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Introduction

Intensive care medicine is an integral part of cardiac surgery.
The availability of intensive care capacities determines
operative volume, while the quality of intensive care med-
icine significantly contributes to the outcome of patients
after cardiac operations. Thus, the proportion of intensive
care resources related to the total bed capacity of the
department is highest for cardiac surgery compared with
other surgical specialties in Germany.1

However, changing economic conditions for German hos-
pitals led to the common belief of hospital business manage-
ment that best practice for postoperative intensive care
medicine should be realized on large inter- or multidisci-
plinary units, frequently under anesthesiological manage-
ment. This attitude is somewhat inconsistent with the
educational process of a cardiac surgical intensivist as well
as with the empiric knowledge of experienced intensive care
physicians that special challenges require specific skills and
experience. In addition, the anticipated and in some
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Abstract Background This report summarizes the results of a voluntary survey designed to
assess the current situation of cardiac surgical intensive care medicine in Germany in
2018.
Methods A standardized questionnaire concerning detailed information about struc-
tural characteristics of cardiac surgical intensive care units (ICUs) was sent to all
German departments performing cardiac surgery.
Results Response rate was 93% (n ¼ 75/81). Compared with previous surveys since
1998, the median number of intensive care beds for patients after cardiac surgery
increased from 15 in 2013 to 16 in 2018. The proportion of cardiac surgical ICUs
decreased to 51% with a simultaneous increase of interdisciplinary ICUs. The propor-
tion of cardiac surgeons acting as director of an ICU increased to 43%. The physicians’
teams were mostly interdisciplinary (57%). More than half of the directors were board-
certified intensivists (62%) with a peak of 100% in ICUs run by cardiac surgeons. Human
resources development in the ICU showed similar trends with an increase of physicians
and nurses. More than half of all ICUs (61%) and the vast majority of cardiac surgical
ICUs (82%) offer an accredited training program for intensive care medicine.
Conclusion The results of this survey corroborate once again that intensive care
medicine represents a substantial and important part of cardiac surgery. However,
efforts are necessary to keep this attitude alive for the future.
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departments, already existing reduction of residents and
fellows in cardiac surgery results in a manpower shortage
with concentration of resources for the operating room,
while recruitment of qualified trainees for perioperative
patient treatment, for example, for intensive care medicine,
remains a relevant challenge.

Therefore, it was the objective of this assessment to gain
actual information about the status of cardiac surgical inten-
sive care medicine in Germany in 2018 and to compare the
actual results with those of the preceding four surveys since
1998.

Methods

In summer 2018, a standardized questionnaire was sent by
mail toall departmentsperformingcardiacsurgery inGermany
(►Table 1). Initial nonresponders received two additional
reminders. Answers were collected using a free online survey
tool (SurveyMonkey; SurveyMonkey Europe UC, 2nd Floor,
2 Shelbourne Buildings, Shelbourne Road, Dublin, Ireland).

Results

Seventy-five departments with intensive care units (ICUs)
for perioperative cardiac surgical care returned the com-
pleted questionnaire, resulting in a response rate of 93%.

Structure of ICU and Intermediate Care Units
The total number of intensive care beds available for cardiac
surgical patients in the responding institutions decreased
from 1.404 in 2013 to 1.324 in 2018. However, due to the
lower response rate in 2018, the number of intensive care
beds in all cardiac surgical departments in Germany must
be presumed to be actually higher. This corresponds to the
slight increase in the mean and median number of beds
(►Table 2). Looking at the ICU dimensions in more detail, a
steady decrease of small units, that is, ICUs with less than
15 beds, can be observed. In contrast, the number of larger
units increased from 1999 until 2008with no change in 2013
but a slight increase in 2018 (►Fig. 1).

Thenumberof isolatedcardiac surgical ICUsdecreased from
77% (n ¼ 51/66) in 1998 to 51% (n ¼ 38/75) in 2018, whereas
the number of interdisciplinary ICU increased (►Fig. 2).

Intermediate care (IMC) or step-down units were
available in 51 hospitals (72%). The number and rate of
IMC units showed only small variations over the observed
time period (1998: n ¼ 49/66 [74%], 2003: n ¼ 56/73 [77%],
2008: n ¼ 51/73 [70%], and 2013: n ¼ 58/81 [71%]). In
contrast, the mean and median number of IMC beds
constantly increased over time (►Table 3).

ICU Management
In 2018, 32 ICUs (43%) were managed by cardiac surgeons.
This represents a higher rate than in 2013 when the nadir
was observed. As in 2013, more ICUs (n ¼ 34/75 ¼ 45%) are
managed byanesthesiologists (►Fig. 3). The number and rate
of ICUs managed by others, for example, by an interdisci-
plinary team, decreased to 12%.

The number of board-certified ICU directors as well as
their responsibilities and privileges are given in ►Table 4:
the number of board-certified ICU directors increased, in
particular, in cardiac surgical ICUs, reaching 100% in those

Table 1 Questionnaire

1.1. How many intensive care beds are available in the
department?

1.2. The intensive care unit (ICU) is

1.2.1. A cardiac surgical ICU

1.2.2. An interdisciplinary ICU

1.3. Does the department have an intermediate care
(step-down) unit?

2.1. Management of the ICU by

2.1.1. A cardiac surgeon

2.1.2. An anesthesiologist

2.1.3. Another physician

2.2. The head of the ICU is a board-certified cardiac surgical
intensivist

2.3. The head of the ICU is exclusively responsible for the
intensive care unit

2.4. The head of the ICU decides independently about the
availability of intensive care capacities

2.5. Who takes care of the patients in the ICU?

2.5.1. Cardiac surgeons (residents and/or consultants)

2.5.2. Anesthesiologists (residents and/or consultants)

2.5.3. Both

2.5.4. Others

3.1. How many physicians (residents and/or consultants)
are working on the ICU (full-time equivalent)?

3.1.1. How many staff members are board-certified
cardiac surgical intensivists?

3.2. How many nurses are working on the ICU
(full-time equivalent)?

3.2.1. How many of these staff members are
board-certified ICU nurses?

3.3. How many additional staff are working in the ICU?

4. Does the department have the authorization for
advanced training in cardiac surgical intensive care
medicine?

4.1. If yes, for which advanced training period

5. Are there multidisciplinary meetings in the ICU and which
specialty does participate?

5.1. Microbiology

5.2. Hygiene

5.3. Pharmacy

5.4. Physiotherapy

5.5. Dietetics

5.6. Others

6. Are standard operating procedures and/or clinical
pathways introduced in the ICU?
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directed by a cardiac surgeon. This applies as well to the
number of ICU directors with no other responsibilities than
managing the ICU. Finally, more than two-thirds of the ICU
directors manage ICU capacities independently.

The specialty of the physicians working at the bedside of
ICU patients is shown in►Fig. 4. As comparedwith 2013, the
multi- or interdisciplinary model has decreased, and mono-
disciplinary solutions have gained importance.

Medical Staff and Qualification
The results for the medical staff on cardiac surgical ICUs
show that there is an increase both for physicians and for
nurses (►Table 5). For the physician-to-bed ratio (►Fig. 5)
and the nurse-to-bed ratio (►Fig. 6), the same trend was
observed.

►Table 6 shows the number of cardiac surgical centers in
which board-certified physicians as well as board-certified
nurses are working. In addition, the total number of board-
certified ICU physicians and nurses are given. The total
number of departments with board-certified ICU physicians
has increased over time, while the rate of board-certified ICU
nurses remained constant on a high and even rising level over
the observed period, reaching almost 50% in 2018 (►Fig. 7).

Additional staff, such as study nurses or coding specialists,
is available in 63 of 75 ICU (84%). The total number of this
personnel increased over time from 2.0 � 1.3 in 2003 to
2.3 � 2.6 in 2008 and 2.8 � 2.3 in 2013 to 3.7 � 3.4 in 2018.

Fig. 1 Rate of cardiac surgical ICU with 15 or less beds compared with
ICU with more than 15 beds over time. ICU, intensive care unit.

Fig. 2 Type of intensive care unit for cardiac surgical patients.

Table 2 Number of intensive care beds in Germany at different points of time

Number of beds 1998
(n ¼ 66)

2003
(n ¼ 73)

2008
(n ¼ 65)

2013
(n ¼ 81)

2018
(n ¼ 75)

Total 817 1,020 1,177 1,404 1,324

Mean 12.38 13.97 18.11 17.33 18.14

SD 7.40 7.34 11.08 9.26 9.16

Median 11 12 15 15 16

Minimum 5 5 6 5 6

Maximum 50 46 70 51 60

Abbreviation: SD, standard deviation.

Table 3 Intermediate care beds in Germany 1998 to 2018

IMC beds 1998 2003 2008 2013 2018

Total 458 558 552 729 687

Mean 9.35 9.96 10.62 12.57 12.72

SD 6.94 7.42 8.60 8.80 7.30

Median 7 8 8 10 12

Minimum 3 1 1 2 4

Maximum 32 32 44 56 40

Abbreviations: IMC, intermediate care; SD, standard deviation.

Fig. 3 Specialty of the director of intensive care unit.
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Advanced Training Authorization, Multidisciplinary
Rounds, and Standard Operating Procedures
An authorized intensivist with a license to train physicians in
surgical intensive care medicine was available on 45 ICUs.
This number is higher than in previous years (1998: n ¼ 29,
2003: n ¼ 39, 2008: n ¼ 39, and 2013: n ¼ 40). In addition,
the total rate of ICUs, on which an authorized physician for
training of intensivists is available, increased in general, and
was highest on cardiac surgical ICUs, in particular, if they
were directed by a cardiac surgeon (►Table 7).

In 72 ICUs, multidisciplinary rounds were established.
This is a higher absolute number and rate as compared with
previous years (►Table 8). Microbiologists were the most
common specialty involved, followed by physiotherapists,

hygiene specialists, pharmacists, and others, for example,
radiologists.

The absolute number of ICUs using standard operating
procedures (SOP) initially decreased from 55 in 2003 to 53 in
2008, then increased to 71 in 2013, and is actually 71. The
corresponding rates are demonstrated in►Fig. 8 and show a
steady increase of SOPs.

Discussion

The results of this survey underline the daily clinical experi-
ence that intensive care medicine is an important and
integral part of the clinical pathway for patients undergoing
cardiac surgery.

According to the most recent publication of the German
Federal Office of Statistics,1 intensive care capacities with a
total amount of 1,472 beds represented 28.5% of all beds
available in cardiac surgical departments in Germany in
2017. Corresponding rates for other surgical specialties such
as orthopaedic, trauma, vascular, abdominal, thoracic, and
neurosurgery are 2.7, 4.5, 6.2, 10.2, 12.4, and 14.7%, respec-
tively.1 Therefore, cardiac surgical departments have 2 to 10
timeshigher proportion of intensive carebeds at theirdisposal
than the aforementioned surgical specialties, highlighting the
paramount importance of intensive care medicine in cardiac
surgery.

The continuous increase of cardiac surgical intensive care
capacities in the context of the slowly decreasing number of
cardiac operations in Germany over more than a decade2 can
be explained by various factors such as an increase of
patients’ age leading to a growing number of comorbidities

Table 4 Board-certified ICU directors, responsibilities and management

2003 2008 2013 2018

n % n % n % n %

Board-certified intensivist 35 48 33 51 44 54 45 62

In cardiac surgical ICUs 29 55 30 68 32 67 32 82

In cardiac surgical ICUs directed by a cardiac surgeon 24 69 28 78 22 81 32 100

Responsibility for ICU management only 38 52 31 48 51 63 48 65

In cardiac surgical ICUs 21 57 18 50 31 65 28 72

Autonomous decision making 51 70 46 71 54 68 50 68

In cardiac surgical ICUs 34 92 33 92 34 71 27 69

Abbreviation: ICU, intensive care unit.

Fig. 4 Specialty of intensive care unit physicians.

Table 5 Number of physicians and nurses working in the ICU as mean � SD and median

Physicians Nurses

2003
(n ¼ 73)

2008
(n ¼ 65)

2013
(n ¼ 81)

2018
(n ¼ 75)

2003
(n ¼ 73)

2008
(n ¼ 65)

2013
(n ¼ 81)

2018
(n ¼ 75)

Mean 6.0 7.4 9.2 9.9 40.6 55.3 51.6 56.8

SD 4.4 6.2 8.0 8.1 18.4 30.2 33.4 32.6

Median 5 6 7 8 37 46 40 44

Abbreviations: ICU, intensive care unit; SD, standard deviation.
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and resulting in higher risk profiles. In addition, the increase
of patients suffering from acute or chronic heart failure,
requiring for example, operations for temporary or long-
term mechanical circulatory support, implies an additional
demand for intensive care resources.

Several economic factors, for example, cost pressure and
improvements in efficient resource management, have
induced the development of organizational concepts with
a concentration of ICU capacities in large multidisciplinary
units since the early 2000s. Usually, these interdisciplinary
ICUs are more flexible in allocation of available capacities
and staff assignment, thus optimizing critical care resource
utilization. As a result, the number and rate of ICUs with
more than 15 beds increased substantially until 2008
remained constant in 2013 and showed an increase in
2018 again.

The number and rate of interdisciplinary ICUs increased
further in 2018 as compared with previous surveys. Since the
decision processes include more than one responsible person
or a single medical specialty, diverging goals in the manage-
ment of interdisciplinary units may sometimes compromise
the availability of ICU capacities for cardiac surgical patients.
However, for a given multimorbid patient, the multidiscipli-
narity may result in a benefit, when the experience of several
intensivists from different specialties can be brought together.

In many hospitals, IMC units have been established to
increase flexibility in allocation of critical care resources. The
growing demand for these resources is reproducible by the
continuously increasingnumberof IMCbeds incardiacsurgery.

However, it is somewhat surprising that, in contrast to the
total number of beds, the number of cardiac surgical depart-
ments with IMC units did not really increase since 1998,
indicating that hospital managers follow different strategies
to handle their intensive care resources.

Comprehensive statistics about cardiac surgical ICUs are
not available in the literature; therefore, a comparison of our
data to other national or international surveys is impossible.
However, it is reported that patients having undergone
coronary artery bypass grafting or heart valve operations
represent the biggest group of adult patients treated on ICUs
in Canada in 2013/2014,3 confirming the outstanding impor-
tance of available ICU capacities for departments performing
cardiac surgery.

Another consequence of merging ICUs until 2013 was the
decreasing number of cardiac surgeons holding the position
of the ICU director, since interdisciplinary ICUs are usually
managed by anesthesiologists. By 2018, the rate of cardiac
surgical directors increased again as did the rate of

Fig. 5 Physician-to-bed ratio (median).

Fig. 6 Nurse-to-bed ratio (median).

Table 6 Board-certified ICU physicians and/or ICU nurses

Board-certified physicians Board-certified nurses

2003 2008 2013 2018 2003 2008 2013 2018

Institutions 44/73 48/65 53/81 63/75 65/73 57/65 71/81 65/75

Number 85 134 156 260 1,079 1,209 1,571 1,411

Abbreviation: ICU, intensive care unit.

Fig. 7 Rate of board-certified nurses.
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anesthesiologists directing the ICU for patients after cardiac
operations. In contrast, the interdisciplinary leadership
model has lost attraction compared with 2013. This shows
that cardiac surgeons are willing and able to take responsi-
bility for the complete perioperative treatment of their
patients. The fact that the number and rate of institutions
with board-certified ICU physicians (n ¼ 63/75 ¼ 84%) have
substantially increased in 2018, as did the number of board-
certified ICU physicians (n ¼ 260) supports this hypothesis.

It is somewhat surprising that not all ICU directors are
board-certified intensivists, although the German reimburse-
ment system for hospital treatment requires a board-certified
ICU physician continuously directing and managing complex
ICU therapies without any exception. We have no explanation
for this observation. However, at least, all cardiac surgeons
directing an ICU are board-certified intensivists.

As published by the German Interdisciplinary Association
of Critical Care and Emergency Medicine (DIVI), an ICU
director shall not have any other responsibility beside the
management of the ICU.4 This requirement is fulfilled in only
65% of all ICUs and in only 72% of cardiac surgical ICUs. In
addition, more than 30% of all ICU directors have to agree to

compromises in some of their decisions about the availabil-
ity or nonavailability of ICU capacities. Both results show no
change but even a worsening as compared with previous
surveys, and thus definitely require further improvements.

In contrast, the results for the staff on cardiac surgical ICUs
show an improved trend compared with 2013, since the
number of nurses as well as the nurse-to-bed ratio has
increased again. The number of physicians as well as the
physician-to-bed ratio shows a constant increase over time.

However, as in previous years, the requirements of
the DIVI for an adequate physician-to-bed ratio are still
not fulfilled despite the increasing number of ICUphysicians,
while the nurse-to-bed ratio fulfills the requirements com-
pared with 2013.4 Additionally, the rate of board-certified
ICU nurses is well above the requirements of the DIVI with a
minimum level of 30%. The increasing number of additional
staff members seems to indicate the reaction of hospital
executives for the growing administrative work to limit the
time of ICU physicians and nurses for nonmedical issues.
Taken together, these results still show some improvements
of deficits in ICUs observed in previous years, leaving room
for further improvements in the future, since there is good
evidence for a substantial impact of staffing on the outcome
of patients.5–7

A licensed training for the subspecialty surgical intensive
caremedicine can be completed in 45 of all ICUs (60%) and in
31 of all specific cardiac surgical ICUs (78%). Both results
show an increase compared with previous surveys and, in
addition to other results, underline the commitment and
ability of cardiac surgeons to keep the skills to practice
intensive care medicine.

Hopefully, this number and rate will remain high enough
to fulfill the requirements for physician staffing on cardiac
surgical ICUs some day.

Multidisciplinary rounds are known to improve the perfor-
mance of an ICU and to improve the outcome of patients.8

Therefore, many institutions recommend multidisciplinary
rounds, for example, the Institute for Healthcare Improve-
ment9 or the American College of Critical Care Medicine.10 In
addition, daily multiprofessional ward rounds with the doc-
umentation of therapy goals are 1 of 10 quality indicators of
ICUs in Germany.11 The results of this survey clearly show that
multidisciplinary rounds with physiotherapists, microbiolo-
gists, and hygiene nurses are common in German cardiac
surgical ICUs, underlining the high quality of intensive care
medicine for cardiac surgical patients.

SOPswere initially considered to exert beneficial outcome
effects. However, in more recent publications, they have

Table 7 Percentage of ICUs with licensed authorization to train physicians in surgical intensive care medicine

ICUs 1999
(n ¼ 66)

2003
(n ¼ 73)

2008
(n ¼ 65)

2013
(n ¼ 81)

2018
(n ¼ 75)

All 43.9 53.4 60.0 49.4 60.0

Cardiac surgical ICU N/A 58.2 58.7 64.6 81.6

Directed by cardiac surgeon 57.4 55.8 52.5 93.5

Abbreviations: ICU, intensive care unit; N/A, not available.

Table 8 ICUs with multidisciplinary rounds

2003 2008 2013 2018

n % n % n % n %

58/73 80 50/65 77 71/81 88 72/75 96

Abbreviation: ICUs, intensive care units.

Fig. 8 Rate of intensive care units working according to standard
operating procedures.
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demonstrated conflicting results in critical care medicine: a
recent Cochrane review showed a reduction of complications
but no effect on readmission or in-hospital mortality.12

Another study even showed no impact of SOPs on outcome.13

Nevertheless, nearly all cardiac surgical ICUs had one ormore
SOPs to guide and standardize the therapy of their patients
in 2018.

Limitations

This survey is subject to all limitations applying to results
obtained by voluntary data collection and descriptive ana-
lyses from a standardized questionnaire. The validity of the
data is monitored by rules for plausibility but not by an
external audit. In addition, this and the preceding surveys
had different response rates ranging from 81 to 100%. All
comparisons of the results of the current survey with pre-
ceding surveys as well as the interpretations based on these
comparisons are therefore subject to a certain degree of
uncertainty.

Conclusion

The results of this survey demonstrate once more14 that
cardiac surgeons in Germany recognize the outstanding
importance of intensive care medicine: First, a response
rate of 93% for a voluntary survey can be considered as an
indicator of the high priority of intensive care in cardiac
surgery. Second, ICU capacities available for patients after
cardiac operations constantly increase, and third, the
majority of ICUs are specialized cardiac surgical ICUs.
Finally, cardiac surgeons take care of their patients in
nearly 100%, either alone or as members of an interdisci-
plinary team.

The partial noncompliance with the recommendations of
scientific medical societies regarding ICU staffing appears to
be primarily the result of hospital managements’ reaction to
the economic pressure in health care systems, and it is
certainly not based on limited interest of cardiac surgeons in
intensive care medicine. Cardiac surgical departments in
Germany prove daily that they have the competence to per-
form and educate intensive care medicine on a high-quality
level. Therefore, the shortcomings outlined in this article have
to be eliminated, and the attitude to understand that intensive
caremedicine is oneof thekeyprocesses for patients in cardiac
medicine has to be kept alive for the future.
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