AH).1-3 It has 
been reported that over two thirds of hysterectomies continue 
to be performed in the United States as open abdominal proce-
dures, with the lowest rates in the Southern region.1-4

 It has been well established that minimally invasive 
techniques, both laparoscopic and vaginal hysterectomy, have 
distinct advantages over abdominal approaches, including de-
creased length of hospitalization, reduced postoperative infec-
tions, shorter recovery times, and decreased blood loss.1-11

 Historically, TVH has been the route of choice among 
gynecologists; training for this surgical procedure has been well 
integrated into Obstetrics and Gynecology residency programs 
over the past 30 years.5,8 The introduction of laparoscopic tech-
niques, including Laparoscopic Assisted Vaginal Hysterectomy 
(LAVH), Total Laparoscopic Hysterectomy (TLH), Laparo-
scopic Supracervical Hysterectomy (LSH), and robotic-assisted 
hysterectomy (TLH/LSH), had promise to continue decreasing 
the numbers of AH performed in the United States; these ap-
proaches have become integrated into residency training since 
the early to mid-2000’s. The expectation from residency pro-
grams is that graduates should be already skilled and creden-
tialed to readily perform these procedures, and do not specifical-
ly need to acquire additional fellowship training to attain these 
skills. Despite the advantages of laparoscopic approaches and 
emphasis during residency training, many gynecologists have 
been slow to adopt these newer surgical techniques, with 65% 
of hysterectomies still being performed abdominally.1-5 Stud-
ies have shown increased rates of AH in African-American and 
Hispanic women, patients with Medicaid or the uninsured, and 
those receiving care at a resident teaching clinic, indicating that 
racial and socioeconomic factors also play a decision-making 
role on hysterectomy approaches.4-11

 Hospitals have tried to develop strategies to decrease 
AH rate including developing logarithms for predicting success 
of a minimally invasive approach and hiring laparoscopic fel-
lowship trained physicians. These strategies have decreased AH 
rates but are more difficult to implement in smaller communi-
ties. 

 The objective of our study was to compare trends in 
routes of hysterectomy over the course of a decade, specifically 
comparing the year 2000 and 2010, at our hospital site, which is 
located in the southern region of the country. These two years 
were selected for analysis because in 2000 LH was just being 
introduced as a novel approach for hysterectomy. During this 
10 year period, LH was becoming fully integrated into Obstet-
rics and Gynecology residency programs as well as becoming 
more routine in both academic and private practices; by 2010, 
Laparoscopic Hysterectomy (LH) techniques were validated in 

the literature to have significant patient benefits over LH as dis-
cussed above. Our secondary analysis was to examine whether 
any specific patient characteristics (obesity, uterine size, prior 
surgeries) or social and demographic qualities influenced the 
choice of hysterectomy route during these years to determine 
if any disparities existed in minimally invasive surgical tech-
niques.

METHODS

 IRB-exempt status was obtained for the retrospective 
chart review through the Palmetto Health Institutional Review 
Board. CPT codes for all hysterectomy types were used by the 
medical records department to identify the charts of all women 
18 years of age and older who underwent a hysterectomy at Pal-
metto Health Richland Hospital during the two time periods of 
interest (January 1, 2000 through December 31, 2000 and Janu-
ary 1, 2010 through December 31, 2010). 

 Medical records were abstracted for the following data 
points: year of surgery, race/ethnicity, age, type of insurance, 
Body Mass Index (BMI), route of hysterectomy, indication for 
hysterectomy, preoperative estimate and intraoperative assess-
ment of uterine size, uterine weight; prior pelvic surgery, length 
of surgery, length of hospital stay, intraoperative complications, 
and postoperative complications leading to readmission or emer-
gency department visit. 

 Hysterectomies were categorized as Total Vaginal Hys-
terectomy (TVH), Laparoscopic Hysterectomy (LH), or Abdom-
inal Hysterectomy (AH). Included in the laparoscopic category 
were the following approaches: Total Laparoscopic Hysterec-
tomy (TLH), Laparoscopic Supracervical Hysterectomy (LSH), 
Laparoscopic Assisted Vaginal Hysterectomy (LAVH), and all 
robotic (Da Vinci-assisted) hysterectomies. Vaginal and laparo-
scopic approaches were both considered minimally invasive 
techniques. The route of hysterectomy performed was ultimately 
chosen by the surgical attending along with the patient prefer-
ence with no standard protocol; costs of a particular route of hys-
terectomy were not a factor in the decision making process, even 
in patients receiving charity care though our hospital system. All 
information was placed into an Excel spreadsheet. Exclusion cri-
teria included age less than 18 years old and surgery performed 
for any type of cancer.

 Statistical analysis was performed with Fisher Exact 
testing for categorical data and Student’s t-test for all numeri-
cal/continuous data (controlling for confounders) using JMP 
statistical software (Copyright© 2014 SAS Institute Inc., Cary, 
North Carolina, USA). Null hypothesis was rejected for p-
values<0.05. 

RESULTS

 At our institution, 334 women in the year 2000 and 250 
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women in the year 2010 underwent a hysterectomy for benign 
conditions. The age range was 18-87 (mean 44.6±9.3) in 2000 
and 18-85 (mean 45±8) in 2010; women under 18 years old 
were excluded from analysis. Race/ethnic distribution was not 
different between the two years, and reflected the population of 
patients seen in clinics and hospital. The mean uterine preopera-
tive assessment by weeks (12.95 week size, 2000 versus 13.5 
week size, 2010) was not statistically different, but postopera-
tive uterine size in grams was statistically greater in 2010 (410.6 
g) compared to 2000 (310.8 g). There was also a statistically sig-
nificant difference in BMI when comparing years; BMI in 2010 
was greater (32.7±7.4) compared to 2000 (29.9±7.31), which is 
reflective of local and national trends (p < 0.05; Table 1).

 

 In both 2000 and 2010, 50% of the hysterectomies were 
performed with a minimally invasive technique (Table 2). What 
differed was the type of minimally invasive route performed for 
the hysterectomy. In 2000, 47% of hysterectomies were vaginal 

hysterectomies and only 2% utilized laparoscopy. These statis-
tics were completely reversed in 2010: 47% were performed 
with a laparoscopic approach and only 3% were performed vag-
inally. The estimate of preoperative uterine size in weeks did 
not influence the hysterectomy route (data not shown). In 2000, 
women with a history of pelvic surgery underwent more AHs 
(65.3%) than TVH/LH (34.7%; p<0.0001). However, with the 
introduction of laparoscopy, in 2010, this was no longer statisti-
cally different: 49.5% of the women with prior surgery under-
went a minimally invasive technique (p=1.0).

 

 
 Past studies have reported that both race and socio-
economic factors (income level, private versus teaching clinic) 
influence the route of hysterectomy.6-11 The patient population 
studied was racially diverse, with over 50% being African-
American in both 2000 and 2010 (Table 1). Caucasian women 
had significantly less AHs in 2010 compared to 2000. Converse-
ly, African-American women had statistically more AHs than 
Caucasian women in both 2000 and 2010, with less minimally 
invasive approaches performed (Table 3A). African-American 
women had statistically larger uteri than Caucasian women in 
both years studied (526 g vs 213 g; p=0.015). Once the data was 
stratified by uterine weight categories and compared among 
races, no statistical differences among races and hysterectomy 
route were noted, except in the >1000 g uterine weight category 
in 2010. Caucasian women with uteri >1000 g were more likely 
to have a minimally invasive approach than African-American 

2000 2010 p value

Race (%)

Caucasian 45.3 39.5

African-American 51.7 58.5 0.15

Hispanic 0.3 0.4 1.0

Other 2.7 1.6 0.77

Age (years) 44.6 45 0.69

BMI 29.9 32.7 <0.0001

Preoperative uterine 
size (weeks)

12.95 13.51 0.28

Uterine Weight (g) 310.8 410.6 0.02

Table 1: Demographics.

Surgical Approach (No (%)) 2000 2010

Abdominal 160 (50.7) 124 (50)

Laparoscopic 8 (2.4) 117 (47.2)

Vaginal 156 (46.9) 7 (2.82)

Table 2: Trends in routes of hysterectomy.

Year 2000 2010

Abdominal Laparoscopic Vaginal Abdominal Laparoscopic Vaginal

Caucasian 40.4% 3.3% 56.3% 34.3% 59.6% 6.1%

African-American 60.1% 1.2% 38.7% 59.3% 40% 0.7%

Hispanic 0 0 100% 100 0 0

Other 55.6% 11.1% 33.3% 66.7% 0 33.3%

Uterine Weight (grams)

Race Approach < 250 g 250 - < 500 g 500 - < 750 g 750 - < 1000g > 1000 g

2000
African-American

Minimally Invasive 51.3% 47.5% 8.3% 20% 5%

Abdominal 48.7% 52.5% 91.7% 80% 95%

Caucasian

Minimally Invasive 59.8% 61.5% 50% 0 0

Abdominal 40.2% 38.5% 50% 100% 100%

2010
African-American

Minimally Invasive 74.1% 36.1% 8.3% 0 0

Abdominal 25.9% 63.9% 91.7% 100% 100%

Caucasian

Minimally Invasive 70.5% 54.5% 0 0 33.3%

Abdominal 29.5% 45.5% 100% 100% 66.7%

Table 3A: Stratified by year.

Table 3B: Race and uterine weight.
Table 3: Race and hysterectomy type.
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women (Table 3B). 

 We also examined if type of insurance or which clinic 
the patient presented for surgery (resident clinics verses private 
offices) influenced route of hysterectomy. Women who had Med-
icaid/Medicare were more likely to have AH than those with pri-
vate insurance or Tricare (military) in both 2000 and 2010 (odds 
ratio 1.68; 95% confidence interval 1.2-2.4; p value=0.0068) 
than via a minimally invasive route; this trend continued when 
controlled for uterine weight. Women presenting to resident 
clinics in 2010 were also more likely to have an AH (as opposed 
to a minimally invasive technique) than those presenting to pri-
vate offices (p<0.0001). This trend dissipated when the data was 
stratified by uterine weight. Women who presented to the resi-
dent clinics had statistically larger uteri (494.01 g) than women 
who received care in private offices (309.2 g; p value=0.0002). 

 Lastly, data was stratified by BMI (Table 4A and 4B); 
we found that obese women (BMI>30) had statistically more 
AHs performed than minimally invasive hysterectomies (vagi-
nal or laparoscopic) when compared to normal weight women in 
both 2000 and 2010 (p=0.039, p=0.045, respectively). Normal 
weight class women were more likely to undergo a minimally 
invasive route of surgery compared to the obese weight class in 
2000 (OR 1.8; 95% CI 1.3-2.5) as well as 2010 (OR 1.9; 95% 
CI 1.5-3.1).This was statistically significant in both years stud-
ied, and this difference persisted when data was controlled by 
uterine weight. There was no statistical difference or trend when 

comparing overweight to low or normal BMI women. When the 
obesity category was stratified by classes (Table 4C), in the year 
2000, class III obese patients had statistically more AHs than 
underweight, normal, and overweight women (p values = 0.01, 
0.03, and 0.03 respectively). In 2010, class III continued to have 
less minimally invasive approaches to hysterectomies, but was 
only significantly different (p=0.047) when compared to normal 
BMI patients.

DISCUSSION

 Several conclusions can be drawn from our data analy-
sis. At the studied institution, AH rates have remained steady 
over the past decade. Most interestingly, the rate of minimally 
invasive routes has also remained steady; however, the type of 
minimally invasive technique has shifted. In 2000, 47% of hys-
terectomies were performed as TVH and, in 2010, 47% were 
performed via a laparoscopic route. This demonstrates several 
points. As laparoscopy is being introduced into residency pro-
grams, this approach is readily being accepted by general gyne-
cologists given that there are no fellowship trained gynecologic 
laparoscopic surgeons in this region of the state, as shown by our 
2010 data. Other institutions only saw a significant decrease of 
AH once minimally invasive laparoscopic gynecologists hired 
as part as faculty and provided mentorship.12

 An unanticipated consequence of increasing LH at our 
institution was the loss of vaginal hysterectomies, which is the 

Body Mass Index Class Abdominal Vaginal And Laparoscopic

Underweight (<18.5) 33.3% 66.7%

Normal (18.5 – 24.9) 41.7% 58.3%

Overweight (25 – 29.9) 47% 53%

Obese (>30) 56.6% 43.4%

Body Mass Index Class Abdominal Vaginal and laparoscopic

Underweight (<18.5) 0 0

Normal (18.5 – 24.9) 34.3% 65.7%

Overweight (25 – 29.9) 50.0% 50.0%

Obese (>30) 52.9% 47.1%

Weight Class

Approach
(%)

Underweight
(< 18.5)

Normal
(18.5-24.9)

Overweight
(25 – 29.9)

Class I 
Obesity

(30 – 34.9)

Class II 
Obesity

(35 – 39.9)

Class III 
Obesity
(> 40)

2000
Minimally 
Invasive 80.0 % 58.3 % 53 % 45.1 % 51.6 % 30.0 %

Abdominal 20.0 % 41.7 % 47 % 54.9 % 48.4 % 70.0 %

2010
Minimally 
Invasive 0 63.9 % 50 % 47.2 % 51.2 % 41.0 %

Abdominal 0 36.1 % 50 % 52.8 % 1.8 % 59.0 %

Table 4: BMI and route of hysterectomy.

Table 4A: Year 2000.

Table 4B: Year 2010.

Table 4C: Stratification of obesity classes.
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most minimally invasive route. Instead of laparoscopy replacing 
AH, it is replacing the already minimally invasive TVH; this is 
irrespective of a history of pelvic surgeries. One minimally in-
vasive approach has been replaced by another without reducing 
the overall AH as the originally intended route upon introduction 
of laparoscopy. Several other studies including one in Canada 
and another in PA in a similar time periods,13-15 confirmed that as 
LH approaches increased AH decreased. These institutions also 
showed a decrease of VH (27.5% to 21.1%; 13 and 22.2% to 
17.2%; 14) but not to the same degree as we saw at our institu-
tion; the baseline VH rates were also not as high as we reported 
in 2000. Other additional factors that contribute to the decreas-
ing rates of VH are graduating residents confidence and experi-
ence in performing this route; one study reported that only 42% 
of residents reported the vaginal route as the preferred route for 
hysterectomy despite its distinct advantages over both LH and 
AH.16

 Various conclusions can be inferred from the study re-
sults. As both resident duty hour’s decrease and overall hysterec-
tomies performed in the United States decrease, there is limited 
time to become adept at all surgical approaches. It appears, at the 
expense of vaginal hysterectomies, laparoscopy is becoming the 
technique. One benefit of the introduction of laparoscopic ap-
proaches to hysterectomies has allowed women with prior pelvic 
surgery to undergo minimally invasive hysterectomies; in 2000, 
34.7% of women with prior pelvic surgeries had the minimally 
invasive approach compared to 49.5% in 2010. This is an impor-
tant finding given the increasing rates of cesarean delivery in the 
United States.

 Reported in several studies, women of African-Amer-
ican race are more likely to have AH.1,5,6,17 Initially, when our 
data was stratified by race, it appeared that African-American 
women were less likely to have surgery by a minimally invasive 
approach in both 2000 and 2010. However, when data was con-
trolled for postoperative uterine weight (g), this was not evident; 
African-American women were having the same rates of mini-
mally invasive approaches to hysterectomies. 

 Other socioeconomic factors that have been shown 
to decrease the use of minimally invasive approaches are an-
nual household income, insurance type, and receiving care at 
a resident clinic.5-9 Our data also showed that women who had 
Medicaid/Medicare/free care were more likely to have an AH 
than a TVH (2000) or LH (2010) compared to women with pri-
vate or military insurance. These findings persisted even when 
controlled for uterine weight. It is unclear why this difference 
existed as Tricare and Medicaid are both government type in-
surances, and are comparable in coverage. Additionally, these 
differences were independent of where they received care; in a 
resident clinic or private office. Patients seen in a resident clinic 
were more likely to have an AH than via a minimally invasive 
route in both 2000 and 2010, but, again, this finding dissipated 
when data was controlled for by uterine weight. 

 The other interesting conclusion that can be drawn from 
our data is that obese patients resulted in having more AHs than 
normal weight women, and were less likely to undergo a mini-
mally invasive approach (vaginal or laparoscopic) in both 2000 
and 2010; this was most significant with Class III obese women. 
Two potential confounders, uterine weight and history of pelvic 
surgery, did not vary among weight classes. There are several 
factors for this disparity in minimally invasive hysterectomy in 
obese women. Obese women have a decreased tolerance to the 
Trendelenburg position secondary to respiratory distress; this 
position is necessary, to a certain degree, for both laparoscopic 
and vaginal approaches. An additional laparoscopic limitation in 
obese patients is physician fatigue from the torque required in us-
ing the laparoscopic instruments to overcome the pannus associ-
ated with truncal obesity, as well as access to bariatric equipment 
by the general gynecological surgeon. Given the faster recovery, 
decreased wound infections, and shorter time to ambulation, it 
is important to routinely offer minimally invasive techniques to 
all patients but, in particular, to obese patients. Multiple studies 
have shown the safety of LH and VH for both benign and ma-
lignant conditions in obese patients and that are superior to AH 
with lower short term and long complication rates.18-26

 General gynecologists need to continue expanding the 
use of minimally invasive approaches for hysterectomies for all 
populations in order to decrease overall AH rates. Laparoscopic 
surgery was introduced to decrease AH, and not to replace VH. 
We would encourage the increased use of laparoscopic and/or 
vaginal approaches in obese women and those with larger uteri. 
Increasing the surgical volume of these cases during residency 
and in the initial years of practice, along with increased laparo-
scopic simulation exercises, would help achieve this goal.27-30 

Surgeons performing less than 10 hysterectomies a year have 
the highest rates of AH.27-29 Additionally, VH should continue to 
be reinforced in resident training as the preferred minimally in-
vasive route.31 As robotic surgery becomes more integrated into 
residency programs and adapted by the general gynecologist, it 
will be interesting to examine whether its use decreases AH rates 
or if it just replaces one of the minimal invasive approaches.
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ABSTRACT

Purpose: The objective of this paper is to report the management and treatment of a 47-year-old 
patient admitted with multiple problems including asthenia, nausea and bradycardia, and was 
diagnosed with a giant parathyroid adenoma. 
Case report: A 47-year-old man was admitted to the Department of General Surgery for acute 
and worsening asthenia, nausea and bradycardia. Blood tests showed hypercalcemia, hypo-
phosporemia, very high serum parathormone level, so that he was diagnosed with primary 
hyperparathyroidism. Cervical ultrasonography and scintigraphy with technetium 99 mTc Me-
thoxyisobutylisonitrile (99 mTc-MIBI) showed the presence of positive nodule at the isthmus 
of the thyroid gland. The patient underwent neck exploration. Intra-operative iPTH essay was 
measured. A giant parathyroid adenoma was identified and excised, with no macroscopic signs 
of malignancy.
Discussion and conclusion: Hyper functioning parathyroid giant adenoma can present with 
typical symptoms of hypercalcemic crisis: ECG alterations, kidney failure, emotional labil-
ity, confusion, delirium, psychosis, asthenia, epilepsy. Elective treatment is the excission. The 
surgical technique contemplates neck exploration and to ensure the finding of the adenoma, 
previously identified with imaging tests. It is necessary to measure intra-operative iPTH assay.

KEYWORDS: Parathyroid giant adenoma; Nausea; Bradycardia.

INTRODUCTION

 Primary hyperparathyroidism (PHPT) is an endocrine disease characterized by hy-
persecretion of PTH. It is particularly common in postmenopausal women and its prevalence 
is estimated to be 1 to 4 per 1000 people in the general population and 21 per 1000 in post-
menopausal women.1 It can be caused by a single parathyroid adenoma (80% of the cases), by 
multiple adenomas (5%), parathyroid cancer (1%) or parathyroid hyperplasia (14%). PHPT is 
associated to hypercalcemia, hypophosphoremia, hypercalciuria and hyperphosphaturia.

 The clinical pattern is characterized by bone disease, recurrent nephrolithiasis, pep-
tic ulcer disease, and neurological or psychiatric disorders, but in the last decade these symp-
toms are rarely encountered, with the majority of patients being diagnosed while asymptom-
atic.2 The diagnosis is made due to blood tests showing hypercalcemia, hypersecretion of PTH 
and hypercalciuria.

 These tests should be followed by non-invasive imaging techniques, such as Ul-
trasonography (USG), 99 mTc methoxy isobutyl nitrile (MIBI) parathyroid scintigraphy, and 
Magnetic Resonance (MR), which are commonly used for the identification of enlarged para-
thyroid glands. Unfortunately, all these techniques have a low rate of sensitivity to justify the 
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application of any single imaging modality for routine use be-
fore surgical neck exploration.3

 Surgical strategy consists of identification and en-bloc 
excision of the parathyroid adenoma, associated with intraopera-
tive iPTH assey, for evaluating the real success of the treatment.

 The objective of this paper is to report the management 
and treatment of a 47-year-old patient admitted at first aid for as-
thenia, nausea and bradycardia, and was diagnosed with a giant 
parathyroid adenoma.

CASE REPORT

 A 47-year-old man was admitted in our department 
for acute and worsening asthenia and nausea. He described the 
beginning of his symptoms for the past one month, when, due 
to the appearance of asthenia, muscular weakness, productive 
cough and nausea, he was prescribed a therapy with cortisone 
and antibiotics. Therapy did not bring benefits, but the symp-
toms got worse, with appearance of acute bradycardia (38 bpm), 
so that the patient went to the first aid department. His medical 
history revealed asymptomatic gallbladder stones. His habitus 
was obese (body mass index 31 kg/m2), physical examination 
revealed blood pressure of 140/90 mm Hg, cholesterol was 
230 mg/dL and no particular semeiological finding. Blood tests 
showed hypercalcemia, hypophosporemia, very high serum par-
athormone level (Table 1), so that he was diagnosed of primary 
hyperparathyroidism.

 Cervical ultrasonography showed the presence of a hy-
poechoic nodule, measuring 40x25x20 mm, at the isthmus of the 
thyroid gland, that deepened in the jugular. Scintigraphy with 
technetium 99 mTc Methoxyisobutylisonitrile (99 mTc-MIBI) 
(Figure 1) revealed an uptake at the isthmus of the thyroid gland, 
described as an adenomatous hypercellular mass. The patient 
underwent neck exploration. A giant parathyroid adenoma was 
identified and excised at the isthmus (Figure 2). The nodule was 
capsulated and had no macroscopic signs of malignancy (no lo-
cal invasion, no lymphadenopathy). Three normal parathyroids 
were also identified.

 Pre-operative and intra-operative iPTH assay were 
measured (Table 2). Post-operative serum iPTH was measured 
7 days-after-surgery (iPTH=10,4 pg/mL) (Table 2)

 

 

 

 
 Histology revealed a parathyroid adenoma, without any 
pathological features associated with malignancy (Figures 3 and 
4). Post-operatively serum calcium was monitored during hospi-
talization. Level of serum calcium are shown in Table 3. Despite 
the serum calcium levels being higher than normal levels (Fig-
ure 5), patient referred non-severe symptoms of hypocalcemia 
(labial and upper limbs paresthesia), so that he was treated with 
calcium carbonate tablets (2 tablets per day for one week).

 

 After one week of hospitalization, the serum calcium 
levels had stabilized and the patient did not refer any symptoms, 

Values at the entrance

BMI 31 kg/m2

Blood Pressure 140/90 mmHg

Cholesterol 230 mg/dL

Serum Calcium 14,9 µg/dL

Serum Phosporum 1,7 µg/dL

Serum iPTH 538,0 pg/mL

Pre-operative Intra-operative Post-operative

iPTH  
(vn=4,6-58,1 pg/mL) 381,0 pg/mL 20,0 pg/mL 10,4 pg/mL

Table 1: Baseline characteristics of the patients treated with peritoneal drainage.

Figure 1: Uptaking adenomatous hypercellular mass, Neck Scintigraphy 
with technetium 99 mTc Methoxyisobutylisonitrile (99 mTc-MIBI).

Figure 2: Parathyroid giant adenoma, anatomical specimen.

Table 2: Sample volume summary and treatment outcome.

Figure 3: Histopathology of parathyroid giant adenoma, cells and capsula, 
Hematoxylin and eosin (HE) staining (original magnification x 20).
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so we decided to discharge him home. At one week after-dis-
charge blood tests, the values were normal (iPTH. serum cal-
cium, serum phosphate, calciuria, phosphaturia). (Table 3).

DISCUSSION AND CONCLUSION

 The case report we reported, describes the diagnosis 
and management of a patient with hyperfunctioning parathyroid 
giant adenoma. It is particularly interesting to underline how 
rapidly the symptoms developed (nausea, asthenia, muscular 
pain, bradycardia), so that the patient made and access to first 
aid, as typically of hypercalcemic crisis.4 In the literature it is 
described how patients affected by hyperparathyroidism present 
their symptoms suddenly, after being completely asymptomatic 
for months or years.5 The most dangerous consequences of hy-
perfunctioning parathyroid adenomas affect the heart system, 
particularly the cardiac conductance, leading to ECG alterations 
such as Short QT Syndrome (SQTS), T-wave flattening, till the 
heart block.6 Taylor, et al. describe about a patient who was diag-
nosed of hyperparathyroidism after the admission at the hospital 
for heart block and acute kidney failure.6

 Many authors associate serious hypercalcemia (serum 

calcium >12 mg/dl) to symptoms such as emotional lability, 
confusion, delirium, psychosis and coma. Neuromuscolar sys-
tem can also be affected leading to severe asthenia of skeletal 
muscles. Epilepsy is rare. Kidneys are often affected, so that hy-
percalciuria with nephrolithiasis is common. More rarely, pro-
longed or severe hypercalcemia can produce acute renal failure 
and reversible or irreversible renal damage due to nephrocalci-
nosis. Even peptic ulcer and pancreatitis may be associated with 
hyperparathyroidism, but the relationship between these condi-
tions and hypercalcemia remains unclear.7

 Elective treatment of hyperfunctioning parathyroid ad-
enomas is excision. The surgical technique contemplates neck 
exploration and investigation of all four parathyroid glands to 
ensure the finding of the adenoma, previously identified with 
imaging tests. This approach is confirmed to produce an imme-
diate decrease of iPTH and calcemia, regression of the symp-
toms and well-being of the patient.8 Particularly Neagoe, et al. 
report about the management of three patients affected by giant 
adenoma, describing the characteristics of the adenoma as an 
radiologically positive mass of the dimensions more than 40 mm 
diameter and describing how these adenomas were excised.9

 Some authors instead propose the endoscopic technique 
as an elective treatment,10 but we retain this technique untimely 
as it does not allow the surgeon to have a perfect view of the 
surgical area due to anatomic peculiarity of the neck, and in any 
case it is necessary to have more scientific studies to consider 
this technique as a valid alternative to open surgery.

 Most of the current literature indicates the necessity of 
intra-operative iPTH essay measurement, as it allows the sur-
geon to know if the excision of the adenoma was the right treat-
ment, and also avoids removing the parathyroid unnecessarily.11

 One more interesting feature about giant adenoma man-
agement is related to the post-surgical management. These pa-
tients, in fact, can show symptoms of hypocalcemia syndrome, 
beside the levels of serum calcium are higher than normal val-
ues, so that they temporary need additional calcium intake. 
These symptoms could be caused by an altered balance of serum 
calcium that the patient got due to the presence of the adenoma.

 In conclusion, there is one last consideration which 
could be considered. This is the possible connection between 
primary hyperparathyroidism and metabolic syndrome, as re-
ported in the study of Mendoza.12 We are still skeptical about 
this connection as only one research study mentions this connec-
tions, thus more studies are necessary.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interests. 

Figure 5: serum calcium levels being higher than normal levels.

Figure 4: Histopathology of parathyroid giant adenoma, Hematoxylin and 
eosin (HE) staining (original magnification x 40).

iPTH (4,6-58,1 pg/mL) 10,4 pg/mL

Serum Calcium (8,6-10,2 mg/dL) 8,5 mg/dL

Serum phosphate (2,7-4,5 mg/dL) 4,0 mg/dL

Calciuria (100-300 mg/24h) 170 mg/24h

Phosphaturia (400-1000 mg/24h) 630 mg/24h

Table 3: Concentrations of TNF, diagnosis and survival in patients treated 
with peritoneal drainage.
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ABSTRACT 

Purpose: The purpose of the study was to analyze the pro-inflammatory cytokines (TNF, IL-1, 
IL-6 and HNP) profile in the peritoneal fluid in preterm infants with intestinal perforation due 
to Necrotizing enterocolitis (NEC) or Spontaneous Intestinal Perforation (SIP) treated with 
percutaneous peritoneal drainage.
Methods: 6 infants with intestinal perforation due to NEC or SIP treated with peritoneal drain-
age were analyzed prospectively. Samples of peritoneal fluid were drawn for 36 hours after 
drain placement. Concentrations of cytokines: TNF, IL-1, IL-6 and Human Neutrophil Peptide 
(HNP-1) were determined using enzyme like immunoassay technique. 
Results: The peritoneal fluid concentrations of TNF were 0-11,963 pg/mL (mean 960±2.249 
pg/mL), IL-1 were 0-10,390 pg/mL (mean 968±2.219 pg/mL), IL-6 were 0.3-1.660 ng/mL 
(mean 184±335 ng/mL), HNP were 0.04-18.36 μg/mL (mean 3.18±4.32 μg/mL). Peritoneal 
fluid TNF level>1.000 pg/mL, IL-1>500-1.000 pg/mL and IL-6>200-500 ng/mL were associ-
ated with fatal outcome.
Conclusions: In analyzed material the pattern of pro-inflammatory cytokines concentrations 
in peritoneal fluid after intestinal perforation in preterm infants was not identified. The highest 
peritoneal fluid TNF, IL-1 and IL-6 concentrations were related to fatal outcome in the most 
premature infants with unspecified extent of intestinal necrosis.

KEYWORDS: Peritoneal drainage; Intestinal perforation; Tumor necrosis factor; Interleukin 1; 
Interleukin 6; Human neutrophil peptide (HNP-1).

ABBREVIATIONS: NEC: Necrotizing enterocolitis; SIP: Spontaneous Intestinal Perforation; 
HNP-1: Human Neutrophil Peptide; NICU: Neonatal Intensive Care Unit; TNF: Tumor Necro-
sis Factor; IL-1: Interleukin 1; IL-6: Interleukin-6; IL-18: Interleukin-18; IVH: Intraventricular 
hemorrhages; HR: Heart Rate; MAP: Mean Arterial Pressure; HNP: Human Neutrophil Pep-
tide. 

INTRODUCTION

 Necrotizing enterocolitis (NEC) and spontaneous intestinal perforation (SIP) are 
common gastrointestinal diseases in the preterm infants – in 1-3% of Neonatal Intensive Care 
Unit (NICU) patients.1 Traditional surgical management of perforated intra-abdominal viscus 
includes laparotomy with debridement of the offending intestinal segment and formation of 
stomas.2 In 1975, Marshall introduced peritoneal drainage as a way to stabilize and improve 
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the systemic status of premature infants with intestinal perfo-
ration due to NEC or SIP before formal laparotomy.3 In 1977 
Ein proved significant impact of bedside peritoneal drainage on 
premature infants’survival.4 Experience in utilizing peritoneal 
drainage in numerous centers is growing; however its mecha-
nism of action remains unknown.

 Inflammation ongoing within intestinal wall tissues in 
NEC or SIP activates inflammatory cascade and releases numer-
ous pro-inflammatory cytokines, which have also systemic ef-
fect.5 The number of cytokines and their role in the pathogenesis 
of hemodynamic instability in patients with NEC or SIP are still 
undefined.6 Elevated plasma levels of Tumor Necrosis Factor 
(TNF), Interleukin 1 (IL-1), Interleukin 6 (IL-6) and Interleu-
kin18 (IL-18) in infants with NEC reflect their local production 
in damaged intestinal tissue.7,8 Relation with symptoms of hemo-
dynamic instability in infants with NEC treated with traditional 
laparotomy and pro-inflammatory mediators like TNF and IL-6 
(which were similar to those in bacterial sepsis) was confirmed 
in many studies.8 Correlation between cytokines (TNF, IL-1, 
IL-6) concentrations and severity of systemic inflammation was 
reported in many in vitro and in vivo studies.9,10 The role of in-
flammatory response mechanism in NEC and SIP pathogenesis 
was defined in animal model studies, in which intraperitoneal 
injection of anti-TNF antibodies resulted in increased survival 
of rat infants with NEC.11 

 The evaluation of serum cytokines profile requires mul-
tiple drawing of blood samples, which is unacceptable in very 
low birth weight infants. The use of peritoneal fluid obtained 
during abdominal drainage to determine cytokines concentration 
is non-invasive method compared to evaluation in serum. Data 
concerning peritoneal fluid concentrations of pro-inflammatory 
cytokines in NEC is uncommon.6 Whereas data concerning cy-
tokines profile in the peritoneal fluid in NEC or SIP newborns is 
not available.

 The aim of the study was to assess the pro-inflamma-
tory cytokines profile in the peritoneal fluid as a result of bowel 
perforation in newborns with NEC or SIP treated with bedside 
peritoneal drainage.

PATIENTS AND METHODS

 During last three-year period, 10 infants with suspected 

intestinal perforation related to NEC or SIP were treated with 
bedside peritoneal drainage. Only 6 patients were prospectively 
analyzed (3 males and 3 females) as in 3 cases consents weren’t 
obtained, in 1 case intestinal perforation wasn’t confirmed by 
radiological examination.

 Laparotomy is preferred method of treatment of bowel 
perforation due to NEC or SIP in author’s department. However, 
it cannot be performed in infants with symptoms of hemody-
namic instability. In these rare cases peritoneal drainage is used 
as initial treatment before formal laparotomy.

 All analyzed patients were born prematurely (ges-
tational age: 23-29 weeks, mean 25.5±2.4 weeks), with birth 
weight 580-1.300 g (mean 823±263 g) and with asphyxia (mean 
APGAR score at first minute of life 3.5±1.7). Mechanical venti-
lation after birth was required in 5 infants. Intraventricular hem-
orrhages (IVH) were revealed in all patients, in 4 children IVH 
grade 4. 

 Intestinal perforation was confirmed by radiological 
examination in all infants. 

 Peritoneal drain was placed between 6-21 days of age 
(mean 12.5±5.9 days). During drain placement 4 infants pre-
sented symptoms of metabolic acidosis (pH arterial blood: 7.07-
7.285, mean 7.17±0.03). All patients required ventilation sup-
porting: 4 infants were ventilated in SIMV mode, remaining 2 
in HFO mode. Saturation (SaO2) was 87-96% (mean 92.5±3%), 
Heart Rate (HR) was 147-206 per minute (mean 173±20) 
and Mean Arterial Pressure (MAP) was 16.78 mm Hg (mean 
37.5±19.3 mm Hg) at the moment of drain placement. 4 infants 
required administration of at least one catecholamine, in one pa-
tient diuretic therapy was necessary (Table 1).

 In four cases drain was placed in local NICU due to 
patient’s hemodynamic instability. Drain placement was per-
formed under sterile conditions, sedation and local anesthesia in 
all patients. Peritoneal fluid contained gas in 5 cases and meco-
nium was observed in 4 of them. 3 infants died (in day 1., 2. and 
5. after drain placement), 2 of them presented clinical symptoms 
of NEC, one of SIP confirmed in X-ray and ultrasound examina-
tions, however autopsy wasn’t performed. 3 patients survived 
and underwent laparotomy 19-48 hours after the drain place-
ment. SIP was confirmed in 2 patients and segmentary NEC in 

Patient GA birth
weight

Apgar
SCORE IVH pH SaO2 MAP NEC/SIP survive

p1 26 940 6 IV 7,195 87 36 SIP +

p2 28 930 4 II 7 94 29 NEC +

p3 23 580 1 IV 7,12 94 29 SIP died

p4 23 590 2 IV 7,166 94 16 NEC died

p5 24 600 3 IV 7,285 96 78 NEC died

p6 29 1300 5 III 7,28 90 37 SIP +

Table 1: Baseline characteristics of the patients treated with peritoneal drainage.
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one child during surgical intervention. In all survived patients 
resection of perforated bowel were performed and stomas were 
formed (Table 1).

 Samples of peritoneal fluid were drawn every 3 hours 
during initial 12 hours followed by every 6 hours later on. Col-
lection of samples was continued for 36 hours after drain place-
ment. Drawn peritoneal fluid in portions of 0.2-1.0 mL was cen-
trifuged and stored at -86°C. 

 Quantikine ELISA kits R&D (Mineapolis, MN, USA) 
were used to determine TNF, IL-1 and IL-6 concentrations us-
ing enzyme-linked immunoassay technique. Concentration of 
Human Neutrophil Peptide (HNP) was measured using Human 
Neutrophil Peptide 1-3 ELISA kit Hycult Biotechnology (Uden, 
Netherlands). Concentrations of cytokines: TNF, IL-1, IL-6 and 
HNP were determined in all collected samples. 

 Juxtaposition of peritoneal fluid volume of all collected 
samples and outcome of treatment with bedside peritoneal drain-

age is shown in the Table 2.

RESULTS

TNF

 Concentrations of TNF in peritoneal fluid were 
0-11,963 pg/mL (mean 960±2,249 pg/mL). The highest con-
centrations were observed in patient 4, who symptoms of NEC 
presented and died in day 2, after drain placement. The lowest 
concentrations were observed in patient 1 in whom SIP was con-
firmed during laparotomy (Table 3).

IL-1

 Concentrations of IL-1 in peritoneal fluid were 
0-10,390 pg/mL (mean 968±2,219 pg/mL). The highest concen-
trations were observed in patient 4. The lowest concentrations 
were observed in patient 2 in whom segmentary NEC was con-
firmed during surgical intervention after 24 hours treatment with 
bedside peritoneal drainage (Table 4).

Table 2: Sample volume summary and treatment outcome.

Table 3: Concentrations of TNF, diagnosis and survival in patients treated with peritoneal drainage.

Table 4: Concentrations of IL-1, diagnosis and survival in patients treated with peritoneal drainage.

time (h)
follow-up

patient 0 3 6 9 12 18 24 30 36

p1 5 6 3,5 4 2 4 2 3,5 1,7 laparotomy in 48. hours

p2 18 4 1 4 0 0 laparotomy -

p3 3,2 1,2 1 0 1,2 0 0 death -

p4 5 1 0.5 0 1,2 2,5 death -

p5 0,5 1 1 3 1,5 5 8 3 1,5 death in day 5.

p6 18 2,5 0 1 1,5 5,5 laparotomy -

Vo
lu

m
e 

(m
L)

patient
time (h)

NEC/SIP survive
0 3 6 9 12 18 24 30 36

p1 0 16 0 22 27 0 0 0 40 SIP +

p2 70 128 53 90 NEC +

p3 1465 3903 5499 721 SIP died

p4 11963 2934 512 320 132 NEC died

p5 0 222 20 216 2752 1096 67 38 36 NEC died

p6 716 458 354 414 302 SIP +

patient
time (h)

NEC/SIP survive
0 3 6 9 12 18 24 30 36

p1 0 0 11 28 28 165 193 185 238 SIP +

p2 90 16 48 34 NEC +

p3 1467 1100 982 449 SIP died

p4 10390 7834 5456 2139 565 NEC died

p5 0 13 10 102 741 1190 363 101 105 NEC died

p6 475 212 93 31 27 SIP +



                                                    surgical research

Open Journal
http://dx.doi.org/10.17140/SROJ-2-109

Surg Res Open J

ISSN 2377-8407

Page 50

IL-6

 Ranges of IL-6 concentrations were 0.3-1,660 ng/mL 
(mean 184±335 ng/mL). The highest concentrations were ob-
served in patient 4 and the lowest in patient 6, who underwent 
laparotomy in 19th hour after drain placement and SIP was con-
firmed (Table 5).

HNP

 Concentrations of peritoneal fluid HNP were 0.04-
18.36 μg/mL (mean 3.18±4.32 μg/mL). The highest concen-
trations were observed in patient 6 and the lowest in patient 2 
(Table 6).

 Any particular tendency for TNF, IL-1, IL-6 and HNP 
wasn’t observed throughout drainage duration. Furthermore the 
maximum concentrations were noted in different time points for 
each patient. 

DISCUSSION

 Inflammation ongoing within intestinal wall tissues in 
NEC or SIP releases numerous mediators including the most 
pro-inflammatory cytokines like: TNF, IL-1 and IL-6. These cy-
tokines released in the intestine, implicated in the hepatic pro-
duction of acute-phase proteins, in the enhancement of T-cell 
proliferation and in the promotion of B-cell antibody secretion. 
Pro-inflammatory cytokines also stimulate macrophages and 
neutrophils to produce large quantities of reactive and cytotoxic 
species of oxygen and nitrogen, which are important element 
of inflammatory response. However, these cytotoxic compounds 
may also cause substantial host tissue damage and multiple 
organ dysfunction, especially when their production remains 

unchecked when the host defense system is immature, as com-
monly seen in stressed neonates in the NICU.5 In these cases 
cytokines and cytotoxic species like Nitrogen Oxide (NO) could 
affect hemodynamic instability in preterm infants. Symptoms 
of progressive multiple organ dysfunction described in patients 
with NEC or SIP result from inflammatory damage in intestinal 
tissue but could be also consequence of large production of pro-
inflammatory mediators which have systemic effect.

 Additionally intestinal inflammation with secondary 
failure of the gut barrier expedites bacterial translocation from 
the gut into the systemic circulation and releases human neu-
trophil peptides (HNP) from neutrophil granules. Furthermore, 
antimicrobial activity HNP participates in the regulation of che-
motaxis and triggering of the inflammatory reactions. Correla-
tion of elevated HNP in peritoneal fluid with pro-inflammatory 
cytokines like TNF, IL-6 and IL-8 was described in patients with 
endometriosis.12 

 The inflammatory process within intestinal wall due 
to NEC or SIP concerns also the capillaries and may result in 
leaking of plasma cytokines into the peritoneum enhancing the 
levels of peritoneal fluid cytokines. The study comparing the cy-
tokines profile in peritoneal fluid and serum requires multiple 
drawing of blood samples, which is unacceptable in very low 
birth weight infants.

 In our study, the infants who died during treatment with 
peritoneal drainage had lower gestational age, birth weight and 
Apgar scores than infants who survived and underwent subse-
quent laparotomy. Each patient who died required mechanical 
ventilation in the first minute after birth and every patient had 
IVH IV° detected. Differences in clinical condition weren’t ob-
served (Table 1). 

patient
time (h)

NEC/SIP survive
0 3 6 9 12 18 24 30 36

p1 88,6 89,1 97,8 106,5 154,1 67,1 33,3 54,8 SIP +

p2 95 90 233 32,9 NEC +

p3 508 90 30 25,1 SIP died

p4 1022 1660 24 39 NEC died

p5 0,3 9,2 12,8 53,3 396 732 248 120,3 109,6 NEC died

p6 5 12 35 6 2 SIP +

patient
time (h)

NEC/SIP survive
0 3 6 9 12 18 24 30 36

p1 0,35 1,03 0,19 0,3 0,64 0,19 0,46 0,24 SIP +

p2 0,21 0,18 0,21 0,24 NEC +

p3 10,46 6,47 6,11 1,17 SIP died

p4 11,8 10,81 0,04 2,6 1,3 NEC died

p5 0,16 0,43 1,01 3,16 2,2 2,1 1,13 NEC died

p6 18,36 7,04 8,03 2,85 3,6 SIP +

Table 5: Concentrations of IL-6, diagnosis and survival in patients treated with peritoneal drainage.

Table 6: Concentrations of HNP, diagnosis and survival in patients treated with peritoneal drainage.
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 The analysis presented revealed higher concentrations 
of TNF, IL-1 and IL-6 in patients who died comparing to pa-
tients who survived, although correlation between cytokines 
concentrations and treatment outcome wasn’t defined. 

 The highest concentrations of TNF, IL-1 and IL-6 were 
observed in patient 4, who presented clinical and radiological 
symptoms of NEC and died in second day after drain placement. 
He was born in the 23rd gestational week as extremely low birth 
weight infant with asphyxia. The autopsy wasn’t performed and 
therefore correlation of cytokines concentration and the extent 
of intestinal damage couldn’t be determined. 

 The lowest concentrations were observed in patient 1 
for TNF, in patient 2 for IL-1 and HNP and in patient 6 for IL-6. 
All of these patients survived and underwent laparotomy. Dur-
ing surgical intervention SIP in patients 1 and 6 and segmentary 
NEC in patient 2 was confirmed. Their gestational week, birth 
weight and Apgar score were higher than in patient 4.

 In our study peritoneal fluid TNF level>1,000 pg/mL, 
IL-1>500-1,000 pg/mL and IL-6>200-500 ng/mL were asso-
ciated with fatal outcome. Similar differences were described 
by Morecroft in analysis of 18 infants with NEC. In his study 
plasma IL-6 levels were significantly higher in infants with Bell 
stage III disease compared to infants with Bell II stage disease 
(3,127 pg/mL vs. 127 pg/mL), nonetheless there was no discern-
ible pattern in plasma TNF concentration in both groups.13 In an-
other study of 24 infants with NEC, Morecroft described plasma 
IL-6 levels tended to be higher in infants who died compared to 
survivors (2,835 pg/mL vs. 1,023 pg/mL).9 

 The maximum rather than decreasing concentrations of 
these cytokines would have prognostic value in analyzed mate-
rial. Tendency of cytokines concentrations as well as time point 
of maximum concentration weren’t relevant. In presented analy-
sis, HNP concentration seems not to have any value in children 
with NEC or SIP.

 Furthermore, our study revealed higher mean perito-
neal fluid concentrations of TNF, IL-1 and IL-6 comparing to 
the mean plasma concentrations of these cytokines in patients 
with bacterial Gram-positive sepsis. The results presented by de 
Bont were: TNF 560 pg/mL, IL-1 18 pg/mL, IL-6 79.7 ng/mL 
comparing to 960 pg/mL, 968 pg/mL, 184 ng/mL in our mate-
rial, respectively.14

 The results of peritoneal fluid cytokines levels demon-
strated in this study are considerably higher than plasma cyto-
kines levels in patients with NEC described in literature. Sharma 
described data of 27 children- mean plasma concentrations of 
cytokines in NEC which were accordingly: for TNF: 277 pg/
mL vs. 1,147 pg/mL, for IL-1: 499 pg/mL vs. 1,622 pg/mL and 
for IL-6: 316 pg/mL vs. 286,900 pg/mL in presented NEC pa-
tients.5 Higher peritoneal fluid level of these cytokines compared 

to plasma levels may suggest an advantage of their local produc-
tion in damaged intestinal tissues.
 
 The analysis of cytokine profiles presented in this study 
is an attempt to explain beneficial effect of using bedside peri-
toneal drainage in newborn with bowel perforation as a result 
of NEC or SIP. Regardless this is a pilot study, an evacuation of 
cytokines with peritoneal fluid seems to be not the only factor 
effecting beneficially (gradual decrease of cytokines concentra-
tions wasn’t observed clearly). The relationship between cyto-
kines concentration and the degree of infants immaturity as well 
as the extent of intestinal damage remains unknown.

 This study was approved by Local Ethics Committee.

CONCLUSIONS

 In analyzed material the pattern of pro-inflammatory 
cytokines concentrations in peritoneal fluid after intestinal per-
foration in preterm infants was not identified.

 The highest peritoneal fluid TNF, IL-1 and IL-6 con-
centrations were related to fatal outcome in the most premature 
infants with unspecified extent of intestinal necrosis.

CONFLICTS OF INTEREST: None.

CONSENT

We hereby confirm that all patients’ parents participating in study 
“The TNF, IL-1, IL-6 and HNP peritoneal fluid concentrations in 
premature infants treated with peritoneal drainage for intestinal 
perforation- preliminary study” were consented relevantly and 
all signed consent forms are retained.
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