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Background. The aim of this study was to evaluate the influence of prolonged length of stay in an intensive care unit (ICU) on the
mortality and morbidity of surgical patients. Methods. We performed a monocentric and retrospective observational study in the
surgical critical care unit of the department of surgery at the Medical Center of the University of Freiburg, Germany. Clinical data
was collected from patients assigned to the ICU with a length of stay (LOS) of 90 days and greater. Results. From the total of the
19 patients with ICU LOS over 90 days, ten patients died in the ICU whereas nine patients were discharged to the normal ward.
The ICU mortality rate was 52%. The overall survival one year after ICU discharge was 32%. Regarding factors affecting mortality
of the patients, significantly higher mortality was associated with age of the patients at the time point of the ICU admission and
with postoperative need of renal replacement therapy. Conclusions. We found a high but in our opinion acceptable mortality rate in
surgical patients with ICU LOS of 90 days and greater. We identified age and the need of renal replacement therapy as risk factors

for mortality.

1. Introduction

Intensive care for patients after major abdominal surgery is
nowadays a fixed component of postoperative pathways. The
majority of patients after abdominal surgery requires only a
few days of intensive care unit (ICU) care, but performing
complex operative procedures on older and multimorbid
patients has led to an increase in the demand for critical care
services and to an increase in the postoperative ICU length of
stay (LOS) in individual patients [1-3].

Prolonged ICU stay is not well defined, and the definition
depends on the type of ICU and of course on the type of the
primary disease of the patient [4-6]. Regarding surgical ICU
(SICU) patients, the definition of prolonged ICU LOS ranges
between 7 and 21 days [7-9]. Huang et al. [10] found a marked
decline of ICU, hospital, and one-year mortality after more
than 6 to 16 days of SICU LOS. About 9% of all ICU patients
require a maximum of 14 days of ICU care [11], whereas ICU
stay longer than 30 days is really uncommon [12, 13].

Major factors that promote prolonged ICU LOS are age
of the patient [4], the number of hospital days prior to ICU

admission [14], an admission directly from the emergency
room, and of course the severity of illness [10, 15].

Prolonged ICU stay is associated with higher mortality
rate, longer hospital stay, and a poorer long-term survival [4,
16, 17].

A SICU stay of several days or even a week is not uncom-
mon nowadays, especially in elderly patients with multi-
ple comorbidities undergoing complex abdominal surgery.
Rarely, complications warrant an extremely long SICU stay
(over 90 days). The goal of this single-center retrospective
study was to investigate patient characteristics and outcome
in this small group of patients that is, however, consuming a
substantial amount of SICU resources.

2. Patients and Methods

From January 2005 to December 2015 a total of 12.441 patients
were admitted to the surgical intensive care unit of the depart-
ment of general and visceral surgery at the Medical Center
of the University of Freiburg, Germany. Nineteen patients
(0.15%) had an ICU LOS of 90 days and greater. The data of
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TABLE 1: Patient demographics, cardinal diagnosis, type of hospital
and ICU admission, and indication for ICU admission.

Number of patients 19
Gender (male/female) (%) 14/5 (74/26)
Average age at time of ICU admission (years) 60 (26-81)

Median ICU length of stay (days)
Median hospital stay (days)
Type of hospital admission

116 (90-167)
147 (91-282)

Elective preoperative admission (%) 11 (58)
Emergency admission (%) 8 (42)
Cardinal diagnosis of the patients (%)
Gastrointestinal cancer 6 (31.6)
Acute pancreatitis 3 (16)
Bleeding/perforation of GI-tract 3(16)
Ovarian cancer 1(4.8)
Others 6 (31.6)
Type of ICU admission (%)
Elective postoperative admission 8 (42)
Emergency admission 11 (58)
Indications for emergency ICU admission (%)
Pancreatitis 3(27.3)
Tleus 2(18.2)
Anastomotic Leak 2(18.2)
Peritonitis 2(18.2)
Bleeding 1(9)
Abdominal compartment 1(9)

ICU: intensive care unit. GI: gastrointestinal.

these surgical patients were retrospectively analyzed using the
electronic patients files, and the survival of the patients was
checked with the German residence registration offices and
the general practitioners of the patients. Systematic follow-up
of all cases was carried out until 31.03.2017.

Patients’ demographics, the cardinal diagnosis of the
patients, and the indication for the ICU admission are given
in Table 1.

The average age of the study population at the time point
of ICU admission was 60 and ranged from 26 to 81 years of
age. The gender distribution of the patients was 26% females
(n = 5) and 74% males (n = 14).

The median length of ICU stay was 116 days and ranged
from 90 to 167 days, whereas the median hospital stay of the
patients was 147 days and ranged from 91 to 282 days.

Regarding the indication for the hospital and the ICU
admission of the patients, it has to be mentioned that all of
them had a surgical principal diagnosis. Eleven of them (58%)
had an elective preoperative hospital admission, whereas
eight patients (42%) were admitted to the hospital by the
emergency room.

The study was approved by the local ethic committee
and was performed in accordance with the Declaration of
Helsinki.

3. Statistical Analysis

For statistical analysis, the SPSS version 23.0 software pro-
gram was used (SPSS Inc., Chicago, IL, USA). Chi squared
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TABLE 2: Postoperative complications of surgical patients.

Number of patients 19
Surgical procedures

Need of reoperation (%) 19 (100%)

Median number of reoperations 11 (1-41)
Type of surgical complications

GI-perforation 1

Anastomotic Leak 10

Surgical site infection 6

GI ischemia 5

Bleeding 4
Infectious complications (%)

Abdominal Sepsis 19 (100)

Pulmonary Sepsis 13 (68)
Kidney failure (%)

Acute renal failure 10 (52,6)

Need of dialysis 7 (36,8)
Respiratory failure

Need for mechanical ventilation (%) 17 (89)

Median time of mechanical ventilation (hours) 835 (16-2594)

Need of tracheostomy (%) 13 (68)

ICU: intensive care unit. GI: gastrointestinal.

test was utilized to test for trends and significance and
compare groups of categorical data. p < 0.05 was defined
as statistically significant. Log rank tests were applied to
compare survival times depending on different risk factors.
Kaplan-Meier plots were used for illustration.

4. Results

Patient characteristics and complications are shown in Tables
2 and 3.

4.1. Patient Survival. The one-year patient survival of our
study population was 32% (Figure 1). ICU and hospital
mortality rates were both 52%. From the total of the 19
patients with ICU LOS over 90 days, ten patients died in the
ICU whereas nine patients were discharged to the normal
ward of the hospital where no patient mortality was observed.
All of these patients were discharged from our hospital
directly to their home, but four of them died at home because
of infectious complications (n = 2) or because of progress
of their neoplastic disease (n = 2, one patient with ovarian
cancer and one patient with Klatskin Tumor). The average
time between discharge from hospital and death of the patient
was 230 days, ranging from 36 to 423 days.

Significantly higher mortality was associated with the age
of the patients at the time point of the ICU admission and
with the postoperative development of renal failure with need
of dialysis. Patients who were older than 60 years of age had a
statistically significant higher mortality than patients younger
than 60 years of age (88.9% versus 60%; p = 0.006) (Figure 2).
Moreover, the postoperative development of renal failure
with need of hemodialysis was also related to higher ICU



Critical Care Research and Practice

uo[od
stsdos s, 2] Re) ) ‘ or oﬁwww:m 30 coﬁuwﬁmwu PHE S ueSow
S—— X 9% peaa 11 X 8 798 6 V096 xw :%wa E—— 1 €1
d 0} aNP SHIUOJLId]
sisdo UOISSIupe st UOISSTWpE
€98 $9X 91 peaq I oN oN 9 L1 €601 aaneradorsod ISt aaneradoard au
Arewowrng SATI98y [ea8eydosaoaypoery, -
aseastp uorssrupe uorssrwpe
onsedoau ON £0S peaq I ON ON 0 0SI CI9Il 2anexadoysod Jouwmy, unysjeny  eaneradoard I
ssaxdoig QATIONT QATIONT
stsdas o - o o . snruojrrad I90[N [eUSpONP fousSiow
[PuTopqy X s1t peaq €1 N N 88S BIL 9611 gy 10 Surposlg 1 o1
sisdos UOTSSIWpe UOISSTWpE
U v sax SII peaa / ON Sax 81T 14 L0 aanreradoysod  rooueo [eadeydosy  aaneradoard 6
[PHIopq QATIO AATIONT
— o Surar o 9 ¢ sl Aworsoay AouaGrour
N 0SLE IAT'T 91 N A €9¢ LST 88°0CI KousGrowry doop 1ay7e snayy q 8
WP Sur uotssiuipe
P < pa91q dooxd
21g219) Sax P€I peaq <1 Sax Sax. $€9 €T 88Tl . (ousdourg I0Ued dnEadURg  dAneradoar L
I QATIONT
yea uonerado uorssIupe
sisdas
eUTo Sax 0€I peaq ¥ Sax Sax 165 €T /9671 dnowojseue uuewnyefy oye  danerodoard 9
[PUrtiopqy KouaGrourg [eSI0A21 BWOIS EYNARE (o)
sisdos Juawyredwod
euwopqy & Sl peaq ot 9% 9% 07Tl 8el  €9%¢1  [eutwopqe  sppeardued oy Aousrowry S
[eutiopq Kouadrowrg
. snnearued uosstupe
— ON L00T Surary 8 ON ON 0 071 88l (usBrowy 384D snypopaoy)  2aneradoard id
9ATIOI[T
ofeurerp orrojus  uonejuerdsueny
stsdas o - o o . ojur UoIsIaAUO0d  searoued/Asupny QMQMM_MMWM q
Arevowmg N 685 peaq a X N 1€ WL e snraonad e wa d €
KouaGrowry Surpasrq 1oppe[g O
sisdas vorssipe 190[n Teudpon uorssIwpe
; Sk 18T peaq 1§74 ON ON 6L1 78T 6451 aaneradojsod ™ [ersponp i 4
Arewowng aAT99TH JO uoneIONIdJ KouaGrowrg
sisdos uorssrupe uorssIupe
eUTo v ON 9/1 peaq €z ON Sax 9691 15T €9491  aaneradoysod  1sdue)) doneamdueq  2aneradoard I
[PHIopq QATIONT QATIONT
yjeap QDI ut MMNMMWW snjeys suorjeradoar siserp  Awojooyoeny  (sanoy)  sfep £eys  sfe UOTSSTWpe S :M_MMH% e
Jo asne) ylea(q wzw:mm jusneq JO IoquUNN JO paaN I0J padaN  uomemuap  [eydsolf  NDI NDIJo 2d4T, : P TPUPIEO wou.w &M yuned

"1012213 pue sep (g Jo Ae3s Jo sYIZUA] JTUN 218D dATSUUT YIIM sjuanjed [ed131ms g1 oY) JO SOMSIIAIORIRYY) ¢ HTAV],



Critical Care Research and Practice

Hstoqe Sax 06 peaq 8 Sax ON €007 16 1206 snneaioued snpeanued anoy  Adusdrowyg 61
Areuowng “Kouadrourg o
uorssIupe uorssIupe
— ON 01¢ Surary S ON ON 12T 74 1276  2aneradoysod  1ooueo [eaSeydosy  eaneradoard 81
2AT)OI[Y QAT
uorssIupe uoIssIupe
- ON SS0T Surary S ON SIK. 0991 66 $676  oaneradojsod  1ooueo [eafeydosy  oanerodoaid /1
2AT)OI[] 2ATIOI
ENER ) snalt UOISSTWpE
snsedoau ON 81 peaq w ON ON 6.7 0€I €16 . >ucomb.Em I0ued uelrea)  aAneradoard or
ssaxdoig AT
ssdos UOTSSTWpe uojod
immoz::m Sax 54l peaq 8 ON ON 9r Pl gc'c6  oaneradoysod  jo uompoesarzoye  Aoudrowyg <1
QATIONT 3T O1JOWOISBUY
— ON S98¢ Surary ¢ 3K $aX 86% 811 €86 saneasoued saneaxoued £ouadrowy il
o “KouaBrouryg SurznjoraN
yjeap oI Ut ﬁmwmwwm snjejs suoneradoar sisAferp  Awojoaypeny  (simoy)  skep Aeys  sdeq UOTSSTWPE spsouSerp [pupIen zmum_m_“mﬁ .
Jo asne)) yeaq S juaned JO JoquInN JO paaN I0JpoaN  uonemuap  [eudsoqy  ODI NDI1Jo ad4T, J0 241,

‘panunuoy) :¢ A14V],



Critical Care Research and Practice

1,0

Survival

0,4

12 24 36
Months after ICU admission

o -

FIGURE 1: Survival of surgical patient with ICU LOS of 90 days and
greater.
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FIGURE 2: Survival of the patients related to the age at the time point
of ICU admission.

mortality rates when compared to patients without need of
hemodialysis due to renal failure (86% versus 42%; p = 0.006)
(Figure 3). Moreover, a trend could be detected for poorer
survival of the patients admitted to the ICU as an emergency
compared to elective postoperative admissions (63.6% versus
50%), but no statistical significance was identified (p = 0.45).

All the other factors tested, such as the number, the sever-
ity, and the type of surgical complications, the development
of anastomotic leakage or gastrointestinal perforation, the
need for and the number of reoperations, the development
of postoperative abdominal or pulmonary sepsis, postoper-
ative need for ventilation, the time of ventilation, and the
performance of a tracheostomy, were not correlated to higher
mortality rates of the surgical patients.

4.2. Patient Morbidity and Postoperative Complications. The
surgical complications of our study population were stratified
according to the modified Clavien classification of postop-
erative complications [18, 19]. The postoperative course of
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FIGURE 3: Survival of the patients related to the need of renal
replacement therapy (ARF: acute renal failure).

all patients was highly complicated and led to prolonged
ICU LOS, and all patients developed multiple and life-
threatening complications. More specifically, eleven patients
suffered from gastrointestinal perforation, ten patients had
an anastomotic leakage after abdominal surgery, five patients
suffered from gastrointestinal ischemia, six patients devel-
oped a surgical site infection, and four patients had a
postoperative bleeding. The entire patient cohort was in need
for multiple reoperations (median of 11 reoperations, ranging
from 1 to 41 reoperations).

All patients suffered from an infectious complication. The
most frequent kind of infection was occurrence of peritonitis,
which was observed in all of the patients. Thirteen patients
(68%) were postoperatively diagnosed with pneumonia.

Seventeen patients (89%) received ventilator support
(average ventilation time of 835 hours, ranging from 2594
to 16 hours) and in 13 cases (68%) a tracheostomy was
performed. Ten patients (52%) suffered postoperatively from
acute renal failure and 7 patients (31.5%) were in need for
dialysis.

5. Discussion

The goal of this retrospective study was to evaluate a small
group of patients with extremely long SICU stay (over 90
days), to investigate their characteristics, and to identify risk
factors correlating to higher mortality rates. Despite the fact
that the performance of complex operative procedures on
multimorbid patients has led to an increase of the ICU LOS
in individual patients, we know little about the outcome of
patients with a very long stay in an intensive care unit. The
majority of recent studies focuses on ICU LOS between seven
and twenty-one days [7-10] and less information is available
on patients who stay in the ICU for over 30 days [20, 21].
Our study presented an ICU and hospital mortality rate
of 52%, whereas the one-year patient survival rate was 32%.
These outcomes are inferior when compared to the survival
rates of trauma patients. As shown by Kisat et al., the ICU



mortality rates of trauma patients are high during the first
24 hours on the ICU reaching a value of about 10%. After
the first day the mortality rates fall to 3.8% and then steadily
increase reaching a maximum of 15% among trauma patients
remaining in the intensive care unit from 41 to 90 days [21].
On the other hand, nontrauma patients admitted to a surgical
ICU with an ICU LOS of at least 30 days had, compared to
trauma patients, inferior outcomes with mortality rates of
about 40% [16]. When compared to the nontrauma surgical
patients, our study presented similar outcomes for survival
of the ICU patients. It could be considered that surgical
patients in the ICU, who survive the critical period of the
first thirty days, have good outcomes as after this time period
the mortality rates of the patients do not become significantly
worse. Nevertheless, out of the 19 patients of our study
population, nine were discharged to the normal ward of
the department and five of them are alive up until today,
supporting in this way the concept of never giving up in
the critical care medicine. On the other hand, it has to be
mentioned that, out of the nine patients discharged from ICU,
four of them (44%) died at home in an average period of
230 days after discharge. This is in conclusion to the data
presented by Timmers et al. [22] who showed that more than
50% of all surgical patients die within 10 years after discharge
from the ICU.

Regarding the factors affecting the mortality of our
patients, our study showed that patients who were older
than 60 years of age at the time point of the ICU admission
had a statistically significant higher mortality comparing to
younger patients. This finding correlates with the results of
previous studies, as it is demonstrated that the increasing
age of the patients is a predictor of prolonged ICU LOS
and is associated with increased ICU and hospital mortality
(4, 10, 16, 17, 23]. Postoperative acute renal failure with
need of hemodialysis was also associated with significant
higher mortality rates. 52% of the study population suffered
postoperatively from acute renal failure and 32.5% of the
patients were in need of dialysis. Friedrich et al. reported
that only 16% of the study population required dialysis for
acute renal failure [16] but the need of dialysis was clearly
identified as predictor of inferior survival rates. Our study
demonstrated higher rates of acute kidney injury and acute
renal failure, but it has to be assumed that organ failure, such
as kidney or lung, is one of the major postoperative problems
leading to prolonged ICU LOS in our study population.
Regarding these risk factors, it was shown that intensive care
patients older than 60 years of age and patients with need
of renal replacement therapy had inferior outcomes with a
high mortality rate of about 90%. These inferior outcomes are
extremely important and should be taken into consideration
before taking a decision regarding the continuation of the
ICU therapy in critically ill patients.

Our study did not identify any other factors associated
with increased ICU, hospital, and overall mortality. As men-
tioned above all of the surgical patients developed multiple
and life-threatening complications, all of them underwent
multiple surgical procedures, many developed abdominal
or pulmonary sepsis with multiple organ failure, and with
two exceptions all of them needed mechanical ventilation.
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However and in contrast to data presented from previous
studies [4, 10, 14-16] none of these factors were in our
study associated with higher mortality rates of the patients.
These results could be attributed to some potential limitations
of our study. It has to be mentioned that the statistical
power of our analyses, especially regarding the postoperative
complications of the patients, is limited by the sample size.
Moreover, wanting to assess survival of patients with ICU
LOS of 90 days and greater we had to focus only on these
19 patients and to exclude the rest of the surgical patients,
about 12.422, who were treated in the surgical ICU of our
department between 2005 and 2015. This selection may be
a source of bias resulting in an underestimation of factors
affecting the ICU, hospital, and overall mortality of the
patients.

To conclude, we found a high but in our opinion accept-
able mortality rate in surgical patients with ICU LOS of 90
days and greater. We identified age and the need of renal
replacement therapy as risk factors for mortality. Remarkably,
there was no further hospital mortality after SICU discharge.
Further studies are needed in order to define the outcomes
of patients with prolonged ICU LOS, to identify risk factors
of higher mortality rates between ICU patients, and of course
to help finding the best treatment for patients with very long
ICU LOS.
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